" Physical Science Series

STRUCTURES,

Mechanisms, & Motion

Magnets = Pulleys = Lifecycle = 0shiosis

Jsw1osis = Energy

2
SAANIINALC

S = JOMUOAIAUT

=
|
oy
=
L
<
s
3
g
| &
|
1)
4]

SAUNIPN 3fdiiii

ifi)

hi
"L‘E.tricity gsmosis = Mamma

SO - SaNSsii « ABAUT




NAME:

¥ Reading Pagsage

What Are Force, Motion, and Work?
on your shoulder all day sounds

c like hard weork. If you think so,
you are half right. It would be hard, but it
wouldn’t be work—at least not the way the
word work is used in science.,

arrying a 50-pound rock around

To understand what work is we first have |
fo understand foree and motion. You may
remember that a force is a push or a pull.
You can exert o force on something by
pushing or pulling with your hands. Gravity
and friction are also common forces.

We can see motion, so we already have
a feeling for what it is. When something
moves from one place to another, that is
motion.

When a force acts on something, it sometimes makes the thing move. If the
thing moves in the direction that the force is acting, thatis work. Carrying the
rock wasn’t work because the force on it was pushlng up, and the rock was
moving sideways.

Lifting the rock onto your shoulder is work. The force is the same as the weight of
the rock and the direction of motion is up. Throwing a ball is also work because
the ball moves in the direction of the force exerted by your hand.
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What Are Force, Motion, and Work?

here is a way to measure the amount of work done:
Work equals force times distance (W=FXd)

The force is the force that makes something move, and the distance is the total
distance the thing moves. Work is measured in foot-pounds. One foot-pound is
the work done by exerting one pound of force on something while moving it
one foot. If your shoulder is 4 feet high, you do 200 foot-pounds of work when
liffing a 50-pound rock to your shoulder (4 X 50 = 200).

' N\
/ Tell what causes the force of gravity and in which direction it
a 4 acts. i
-

)

When you do work on something, you can increase its energy. Raising
something to a greater height increases its potential energy. Making
something move faster increases its kinetic energy.

In the metric system, distance is measured in meters, force is measured in
newtons, and work is measured in joules. A meter is about three feet, a newton
Is about a quarter pound, and a joule is about three-quarters of g foot-pound.

Sometimes you get paid for doing work. When life is fair, your pay depends on
how much work you do and on how fast you do it. The speed at which work is
done is called power. Power is measured in Joules per second. One joule per
second is one watt. When you pay your bill to the electric company, you pay for
the number of watts of electricity you used.

To find power, divide work by time (P=W=:1).

© CLASSROOM COMPLETE,@PRESS L9 Simple Machines CC451D
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What Are Simple Machmes’

machine is something that makes work easier by
changing the force you apply to do work. A machine
can change the amount of force you apply, and
it can also change the direction of the force. A simple
machine is @ machine with only one kind of movement.

' lllll
i ,,-?ﬂfn =

Wheelandxle

There are six kinds of simple machines: lever, wheel and
axle, pulley, inclined plane, wedge, and serew. Look at
the pictures of the six simple machines. It's eqasy to see how
most of these work and how they change the force. We will
look at each of these machines later in this book.

It is important to understand that simple machines make
work easier, but they don’t change the amount of work
you have to do. (That's the bad news.) What machines _ =1
change is the effort you have to put out. (That’s the Inclined Place  Pulley
good news.)

For example, you can use a kind of lever to pull o
nail out of a board. You could never pull a nail out
with your fingers. You might have to push the lever
down ten inches to pull the nail up one inch, The
nail comes right out because the pull on the nail is
ten times the force of your push on the lever.

How does a botile opener change the force you apply to the

] a -
{8 |4fs % s

T e

Y
Wedge Screw Lever

Later, we will learn more about what you lose and what you gain when you use @
simple machine,

© CLASSROOM COMPLETE,@;‘PRESS ] Simple Machines CC4510



Simple Machines

H

incline plane

An inclined plane is a straight slanted surface.
It has no movable parts.

Copyright abcteach.com
The Picture Communication Symbols {(PCS) ©1981-2002, Mayer-Johnson, Inc, Used with permission.
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lever

The lever is a simple machine made with a bar that is free
to move about a fixed point called a fulcrum.

|

SCrews

A screw is a simple machine that is like an inclined plane.
It is an inclined plane that wraps around a shaft.

Copyright abcteach.com
The Picture Communication Symbols (PCS) ©1981-2002, Mayer-Johnson, Inc. Used with permission.

8



pulley

A pulley is a simple machine made with a rope, belt,
or chain wrapped around a grooved whee)l.

A gear is a toothed wheel. Two gears can create motion.

—————

Copyright abcteach.com
The Picture Communication Symbols (PCS) ©1881-2002, Mayer-Johnson, Inc. Used with permission.
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A wedge is a type of incline plane. It can move.

push

People use force to operate a simple machine. A simple machine

needs energy to do work. By pushing or pulling, a person provide
the energy for the machine to work.

‘m
4 Copyright abcteach.com
The Picture Communication Symhols (PCS) ©1981-2002, Mayer-Johnson, Inc. Used with permission.
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'l. Roller skates are an example
of a wheel and axle.

doorknob  wheelbarrow

ramp

&)

Copyright abcteach.com
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[ A teeter- totter is an example
of a lever.

B

r -':"""“' -
hammer screwdriver
l—Ll
=5V
can opener m-\

Copyright abcteach.co;n
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Gains and Losses with Simple Machihes}

e have studied all six simple machines: lever, wheel and axle, pulley, inclined plane.
w wedge, and screw.

We saw that the wheel and axle works much like a lever. A wheel and axle is sort of a
spinning lever.We also saw that inclined planes. wedges, and screws are d lot alike. A wedge
is a double inclined plane that moves and forces things apart. A screw is a long inclined
plane wrapped round
and round.

Simple machines can / @

do three things to the
force we apply when
doing work. They can
change the direction

of force, they can make
the force greater, and
they can make the force ;

less. MOChineS — OISO T A P T A T T T TR SEteR .‘ P S R R e S :ez;-
change the direction of

motion and make it faster or slower. We use simple machines because we wani one of thesg
changes. We always pay for it with one of the other changes we don’t want, but we decide
it s a good trade for what we get.

Rermember, simple machines don’t change the amount of work: they just make it easier. We
can raise a 200-pound rock by pushing down on d lever with a force of only 50 pounds. We
pay for that gain by having fo push down 4 feet to raise the rock 1 foot. Remember, work
equals force times distance. The work we put in (4 X 50 =200 foot-pounds) is the same as the
work that gets done (1 X 200 = 200 foot-pounds). Still you win. Most people can‘t lift a
200-pound rock.So the lever gives you a way to do something you couldn’t do without it.

, How many foot-pounds of work do you do when you lift ten
4‘_ 5-pound bricks up three feet into the back of a truck?

-

© CLASSROOM COMPLBTIL@PRESS | 7 Simple Machines CC4510
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Gains and Losses with Simple Machines

© CLASSROOM COMPLETE,@PRESS 'l_g

any kinds of levers are used to increase the speed of something
by exerfing a lot of force. When someone swings an axe to chop a
log. they are using a lot of force at one end of a lever to increase

the speed of the axe head at the other end. The axe head can hit a log so
hard it splits in half.

With most simple machines the trade is like this:

This is what you gain: You put out a littie force and something moves. The
force you exert is less than the force it would take to move the thing without
the machine.

This is what you lose: You have to exert the force for a longer time and
over a longer distance.

So you exchange hard and quick for easy and slow.

You give a long, easy pull on a rope and a set of pulleys raises a heavy
weight.

You take a long easy stroll up an incline and move a few feet higher.

You pound an 8-inch wedge into a log, and a 1-inch crack appears in the
log.

You twist a screwdriver handle many times, and a screw goes down into a
board one inch.

You can do things with simple machines you couldn’t do without them, It just
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You furn a wheel easily for a long distance, and the axle exerts a lot of force. ‘2
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Direction of Motion in
Simple Machines

v

o @T

First-Class Lever

) .
n A | §
A E Pulley

Second-Class Lever
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Compound Machines

compound machine is a machine that combines fwo
or more simple machines to do one job. The things
we usually call machines, like cars, have many simple

simpler than a car, but it is also made up of simple machines. pw g : !
The moving parts include several wheel and axles, levers, and |"J ISIERILC an s [
pulleys. |
An axe is a compound machine.
The handle is a lever, and the head is a wedge.

The wire cutter is a compound machine.
The handles are levers and the cutting
~ edges are wedges.
* The C-clamp is @ combination of a lever
* and a screw,
% The can opener combines three simple
'i machines.

T R

r A wedge cuts info the can, the handles ' Er
- are levers that force the cutter down, //
- Cclamp " and a wheel and axle moves the cutter § }
around the edge of the can. " Canopener
7 ™)

The posthole digger shown below is a compound machine.

To dig a hole, you first push the blades into

the ground. Then you pull the handles apart to
grip the soil between the blades and pull up to
get the soil out of the hole. Which two simple
machines are paris of the posthole digger?

J
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In the garden

It would be difficult to move a pile of rocks from one end of the garden to the
other by hand. It takes much less effort using a wheelbarrow. The effort you
use Is actually a force.

Sometimes, even your biggest effort isn’t enough to move some very
heavy objects. Moving objects can be made easier with simple

“ ‘machines. Simple machines can multiply your effort, change
the direction of your effort or make things go faster.

One type of simple machine is the lever.

\1-:

i I he gardener-‘“



Using levers

A lever is usually a long, rigid object that moves around a turning point
called a fulerum. You need to put in an effort to make the lever move a
load. Levers are named according to where the fulcrum, load and effort
arc positioned along the lever.

First-class levers

First-class levers, such as the shovel, secateurs and shears below, turn
around a fulcrum that is between the effort and the load. All first-class
levers are force multipliers. They magnify vour effort. This means that
you mav be able to move loads that vou couldn’t move without the lever,

Second-class levers :

Second-class levers are also force multipliers. They wurn around a | _ ‘f'ﬂ'

fulcrum that is at the end of the lever. For second-class levers, the load is | ; f

always between the effort and the fulerum. i

The wheelbarrow is a second-class lever. It is used 10 move objects that L 3

@ would otherwise be too heavy to carry. The load in a wheelbarrow is =
between the fulcrum and the effort,

- length of their handies
‘Which would you prefer to

: use? Why?

5. Sketch and label the effort,

fuleruin and load in each

of the following diagrams.
State whether each is a
first- or second-class lever,

These shears, with handles that
oare longer tfmu the secatmfs, el
" cui thro brggs bmmhes' =
; levers make your effort

The branch
B is the load
f that your
z:[fm*! is
F working
gainsi.

1 can:

O compare first- and second-class
levers

[0 identify the effort, fulcrum and
load in a lever system.

v checklist

" srr" ing fl
together.




Living levers

he long bones in our arms and legs act as
levers.
Our joints form fulcrums and our muscles apply
a force to the bones to make them work. Many of
the levers in our bodies are third-class levers.
Third-class levers are those in which the effort is
between the fulcrum and the load. All third-class
levers are speed multipliers. A big effort needs to
be applied, but the load moves over a greater
distance, at a higher speed.

. )

== Lcvers in

\ Iy SI)OFL
In sport, levers are
usually used to
increase the speed of a
load and the distance
over which it travels.
Tennis racquets, cricket
bats and softball bats
are all third-class
levers. They are used to
make objects move
faster and further,

The longer the

distance between the
load and the effort,
the faster the load will
move, Tennis players
reach up high when
they serve, This way,
the lever formed by the
arm and the racquet is
much longer,

A fast serve can
measure over 200 km/h.
Greg Rusedski has
served at a speed of
239.8 kmfh. Mark
Philippoussis has served
up to 226.9 kmfh.

A

SciEncE ALVE |

|

Some sports make use of more
than one type of simple machine.
Woodchopping uses the arm and
axe together as a third-class lever.
The axe blade swrikes the wood
block at a high speed. The blade
itsell is another simple machine
called a wedge. A wedge pushes
objects apart. In this case, the axe
blade splits the piece of wood into
wo pans.

The leg below is acting as a
third-class lever. The effort is
hetween the fulcrum and the load.

Fulcrum
The lower part of the footballer’s leg

pivels avound the knee. The knee 15 the
Sulerum in this lever

-Load
The load moves a
long distance.

Effort*
Most of the effort
needed to straighlen
your leg when kicking a
brdl comes from the museles in Yoo
legs. The effort to kick a ball is applied
from muscies that attach to the top of
your lower leg.

b



Different classes of lever in
the arm

Bending and straightening the arm uses two
different classes of levers.

Bending the arm
The elbow is the fulcrum because it forms the pivot
point for the movement of the arm.

The load
OVes
upwnrds.

The forearin provides the effort through its connection
to the biceps muscle below the olbow. Therefore, the
effort is between the fulcruin and the load, making the
forearm into a third-class lever,

Straightening the arm

This muscle is called the trieeps musdle. It provides the
efforl used to straighten the arm. You use your triceps
nuscle when you push a heavy load down. The ticeps
are atso used to shoot goals in basketball and netball.

The load moves
downwards as the arm is
Joreed to straighten.

The triceps muscle altaches to the elbow, which is the
Julerum. The fulorwm is between the effor! and the
load, so your forearm aits as a first-class lever.

r;:L'. -@l"pn other sports U
m"l.{' Idl"iiﬁf'f ¥ 57§

INVESTIGATE
- 5. Choose a sport not already mentioned o
7’15& C. b
rﬂ'[m:*n(.rﬂ[ vers are used in this
' sport.
(b} What classes of levers are used:
l'rﬁ“mﬂn'!}rﬂﬂ-.- of level
{d) Draw a labelled diagra
dh«%marmm
,;m i

O distinguish between
speed-multiplying levers and
force-multiplying levers

Y O explain how levers are used in a
variety of sports.

hecklisé |

v

‘ACHINES EVERYWHERE a 7
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Levers

he lever was probably the first simple
machine used by humans many thousands

of years ago. The first person to whack
something with a club was using a lever.

The picture shows the two parts of every lever. For

every lever, a board or rod pivets on a point called
a fulerum. The force you apply is called the etfort G (Y .
force. The lever changes the direction and amount T ——"— SR
of force and applies it to a load. The force the lever Oars are First-Class Levers
applies is called the resistance force. The

distance you have fo push or pull the lever 8 &
is called the effort distance. The distance 8. § f
the load moves is called the resistance § § g|
distance. 2 . G |
For the oars shown above, the pivot at 5
the edge of the boat (the oarlock) is the Resistance k
fulcrum. The effort force is applied to the L E—— —

oar handie. As the handle moves through A First-Class Levers
the effort distance, it applies the resistance

force to the end in the water. The distance

the oar moves through the water is the resistance distance,

There are three kinds of levers because there are three ways to arrange the effort,
fulcrum, and load. The oar is a first-class lever, where the arrangement is effort-fulcrum-
load. Other first-class levers are pliers, scissors, and that little tab you pull to open a can of
soft drink.

/), What are the two parts of every lever?
z

© CLASSROOM COMPLETEE@PRESS N ag
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. second-class lever is shown below.

Load Effort
A . Force
For a second-class lever, the arrangement f
is effort-load-fulcrum. Some other second-class Filcrum lR°§'§r‘§§°°
levers are a wheel barrow and a nutcracker.

The classes are just names. It doesn’t mean that
first-class levers are the best. The third-class lever
shown below is just as classy as the others.

Second-Class Lever

For the hammer, the resistance is at the head, and the

fulcrum is the back of the hand. Many other third-class
levers are used to make the resistance force push over
a long distance at a high speed. The effort force is large _
and moves over a shorfer distance. This is also how fennis A Bottle Opener is a
rackets, baseball bats, and brooms work as Second-Class Lever
third-class levers.

Effort
Force
Can you find another lever in the picture of the [ T 'ﬁ,
hammer? The human forearm is a lever. The K
Resistance
elbow is the fulcrum. When the hammer comes Force

down, the Third-Class Lever
muscle behind

the elbow pulls up. Then it is

a first-class lever. When the
hammer is lifted up, the muscle
in front of the elbow pulls up.

REEa

AT

B P TR i

S e AR e e —

e Then it is a third-class lever.
The Forearm is a First-Class TR |
Lever and a Third-Class Lever A Hammeris a
_ Third-Class Lever |
© CLASSROOM COMPLETB,@PRESS 9‘ C?
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Inclined Planes, Wedges, and Screws

Inclined Planes

n inclined plane is just a slope. It has no moving parts, but
it is still called a machine. The pictures show two inclined

planes.

One picture shows a loading ramp going info the back of a fruck. It

is easier to carry a heavy load up the slope than it is to lift it into the
truck. It takes longer, but it takes less force, That's how it is with inclined
planes. The more gentle the slope, the less effort it takes and the more
time it takes.

The other picture shows the road to the ancient ruins of
Machu Picchu. It's the slow, easy way 1o the top. Which
would you rather do; walk for hours up the inclined
plane of the road or climb straight up the hill?

Wheelchair ramps are inclined planes. Any sloping
highway or sidewalk is also an inclined plane.

The Basic

Wedge Shape peRgss

The Road to

A wedge is a simple machine that is a lot like an Machu Picchu
inclined plane. A wedge is just two inclined planes put together.
When you use this machine, the inclined planes move past something

instead of moving the thing up a slope.

On the left is the basic shape of a wedge, which is (guess what...) wedge-shaped. Other
common wedges are axes, knives, and the point of a nail.

How would you use an inclined plane to increase speed?

/.

e
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Inclined Planes, Wedges, and Screws

Screws

screw is also a :
kind of inclined q : :
A \ _ [ || =
plane. Several . 2 5 |
kinds of screws are shown : E E
below. B=d

o AL e L T LA T VR TRt T TP w—r
Wood Screw Bolt and Nut  Spiral Staircase

A screw has G groove Three Kinds of Screws

wound around it the

way stripes are wound around a candy cane.The groove is called @
thread. If you follow one of the grooves, you will find it is one long groove
moving from one end to the other. If you could unwind that groove and
straighten it out, you would see that it is really one long inclined plane.
It's just that this incline has been wrapped around something.

Screws and bolts have this kind of groove. Metal nuts have the same
groove on the inside. You couldn’t push a screw info wood. With the help
of a screwdriver, the thread pulls the screw info the wood as you twist it.

The spiral staircase shown above is Also a sCrew. In this case, it's easy

to see that a screw Is really an inclined plane going up and around in
circles. With a wood screw, the screw moves when you use it, With a spiral
staircase, the screw sifs still, and you move.

© CLASSROOM COMPLBTE,@PRESS R
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Science and Technology Dictionary

Structures, Mechahisms and Motion
Structures, Mechanisms and Motion

in Shapeville
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Science and Technolo

Dictiona

axle

counter-clockwise

; axle - a bar or rod on which or with which g
whesel turns

The back axle on Mr, Shape's wagon
broke.,

balance - to be equal in mass, effort, force,
etc., - to make or keep steady

"Balance the teeter-totter,” said Lttle
Shape.

clockwise - to rotate or turn In the same
direction as the hands on a clock

The windmill Is turning clockwise.

chassis - the frame and wheels of g vehicle
such as a wagon, but not the box or

body
S—— = jtrlcngulaﬁon
tiangulation-L //\W L\ )
w— N AN
C_i‘l [ﬁ fHles

chassis

The Shape’s wagon has a strong
chassis.

©1999 $ & S Learning Materials

components - parts
- @ machine has different components

The pulley has two components: g
grooved wheel and a hub.

counter-clockwise - to rotate or turn in the
opposite direction to the hands of the
clock

The wheel on the wheelbarrow turns in
a counter-clockwise direction when it
Is moved backwards

34

81-111



crowbar

Science and Technology Dictionary

fulcrum

crowbar- g bar made of iron orsteel that Is
used as a lever

“This crowbar Is a good lever to move
the rock,” sald Father Shape.
A leverIs a simple machine,

effort - to use strength or energy to do
something

"It takes effort to pull In g line of
clothes,” said Little Shape.

"The pulleys make It easler,” said
mother.

force - power or strength or energy that
causes change

The force of the wind blew down the
free.
It takes less force to lift a rock with a

crowbar because the crowbar s a
lever,

fastener - a device such as g latch, button or
Zloper to fasten, hook etc.,

“I'lllatch the gate,” said Little Shape,

@e®

tuse buttons to fasten my coat.

There Is a Zipper on my pencil case to
fasten It,

©1999 S & S Leaming Matericis

frame - a support or structure over which
something Is built

The frame will support the building.

fulerum - a support on which a lever turns or
rests

“The bar is coming off the fulcrum,
shouted Mr. Shape.

35
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Science and Technology Dictionary

function

invesii_gatg

function - the use or work of something such
as a structure or machine - the work
something does

The beehlve is the
bees’ home. Thatls
Its function,

hub - the cenire part of a wheel

hub He put grease on

the hub so the
wheel would run
smoothly.

handsaw - a small saw which can be used
with one hand

Use the
handsaw to cut
the board for
the fence.

inclined plane - a flat level surface that helps
to move large and heavy loads.
Example: ramps, roads. a dolly

| used the ramp to help
make It easler to move the
lumber fro the wagon.

Aninclined
plane Is a lever | =i
and Is a simple machine.

hinge - a mechanism on which a gate, door,
lid etc., swings

There are natural
hinges on mussels
and clams.

"The hinge on the door is broken,” said

Mother Shape. E—

&

~ 9
B 2
NSCrews

©1999 S & S Learning Materlals

fulcrum

levers 4

input - an action to set a system working
f .~ Theinputls when

you scratch a
match to light I.

&

The output or result is
the flame.

investigate - 1o search, to look for, to
examine, to ask reasons for something

How does this work?

The Shape children are
investigating how a
pulley works,

Bi-1M
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laver

output

lever - a bar that Is used 1o lift or move
welght - ft rests or turns on a fulcrum - It
is pushed down at one end to raise or
move a welght at the other end

Little Shape saw her father move a
rock with a lever,

natural (natural structures) - not made by
people - found In nature

o

"I did not make the bird’s nest and
beehive,” said Mr. Shape

load - weight that Is moved or supported by
a person, structure or machine

The Shape family put a load of small
rocks into the wheelbarrow.

machine - a structure made of fixed parts
and/or parts that move
- each part has a job

Levers and wheels and axles are
simple machines.

observation - to watch, to look for g special
reason

Mrs. Shape’s observation helped her to
explain how a lever works.

machinist - a person who fixes or repairs or
runs a machine

The Shape family needed a machinist
to fix the axie holder,

mechanism - a mechanism Is made up of

simple machines that work together to -

cause movement

The hinge on the gate is a mechanism.

motion - moving

The windmill at the
Shapes Is in motion.

©1999 § & S Learning Materials

output - a response which Is caused by input

- Input or action sets a system to work
and a single output is the response of

that action d@_

A matchis lit dnput). The flame is the
output.

A
¢

A doorbell is pushed to set the system
In operation, The bells ing and that is
the output or response.

BI-1N
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Science and Technolo

Dictiona

plane

solve

plane - a flat level surface
plane surface

e
" .

The top of the table Is a plane surface.

inclined plane

A ramp Is an inclined plane.

rigid - strong, stiff, firm, not bending

pliers - pincers which are small, used for
bending such things as wire or for
gripping small objects

. I will remove the
nail with the pliers.
Pliers are levers which
turn on a fulcrum to make
work eqgsler.

shaped.

That tent Is a shell structure.

predict - to tell or see or belileve what will
happen before it takes place

"I predict that the wheel will break
because the load is too heavy,” said
Mr. Shape.

pulley - a small wheel which has a grooved
rim and a hub

- arope, wire, belt, stiing. etc., runson

the groove to move or ralse a welght

A pulley ts a clrcular lever that Is a
simple machine.

©1999 S & S Learning Materials

solid - very firm and strong

Qur house Is solld.

solution - to soive a problem

Little Shape found a solution to the
problem.

solve - to find the answer to a problem

"This rod will fix the wheel and solve
the problem,” said Mrs, Shape.

35
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Science and Technology Dictionary

stable

wedgc_a_

stable - that which Is steady, strong, firm, etc.,

Mr. Shape made
stable furniture.

stabilize - to make stable

Triangulation will stabilize the door.

stationary - not moveable

The house is a stationary structure.

utensils - containers such as pots, pans and
kettles which are used for cooking and
baking

We need to get utensils for baking.

structure - anything that is made of parts
that are put together to make a whole

The windmill and chairs are structures
which were made by the Shape

S N & 2o

The house, bird’s
also structures.

S

nest and beehlve are

©1999 S & S Learnina Materials

vehicles - a structure such as a wagon, car,
buggy. wheelbarrow or sled which is
used for canying people or things *

makes it easier to move a load,

wedge - a piece of wood or metal which has
a tapered or thin edge

A wedge can
be used 1o split
wood or to
wedge
something in
piace.

A wedge Is a simple machine.

BI-11
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Science and Technology Dictionary

wheel

wheel - a circular shaped frame which turns
on an axie

The set of
wheels and
axle Is a simple
machine.

wheelbarrow - an open box or frame with a
wheel at one end and two handles at

the other end - used for carrying light
loads

take the potatoes to
the bamn.

The wheel and axie on the
wheelbarrow Is a simple machine

+ zigzag - to move from one side to another
with quick sharp turns

AN

She made a zigzag pattern.

zigzag
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Inferences

Making inferences M

helps you get more i —X '

oui;.)of !:/__ourg reading ff =  {\written by Angela BO?STOE

than just the facts : Tlustrated by Dave Mazierski

wiritten on the page.§ = =~ £
When you make . sl
inferences, you : : - Pulleys and gears are special kinds of wheels. A wheel is
draw conclusions . g '

by combining what

you already know i ] F
et easier fo move things. Pulleys and gears are wheels that

information and make it easier to lift heavy loads.

clues the writer &
PULLEYS

gives you.

] M A pulley is a wheel with a groove around the outside

iy

- 1 Think about what
i you already know
and the information
the writer includes.
- Why are wheels
calied “simple”
machines?

g




s'im_ﬁlest kind of pulley is a rope or cord pulled over a smooth

5w L.

~1- b Y ot
a1 B i 7o,

ASimple Pulley
'No one knows who invented the pulley, but the first .
‘pulley was probably just a rope thrown over o smooth %‘:\iﬁ“ﬁgﬁgﬁg;"

‘branch. Someone must have discovered that a load @& has not included.
tied to one end of the rope was easier o lift. What jobs could

) have been so0
he rope over the free works because it allows you

difficult that early
1o pull down in order 10 lift something up. Pulling down \‘q’ J

people invented
is easier than pulling up because you can use your | : tpgr‘:‘!f o help

weight fo help you. A wheel at the top works befter
8

| ¢— Ask yourself

" than the branch because there is less friction and 3 )

- the rope slides more easily. {"

Make 1t Work!
Use a simple pulley to lift a weight. Tie a piece of
strong string or cord around a large, thick book.
Lift the load with the string using one hand.
Now, put the string over the back of a chair and
pull the string down with one hand to lift the load.

Which way is casier?
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; Th:nk about your

4 personal experience

1 and clues from the
| fext fo draw @

conclusion. How
would your peddalling
be affected if your

-{ bike had only one

the other side goes up, takm'

the flag with it,
When you raise a flug on a flagpole,
‘you pull down on the rope and the

— ﬂag goes up

~ Gear wheels have teeth around their rims. The teeth on:
~ one gear wheel fit into the teeth on another gear wheel.
~ When one wheel tumns, it turns any other wheel! that is
[linked to it. The gears on a mountain bike allow the
bike fo go faster or slower while the cyclist
| pedals at the same speed.
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. Inferences:

2 éﬁﬂ'm'ﬁ'l'r ey i P P

 rememibgr these ey Anings =

- make inferences and * |

- drgw concusions: | 4 |

.« Thinkiaboufighat. [ Fa Pulleys are useful because they make it easier to lift
- yobdtlreddy know. ' | |5 things. A pulley is a wheel that has a groove in it and
e e Jhinkabout | EE a rope running through the groove. (Sometimes a

g rars infafimation e, chain or steel cable is used instead of a rope.)
"FIL%‘I;:"_{JT-IEE‘_-I!LEH

R One end of the rope is attached to a heavy object.

o

.+ Ask yourselt |8 Bl The object is lifted by pulling down on the other

- questions about
 whdtthe whiter .~
=~ hiis | no! :

end of the rope. One pulley can be used on its own,
or several pulleys can be used together.

. Pulleys and Work :

. The scientific ferm work means “using force fo move an.
object.” For example, imagine you were pushing a car. Your
pu's'h'is the force used to move the object, which is the car.

~ Some machines, such as pulleys, allow you to do work
by using less force. When 2% .

.; : amachme I'BdUCGS’he .E.mﬁgwwmr;tm:.;n_u_..-.:ﬁ:g_-g-::-p-.‘- =

. amount of force needed :

. to do work, we say the
machine provides
“mechanical advantage.”

e o i R R )
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* The grooved
rim stops the
rope from

slipping out.

- am
L et g
' rope must be pulled twic

.2,;.p1-1m- (o= .:p-r-.: < ¥
ount of force: :

e T e L e R
ar. Adding additional pulleys -
 even morethe

Cranes use
pulleys and
steel cables to
lift and lower
heavy:loads.

W R
&

‘Strategies: How did mol
“inferences ffect

of your. red
- making in
“your finde
artigle?.

=

Critical Litgracy: Mow do
_ you thinithisarticla would 5
- change ifihe writer wantad
to sell pulleys to you?
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Text Features:
Labelled
Diagram

A |abelled diagram
shows how
something works.
When you see a
labelled diagram
in an article, plan
to look back and-:
forth between the
diagram and the
text as you read.
Use the diagram
fohelpyou
understand the
text. Use the

text to help you
understand the
diagram.

‘What do clocks, bikes, cars, and wmdmllls
have in common? Without geaIs none of
these machines would work! There are many
different kinds of gears. Let’s take a look at
jlist a few, and find out what gears can do
when they work together.

e A e

E:;_K___i_n'_@l.s'?:of GECII'S -

The caption fitle
tells you what the
diagram shows.

What does this : B i _ 1.9 |
diagram show : AR

Spur Gear ; Rl
Almost all gear wheels have teeth all around 1he
o * rim. A spur gear has teeth that. go struf‘ght up

and down when |he aear lies, ﬂut;

x1

o Pull,ey;i md&.ﬁﬁmmw’“mq;ﬁw m_wm_u_.m S

R R S TR
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Written by Amita Markandaya .
Tllustrated by Allan Moon

Bevel Gear
A bevel gear has a sloped rim.
The gear's teeth are also sloped.

lsloped Teeth

T
1

i e 2

L

Important parts of -
a diagram are
labelied. What
labels do you find
in the diagrams on
this page?

spur gear

‘Worm Gear
A worm gear looks like a screw.
-~ Aworm gear can be linked to

o spur_g__p;gr_._ !

Herringbone Gear
A herringbone gear has testh
that are shaped ke a V.

L5t
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Gears Working Together e
1 : 1 ¥ ik } ‘ .'Wh ihi. |
.\-‘n i) g}:ﬂ_‘ A #’h tur:sr: ; r::::sr

.all the other
.geurs turn.

Gears can be
linked together
so that one gear 4 _
—makes several other gears turn, This is called a gear train. :
Each gear moves in the opposite direction to the ones o
_touching it. R S e Ny e
- A gear train can contain gears of different sizes. Each size
of gear turns at a different speed. When a larger gear makes
- asmaller gear turn, the smaller gear will turn more quickly

Captions can give
you additional

information. What Gears of different sizes | = = &~ ; ;
do you learn from ican work together if their | e
this caption that is teeth are the sume size.

not explained in _ ; |

the text?
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‘When one gear in a gear train turns, it makes the other gears

turn. As the turning movement is passed from one gear to the
next, the gears can make changes (o the turning movement.

i

These gears turn d

clockwise movement into
a counterclockwise
movement,

These gears turn d
horizonsal circular
movement into a vertical
circular movement.

vertical

These gears turn a slow
‘movement intc a fast
movement.
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 Pulleys and Geas
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* Written by Amy Pinchuk e £ AR
Lilustrated by Alian Moon

What makes a bike such an awesome
machine? It’s built to ride! Check out
 its parts and how they work together.

- Made of Cool Parts
All of these parts go together to make up
- one smooth-riding bike.

% cbyigf # \

Sl g
sprockets-__ S
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\ rear derail our |
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-
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Chain and Chainrings
The chain is made of steel links that loop onto
teeth on the chainrings and rear-wheel sprockets.
As you push the pedals, the chainring turns, i
pulling the chain. This turns the rearwheel .
sprocket, which turns the rear wheel.

NEL H
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Saddle
The saddle is usually made |
of leather or nylon. Some
have builtsin springs, gels, |
or foam padding for

sasmebbéw b’akBIGVCP

Imndle.bar

« gear shifter

comfort. .» Searcable
P Handlebars
d_,_,...--"’"'"'ﬂr The handlebars allow you to turn the [ront
i os2«f wheel, so you can steer the bike. The

handlebars also help to keep your body in
a good position for riding.

sresectt brake cable

:onooo-otﬁfe

j .-"I |
. II ; 2
\: XX aioofiﬁ’b’ﬂ&b

=imAlial it --'-:-.-_‘:., A e
f Frame \

The frame is made of hollow, metal ;-_ \ ".I _.i e 2V

i tubes. That way it’s light enough { /
! for pedalling but strong enough to /
{ CarTy you. /
b A, /,.é:- e A

" tallector ovvey

i T

sssssrssscsndans Peda’c'a”k

Crank

‘The pedals are attached to arms called
cranks. As you push the pedals, the cranks
turn the chainring.
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| Wheal Rim Brake i
Wheel rim brakes are made of two brake
pads, one on each side of the wheel rim. |
When you squeeze the brake lever, the
brake pads press on the rim to stop the
wheel from turning.

Derailleur
A bike with more than three gears has a gearchanging
system called “derailleurs:* When you shift gears, they
move the chain onto the chainring and/or rearwheel
sprocket for the gear you've chosen.
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- Brake levar

1 You squeeze the brake levers (o
make the brakes slow or stop the
bike.

4

F

Cable
Cables carry your commands to the brakes and gears. For
example, when you squeeze a brake lever, it pulls a hidden wire
inside the cable that is attached to the brake pads. This makes the
pads push against the wheel’s rim.

PSS ENIIIIRBSIINENOORBRROOOEOERNES

[ Goar Shifter

~This lever allows you to change gears. It
signals the derailleurs to move the chain |

into place for the gear you've chosen. : RE
' |

e

-« front deraillear

A f 11

Gear System

A bicycle’s gear system is made up of chainrings, rear-wheel
sprockets, and the chain. The gear system controls how far the bike | oo
moves each time you push a pedal. Gears help you get the most out ' H
of each pedal push. They can help you travel as far or as little as :
ld possible each time the pedals turn around once. ok et

chalnrings

:fabelled dlugrqms_dld yol

.-__'__recogmze |n this selectlon:
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| Gears on the Move!

' Photographers use many skills and techniques to

_ communicate messages, especially in print ads. As you
~ learn about some of these techniques, think about the
impact they have on you as a viewer.

N

R e

14a) A middle-distance
|| shot shows the

subject and some
background. What

r—— )

A long-distance
shot shows the
subject from
faraway and
gives you a good

e

[

T e W T Y L L

L | ook at the | || ideas does this
i® | background. | shot give
i85 | Whatideas does you about the
50 1 this shot give you i bike rider? 5
i"n | about biking? \_..==..__.
(¢ L N J
1)
i:l' : f s,
| | Thecoloursina
¥ photo can be i
changed after
H the photo is |
§° 1 | taken. What is
ol the impact of
o || changing this
o photo’s colours
from natural
to blue?
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Close-up photos
are good for
showing details,
What is your
reaction to this
close-up shot?

The camera
angle, or the way
the camera is
looking, in this
photo is from low
down and behind
the motorbike.
Whot feeling
does the camera
angle give you?
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Photographers can use special effects to create a powerful
_photo. As you look at the main photo in this magazine ad,
think about the technique the photographer used. What
impact do techniques like this have on you?
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I A Magical Summer 'i

l ‘We had a magical summer. We spent every day putting on

] lays. We made costumes from old clothes. We had a stage B |
|plays. Vv 9 |

B | [ j

2 {curtain with pulleys that my mother made. We felt like real ; 4

l |stage actors when that curtain went up on its silent pulleys! L

|This was a magical summer.

Varying Senfence Begimmitgs

Varying your sentence beginnings makes your writing lively.

When all the sentences in a paragraph begin the samc way,
readers get bored. You can add energy and variety to your
writing by adding some new words and changing the order of

words in your sentences.

Look at the sentence beginnings for this paragraph before it
was revised. Read the first two words of each sentence in the
original paragraph to see why this writer needed to work on
varying the sentence beginnings. Then read the revised

paragraph to see how the writer changed it.

— e o . SR i S L
S e e T T LT A

e e —————— .

T S LR

How to vary sentence beginningS'

A Magical Summer

Read yoyr writing out loyd to

find the Sentences that sound
ﬂ_:o much the Same

Try pu'.rrr'ng the time when
::mefhlflg_ happened right at
e begmm'ng of a Sentence,

{Every day, we put on plays. Our
|costumes came from old clothes.
| My mother made a stage curtain
{with pulleys. When that curtain

went up on its silent pulleys, we

:eufrife Some sentences to
€gin with diffepent words

Read your writing again to
Mmake sure ' lively and clear

|felt like real stage actors!




ogether

As you.read this

CIi]:it. for. ¢$:VL11
-on f-ﬂiﬁm

geors move the honds on the
cIock or wafch

<. Can Opener
Watch your fi

'._.n_;z'h..

ngersl Monual ccln openers usually have Two

sets of gears. One gear is>connected 0 ’rhe hand crank.

The other gear moves the cutting wheel iy

hand crank |

=

@ Pulleys and Gears
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The Canadarm is a type of crane used to lift
and move things in space.

NEL

A

‘ Crané

These aren’t the kind of cranes
that can fly, but they’re pretty
special. These cranes are
machines that iift heavy

objects. Some are as iall as a
multistorey building, and some fit
on the back of a fruck. Steel
cables run through pulleys
attached to the boom. If the load
is heavy, a counterweight helps
balance the crane.

|
|
i
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: iﬁﬁnnl_l_ﬂif *Hsﬁ'?' An elevator is a platform that moves

.fﬂqq‘]lﬂ and thin YgSs ""1'}' and ¢ IOWN. .«:-je"'lib"‘ (1 system

of pulleys and cable s that are. :DW-} ed by an
‘eleciric mofor. '

T ElectricMotor
=ite f:_iﬂk?__ﬁmil_-_lf;mm--ﬁ_rsi:__.r;m{tg_ve.
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Stair elevators can be used in homes.
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e handle on a pencit sharpeneris
connected 10 a gear. When you 'iUJn’ﬁ“TEi |
andle, the gear inside turns and i‘cjo_j.(-}ij

e cutt ing wheels turn. The cutting
heels carve away at the pencil to
me ii-ﬁ: a nice sharp point.
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direction the
handtle is turning
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Nindow Blind
Winaow }jf‘rle] IS an example

Ill vcz(..:ﬂJIr v

: \ These pulleys work

or lower the blind. W
pull down on the lift co
bottom of the bling

Tilt Cord Puliey
This 7?1'1[14'5- works with th
cord to.open and shut the
, Slats on the blind.
==\ ~!-1.Ir1-111 one end of the cord
oA 1 \} rhmﬂﬁiﬁﬁfﬁ‘s to the open
1 _l -———“m posifion. You pull the other
5‘*“‘“‘3‘ ~ond of the cord fo fff the
TR -ﬁibiim}@!hﬁg-l position.

*m@ iag ' l}zghmaaxmm mimfﬂmmﬂ
| .'Mﬂﬁﬂ@mmﬂﬂﬁlﬁmm

When 1he worm gear _
turns, it makes the tilter
turn, and this turns the tilt
rod, which makes the

slats filt to the open or
closed position.

Ty nections:
Pulleys and gears are all around us. Keep your eyes open . : 136
because you never know where you'll see one next! 3 :

. Pulleys and Gears

e way vou will |
ryday thin




Light Like a Pro

Your best bet is fo use existing light. (That means shooting
your video where there is already lots of light.) But, if you
want to learn lighting, here’s how the professionals do it.

I's calied three-point lighting: three lights in three
different places aimed at the middle, and presto!—they
almost erase each other's shadows. Hard shadows are bad
stuff in videos, except in monster and bad-guy stories.

There are three kinds of lights in this system:

Key light—The first and brightest light, usually pointing
at the subject. A work light, or a 100-watt bulb without
a shade, would make a good key light.

Fill light—The second light, half as bright, is placed
opposite the key light on the other side of the camera.
It softens most of the shadows cast by the key light.
A basic work light with a 50-watt buib, or a lamp with
a shade, can do the trick.

Backlight—The third light is set behind the talent (actors),
to help them stand out from the background. Don't shine it
directly into the camera lens. A lamp (with a shade) in the
background would make a good =

backlight for you. You can even

keep'it visible in the frame.

key light +
fill light

Reflect on

: - Strategies: What strategies
If you can ’r get all three Ilght.s did you use when you were
set up, try just a key and a fill reading this article? Find a
light. No? Just a key light, then. place in the article where you
No? Use the light on your found yourself reading in a

" new way.
camcorder. Or the sun. Or the
refrigerator light Your Learning: Which tips do
you want to remember when
key light + fill light 0 R ————————— YOU Make a video?

+ backlight




¥

*_I'I'eys and Wheel

fionco-.uoo-o-i3pioo ocoo#oi
S T _ : il et

e e

©CLASSRO0MCOMPI.ETB DPRESS ,_7,,4_ Akl s,mp.e Mach nes ccmo;



