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ENERGY CONVERSION

The law of conservation
of energy states that
energy can never be created
or destroyed. Whenever
anything happens, energy
is converted into a different
form. This is what happens,
for example, when plants
use energy from sunlight
to make food, and when
animals eat them in turn.

Chemical
energy in
batteries is
changed to
electrical energy
in a flashlight.

ENERGY CHAINS

An energy chain is a
way of showing how
energy is converted from
one form to another.

The pictures on the right
show the energy changes
that take place in a
power station, where the
chemical energy in coal
is converted into
electrical energy.

A coal-fired power station

The final forms in most
energy chains are heat and
light. Even this energy is
not lost, but it spreads out
into the environment and
is very difficult to harness
for any useful purpose.

¢ Turbines, 147.

Electrical energy is
changed to light
and heat energy
in the bulb.

Example
of energy
conversion

1. Plant uses energy
from sunlight to make food.

2. Plant stores food as
chemical energy.

3. Hummingbird feeds on
plant. Chemical energy

is converted to kinetic
energy and some heat
energy when bird
moves.

Energy conversion in a power station

Coal is the
fossilized remains
of plants that
grew long ago. It
is a chemical store
of energy that
came originally
from the Sun.

When the coal is
burned, the
chemical energy is
converted to heat
energy, which is
used to heat water
to make steam.

The steam turns
turbines*. This
produces kinetic
energy - the
energy of
movement.

The kinetic e'nergy
is converted to
electrical energy
in a device called
a generator.

Appliances such as
lamps, televisions,
heaters and audio
equipment
convert electrical
energy into light,
heat and sound.

See for yourseif

In this matchbox paddle-boat,
the efastic potential energy
stored by a twisted elastic band
is changed into kinetic energy
that moves the boat forward.

Empty 1. Place a piece of

matchbox cardboard in the
elastic band and
twist it to wind

% up the band.
q(’_‘

Elastnc band

2. Float the }
boat in S 1 -

— Used match

/—

water.

Internet links i)

Go to www.usborne-quicklinks.com
for links to the following websites:

Website 1 Try a quiz about energy and
test your knowledge with a matching
game on different types of energy.

Website 2 Learn more about energy
chains then solve some energy
equations.

Website 3 Animations about types of
energy and other energy concepts.

Website 4 Find out about energy and
the Earth, with quizzes and games.

Websites 5-6 Take a virtual tour of a

power plant and see how electricity is
generated and distributed.

1€



gre‘cl"\art below shows the

~ percentages of the different power

_resources that are used to provide
energy for homes and industry.

Nuclear
energy* 3%

Renewable
energy 5%

Wood 15%

Fossil fuels
77%

> world” ‘energ come .
able energy resources. Two

~ exa ples of these are shown below,

while another, solar energy, is
explained on the opposite page.

Hydroelectric power

Water stored behind a dam is released
through pipes. As it gushes down, it
turns turbines, which generate
electricity. This is hydroelectric power.

Ammal
% waste

When organic matter, such as animal
waste, rots, it produces burnable gases,
known as blogases Burning biogas can
produce heat for buildings and water.




. collectors

1§ Chemical
storage unit.
This absorbs
surplus heat
which is stored
and released :
when needed.

Solar collectors ;rr
absorb heat fro! T

‘the Sun’. s rays.
Water X

heated
by Sun

Main water
supply

See tor yoursel

On a hot day you can see how the Sun's energy
heats things up. Coil a garden hose so that as much
of it as possible is in sunlight. Attach it to a water
supply and turn it on so that water comes out. Then
turn off the water and block up the end of the pipe
usmg, say, a cork. Leave it in the sun for an hour.

When you go back to the hose, unblock
the pipe and feel the warmth of the
water that runs out. The hose will have

soaked up the Sun's
energy, heating up
the water inside.

-

-tlrﬁ-e'a d it

watts (Wl)
joule per second.
machme produ :

ic
-

“Uses 60 joules of ene gy

each second. A100
watt bulb uses 100

joules per second and : ; =r
produces more heat 100 watt 60 watt

and light energy. l'«uqmma ht

~ Internet links

non-renewable energy.

| Website 5 Take a virtual tour of a
center, and see how many energy-s




HEAT

] leat is a form of energy that flows from one place
to another because of a difference in temperature.
Temperature is a measure of how hot something is.

HEAT ENERGY HEAT AND EXPANSION

When a substance absorbs heat, its internal energy increases.
Internal energy is made up of two types of energy. Firstly, there is
the kinetic energy* of the particles as they move around in the
substance. Secondly, there is the potential energy* of the

Moslt substances expand when
they are heated because, as their
particles vibrate more vigorously,
they push each other further

particles, ready to be used.

This red-hot river of
liquict rock was formed
when rocks insice
the Earth absorbed
so much heat
that they
meltect.

lce in water

Heat energy flows from
hot objects to cooler ones
and continues to flow
until they reach the same
temperature. For example,
water that has ice in it
loses heat energy to the
ice, which gains heat
energy. Eventually, all the
water molecules (from the
water and the ice) reach
the same temperature.

MEASURING HEAT ENERGY

Like all forms of energy, heat is measured in
joules (J), named after the English scientist James
Joule (1818-89). He was the first to recognize that heat
is a form of energy. Using a contraption like the one
below, foule showed how potential energy lost by the

falling weights was gained by the water in the form

of heat energy, as its temperature rose.

Joule’s experiment

Weight

Falling weights
macle the pacidles
in the container
turn, causing the
water to swirl about
and heat up.

it takes 4,200] to raise the
temperature of 1kg of pure
water by just 1°C.

s Kinctic crcngy, Petentiol eoeigy, 106.
iy )

apart. Gases and most liquids
expand more than solids
because their molecules have
more energy to break free of the
forces that hold them together
(see The Kinetic Theory, page 16).

Different solids expand at
different rates. This can be seen
in a bimetallic strip, a strip
of copper and iron fixed firmly
together. When heated, the
copper expands more than the
iron, so the strip bends.

Bimetallic strips are used in
thermostats — devices that
switch an electrical circuit on
and off in response to a change
in temperature.

Bimetallic strip
in a thermostat

Copyper

o

: el Iron
Electrical circuit ‘

to heater

i

See for yourself =

Take a jar of dried peas or

| beans and shake it gently.
The contents vibrate but stay

| in roughly the same places.
This is what happens to the

| parlicles in a solid when

| they are heated a little.




THERMAL CAPACITY

If you put the same amount

of heat into two different
substances, their temperatures
change by different amounts.
The substances are said to have
different thermal (or specific
heat) capacities.

Oil and water, for example,
have different specific heat
capacities.

Water

M/ T

The same amount of heat makes oil
hotter than water.

The different thermal capacities
of the land and the sea cause
sea breezes. In the day, the
land heats up faster than the
sea. Warm air over the land
rises and cooler air blows in
from the sea.

Warm air

Coastal wind patterns like this
one develop mostly during spells
of warm weather.

s RSistmee 236

Temperature can be measured
in degrees Celsius (°C) or
Fahrenheit (°F), or on the
absolute temperature scale.

The Celsius scale has two
fixed points: ice point (0°C)
and steam point (100°C). Each
Celsius degree is one
hundredth of the difference
between these two points.

An early The Celsius
Celsius and Fahrenheit
thermometer scales

In the Fahrenheit scale, the
values 32°F and 212°F are
given to the ice and steam
points. There are 180 degrees
between them.

The absolute temperature
scale is measured in units
called kelvins (K), which are
the same size as degrees
Celsius. The scale starts at a
point called absolute zero
(zero K) which is the same as
-273°C. This is the temperature
at which no more energy can
be removed from a substance.

THERMOMETERS

A thermometer is an
instrument for measuring
temperature. It may contain a
liquid that expands when heated,
or a wire whose resistance* to
electric current changes if the
temperature changes.

Liquid in glass
thermometers
contain mercury
or, for measuring
very low
temperatures,

alcohol. =
Constriction keeps

liquid from returning
to the bulb before a
reading is taken.

Maximum and minimum
thermometers contain
pointers that record the
highest or lowest
temperature reached.

Liquid crystal thermometers
contain liquid crystals that change
color when heated.

Digital thermometers contain
an electronic component that

is sensitive to heat. It shows

the temperature on a

digitat display.

Internet links

'Co to www.usborne-quickiinks.com
for links to the following websites:

Website 1 Find out more about heat,
with simple experiments.

Website 2 Review the principles of
heat energy, with animated examples.

Website 3 How thermometers work.

Website 4 See a virtual reconstruction
of James Joule’s heat experiment.
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" ] 1
-Air cools and sinks.

See for yourself

Gently drop a small feather or
piece of tissue paper above a
warm radiator. See which way
the feather or paper floats.

The radiator heats the air
above it, causing the air to
rise and form a convection
current. If it is light enough,
the feather or paper will be
carried upward on the
convection cur




Sun’s heat

Internet links

0 to \;ww.usbome-qulckllnks.com

Ifér links to the following websites:

) - Website 1 Investigate conduction in
2ul, g0 W= . ‘ a virtual online lab
~ Fat and feathers ' 5 p
insulate birds ! -, ; ol I wg:;n;z Find o;:t how refrigerators
“such as penguins, and thermoses work.
helping to keep

e o Website 3 Watch some online

convection experiments.

Website 4 Learn more about
insulation with an experiment to keep
a mummy'’s tomb cool.

Website 5 Do heat and temperature
experiments in an online lab.

Snow reflects the Sun's radiation.

* Electromagnetic waves, 212; Electrons, 10.




114

RADIOACTIVITY

[l matter is made of particles called atoms.
Every atom contains a nucleus which is

made up of protons and neutrons. Nuclei
hold vast amounts of energy, called
nuclear energy. Some substances
are radioactive. This means that
their atoms release some of this
energy as radiation*. This can
be dangerous to living things,
but can be used in many ways.

Nucleus—

Beta particles are
very high-energy
electrons emitted
when a neutron in ——
Alpha particles are clusters the nucleus decays.
containing two protons
and two neutrons,

TYPES OF RADIATION

When a substance is
radioactive, it is said to be
unstable. The atoms become
stable by losing some of their
nuclear energy as radiation.

Alpha particles
move slowly and
are stopped by any
substance thicker
than paper. They
are identical to the
nuclei of helium
atoms and scientists
think helium is created
by natural radioactivity in
the Earth. Beta particles are
more penetrating than alpha
particles and many move almost
at the speed of light. Gamma
rays are the most penetrating.

The type of radiation that the
atoms give out is either alpha,
beta or gamma radiation.
The first two are streams of
particles. The last takes the
form of gamma rays, which
are an extremely powerful form
of electromagnetic waves*.

The Greek letters below are

used to describe the different RAnUEl e aact et [kies

types of radiation.
Symbol for
5.4 pooh
O™ . radioactive
& substances
- Alpha particles
travel less than
4in in air and are
absorbed by
Alpha Beta Gamma thick paper.
A nucleus first throws off either — 1 E\:\t; F;ar’;i:;e: of
alpha or beta particles, and #l 3ft in air and
then, if it has extra energy, 71 ) | areabsorbed by h
gamma radiation. &==4 | thin copper. P
The intensity of  rays are ve
. . ; 7
The three nuclei shown on this gamma raysis  high-energy
page are all unstable. Each _f“‘ halved by Yzin of electromagnetic
| - itting a different 1 lead or by about waves that
nucleus Is emitting 1 103yds of air. move at the
type of radiation. speed of light.

* Electromagnetic waves, 212; Radiotion, 113




USES OF RADIATION

In industry, radiation is used
to check the thickness of sheets
of paper and plastic. Tiny
irregularities can be detected
by measuring the amount of
beta radiation that passes
through the sheets. Food, such
as fruit and meat, can be
irradiated with gamma rays,
and this keeps it fresh.

After two weeks, these

irradiated strawberries
= are still fresh.

In hospitals,
doctors use radioactive
tracing to follow a substance
through a patient’s body. For
example, to see how a patient’s
body deals with sugar, they can
attach some radioactive
carbon-14 to molecules of
sugar and track the radiation
given off by the carbon-14.

Radiotherapy uses carefully
controlled doses of radiation
to kill cancer cells, which are
living cells that are growing
in a disorderly way.

A patient being given radiotherapy

RADIOACTIVE DECAY

After ejecting particles, a
nucleus becomes the nucleus
of a different element. This is
called radioactive decay. If
the new element is also
unstable, the process of decay
will continue until there are
atoms with stable nuclei.

For example, when the
unstable radioactive substance
plutonium-242 gives off an
alpha particle (which consists of
two protons and two neutrons),
it becomes uranium-238. The
diagram below shows how
plutonium decays to become
uranium and then thorium.

The numbers written in front of
the symbol for the substance
are the mass number (top) and
atomic number (bottom). The
mass number is the number
of neutrons and protons in a
nucleus. The atomic number
is just the number of protons.

Radioactive decay of piutonium

Plutonium
42

A h
v Uranium

& (v

Alpha v
particles @ 234 Th
thrown off R0

The length of time it takes
for the nuclei of an
element to decay is
measured by its half-life.
This is the time taken for
half of the nuclei in a
sample to decay. Every
element has a different
half-life. Radium-221 has a
half-life of 30 seconds.
Uranium-238 has a half-life
of 4,500,000,000 years.

a Thorium

CARBON DATING

Carbon dating is a method of
calculating the time that has
passed since living matter died.
All living things contain a small
amount of carbon-14, which
has a half-life of 5,700 years.
When living things die, the
carbon-14 decays. The age of
the remains can be calculated
by measuring how much
radiation is still being given off.

Carbon dating
showed that this
insect was trapped
in amber resin five
thousand years ago.

DANGER!

Radioactive substances are
transported in thick lead
containers to prevent radiation
from escaping.
Exposure to
radiation can
cause burns,
cataracts p, o
and cancer. g

g4
i N
Robots are :

used to handle
dangerous radioactive substances.

Internet links )

Go to www.usborne-quickiinks.com
for links to the following websites:

Website 1 A very useful site about
nuclear science.

Website 2 Explore the website of the
European Organization for Nuclear
Research (CERN).

Website 3 Helpful online lessons about
radiation, with online tests.

Website 4 How radiation is used to
date the age of rocks and ancient objects.

Website 5§ Online guide to
radioactivity and the uses of radiation.
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NUCLEAR POWER

Nuclear energy can be harnessed, using
controlled nuclear reactions, to
produce power for industrial and

home use. It can also be released,

in an extremely violent way,

when nuclear weapons explode.

NUCLEAR REACTIONS

There are two types of nuclear
reactions: nuclear fusion and
nuclear fission. Fusion means
“joining” and during nuclear
fusion, two small nuclei combine
to form a larger one. Nuclear
fusion only takes place at
extremely high temperatures and
releases huge amounts of energy.

Nuciear fusion

e P o

Two nuclei join to form one large one.

Fission means “splitting apart”
and nuclear fission occurs when
the nucleus of an atom is
bombarded with neutrons*.
The nucleus splits open,
releasing neutrons and large
amounts of energy. This process
takes place inside nuclear
reactors (see opposite page).

.

Nuclear fission

A nucleus splits open, forming
two or more new nuclei.

* Neutrons, Radioactmvty, 114,

-,

S

The dust
created by
this nuclear
explosion is highly
radioactive*. It
contaminates
everything on
which it falls.

NUCLEAR WEAPONS

Nuclear weapons produce
uncontrolled nuclear reactions.
The energy is released in
massive explosions. Atomic
bombs use nuclear fission
reactions. Hydrogen &
bombs use nuclear fusion.

In World War Il, the USA

dropped atomic bombs on

the cities of Hiroshima and

Nagasaki in Japan, killing

many thousands of people.

World War Il atomic bomb

-
(4
Radioactive* #
plutonium *
in here 3
b

. -,



NUCLEAR REACTORS

The energy released by
controlled fission reactions can
be used to generate electricity,
and to power submarines and
aircraft carriers.

Nuclear-powered
submarine

Such reactions take place in
nuclear reactors, such as
the pressurized water reactor
shown in the diagram at the
bottom of the page.

Inside a nuclear reactor, rods

Nuclear power stations
generate lots of electricity.
However, the used fuel rods
remain dangerously
radioactive for

thousands of years.
Disposing of them

made of a radioactive safely is very difficult.
substance such as uranium are I i
bombarded with neutrons*. Nuclear / '
The nuclei split up, releasing power

radiation and more SEHIE
. neutrons, which set up
a chain reaction.

room - >

5;. PRESSURIZED WATER REACTOR SAFETY FIRST
A pressurized water reactor is one type of nuclear reactor
found in power stations. The energy released in the core of the
reactor is used to heat water to make steam. The steam turns
turbines* that generate electricity.

Nuclear reactions are dangerous
to living things. To prevent
accidents which would pollute
land and air with radiation, the
workings in power stations are
Nueat fission monitored closely.
reactions take place
in the core of the
nuclear reactor (1).

Heat from the
primary water circuit
heats the water in
the secondary circuit
to make steam (3).

The energy
released heats
pressurized water
in the primary
water circuit (2).
Uranium eEET—
rod ! 2

Generator

Steam-driven
turbines (4)

Dangerous processes inside a nuclear

; generate power station are carefully monitored.
N electricity.

Steam is Internet links

cooled in the J

condenser (5)
by a supply of
water.

Go to www.usborne-quickiinks.com
for links to the following websites:

Website 1 An illustrated guide to
nuclear energy, nuclear reactors and
much more.

Website 2 Watch a short movie and
find out how nuclear power is generated.

Website 3 Animated facts and
activities about nuclear power.

Website 4 A timeline of nuclear
technology.

Website S Take part in a virtual debate
on the pros and cons of nuclear energy.

* Neutrons, 114; Turbines, 147,




FORCES

force is any push or pull on an object.
When you pick up an object, you are
exerting a force on it. If you leave it sitting
where it is, there are still forces acting on it,
but they cancel each other out. Forces can
make things move faster or slower, stop,
change direction, or change size or shape.

TYPES OF FORCES

Forces affect objects in many different ways.

There are forces you can see, such as a

foot kicking a ball, and invisible forces,
such as magnetism* and gravity*.

The magnetic force
which pulls these

tacks to the magnet
is an invisible force.

{1 You can see the pulling
forces at work in a tug of
war. The team that pulls
with the most force wins.

A single force acting on an object will make it start to
move, or move faster or slower. Two equal forces acting in
opposite directions try to change the object’s size or shape.

Forces that need two or more objects to be touching each
other are called contact forces. You are using contact
forces when you move an object with your hands.

When you kick

a ball, the single
force of your kick
makes the ball start
to move.

As you catch a ball,
the pushing force of
your hands makes
the ball slow down
and stop.

If you step on a ball,
the equal forces of
your foot pushing
down and the ground
pushing up squash it.

* Electnc force, 228; Friction, 124, Grovity, 130; Magnetism, 232,
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The force of
gravity makes
these dice fall
downward.

Try rolling one ball into another
on a smooth surface. The force
of your movement will set the
ball rolling. The moving ball
will exert a force on the
stationary one, causing

it to move too.

The surface will exert a
force (friction*) on both
balls, causing them
both to slow down,
and eventually stop.

Some forces don’t
need objects to be
touching. The
forces that act at a
distance include
electric force?*,
magnetism and the
force of gravity.

Compasses work
because of the
Earth’s magnetism*.

The contact force of
friction* enables
pencils to make
marks on paper.




A rollercoaster
makes use of

lots of different
forces to gain
speed, twist,

turn upside down
and race along without
flying off the track.

MEASURING FORCES

The strength of a force is
measured in newtons (N),
named after the English scientist,
isaac Newton (1642-1727). One
newton of force causes a mass
of 1kg to accelerate* by one
meter per second per second
(1m/s?). This is about the

force you would need to lift

an empty glass.

A spring balance (see right)
measures how many newtons a
force is exerting. The spring,
fixed at one end, is extended
(stretched) by the force. Hooke’s
law states that the extension of a
material is proportional to the
force stretching it. The more the
spring stretches, the more
newtons the force is applying.

VECTOR AND SCALAR QUANTITIES

Forces have magnitude (size) and direction. In
physics, things that have both these quantities are

When you are on a
rollercoaster, you
can feel the different
forces acting on
your body as you
are thrown around.

Spring
balar_nce
o

: )
I *
Downward

force of weight
stretches spring.

Internet links J

Go to www.usborne-quickiinks.com
for links to the following websites:

The scale gives
the strength of the
force in newtons.

Websites 1-2 Explore the physics of
forces as you design your own
rollercoaster, with useful definitions.

Website 3 Information about
forces, including forces involved in
skateboarding.

called vector quantities. Acceleration* and 7 e o, Leam oyl gaagzoe::gss
velocity* are also vector quantities. A quantity 4 Y
that has magnitude but no direction is called 1 Website 5 Information, animations

a scalar quantity. Temperature, time and o 4
mass are examples of scalar quantities. ;
These quantities can be low or high,

but they don't have a direction.

¢ Acceleration, Velocity, 127.

and a quiz about forces and objects.

Website 6 Find out about forces an

<7/ _ Temperature has what they can do, with online quiz2z

only magnitude, so
it is a scalar quantity.




FORCES

COMBINING FORCES See for yourself

To see forces of equilibrium
in action, try building a

tower of cards for
yourself.

There is usually more than one force acting on an
object. For example, a sailboard can experience the
forces of gravity, the wind, upthrust and waves.
The combined effect is a single force called

the resultant force. If the strength .

and direction of all forces is
known, you can calculate the
resultant force

. Gravity /
and predict pushes the /f

If you bump a card,
the forces acting on
the structure will
no longer be in
equilibrium and
the tower will

P /' Windin the
what will Leaciiokn. § .-"f ./  sail pushes collapse.
happen to 4.7 the board 415
the object. this way. g

Making sure that the
forces balance is
tricky, because each

card depends on
others to keep it in
place. Cards are so

flimsy that a slight
knock will
unbalance them.

Waves push the
board this way. ~

|

Resultant Upthrust* from
force the water pushes
the board up.

EQUILIBRIUM

There are forces acting on an
object even when it is not
moving. The forces are all
balanced, so they cancel
each other out and the
object is said to be in
equilibrium. For
example, the force of
gravity* pulls down

on a tower of cards,
while the surface it
stands on pushes
up with an equal
force. The
resultant force

is zero, so the
tower stays

in place.

* Growity, 130; Upthrust, 138,
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TURNING FORCES

To turn something around a

fixed point, for example a door
around its hinges, a force with
a turning effect is needed. The

fixed point is known as a

fulcrum or pivet. It is much

easier to turn something

around a fulcrum if the force is

applied at a distance. This is
why a long wrench is more
efficient than a shorter one.

It is easiest to '-'\i‘-\\\ Fulcrum

undo this bolt NN
by holding NN
the wrench AN
at the end, as )
the force is then By
furthest from the fulcrum.

The force of a turning effect is
called a moment. The moment
around a fulcrum is found by
multiplying the strength of the
force by its distance from the
fulcrum. Moment is measured
in newton meters (Nm) and

can be either clockwise or

counterclockwise in direction.

1.5m

Lifting moment
(clockwise):

10N x 1.5m = 15Nm G—‘

Fulcrum

(counterclockwise):
20N x 0.75m = 15Nm

The picture of the wheelbarrow
above shows how turning forces
can be in equilibrium just like
any other forces. The clockwise

Weight moment

moment can cancel out the
counterclockwise moment.

* Hooke's law, 119,

ELASTICITY

When forces act on an object
that cannot move, they may
change its size or shape. Some
substances, like rubber, return
to their original form when the
force is removed. These are
called elastic substances.

A trampoline is
elastic. When the
forces stretching it
are removed, it
goes back to its
original shape.

The amount that an

elastic substance will

stretch obeys Hooke’s law*,
which states that if the force
increases in equal steps, so does
the stretch.

If something is stretched beyond its
elastic limit, though, Hooke’s law
no longer works. The elastic limit
is the point at which a substance
alters permanently when it is
stretched.

Some materials do not return to
their original form after being
stretched and they can hold a new
shape. This is called plastic
behavior.

Modeling clay behaves in
a plastic way.

&

A rubber band is elastic,
but will snap if you stretch
it too far (that is, beyond
its elastic limit).

]

After it has been modeled, the clay
keeps the shape that it has been
given. This is an example

of plastic behavior.

Internet links ]

Go to www.usborne-quickiinks.com for links to the following websites:

Website 1 Take part in an interactive
demonstration of moments of force.

Website 2 See how the lever and fulcrum
work as you investigate an interactive
experiment.

Website 3 Experiment online to discover
the forces on a tennis ball.

Website 4 Even rocks have elasticity!
Find out about elastic properties of rocks and
watch a simple animation.

Website 5 Read about the scientist
Robert Hooke.

Website 6 More online investigations
with forces,
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d light. His three laws
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ard to get moving. If
ertia makes the object
continue moving in a
line. It takes a force to

ercome inertia.

Newton'’s first law states
that if an object is not being
acted on by a force, it will
either stay still or continue
I moving at a constant sp
; in a straight line. This is
principle of inertia (

Without the
restraining force of a

k moving, it will
e to overcome its inertia.
s first law.)
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This adult elephant
has five times as
much mass as the
baby. Its inertia is
five times as great.



5 a measure of
endency to
ving. It is found by
the object’s mass
y. The greater the
e velocity, the
at > momentum. Like
velocity, momentum is a vector
quantity, which means it has
both size and direction.

Buzzard

If a buzzard and seagull are flying at
the same speed, the bird with the
greater mass (the buzzard) has
greater momentum.

u-,_f"".' ~ See for yourself

mass is 10kg and
its velocity is Tm/s
east. Its momentum
is 10kg m/s east.

This almost

empty cart -
An object with a small Qﬁ;;’fgff g
mass can have the same velocity of
momentum as an object Sm/s east. Its
with a large mass, providing i 2s0 10K ”
it is moving faster. m/s east. V

CONSERVATION OF MOMENTUM e—

When two objects collide, such as the pink ball and the :
blue ball shown here, their total momentum stays = Internet links J
the same as it was just before the collision. Go to www.usborne-quicklinks.com

This is called the law of conservation QR oithe following websites: i
of momentum. So when one Website 1 Find lots of science in a
b object loses momentum in a game of baseball.

The pink \ _ collision, the other gains Website 2 Try a marbles experiment
ball rolls towards the same amount. to see how momentum is passed on.
the blue ball.

Website 3 Browse a library of
biographies of famous scientists,

As the pink ball hits including Newton and Pascal.

the blue ball, it transfers
momentum through the

Website 4 Investigate momentum
blue ball to the orange ball.

with an interactive “Newton’s Cradle”.

Website 5 Find out more about
Newton, with experiments to do at
home.

As their masses are the same, the orange
ball accelerates to the speed that the pink
ball had before the collision.




Water and mud on the road
reduce friction because they act
as lubricants (see opposite
page). The grooves on a tire
channel water or mud through
them, so that the raised rubber
pieces (the tread) can grip the
surface of the road.

edq
when the skier tur
enabling him to
control his speed
and direction.

Some devices need

friction to be able to work

at all. For example, friction
between a match and a
matchbox generates enough
heat for chemicals in the match
head to burn. All brakes work
by using friction to slow down
a vehicle’s wheels.

Disc brake

Brake
pad

Brake pads

press against

this steel wheel, \

causing enough ot The soles of hiking shoes are made
friction to stow / from matenials, such as rubber,

it down. which provide a lot of friction.




2 space, s |

10 friction. The Space Shuttle, for .

instance, experiences no friction %y

as it moves through space, :

until it re-enters the - streamlined
Earth’s atmosphere. # body.

over a w

Drag slows
down the Shuttle
as it enters the
Earth’s atmosphere.
The friction between
the Shuttle and the air
makes it glow red hot.

You can see how ball bearings reduce friction using
some marbles and a big book. First, push the book
along on its own. Notice the friction.

Now put marbles under the

book and push again. The

marbles roll between the book “

and the surface, reducing friction.

* Denuty, 138.
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Snowboarders can
reach speeds of
22m/s, which is the
same as 50mph.

MOTION

l n physics, motion is the

study of how something
moves, whether it is a planet
moving around the Sun or a
snowboarder flying through the
air. An object’s motion is usually
described in terms of its velocity
and acceleration, and its motion
only changes if a force, or
several forces, act on it.

SPEED

Speed is a measure of how fast an

object is moving. The average speed of

a moving object can be calculated by

dividing the distance it has traveled

by the time it has taken to do so.
g CHANGING SPEED

The speed of a moving object can change
from moment to moment. A sprinter, for

Speed calculation

This cyclist has gone 500yds in
40 seconds. The calculation
below gives her average speed.

Distance (yards)
Average speed = ——————
Time (seconds)

500
= — = 12.5yds/s
40

Speed is a scalar quantity. This
means that it measures the
amount of speed a moving
object has, but not the direction
in which it is moving. In physics,
the unit of measurement most
often used is meters per second
(m/s). However, you will often
see miles per hour (mph) as
well. This measures how far
something will go in an hour.

instance, runs slowest when setting off at the
start of a race. He is likely to be running fastest
as he approaches the finishing line. The speed
of something at any particular moment is
called its instantaneous speed.

For example, in 1999 the men’s world record
for the 100m race was 9.84 seconds. This is an
average speed of 10.16m/s. After running 1m
of the race, though, the winner’s instantaneous
speed might have been 3m/s. After a few more
meters, it could have been as high as 11m/s.

Sprinters during a race



VELOCITY

Velocity
measures the
direction in which
an object is
traveling as well
as its speed. This
makes velocity a vector
quantity. The velocity of a
moving object can change
even if its speed remains
exactly the same because a
change in direction changes
the velocity.

Although this car is traveling

at a steady speed of 10km/h
(6mph), its velocity is changing
all the time because it is
constantly changing direction.

Path
of car

Velocity is measured in meters
per second (m/s) in a particular
direction. For instance,
someone walking north at
1.5m/s has a velocity of 1.5m/s
north. Relative velocity is
the velocity a moving object
appears to have when viewed
from another moving object.

These stunt jets are both
> flying at a velocity of
83m/s in the same
LU direction.

The velocity of one i
jet relative to the other
(from the point of view
of either) is zero.

at a rate of 9.8m/s.

ACCELERATION

Acceleration is a change

in the velocity of an object,
that is, a change in its speed
or direction in a given time.

In physics, acceleration is
measured in meters per second
per second, or m/s?. This is not
as confusing as it looks. If
something accelerates at Tm/s?
(1 meter per second per
second), it gets faster by one
meter a second, every second.

A decrease in velocity is called
negative acceleration, or
deceleration. Any change in
speed or direction means that
an object accelerates, or
decelerates, as both affect
velocity. Car manufacturers
usually consider acceleration in
kilometers (or miles) per hour
per second. This is simply using
different units to measure the
same thing.

If a car is traveling at a steady
50km/h (30mph) in one
direction, its acceleration is
zero. This is because neither its
speed nor direction change.

This Porsche 911 Turbo accelerates
from 0-100km/h (0-60mph) in 4.5
seconds. This works out at an
average acceleration of 6.2m/s?.

When they first leave the
plane, the Earth’s gravity
causes skydivers to accelerate

When skydivers open their
parachutes, they suddenly
decelerate.

~({See for yourself -

Make three small balls using
modeling clay. Drop each one
from a different height. The
greater the drop, the bigger
the dent in the ball when it
hits the floor. This is because
the further things fall, the
faster they go.

The ball on the left

falls furthest, so it is

most squashed when
it lands.

Internet links )

www.usborne-quickiinks.com
links to the following websites:

| Website 1 Lots of practical information
- about speed.

Website 2 Follow an online tutorial on
the basics of speed, instantaneous speed
and acceleration.

Website 3 Race vehicles in an online
speed and acceleration experiment.

Website 4 Try an online quiz on
definitions of motion and energy.

Website 5 Helpful explanations
velocity and acceleration, with e
A



MOTION
TERMINAL VELOCITY

When something falls through
a gas or liquid it accelerates, at
a decreasing rate, until it
reaches its maximum constant
velocity. This is called its

terminal velocity.

When something
begins to fall, it
accelerates quickly.

~2;

The longer it falls,
the less quickly it
accelerates.

As an example, imagine
skydivers jumping from

a plane. They start to
accelerate the moment
they jump from the plane.

They continue
accelerating, but at a
slower and slower rate,
until they reach a speed
of about 200km/h
(125mph). At

this point they stop
accelerating.

When the acceleration
has dropped to zero,
they have reached

their terminal velocity. WAL Ratepe

accelerating. It
has reached its
terminal velocity.

RESISTANCE

The pull of gravity is the force that makes an
object accelerate downward. But as the object
starts to move, it experiences resistance, an
upward force, from the gas or liquid it is falling
through. The faster the object falls, the stronger
the resistance becomes, until it equals the
downward force of the weight of

the object. The object stops

accelerating at this point and

has reached its terminal velocity.

The terminal velocity of an
object is slower in a liquid than
it is in a gas. This is because a
liquid provides more resistance
than a gas. As a result, the forces
become balanced earlier and the
object stops accelerating sooner.

A falling coin
takes longer to
reach its terminal
velocity in air
than in water.

MOTION IN A CIRCLE

All moving objects try to travel in a straight
line (see Newton'’s first law, page 122).

The force which makes something turn in
a circle instead is called a centripetal
force. This is any force that constantly
pulls toward the center of a circle.

Without the string
— pulling it in, the ball
would move off in

Centripetal this direction.

force‘\#\
String/g

— Ball

Earth

The force of the Sun's gravity
is a centripelal force acting
on the Earth, keeping it
moving in a circle.

The Earth’s gravity
exerts a centripetal
force on the Moon
in the same way

as the Sun's gravity
acts on the Earth.




CENTRIPETAL FORCE - AN EXAMPLE
You can see the effect of

If you tie a small object to a piece of string and whirl it :
centripetal force for yourself.

around your head, the pull of the string on the object is

a centripetal force. As long as you whirl fast enough, the Bl anatblel i alolas telbow]

object will not fall in on you. If you let go of the string, you
remove the centripetal force and the object will fly off at a

tangent, as when an athlete throws the “hammer”.

1. The athlete
pulls on the wire
to make the
hammer move.

3. The faster the
hammer moves, the
more centripetal
force is needed.

2. His puil is a
centripetal force
on the hammer
as it moves.

GYROSCOPES

Gyroscopes are wheels that can spin very fast within
a frame. The centripetal force created means that

the frame can resist the force of gravity. It can
even tilt steeply without toppling over.
However, when the wheel slows, the
gyroscope will fall. (You can

buy gyroscopes in some

toy stores.)

Frame

Wheel

Frame

This gyroscope resists
gravily when spinning.
It can stand on the
end of a bar, which

is attached to the
frame directly beneath
the middie of the
spinning wheel.

4. The hammer
flies off when the
centripetal force
is removed.

and move the bowl so that the
marble moves in a circle. You
have created a centripetal force
on the marble.

However, the marble will fly
out of the bowl when it
reaches a certain speed. The
centripetal force is not strong
enough to keep it moving in
such a tight circle.

Notice that the
marble flies off in
a straight line.

Internet links

Go to www.usborne-quicklinks.com
for links to the following websites:

Website 1 Useful online lesson on the
physics of motion and the words used
to describe the way things move.

Website 2 See how different speeds
and angles affect the orbit of a comet

Website 3 Learn more about the
physics of bicycle wheels.

Website 4 Control the different forces
to see if you can get the cannon ball to
hit the target.

Website 5 Learn about the history,
inventors and the future of rollercoasters
and explore an interactive physics
diagram.

Website 6 Experiment with
centripetal force with an interactive
model of a carousel.

Website 7 A simple experiment that
shows how centripetal force works.
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GRAVITY

he force of gravity attracts objects to

each other. This attraction is not noticeable
unless one of the objects is very large, such as a planet. i T sl
The area within which gravity has an effect is called a Sun’s gravity keeps
gravitational field. The Earth and Moon both have b onads

called asteroids,

gravitational fields, although the Earth’s is a lot stronger erlEiing e i
than the Moon’s because it is a much bigger object.

GRAVITY AND MASS B @ EARTH'S GRAVITY

The strength of the puli of gravity T ' ) The force of gravity
between two objects depends on = . " between the Earth

how far apart they are and their The BREHe and anything on it is
masses. Mass is the amount of between these small extremely noticeable
matter that an object contains objects is so tiny that because the mass of
and this never varies. Any two el el the Earth is so large.
ObjeCtS' cteldh £6 (18 {BIIEInEs, The pull of the Earth’s gravit
are_attracted to each other, but as pmakes aTiy Objecgsuchy
their masses are small, the force . as this conker, fall
of gravity between them is tiny / i to the ground.
and there is no visible effect. =

GRAVITY AND WEIGHT

Weight is a measure of the
pull of gravity on an object’s
mass. The further away an
object is from the center of
the Earth, the less the pull of
gravity on it. Because of this,
you weigh slightly less at a
high altitude (for
example, at the
top of a high
mountain) than
at the bottom,
even though
your mass
stays the same.

When they are space walking,
astronauts weigh far less
than they do on Earth.
They are so far from the
Earth’s center that
the planet’s gravity
has little effect
on them.




CENTER OF GRAVITY

Gravity affects every part of an
object, but there is one point
where the object’s whole weight
seems to act. This is its center of
gravity. An object can often be
balanced at its center of gravity.

X = center of
gravity

Regularly shaped and symmetrical
obijects, like this handweight, have their
center of gravity exactly in the middle.

A stable object returns to
its original position when
tilted. Center of gravity is the
key to stability. If an object
tilts, but its center of gravity
remains above its base

it won’t fall over.

A race car is
very stable. Its
center of gravity
is low and its
base is wide.

An unstable object has its
center of gravity high up,
and has a relatively narrow
base. If an unstable object
is tilted, its center of
gravity soon stops

being above its base.

object ,

See for yourself

Follow these steps to find the
center of gravity of a piece of

paper.

1. Hold up the paper
and let it dangle.

2. Hold it against
a wall and draw a
line straight down
the paper from where
you are holding it.

3. Hold the paper at a different
point and repeat step 2. The
center of gravity will be where
the lines cross. If you repeat
this, the lines should cross in
the same place.

Stable object = center of

| gravity

Unless a stable object is tilted a
very long way, its center of gravity
stays above its base. As a result, it
tends to fall back onto its base.

Unstable = center of gravity

EARTH AND MOON

As the Moon goes around the
Earth, its gravity pulls at the
planet. This has an effect on the
seas of the Earth, which rise and
fall. Areas where the water has
risen are having a high tide.
Areas that are not having a high
tide are having a low tide.

The Moon’s effect on the tides

High

tide
/ Moon

Pull of
Moon

Low tides occur
High half-way between
tide high tides.

Similarly, the Earth’s gravity
also pulls at the Moon. It is
providing the force, called
centripetal force, which is
needed to keep the Moon
locked in orbit around the
Earth itself.

For more information on
centripetal force, see Motion
in a Circle, on page 128.

Internet links

Go to www.usborne-quicklinks.com

When an unstable object is tilted, its center
of gravity quickly stops being above its
base. This causes the object to topple over.

A stationary motorcycle is a
good example of an unstable
object. It will soon fall over
when it is tilted.

for links to the following websites:

Website 1 What would happen if
gravity was switched off? Try a “thought

X = center of experiment” in a fun guide to gravity.

gravity

; Tall, stable
Tall, narrow things aren’t object
necessarily unstable. For
example, a double-decker
bus is built so that its center
of gravity is low, making it
stable.

Website 2 Check your weight on any
of the nine planets, and find out why it
differs.

Website 3 Short animated tutonial
about mass, weight and gravity.

Website 4 Explore gravity by playing
a lunar lander game. Then try landing
on Earth and Jupiter to see how gravity

The bottom part of the bus is 4 *
differs there

heavy, containing the engine,
wheels and chassis. The top part of
the bus is light. As a result, the
center of gravity is low.

With a low center of gravity,
the tall object must tilt a
long way before it topples.

B Website 5 Useful online lesson
on gravity.




PRESSURE

Aneedle will go through a piece of

. Sharp scissors
o R cut well

cloth, but with the same amount of . - because the
5 . . - . blades exert
force, a pencil will not. The differently shaped M pressure over

a tiny area.

points of the needle and pencil exert different .
amounts of pressure. Pressure is everywhere. It operates
many machines and affects our weather. Solids, liquids
and gases all apply pressure to the surfaces they touch.

WHAT IS PRESSURE?

When a force acts on an

object it exerts pressure. _#¢
The pressure acts at e

a right-angle to the

object itself, and its 'a”‘sf‘:x;?o"g i‘:f
strength depends on e (oot

the amount of force and the bigger than
area over which it is applied. For ;hfeo ;Ct"e of

example, someone walking on soft
snow will sink into it in normal shoes
but not if they wear snowshoes. The
person’s weight is the same but
snowshoes spread the weight over a
larger area. This reduces the pressure.

ATMOSPHERIC PRESSURE

Atmospheric pressure is the weight of air
pressing down on the Earth'’s surface. Over one
square meter, the weight of air pressing down is
heavier than a large elephant. Air pressure is
greatest near the ground, and reduces with
height. At 35,000ft above the ground, where
jets fly, air pressure is very low as there is less air
pressing down on anything up there. Less air
means less oxygen, and aircraft have pressurized
cabins so that people can breathe. The air
pressure inside the plane is kept roughly the
same as it would be at ground level,

Pressure is measured in pascals (Pa), which are
named after the French scientist Blaise Pascal
(1623-1662), who made many discoveries
about air pressure.

CHANGING WEATHER

Atmospheric pressure is measured in
millibars (mb). Weather changes as
the pressure changes, with low
pressure signaling bad weather and
high pressure bringing a settled,
fine spell. For example, usual
atmospheric pressure at sea level
is 1,013mb. However, this can
fall to 910mb in a hurricane.

Heavy rains and strong
winds are brought by low
atmospheric pressure.




PRESSURE IN FLUIDS

Fluids (liquids and gases)
change shape according to
the container that they are
in. The pressure inside
them acts il

outward in ’

all directions.

Air inside a
beach ball
pushes out in
all directions,
keeping it
blown up. k:

HYDRAULIC MACHINES

Hydraulic machines
are machines powered
by liquid pressure.

~ | Aliquid cannot be

] squashed, so if you
| press one part of

. the liquid, pressure

and the liquid
has to move
somewhere.

This robot arm
works using
hydraulic pressure.

Car brakes are hydraulic. Brake
fluid is pushed through the
brake system, forcing the
wheels to slow down.

How a car’s footbrake works

Driver presses pedal, pushing piston (1)
which forces fluid through cylinder (2).
Fluid goes down pipe into two more
cylinders (red arrows). These press
brake pads (3) against disc in wheel.
Friction* slows down wheel (4).

increases throughout

Liquid in a
glass exerts

pressure

against the

sides as well as

the bottom. *

PNEUMATIC MACHINES
Pneumatic machines are
driven by the pressure of gases,
usually air. Unlike liquid, air can
be compressed into a smaller
space, and this increases its
pressure.

A pneumatic drill, for
example, is powered
by a piston which
squashes air inside

the drill to a very

high pressure. The
compressed air pushes
out with enough force
to power the drill to _
crack rock. = i =

Pneumatic
A foam and water drill

fire extinguisher is a
pneumatic machine which uses
compressed carbon dioxide gas.

How a fire extinguisher works

Squeezing =
handie (1) L
releases v
carbon dioxide (2
gas from

canister (2). Gas
pushes down on a
mixture of water
and detergent (3),
forcing it up a
tube (4) and through
a hose (5). it shoots
out as a jet of foam
and water.

-c See fgr_ygurself ,—

This experiment shows how
air pushes out in all directions.
You need a lightweight book
and a plastic bag.

Put the book on the bag and
blow into the bag.

Air pressure
increases
inside the bag
and lifts the
book.

é Internet links )
G

oto www.usborne-quickiinks.com
for links to the following websites:

Website 1 Find out about the effect
that pressure has on underwater divers.

Website 2 Find out how a soap
dispenser works.

Website 3 Try a simple but effective
pressure experiment at home.

Website 4 Learn about pressure
and try some simple tests to see the
difference between force and pressure.

Website 5 Review forces and pressure
in solids, liquids and gases.

Website 6 Explore hydraulics and air
pressure with video clips and quizzes.

13
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SIMPLE MACHINES

Il machines make physical work easier to do by taking
the effort needed to operate them and using it in a
more efficient way. Simple machines are devices such as
levers and screws. Complex machines, such as drills and
cranes, are made up of combinations of simple machines.

OVERCOMING LOAD

To move any object, you need
to overcome a force called the
load, which is often the weight
of the object. A simple machine
helps you to do this by taking
the force of your effort and
applying it more efficiently.

i

The effort applied at the handle i
creates a greater force here, enabling
the screwdriver to overcome the
load applied by the screw.

It is possible to find out how
much more force a simple
machine provides compared
with the amount of effort that
is put in. This is done by
dividing the load by the
amount of effort used,
and is called the
force ratio.

Effort (1N)
The load exerted by [\ \‘
the nutshell is 4N.
But squeezing the
nutcracker handles
to crack it only takes
1N. So the force
ratio is 4:1.

If a force ratio is 4:1, the load
which the machine overcomes
is four times greater than the
effort used. Machines like this
are called force magnifiers.

S The effort is the
SN (o force that turns
!h&.‘, - L5 [ the handle.

*

LEVERS

A lever is a rod that turns at a
fixed point, called a fulcrum,
making it easier to perform a
task. There are three classes of
levers, each with a different
arrangement of the fulcrum,
effort and load.

A class one lever
has the fulcrum -
Fulcrum & ™=

between
the effort
and the
load.

27
Pt ey N L0

Load

Load (4N) Fulcrum

A A class
4 two lever
i, has the load
between the
effort and the
fulcrum.

A class three lever
has the effort between

the load and the //
fulcrum.

Fulcrum

The further the effort is from
the fulcrum, the easier a lever
is to use, so longer levers are
generally more useful. (See
Turning Forces on page 121.)

The wheel, one of the

most important devices
ever invented, forms the
basis of many machines.

WHEELS

When a wheel turns a rod
(such as a steering wheel
turning a steering column in

a car) the force applied on the
wheel is turned into a bigger
force by the rod. The bigger
the wheel is, the more easily
the rod turns.

Turning the steering
wheel exerts a big
enough force at the
steering column to
turn a car’s front
wheels. 2

’ Steering
e column
-

When an axle is turned, a
wheel connected to it will
convert the axle’s circular
motion into a straight line
motion that can move loads
across the ground. A car’s
wheels are an example of this.
The wheel turns further than
the axle because it is bigger.

See for yourself

To see how a class one lever
works, put a pencil under the
middle of a rigid ruler. Put a
lightweight book on one end.

Ruler Press down
Book 1 to raise book.

Load Fulcrum Effbrt

(pencit)
Try changing the position of
the pencit under the ruler. The
further the effort is from the
fulcrum, the easier it is to lift
the load.




PULLEYS SCREWS GEARS

Pulleys help to lift heavy loads A screw has an axle and a Gears are used to change
and are often used in lifts and thread which work together like speed in many different kinds
cranes. The load is attached to an inclined plane (see below) of complex machines, from
a rope which passes around wrapped around a cylinder. The cars to clocks. They do this
one or more grooved wheels. axle is the cylinder and the by changing the size of a
When the other end of the thread the inclined plane. turning force.
rope is pulled, the load is lifted.
The turning screw converts the Gears consist of two or more
Pulleys let you force applied into a much toothed wheels, or cogs,
pull down instead greater straight line force. As that fit into each other, so
of up, s0 you can a result, the qxle easily d_nves that turning one cog turns
use your weight straight into the object. the other. A large cog makes

to help. ,' \‘ a smaller one turn faster.

A corkscrew converts .
a turning motion &\

y This gear changes . (7
The more / 5 into a straight the sigze and 2 4Or
wheels a / Y line force. ' direction of the _i‘s/ g
pulley has, ; - turning force. 2 & e
& the easier it ; % : 5
is to lift a load, as the - S, el
weight of the load is - s
spread out over The strong steel : —
more rope. cable passes over This clock - &/
grooved wheels. works using a 4 [
complicated eyl T\ VI
This crane works like . system of -
?o%i:?st rp::;l(ljeey.o Ihe geared wheels. i " 4
strong steel ' Ly
cable. The 4’ I\
pulling il
strength is
provided by : )
the crane’s >, @ The crane’s
engine. / P engine is

7 housed here.
{7 The cable can lift very e 51

&8 heavy objects, such
as steel and concrete
building materials.

Interhét Iihks ' B

1 Go to www.usborne-quickiinks.com
for links to the following websites:

Website 1 Animated guide to simple
machines and how they make work easier.

il AnE=s _
INCLINED PLANES 80ft slope 10ft

"N—L vertical

An inclined plane is just a —
slope, like a ramp. It is easier to
move an object up an inclined plane if you push an object eight

Website 2 Raise an obelisk using a
simple machine.

Website 3 Read about Leonardo da
Vinci and the machines he invented.

Website 4 Interactive games about
simple machines found in your home.

than vertically upward, because you  times asfar up an inclined Websites 5-6 Online activities and
y up ! . y plane as lifting it straight investigations about simple machines
travel further, so less force is needed up, you only need one

for the same amount of work. eighth of the force. Website 7 Machines in history.



SIMPLE MACHINES
USING SIMPLE MACHINES

Simple machines can be used
to make up more complex
machines. Here are some
examples. Even animals, such
as the lobster on the right, can
have body parts which work in
the same way as a machine.

Propellers are

a simple form
of screw. They
are used to
push ships
through water
- and to pull
aircraft through
the air.

Archimedes’ screw was Handle
an early device for
pumping water
from rivers
or lakes.

Water was drawn up on the
inclined planes of a turning screw.

B I b B L
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A fan is a third
class lever. When
you wave it, your
wrist acts as the
fulcrum.

136

Big gear
wheel

Gears on a whisk increase ]

the size of the turning Blades
force needed to move the
handle, so that the blades e
can be turned very fast. o,
A lobster’s claws, or pincers,
are third class levers.
e Drill bit

An ax turns a downward
force into a sideways
cutting force. The blade is
a wedge that pushes
apart as it cuts down.

Gears Drive shaft

An electric drill combines gears
and a screw at the tip, called a
bit. The gears change the speed at
which the bit rotates, so that it can
drill a hole quickly or slowly.

A motor
provides power
to a system of
gears and
wheels which
move the stairs
and handrails on
an escalator.

Your front teeth, called
incisors, are wedges.
They work like axes,
pushing food apart as
they cut down.

Downward
force

Scissors are class one
levers. The blades are
sharp wedges that

force surfaces
apart. o

g

& Fulcrum

The Ancient Egyptians, who built
the pyramids, may have used
inclined planes, in the form of
spiral slopes, to push

enormous blocks of stone

up into place. The

tallest pyramids were

about 480ft high.



WORK AND POWER
y/;ﬁ

l n science, the word “work” has AN EXAMPLE OF WORK
a particular meaning. Work is

done when a force makes an
object move. Work is
only done when the

object moves.

In the picture, the male dancer’s lifting
force is overcoming the force of gravity,
and work is being done as he raises the

ballerina in the air.

The male dancer is using his energy to lift
the ballerina. Most of this energy is being
converted to potential energy* in the

dancer in the air. Also, some heat energy is
being released by the male dancer’s body.

MEASURING
WORK

The ballerina has to do
work as she moves her

Work transfers body into the correct pose.

energy from

one obiject to
another and,
like energy, is
measured in

joules (J). One joule
equals the work done (and
energy transferred) when a force
of 1 newton (N} moves an object
1 meter in the direction of the force.

<Hll- <

If this man pushes the box with a force of
100 newtons for 3 meters, he performs
300 joules of work.

T
-
B

€e 1or yourse

You can measure how much work you
do (in joules) when you go upstairs by
measuring the height of the stairs and
multiplying it by your weight in newtons
(your weight in kilograms* x 10). Divide
the work you do by the time
it takes to do it to find out
how much power you
exert (in watts). The
quicker you go,
the more power
you exert.

eright
POWER °

stairs

Power is the rate at which work is
done, or energy is transferred. It is
measured in watts (W), named
after James Watt, and is worked
out by dividing the work done
by the time taken to do it.

o

It takes twice as much

power to move the box

3 meters in one minute

as to move it 3 meters in £
two minutes.

" Internet links

ne-quickiinks.com for links to
websites:

| Find a good introduction to what “work”
" mean in science and technology.

‘Website 2 Find out how much work your
does. (Answers are in calories. Joules = calori

Website 3 Read a short biography of i
James Watt.

Website 4 Read an entertaining
i joules, power and watts.

e -
| %
5_.5*;,____) " To find your weight in kilograms, multiply your weight in pounds by 0.45

* Potential energy, 106
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pri exples:of roatlng (and sinking ng p, R\
L%ng%eers can build ships out of -
metals that are heavier than the
water they float in, and design
airships and hot-air balloons

that can float in the air.

-

Hot-air balloons are filled
with air that is lighter
than the cool air outside
them. They rise up
because hot air floats.

WHY THINGS FLOAT

When an object is put into
water, it pushes aside, or
displaces, some of the water.
It takes up the space where the
water was, and the level of the
water rises.

ARCHIMEDES' PRINCIPLE
According to legend, the
Ancient Greek scientist
Archimedes (287-212BC) first
realized how objects displace
water when he got into

Archimedes’ principle states DENSITY
that the upthrust acting on an
object is equal to the weight

One object may float while
of the fluid that the object

another of the same size may

his bath. : displaces. An object will sink sink. Same-sized objects have
e into a fluid, such as water, and different weights if their
dE keep on sinking unless the density is different. Density is
EL force of the upthrust from the a measure of the amount of
Z fluid becomes equal to the matter in an object (its mass)
N weight of the object. compared to its volume (size).

This is a medieval picture of
Archimedes making his discovery.

Water pushes back against

an object placed in it with a
force called upthrust. If this
is the same as the weight of

the object, the object floats.
The weight of the object and
the weight of the water it
displaces are equal.

Water is displaced
(yellow arrows) as
boat is lowered.
Upthrust (red
arrow) pushes
back on boat.

When upthrust
of water equals
weight of boat,
boat settles on
water and floats
steadily.

A steel ball is heavier than an apple
of the same size because it is denser.
Its matter is packed more tightly
together. The apple floats (just) in
water but the steel ball sinks.




~ This cutaway
- drawing shows

an airship filled
with helium gas,
which is lighter
than air.

Tl
)

HOW SHIPS FLOAT

Modern ships are made of
steel, which is eight times
denser than water. But they
don’t sink because their
overall density is lower than
water. This is because ships
are hollow. All the space
inside them makes them less
dense than water. Their huge
volume pushes aside (or
displaces) a large amount

of water and so creates a lot
of upthrust on the ship.

Even when fully laden, a container

it fl
massive upthrust on the huge ship.

shir still displaces so much water that
oats. The displaced water creates a

Helium
gas cell

Metal frames
give the airship
a stable shape.

RELATIVE DENSITIES

For an object to float in water,
its density needs to be less
than, or the same as, the
density of water. If not, the
water cannot provide enough
upthrust to support it.

The relative density of an
object is its density when
compared to the density of
water. The relative density of

You can use a b;'ill of m‘oﬁ' né

clay to show how a ship floats.
If you drop the ball into water
it will sink. This is because the
ball is denser than the water. If
you shape the same piece of
clay into a hollow bowl,
though, it should float.

Although it is the same weight
as the ball, the bowl floats
because it pushes aside more
water. The force of the
upthrust equals its weight.

Bowl-
shaped
clay floats.

e

water is 1, so an object will
sink if its relative density is
more than 1, but float if it is
1 or less.

—_—
m Cork . Air

ollowing websites:

1 Density and buoyancy facts
agrams, with puzzles to solve
out floating.

Water 1 0.2 0.0012 '
Website 2 See if you can fly your own
hot-air balloon then watch a video clip of
' Steel a flight in a hot-air balloon.
-3 g  Copper
Aluminum 9 Website 3 Discover why a bath duck
R floats and try a virtual experiment.
\,l' Website 4 Floating facts and

* Website 5 Find out more a
and investigate density in

This picture shows the relative densities
of different substances. Nearly all
metals are denser than water.




SHIPS AND BOATS

hips and boats once relied on the wind

or human strength for their power. The
invention of engines meant that propellers*
could be used to drive ships through the
water. More recent boat designs include

hydrofoils and hovercraft.

Tankers

Tankers carry oil or other liquid
cargo in tanks. Big tankers,
called supertankers, are the
largest ships in the world. L .,

Control
deck

Cruise ships

Large, luxurious cruise
| ships are designed to
| carry hundreds of
people on vacations.

Container ships

Container ships carry goods in large
metal boxes. These can be unloaded
or loaded quickly by cranes. One ship
= can carry hundreds of
containers.

—

-—

e~
 * Propellers, 136,

" Viking
_ ship

In the ninth
century, the
Vikings used
ships like this.
b For power, the
used sails as well
as oars.

LA Propellers drive the

Engines hovercraft forward.

A hovercraft
(also called an
Air-Cushion
Vehicle, or
ACV) skims
over the
water on a
cushion of

air inside a
rubber skirt.

Control cabin

Cutaway
view of
rubber skirt

Hydrofolls

Hydrofoils have stilts attached A Q
to underwater “wings”
called foils. When a
hydrofoil speeds up,
its hull lifts out
of the water,
reducing water
resistance. Two
designs of foil
are surface-
piercing foils
and ladder foils.

Surface-
piercing
Hydrofoil foil

with surface-

piercing foils

— ,.__._}:' P,

Hydrofoil
with ladder
foils




SUBMARINES

Submarines can dive and surface by altering their
relative density*. They carry large containers called
ballast tanks. When air is expelled from these
o tanks and replaced with water, the submarine’s
This nineteenth century boat pPe density increases and it dives. When it needs to

had sails and a steam engine /' Clippers were used in surface, air is pumped back into the tanks

that drove a propeller (shown the nineteenth century and water is forced back out.

with the rudder in the circle). to carry goods around : :
the world. They had This makes the submarine

Iron ship

Periscope

it h nir : /
feanicn hull | so many sails that  less dense, and it rises to
4 they could the surface.
- reach speeds &
of nearly
25mph. The ballast tanks are

placed between the
submarine’s two hulls.

A submarine
dives as its L B
ballast tanks
are filled
with water.
inner

A submarine Submarines
rises as air is have

umped powerful

ack into the propellers to
tanks and drive them
water is through the
forced out. water. Some have

* engines driven by
nuclear power.
Racing yacht See for yourself

This old racing

yacht was built Put the top on an empty plastic bottle

using heavy and hold it under water. Let it go and Propeller

wood, and has the bottle will shoot up to the surface.

weighty canvas

sails. Modern Now fill the bottle with water. You are making the
Versions use more bottle denser, so it will now remain underwater, just
lightweight _like a submarine with water in its ballast tanks.

materials, so they
are faster and
easier to steer.

Internet links )

Go to www.usborne-quickiinks.com for links to the
following websites:

Website 1 Information about ships, maps, navigation and the
science of sailing, from historical times to the modern day.

Website 2 Find out how submarines work, with experiments,
b animations and video clips, and take a virtua! tour of a submarine.

" Website 3 A brief historical look at ships and their different uses.

Website 4 Take a virtual tour of an old warship and find photos |
of other warships at the Historic Dockyard in Portsmouth, UK.

Website 5 Find out about oil tankers and how they transport i~
oil to refineries, with animated diagrams. :




FLIGHT

he first powered flight took place a century ago

and lasted only twelve seconds. Now planes
can travel faster than the speed of sound, and
helicopters can hover in the air without moving.

The wings of planes and the blades of helicopters Kites were the first
have a special shape which helps them to fly. o
HOW PLANES FLY Cliders are very light and the lift from their
wings is strong enough to overcome the
Planes can fly because of the downward pull of gravity. Heavier aircraft
shape of their wings. The wings need a force called thrust to stay in the air.
are curved on top and flatter Thrust, the force that moves a plane
underneath. A bird’s wings forward, is provided by a plane’s engines. Propellers provide
have the same shape. It is ;T;ﬂ?g,{&‘g'r'\"&: L
called an airfoil. The more thrust an engine provides, the
faster the plane goes. This greater speed ot
Cross section of an improves the lift on the aircraft. The faster _ ﬂ‘d
airfoil shape the wings are moving through the air, the S s
Cumediontion greater the difference in air pressure above
Flow of air and below them.
e i jet engines provide

thrust by pushing a

The four forces of flight plane through the air.

|
Fiatter . .

underneath The arrows on this picture show i
* the four forces of flight: lift,
gravity, drag and y
The air above an airfoil wing AL A\ / .

has further to travel than the Drag
air under it. When the flow of

a gas such as air gets faster,

its pressure is reduced. This is L]
called Bernoulli's principle.

Because of this, the slower air

flowing under the wing has a

higher pressure and pushes up

on it. This force is called lift,

and it causes the wing to rise

up into the air.

Cross section of an aircraft wing F Vravity

In level flight, lift is
equal to the pull of
gravity, and thrust is
equal to drag if the
speed is constant.

Wing pushed  Air travels faster
up by higher  over the wing. Drag, or air resistance, is another force
vty Alr travels acting on a plane. It is the force of friction*
slower that occurs when something moves in air.
under
1 - the wing. : 0
& (/} Y e Drag increases as speed increases, so very
4% Airis divided fast aircraft are streamlined to reduce drag.
by the wing’s A streamlined plane is designed so that air
leading edge.

moves around it more smoothly.

* Friction, 124,

142



HOW PLANES ARE CONTROLLED

A plane needs to be able to move up and down, and to turn and
bank (tip) to each side. To do this, the wings and tail are fitted with
hinged flaps. These are known as control surfaces. They are made
up of allerons on the wings, and elevators and a rudder on the
tail. By using a particular control surface, a pilot increases the drag
on that part of the plane. This pushes it into a new position, as
shown in the diagrams below.

How control surfaces work

3 <~—A|Ieron
/ z’\ \I .
774 \ [\;
: ﬁ/‘ Z r.‘ Rudder 2\ \
7 \ = /\1__" Elevator =</ ———
.. - S E e i
When turnlng, a plane Turmng to the left or Moving up and down
also banks. This is called right is called yawing, is called pitching.
rolling. it is controlled by and is controlled by the Elevators on the
the ailerons on the wings. rudder on the tail fin. tailplane control this.

. Big passenger jets
This DC-10 is just about have three or four
to land. As the pilot engines.
controls the jet’s descent,
its ailerons, elevators and
rudder are constantly
twitching up and down
or back and forth.

Big jets like this have
their wheels, or
undercarriage, tucked
away during flights.
This reduces the drag
on the plane.

Aileron. The next time
you fly, look for these
moving on the backs

of the wings.

See for yourseif

You can create an airfoil wing
with a strip of paper 6in x 2in
and a pencil.

Fold the strip in half with the
short edges together. Then
move one edge back so that it
is about %2in from the other
edge and tape it down. This
will make an airfoil. Slide it
onto a pencil, as shown.

Put the edge that  Biow here.
hangs over the -

pencil close to your

lips. Blow steadily over

the top of the fold. The
difference in air flow

above and below the

wing makes it rise.  Wing rises.

Keep blowing
over top of fold.—

The engine’s thrust is
reduced little by little
so that the plane
loses lift. Gradually, it
comes down to the
ground.

Internet links )

Go to www.usborne-quicklinks.com
for links to the following websites:

Website 1 Try some online activities
about the four forces of flight then see
if you can build your own plane.

Website 2 An interactive lesson about
the four forces of flight.

Website 3 The principles of flight.

Website 4 Take the controls and fly
a plane as you learn how to move
it through the air.

Website 5 Make a paper plane and
find out about the forces that act on it.




Undercarriage
(main landing gear)

- Radar equipment

“Invisible” plane

Swing-wing plane Sea plane

The Northrop B2 Stealth
bomber’s strange “flying
wing” shape helps it to
avoid radar detection.
It has a wingspan of
over 170ft.

This Panavia Tornado is a This Canadair CL-4135 is a sea plane.
swing-wing jet fighter. its It can take off and land on water. It
moveable wings can be floats because its body is shaped
straight (better for flying at like a boat.
slow speeds and landing)
or swept-back (better
for high-speed flying).

This plane also has wheels so it can The Stealth bomber is

move on land. Planes like this are made of radar-absorbent
called amphibians. materials.

Supersonic passenger plane Load-carrying helicopter

Wings sweep

through this Supersonic planes fly faster o The Sikorsky
angle. than the speed of sound. == Skycrane
Concorde is the - A carries
only supersonic heavy loads

passenger ' > to hard-to-
plane. -

Concorde’s delta-
shaped wings (see

page 145) help it to The Skycrane can carry the weight of
fly at speeds of up to over 150 people. Here, it is untoading
1,450mph. a ready-made cabin to a building site.

144




{ELICOPTERS

=l I

~ Helicopters can travel
- in any direction, or just
- hover in the air without
moving. Their rotor blades
are airfoils*, which
provide lift as they f _
spin around rapidly. Y A A
To provide thrust*, a / g 4 i
the blades are tilted them, it would spin around.

< -
forward. They push ” N R The tail blades are also
the air behind them / v- used for turning.
and this moves W/, W | v
S T work in the same way as on

the helicopter A 0. g
This helicopter does not have a real plane.
forward. wheels, but rests on the ground B
on flat blades called skids.

This Robinson R22 has
two main rotor blades.
Some helicopters have
three or four. :

Delta-shaped
wings enable an
aircraft to fly at
supersonic speeds.
The fastest planes
use this wing

The tail blades keep the shape.

helicopter stable. Without

The wings on a model plane

You can make a paper plane

of your own that can do turns

JUMP JETS anc)il stunts. For a template, plus
: a step-by-step guide and flying

tips, go to the Website

www.usborne-quicklinks.com

and follow the instructions.

The Harrier is a Vertical Take
Off and Landing (VTOL) plane,
or jump jet. It does not need a A VTOL plane

has thrusters which
runway to take off. direct the power from its jet

engines. In normal flight, the
thrusters point to the back. This
pushes the plane forward.

e-quicklinks.com

Thruster following websites:

Find out more about the Wright
, with online activities,

e 2 Investigate how wind tunnels
and computers help test aircraft designs then
build and test your own aircraft online.

Website 3 Explore one hundred years of
. flight with lots of online activities.

Website 4 Videos, virtua! tours and

This Harrier ¥ photographs of passenger jets.

is taking off.
Its thrusters point
down at the ground,
pushing the plane
upward.

Website 5 More commercial a

Website 6 Photographs, in
panoramas and video clips
types of aircraft.

* Airfoil, Drag, Uft, Thrust, 142




ENGINES

Engines are machines that convert the energy stored

in fuel into movement. They release the energy in

fuel by combustion, that is, by burning it. This can

take place outsicle the engine (external combustion)  riston
or insice the engine (internal combustion).

Cylinder

STEAM ENGINES

The first engines were steam engines. They

were invented about 300 years ago, and used E‘:l”%’nzegmu

external combustion. bygTho'mas
Newcomen

In a chamber outside the engine called the (1 e 722

furnace, wood or coal was burned to boil

water. This produced steam. Because steam

expands to take up to 2,000 times more space

’ : Pipe
than water, it could be used to move a piston.

BETTER ENGINES

The earliest steam engines were not
very reliable or efficient, but by the
nineteenth century the technology
had been improved and steam
engines were being used to drive
trains and power machinery

in factories. James Watt Belt
(1736-1819) designed !

the widely-used steam

engine shown here.

See for yourself

You can see the power
of steam when a
covered pan of water
boils on a stove.

As the water boils,
notice that the lid starts
to bounce up and down.
This is the expanding
steam pushing against
the lid. 1. To make this 2. A pipe carried 3. The condenser 4. A gear called a
steam engine steam from the took used steam  sun-and-planet
Steam engines make use work, coal was boiler to the from the cytinder  gear converted
of this power to make burned in a cylinder. The and the piston the up-and-down
. furnace to heat steam pushed a  went down. The  movement of the
things move. water in the piston up inside  steam turned piston into a
boiler. the cylinder. back into water.  rotating motion.

Condenser (3)

Sun-and-planet gear (4)

James Watt's
steam engine

Boiler

Furnace (1)

5. The flywheel
rotated to
power industrial
machinery, to
which it was
connected by

a belt.




TURBINES

Electricity

Many modern power  Steam in ; This is part of a huge
stations still use steam. 4B ;tgjvr:r %:2%'2{? L
Pressurized steam turns simplified diagram

huge turbines — devices I on he left shows
*

with rotating blades. Blades insicle Electricity is how it works. g
i - turbine are generated here. P
This rotation generates turned by 4
Steam
l escapes
here.

electricity. force of
steam.

INTERNAL COMBUSTION

Internal combustion is more efficient than external
combustion. Internal combustion engines burn a
mixture of fuel and air inside the engine itself. This produces
hot gases. These take up more space than the fuel and air
they come from, and are used to create movement.

Modern cars have efficient
internal combustion
engines. In most cars,
the engine drives
the front wheels.

EXHAUST FUMES

Some of the gases produced by
combustion are poisonous. They
leave the engine as exhaust fumes.

To reduce pollution, new car engines

are fitted with catalytic converters.

These contain catalysts, substances
that can alter the speed of chemical
reactions. The converter changes the
poisonous exhaust fumes into less
pOoisonous gases.

Cutaway view
ol metal catalyst

E =
Harmful g
gases \

Less harmful gases

In a catalylic converter, carbon
monoxide is converted into
carbon dioxide and water, and
nitrogen oxide into nitrogen
and oxygen.

iy, =
Internet links

Go to www.usborne-quicklinks.com
for links to the following websites:

Website 1 Learn about some
important steam engines, then play the
steam engine games.

8l Website 2 Information about famous

steam pumping engines.

Website 3 Meet James Watt and find
out more about his steam engine,

Website 4 A good introduction to
engines and the internal combustion
engine.

Website 5 Look inside a wind turbine
and see how turbines produce energy.




ENGINES

GAS ENGINES

How a four-stroke engine works

Spark pl
Cylinder park plug
Most car engines burn N 7
gasoline. Gasoline é% = =
engines use internal Ar [
combustion* to drive and
pistons up and down in fuel 1f Piston
il linders. PN I 7 |

hollow cylinders (4 28 \ ' A

q . i & {r i \ e |
Each piston works in four ‘,;U | | 1 |

stages called a four- \ J | J -
stroke combustion '
cycle, as shown in the
pictures on the

right.

1. Piston goes down,
sucking a mixture of
air and fuel into
cylinder.

2. Piston goes up,
compressing fuel
and air mixture.
This heats mixture.

3. Spark from spark
plug ignites mixture.
Gases expand and
force piston down.

4. Piston rises again,
pushing out remains
of burned gases as
exhaust fumes.

This is a four cylinder internal combustion car engine. %
Itis built by Ford and called the Zetec. G A small spark is

set off at this

Spark

One of the
cylinders

One of the
pistons

TRANSMISSION

The four-stroke combustion cycle takes place
in each of a car’s cylinders. A series of shafts
and gears, called the transmission, converts
the up-and-down motion of the pistons into
a rotating motion used to turn the wheels of
the car. The system works in a similar way
whether it drives the front or rear wheels of
the car. (See also Transmission on page 151.)

* Dii iol, 151; Internal comb: 146.

148

end of the
plug.

plug

Diesel fuel is used mainly by larger
-7/ vehicles and some trains. Diesel

* engines work in a similar way to
gas engines, but at stroke one, only
air is taken into the cylinder. This is
compressed and heated to a very
high temperature at stroke two.
Diesel fuel is forced into the cylinder
at stroke three, where it is so hot
that the fuel burns without a spark.

This is the end
of the crankshaft
(see below).

Transmission system of
a rear-wheel drive car

Up-and-down
movement of
pistons (1) turns
crankshaft (2).

Gears (3) connect
crankshaft to

Drive shaft turns
wheels through
more gears, called
the differential* (5).



JET ENGINES

Jet engines are very powerful
internal combustion engines*
used by aircraft. The hot gases
they produce are forced out of
the back of the engine at high
speeds. This pushes the plane
through the air.

Jet engines are also known as
gas turbine engines because
the hot gases turn blades called
turbines in the engine. The
turbines suck air into the
engine and compress it before
it is mixed with fuel and
burned.

TURBOJET ENGINES

The turbojet engine below is
the simplest and fastest type of
jet engine. It is noisy and less
efficient with fuel than a
turbofan engine (see right).
Turbojet engines are only used
for high-speed jet planes.

Cutaway of a turbojet engine

Air enters front of engine (1). Turbines
in compression chamber (2) compress
air. Compressed air is channelled into
combustion chamber (3) and mixed
with kerosene fuel. Mixture burns and
produces hot, expanding gases.

Hot gases
turn another
turbine (4) as they

Gases are forced out of exhaust
tailpipe (5), pushing plane forward.

* Internal combustion engines, 147.

__~_through the air.

pass through back of \q\x \
engine. This helps to drive ™
compression turbines near front. S

TURBOFAN ENGINES

Turbofan engines are not as
fast as turbojets, but they are
quieter and use less fuel. They
are fitted to passenger jets.

Cutaway of a turbofan engine

Extra large fan at front (1) sucks in
huge amounts of air. Some air goes
through compression and combustion
chambers (2), as in turbojet, producing
hot expanding gases which are forced
out of back (3).

i 4
a4

b \;‘..':_\ [
AN R E T E
Unlike ‘Q* DS
turbojet, ~ I

much of air SN //
goes around engine o

(4). It joins with gases
at back, muffling
noise and providing 4
extra thrust.

There are two other kinds of
gas turbine engine:

Turboprop Turboshaft
Ve :':“ =i ——
h ik pre "‘I‘

The power from
the engine turns
propellers that
pull the plane

Turboshaft engines
are usually fitted
to helicopters. The
engine powers the
main and tail rotor
3 blades.

(3)

ROCKET ENGINES

Like jet engines, rocket
engines produce hot gases
which are forced out at
great speeds. Instead of
sucking in air for
combustion, rocket engines
carry liquid oxygen. This
means that they can travel
in space where there is

no air.

Space rockets were developed
from rocket missiles, such as
this V-2 made in 1942.

Rocket fuel
Liquid oxygen tank

Rocket fuel and oxygen
burn in the combustion
chamber.

Hot gases shoot out £ S|

of the exhaust.

See for yourself

Try this to give you an idea of
how jet engines work. Thread
some string through a straw
and tie it tightly between two
pieces of furniture. Blow up a
balloon and hold the end so
that it doesn’t deflate. Ask a
friend to tape the balloon to
the straw.

Now let go of the
balloon. The air
rushes out and the
: balloon shoots
v forward.

\

\

Balloon

Straw ,___________, String

Internet links )

Go to www.ushorne-quicklinks.com
for links to the following websites:

Website 1 See how an engine works,
with animations and a video clip.

Website 2 Interactive jet engine
activities, a timeline of engine history.

Website 3 Take a virtual journey
through a jet engine.

Websites 4-5 Compare two rockets
online and browse a rocket photo gallery.



CARS AND MOTORCYCLES

ars, motorcycles and other road vehicles have transformed ,

the way we live. They allow us to move from one place — sk
to another quickly and whenever we want to. But their
popularity has led to problems of pollution and traffic
jams. Car makers are constantly trying to develop cars
that are less damaging to the environment.

This is one of the very

CAR TECHNOLOGY first cars. It was built in

Germany in 1885.

The first cars were invented about 120 years ago. At first, they were slow, noisy,
unreliable and dangerous. Since then, engineers and designers have refined all
aspects of how cars work. These include making improvements to vital parts
such as the engine, brakes, transmission and suspension. The vehicle below
shows a good example of modern car design.

This cutaway car is a Ford Puma. i Suspension
It was first made in 1997 and has 5;::;2:’;$;’°f E
a top speed of around 125mph. glass

The hydraulic
reservoir contains
brake fluid.
Battery. This
powers the

electrical system.

Exhaust pipe under
car takes fumes
from engine.

ENGINE POWER
Radiator fan. This

keeps the engine cool. ] . .
B e Internal combustion engines burn gasoline or

diesel, creating gases that push pistons up and

Engine Disc brak o 5 o s
blogck s down in a cylinder. This motion creates the

engine’s power. The power is transferred from the
engine to the drive shaft to the wheels, via the
gear box, enabling the car to move. An engine’s
cylinders are measured in liters. A 1.4 liter car has
cylinders that measure 1.4 liters in total.

Drive shaft. This takes the power
from the engine to the wheels.

* internal combustion engines, 147,

150



MOTORCYCLES

Rear

Motorbikes and cars
share many features,
although motorbikes
don't need a differential
(see below). Because
they are relatively light,
motorbikes can have
engines with small
cylinder capacities, Disc
down to about 50cm’ brake
(50 cubic centimeters)
in total. Bikes with large
engines are powerful,
and can accelerate

Exhaust

indicator
—

Low seat for
low center
of gravity* =

Pillion seat

This Honda
faster than cars. FireBlade has a Steel
900cm’ engine. frame
TRANSMISSION SUSPENSION

The transmission (see also
page 148) is a system of gears
that transmits an engine’s power
to the wheels. Gears are made
of cogs (metal wheels with
serrated edges called teeth).
Engine power turns a rod

called the input shaft, which

is attached to one set of cogs.
These turn another set of cogs
which are attached to another
rod - the output shaft. The
output shaft turns drive shafts,
which are attached to the wheels.

DIFFERENTIAL

The differential is a vital part
of a car’s transmission. It is a
system of gears on the axles
which allows the wheels to
spin at different speeds. This is
necessary for corners, when
the outer wheels turn

further and faster

than the inner
ones.

The inner wheel
travels a shorter
distance than the
outer one.

* Center of grovity, 131; Drag, 142, Friction, 124

Suspension is made up of two
parts, a spring and a damper.
The spring compresses and
expands as the wheel goes over
a bump. The damper delays the
spring’s action, so that the ride
is not too bouncy.

The spring expands

a cylinder.

In the damper,
1 oil is forced

slowing down
the piston.

BRAKES

Cars and motorcycles use disc
brakes. When the brake pedal
or lever is pressed, brake fluid is
pushed down tubes, forcing
brake pads to press against a
disc in the wheel. The friction*
causes the wheel to

slow down. D

Brake fluid is |

forced down————-! b

pipes. riu H {

*

Fluid pushes —ﬁ ! l
brake pads - | =
against the o .
disc. Brake disc

Gas tank

and contracts, moving
a piston up and down

through valves,

Fairing
(covering)
reduces
drag*.

To see how a differential works,
use two pencils, two cotton
reels, a strip of paper and some
tape. Roll the paper around
one pencil and secure it with
tape. Slide it to the blunt end
and insert the other pencil. Jam
the sharp end of each pencil
into a cotton reel. Paint a
bright spot on each pencil.

==
As the “wheels”
turn a corner,
count how
many times
each pencil
turns.

A

Internet links

borne-quicklinks.com
the following websites:

e 1 See detailed explanations
imations which show how the
n parts of a car work.

- Webslte 2 Visit online museums of cars
- and motorcycles and see classic models

from the past hundred years.

Website 3 Design your own car and
see how efficient you can make it.

Website 4 Examine a car power
a hydrogen fuel cell, a possible
pollution-free fuel for the fut

Website 5 An online cla
motorsport magazine.
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