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HOW TO USE THIS BOOIC SAFELY AND GET THEE MOST
FROM THEE EAPERIMENTS—AN IMPORTANT NOTEE FOR

CHILDREEN AND ADULTS

This book is packed with amazing science experiments=some are  Every experiment includes a clear list of everything you will
very simple, while others are trickier, Have fun reading this book  need to do it. Most will be stuff that you can find around the
and trying the experiments for yourself, sensibly and safely. house. If any specialty equipment is required, you will find
We've marked with symbols where you need to take extra care,  advice on where to get it in the “Top Tips". These also give
and where you must have an adult to supervise you, We have handy tips on how to get the most from the experiments.
aimed safety advice at younger readers; older readers may have  Every experiment includes a "How Does This Work?"
experience in such things as heating liquids or hammering nails. feature, which explains in simple terms the scientific

principles involved.
Take special care with any experiments that use an electric

current, If an activity involves food to be eaten, make sure all your  The authors and publisher cannot take responsibility for the
utensils and surfaces are clean. For experiments with moving  outcome, injury, loss, damage, or mess that occurs as a result
parts or chemical reactions, it is advisable to wear goggles. of you attempting the experiments in this book. Tell an adult
In most cases it is obvious why you have to be careful, but if before you do any of them, carefully follow the instructions,
there is specific safety advice you need to know, we'll tell you, and look out for and pay attention to the following symbols:

X) &

A quide to the time the The level of difficulty You should have
experiment will take, of an experiment, from an adult present.
green (simple) to red
(quite tricky).

WARNING!

Pay extra attention when
you see these symbols.
You will find important
advice on how to carry out
the experiment safely.




Science affects every aspect of our lives. Just think

of the first few minutes of your day. Your alarm clock,
duvet, toothpaste, hot shower, clothes, and breakfast
cereal are only there because of a whole set of discoveries
and inventions made by scientists from all over the world,
many of whom worked centuries before you were born,
Thanks to their work, we have clean water and fresh food,
houses that are safe and warm, and lives far longer and
healthier than those of our ancestors.

But science doesn't just make us more comfortable; it also
explains how the world works. It answers questions like:
What are stars made of? Why do bees buzz? What makes

ﬁ“’ "’\-
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it snow? Scientists have even unravelled the 13=billion-year
history of the Universe and worked how our own human
species evolved from lifeless chemicals in ancient seas.

The best way to understand the scientific principles

that lie behind every part of our world is to see them

in action, and this book shows you how to do just that,
Each spread not only explains how to carry out scientific
demonstrations, it also explains why the weird and
amazing things you will see, hear, and feel happen in the
way they do. Science is a living, growing subject, and all
over the world many thousands of scientists are carrying
out experiments and investigations right now.




Some scientists are researchers, pushing forward the
boundaries of knowledge in all directions. They make
their discoveries by coming up with ideas to explain

what happens in the world and then investigating whether
those ideas are on the right track. Some of the activities
in this book are like that: you can find out what a cloud

is by making one, show that living cells contain DNA

by extracting it, and even make your own tiny bolts
of lightning.

Another way that research scientists check their ideas
is by making careful observations using instruments like
telescopes, spectroscopes, and anemometers. You can

make your own versions of all of these devices and use
them to make observations for yourself,

Inventors and engineers use science to build better
machines and structures, and you can do this too. Learn
how to make all sorts of gadgets and gizmos, from radios
and rockets to hovercraft and cameras.

Science isn't just about learning, it's also about fun, and
the activities in this book are a lot of fun to do: from giant
bubbles to jet-propelled rockets, exploding chemicals, and
showers of foam. All you need are a few simple ingredients
and you're ready to go...










- Vil Y -
CHANGED STATE:
’ 0 .
three states=solid, liquid,

a gas, but if the

Most of the matter on Earth exists in
This technique

il liqui ter it turns into
d qas. When you boil liquid water 1! inty
325 gits a cold surface it turns back into a liquid.

is called distillation an
the water. Stir until the salt has

d can be used to purify water.

Mix four tablespoons of salt with

YOU WILL NEED:

Salt

8 fl oz (240 ml) water

0ld saucepan with a lid from
a bigger pan

Dish

@ 1% i\ /0

15 mins

I dissolved. The salt molecules
are now evenly mixed with the
water molecules. A mixture like
this is called a solution.

A\ Pour the solution into a saucepan. Set
2 the saucepan on the stove top or a camp
mm stove. Place a dish beside it and angle the
pan lid so it is sloped toward the dish. Ask an
adult to turn the heat on and let the water simmer.

)
L2\ warnine:

Use oven gloves to hang|
th:qgs, such as the sauce;:z: ::1
Monitor the Pan closely qnd makela
sure the heat js turned off qs
$00n as all the water has gone

from the pan,

SCIENCE AROUND lJS@
Plasma

The fourth and final state of matter is plasma.
Plasma is similar to gas, but unlike gas it is so
hot that it is ionized —the heats tears electrons

off its atoms. Aurora, like the one below, are
caused by a solar wind (a plasma) from the
Sun reacting with Earth’s upper atmosphere.

Beautiful colors flash in the sky, normally

close to Earth’s poles.

changes

a [{’7(/(’0(___ 2

- when it hits the saucepan lid. It trickles
L down the lid into the dish. The salt—a
- solid—is left behind in the saucepan.

The salt s (67("2‘ A
The pan after The

watler evaporates




ICE CLLOU

Liquids and gases often get mixed up together. (;old water often has
air dissolved in it. When the water is frozen, the air forms bubbles that
make the ice cloudy.

Half-fill the first food

I container with cold tap
water. Snap on the lid and

give the container a good

shake for 30 seconds to

mix air into it.

AN Boil some water and leave it to
2 cool. Pour it slowly down the

mm side of the second container.
Boiling the water first and then
pouring it slowly like this reduces
the amount of air it contains.

\\

Label the containers so
you know which is which.

’3
N Put both containers of

water in the freezer and leave
them overnight.

TOP T/p

If the water in your areq j
(con'tains lots of minerals :‘h(;;d
expernment might not work wel|
Impurities in the water might '
make both blocks of ice look
cloudy, If yoy have a water filter,

try filtering the water first,

The Doded csater
wth less air in ¢t
makes clearer e

Ar makes
The e c{oud:7

L

Molecules are closely
packed and tightly
linked in a solid

HOW DOES
THIS WORIK?

The molecules of a solid are tightly pac_:ked together.
When you heat a solid, its molecules vibrate more
and more until they can move past each oth_er and
the solid becomes a liquid. If you k(le.ep hea_tlng _the
liquid, eventually it will reach its boiling point—its \
molecules fly apart and it becomes a gas. By cooling
a substance, you can reverse the process and

]

4

e ice made from the shaken water
contains lots of tiny bubbles, making
it look cloudy in the middle.

In a liquid the molecules
are loosely linked and can
slide past each other

YOU WILL NEED:

Two plastic food containers with lids
Water

Teakettle

Freezer

@ &3\

1 day
Odd water S
Usually, a liquid takes up less space
as it cools down and even less
space when it freezes, because its
molecules move closer together.
But when water is cooled it takes
up less space only until it reaches a
temperature of 39°F (4°C). If it gets
colder than that it starts expanding

again, making it less dense. This is
why ice floats on water.

AROUND US

ENCI
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When the water has frozen solid
remove the containers from the
freezer and take the ice out.

Gas molecules
are far apart and not
linked to each other

turn a gas back into a liquid and then a solid.

iHeating or cooling substances

changes their state




ICE BUBBLES

Frozen carbon dioxide is called dry ice, but when it
melts it doesn't make a wet puddle. It changes diregtly
fromasolidtoagasinaprocess known as sublimation.
Put it to the test by making this bubbly brew.

a couple of lumps of dry ice
in the bottom of a glass.

AN Use ajug to pour some
cold tap water into the glass.
mm The water melts the dry ice,

causing carbon dioxide to fill the
glass and spill out over the top.

I Use kitchen tongs to place

13 (§ AN Add a few drops of liquid soap
L_) ? or dishwashing liquid to the glass.
—_ . » N After a few seconds, a tower of
o bubbles will grow upward from the
glass. It is safe to take a handful of
the bubbles and play with them.

-

HOW DOES
THIS WORK?

A liquid has molecules that can slide past each

YOU WILL NEED:

Glass or mug

Kitchen tongs

Dry ice pellets

Water

Jug

Liquid soap or dishwashing liquid

DLV YN

20 mins

?t
Q WARNING!

Dry i
ryiceis so cold jt can damage your

ki .
: :r:r;,sstzv neve( pick it up with bare
. . When it changes to q gas it
e)(p,ga'nds.and could cause gn
Comainesrno; if |stored inan airtight
i *Don t putitin the fridge
€zer=it will not he kept cold v
enough and coylq blow .
the door off!

Z
~
At
|
=<
=
-
m
-
==

other—neither as tightly bound together as a
solid, nor as free to move apart as a gas. For
a substance to existas a liquid, it needs air
pressure to hold it together. For some substances,
the pressure on Earth is not enough to hold them
together in the liquid state. When their molecules
are heated up enough toturnto a liquid, they
immediately fly off into a gas. This is known as
sublimation. Carbon dioxide sublimes above
temperatures of -1 09°F (-78°C). It can exist as
a liquid only in pressures more than four times
greater than Earth’s air pressure. When you add
water to dry ice it heats up and sublimes more
quickly. Adding soap makes the carbon
dioxide gas form bubbles.

S




MIEGA BUBBLI

Once you've made a lot of small bubbles, why not try mqking
one enormous dry ice gas blister? You can make one with a

bowl and some soapy water,
AN\ Half-fill the bowl with water
2 and use kitchen tongs to
|

drop a few lumps of dry ice
into it. Let the bowl fill up with
carbon dioxide gas.

liquid to water in a cup

I Add lots of dishwashing
and soak the cloth in it.

YOU WILL NEED:

Bowl

Cloth bigger than the bowl
Water

Dishwashing liquid

Cup

Dry ice pellets

Kitchen tongs

@ 19 44\ A\

10 mins

Chill in the air

. Sublimation can also occur when the change
of states happens so quickly that there is not
enough time for a liquid state to form. On a
frosty morning, when water vapor in the air
hits a cold surface it is cooled down so fast
that it turns straight into solid ice crystals
without becoming a liquid first.

AROUND US$

INCE

Al
4

5(

/ AN Wind the cloth into a soapy rope,
/ but don’t squeeze the water out.
Y Lay the cloth along one edge of

| e

-_———— /4 film over the top of the bowl.

/d

.\_ﬂ {/1/ the bowl and then pull it across the bowl
g == from one side to the other to form a soap

TOP TIP ———————————

ice canbe purchased qnhne.
the mega bubble expe(nment,
shing-liquid mixture
or the bubble
grown very
try using the
m page 18.

Dry
For
the dishwa
needs to be sm_)ng
will pop before it has
big. For best results,
bubble mixture fro

| [l tameescy”

grows bigger and bigger.
When the giant bubble
finally bursts, the carbon dioxide

gas spills out.

‘l A soapy bubble forms and




YOU WILL NEED:

Clean jar

Hot water

Pack of powdered alum
Two spoons

Pipe cleaners

Paper clip

Pencil

Paper towel

SRYSTAL
R R ATION

of atoms and molecules that

i i ttern. Some
eated three-dimensional pa
take billions of years to form

kes crystals appear overnight.

A crystal is a solid material made
are ordered in a rep
crystals, such as diamonds,

naturally, but this experimentma

TOP TIP

Supermarkets and pharmqc;
are the best places toplook";::rc lcfhsjm
powd'er. It may also pe Called
Potassium alym or alum potqsh
Do not taste the powder or .
the crystal, as they are
both mildly toxic,

is three-quarters full. Drop in one

f; Hook the other end of the paper clip
tablespoon of powdered alum at

A\ Bend your pipe cleaner

2 into whatever shape you around the pencil and lower the pipe
m like and then twist the N cleaner into the solution so it is

suspended in the middle of the jar. Rest the

I Pour hot water into the jar until it

a time, and stir with another spoon.

Keep going until the solution is
saturated and alum begins to

paper clip so that it forms an “S”
shape. Hook one end of the paper
clip around the pipe cleaner so
that it is held firmly in place.

pencil across the jar’'s neck. If the pipe cleaner
touches the bottom or sides, your crystal will
not grow properly. Leave it overnight.

collect on the bottom of the jar.

ONDS

Natural crystals

Many of the largest natural ¢
were found in 2000 in the Cave
(below). Scientists found mass
36 ft (11 m) tall and 13 ft (4 I
millions of years to form. The i

C

AROUND US
IN S

with a constant temperature
This provided the mineral-sat
with the perfect conditions fo

-
-
-
L Y
4
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TOP TIP

Ygu can ‘color your crystqls
c thz gd;m;g food Coloring
olution from the st
Pg; your crystal in q fregh ;;:‘
alum solution and it will
grow even bigger!

Alvr crystals 7(0‘/‘/14
on The fiders o
The pipe cleaner

HOW DOES
THIS WORIK?

If they have time and space to grow, most minerals dissolved

in water will form crystals. The shape of the crystal is

determined by the shape of the mineral’s molecule—the

crystal grows by repeating that shape. More alum can be

dissolved in hot water because the water molecules are

moving fast, breaking the alum powder up quicker and

creating more space for it to dissolve. As the solution cools

overnight, it contracts a little, leaving less space for the alum

in the water. It gradually turns into solid diamond-shaped , The atoms in an alum

crystals that are attracted to the pipe cleaner. f“°|e°”|e P20 e
in an orderly 3-D pattern




: A= YOU WILL NEED:
A B : ! L] lz Bucket
' , \ ,‘ R 4 fl oz (120 ml) dishwashing liquid
. ‘ I L < L Y 40 fl 0z (1.2 liters) water
Ial ’BlBI | [ Glycerin and sugar
. | ) ! Plastic wrap
' ) - . Wooden rod or length of dowel

{ liquid with air trapped inside: the (2 e of s
between the liquid molecules tries
nside stops this from happening.

g time by using a bubble mix that

Bubbles are very thin layers 0
attraction, or surface tension, be
to shrink the bubble, but the air |
You can make bubbles last alon
makes their surfaces strong and even.

liquid with the water. Add two a wooden rod or stick and tie the about 8 in (20 cm) from the string’s
tablespoons of glycerin and string tightly at one end. Thread N end. Moving this knot to and fro
five tablespoons of sugar. Cover the string through the metal washer. This along the stick will allow you to adjust
the mixture with plastic wrap and weighs the string down and holds it the size of your bubbles.
leave it to settle for a few days. open when making your bubbles.

I In a bucket, mix the dishwashing ? To make your bubble wand, take f; Loosely tie the string to the stick
|

SURFACI




ONDS

=C

ap and then hold it in the center
K, just touching the liquid’s
he food coloring races away
swab and swirls about. The
akens the surface tension of the
t does so more in some places
, causing the colors to zip
ake patterns.

IN S

SCIENCI

_M you want huge hubpjes i
:mpqrtant to leave the ,f:?lfl;::l:
mn;ture to brew qt least
overmght. This is because the
glycerin is viscous (thick) and
| takes q long time to Spread
i o M Properly through the Mixture
‘ first knot you made to ‘

complete the loop.

r To make giant
bubbles, soak the
N string of your bubble
wand in the mixture. Pull it

out slowly and swish it
through the air.

AROUND US$

|
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HOW DOLEES
THIS WORIC?

Molecules inside a liquid attract, and are
attracted by, all of the molecules around them.
Those on the surface have no molecules above
them, so they attract the other molecules on the
surface more strongly. These stronger bonds
produce a skin-like effect called surface tension.

Surface bond ; ,Molecule at the surface

In a bubble, surface tension pulls the liquid
surface tight while the pressure of the air stops
the bubble collapsing. The soap spreads the
liquid layer evenly, so there are no weak areas.
Glycerin and sugar make the bubble stronger
by slowing down the evaporation of the water.

Air pressure
stops the bubble
from collapsing

Surface tension
pulls bubbles into
a tight, round
shape that holds
the air in




YOU WILL NEED:
- | oG Water
' N{ FI2< Cooking oil
Molasses
— - W Food coloring

Selection of small objects

iqui i iquids that don't
Liquids can float and sink=two or more liquids
m?x will separate out with the densest at the bottom. Any

objects dropped in will sink until they meet @ liquid more | P
dense than themselves. .

30 mins

glass and add a few drops

I Pour some water into the
of food coloring, then . ? Drop in a selection of
(]

gl??nr ol:; :qual arcriwounts solid objects and give
R Sﬁs an everything a good stir
ing oil. so that it is all mixed up.

0D jects sink
ontil 'z‘/«zey
meet a (i w’d
that s denser
Than 'ﬂ;ey are

HOW DOLES
THIS WORK?

The density of an object or substance is how

much matter is packed into the space it takes up

(its volume). The amount of matter in something s S
is its mass, so to find the density, you simply ma[:?;;e r;;o::f :
divide mass by volume. A liquid’s density o e rolasres
depends on the size of its molecules and the

amount of space between them. Molasses has

big molecules that are tightly packed together,

making it the densest liquid. Water molecules

are small but close together, so it sits in the

middle. Oil is the least dense liquid because I; Leave the mixture

its molecules, though large, are spaced far apart. to settle for about
N 30 minutes. The

molasses settles on the
bottom, the oil rises to
the top, and the colored
water sits in the middle.
The objects sink and then
float in the places where
the liquids meet.

Molasses

F— MeTal washer sinks
To The Dotton




‘ ' Y L 'c\ o YOU WILL NEED:
B ' "™ . " — Weighing scales
; L - Notepad and pencil
I c a | b L Plastic bottle
> I ‘ Scissors
W ® Drinking straw

Modelling clay
Measuring glass

To find out the density of an object, you need to know its volume= e b
how much space it takes up. Finding the volume pf oddly §haped be waterproof!

objects was quite tricky, until Greek scientlst' Archimedes

(287-212 sce) realized that there was a simple solution.

down the reading—this tells you the
object’s mass. (Mass is the amount of
matter in something.) ? Cut the top off the plastic bottle
|

I Weigh your object on the scales. Note

and recycle it. Take the bottom
part and make a hole in it near
the top of one side, just big enough [ ¢
to fit a straw through.

and angle it downward, using the
modelling clay to seal the gap
around it. Position the glass beneath
the straw and fill the bottle with water
until some of it runs out through the
straw. Throw this water away.

f; Push the straw through the hole

“l have found it!”

The original eureka moment happened to
Archimedes as he was grappling with the
problem of how to measure the volume of
oddly shaped objects. As he lowered
himself into the bath, he noticed the water Fully submerge the object in the water.
level rising. He realized he could find the ‘ The amount of water that comes out of
volume of any object by measuring how the bottle into the glass is the object’s
much water it displaced. Excited by his volume. You can use this to find out the
discovery, he shouted “Eurekal” (meaning object’s density by dividing the mass by the
“I have found it!”) and was so happy that volume. If the mass is 1.8 oz (50 g) and the
he ran through the streets without putting volume is 0.8 fl 0z (25 ml), the density of

his clothes back on! the object is 2.25 oz/fl 0z (2 g/m).

odect a(/:r/:lace:

Volume af water Some o/' The
displaced s e7ua[ water

To The Oiaiec'f'.c

own volune




|| I
l;.‘ (' AI YOU WILL NEED:
I .E Marbles
YOUR BOAT =5
A Modelling clay
. Bowl of water

Have you ever wondered how a ship weighing

thousands of tons can float on water when a tiny ﬁ

pebble sinks? It's all to do with density.

a glass of water. It
Elevating eggs N’

sinks. Next, drop a
tightl
ghtly rolled ball of ? Take the ball of modelling A fresh egg sinks in water, but you can
-

I Drop a marble into 1 = /“

vrcgiill;?gviilz?/nrt?othe clay and press it out into a thin make. it float by changing the water’s
100, ShOCHNTRAN TR Irt T el o density. Add salt to the water and stir
shape of a boat, making its sides gently to dissolve it. Take care not to
as high as possible. crack the egg. If you keep adding salt,
eventually the water will contain so

much that it becomes denser than the
egg, and the egg will float to the surface.

SINIKING

HOW DOES
THIS WORIK?

The marbles and modelling clay sink because they

are denser than the water—they are heavier than

the same volume of water. Molding the clay into a

boat shape makes it less dense, so it floats. The

clay itself has the same density, but as the boat is

now full of air, the density of the whole shape is

less. The pen-top diver has a bubble of air trapped

inside. When you squeeze the bottle, the bubble is

squashed into a smaller volume and so the diver’s Hoes aran

density increases. When the diver is denser than mardles tan
water, it sinks. When you let go of the bottle, the ov add I; Put your boat into a bow!

e Iloats' oa Ry? J: ‘ even su 0 t t e

weight of several marbles.




; ‘ - ‘ YOU WILL NEED:
‘ ‘ Modelling clay
Plastic pen top with no hole at the top
, Paper clips
‘. Wire cutters
. Glass of water

Empty plastic bottle

Divers wear heavy weights to sink and use tanks of compressed air ﬁ
to surface. Expanding the air changes their density. You can see @

how by making your own diver in a bottle.

10 mins

AN Fill the empty plastic bottle
with water, and drop in a
N

bunch of paper clips. Drop
the diver into the bottle as well,
and screw the cap on tightly.
Roll some modelling clay into a —— NG acrs IS
ball and stick it on the end of the ‘ bczlttle t?we diver will dive
pen top. Cut a hook shape out of E - to the’bottom of the
3 Repa clip W'J.(h ineagics cutt_ers e i '-' . bottle. When you release your
stick the hook into the opposite end e L A
ofthealr grip, it rises back to the top.

£ Drop your diver into

2 the glass of water,
mm and remove bits of

the modelling clay until

your diver just about

floats in the water. B |
Can au_!
make your

diver pick

_@ vp a paper clipleem-mooovneeeeo

Sinking subs

Submarines dive by making themselves
denser than water. They do it by opening
valves to let seawater into ballast tanks
inside the submarine. When the tanks are
full, the sub is denser than water, so it
sinks. To rise to the surface again, the
water is forced out of the tanks. I

S

AROUND U

SCIENCEE

iPress the
sides o the
Dot le To
make The
diver sink




FIZZY FOUNTAIN oo

Measuring glass

but you can really stir them up by uddjng m:ub,e T

ubbles start the colored wuterhr:\howag, AR e
e Oll Two effervescent tablets (containing
hey pull the water throug

citric acid and sodium bicarbonate)

Oil and water don‘_t mix,
a bit of fizz to things. B
creating a beautiful effectas t

into the bottle until it’s

about three-quarters
full. Use a measuring
glass to top up the last
bit with tap water. The
oil will float on the

I Pour the vegetable oil

A\ Add a few drops of food
2 coloring. For best results,
mm use a few drops of two or
three different colors. The
coloring will take a few moments

to travel through the oil, before
slowly mixing with the water.

10 mins

TOP TIP

Try using other oils to see
what happens, Instead of
vegetable oil, use glive oil or
corn oil. You could qdd glitter
to your fountain for added
color, and shine q lamp on it

to see some cool effects,

shallower layer
of water.

SCIENCE IN SECONDS Ve
Pretty patterns \i/

Have you ever noticed colorful, swirly patterns on the surface

of a water puddle? They are caused by a thin film of oil (perhaps
dropped by a car) spread on the top of the water. You can recreate
the effect with a bowl! of water and a few drops of oil. Each beam ' ‘

of light is reflected off both the surface of the oil and the

surface of the water below. The interaction between
these two reflections creates the colors you see.

Loosely screw
the bottle top
back on and
watch your fizzy
fountain start to work.

effervescent tablets

N in half and drop them
into the bottle. They should
start to fizz up immediately.

f; Break the two




Cardon
i dioxide

These Dlve T—‘m ? iaSu:ﬁé/e

Dlods bave not v ireaches The

moced vwcth The _ lJ‘U/'7(a\te
waTer :7e'z‘ ’
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TOP TP

Pamkilh'ng or indigestion tablets
are suitable for this experiment
as long as they contqin citric acid
‘ and s'odnum bicarbongte, These
mgredngnts react with each other
when mixed with water, producin
carbon dioxide qas, ;

Wax lamps
You may have seen lamps that contain

lumps of wax that move through water.
When the lamp is turned off, the cold
wax is denser than water and it rests at
the bottom. When the lamp is switched
on, the bulb in the base lights up and
warms the wax. The warm wax
expands more than the water. It
becomes less dense and floats up

to the top. At the top the wax cools,
becomes denser, and sinks again,
creating lovely patterns.

HOW DOLES
THIS WORK?

water, they begin to
hich forms bubbles that
han oil, but

ise up through
s : ubbles attach themselves to blobs of water, the

When the tablets start to dissolve in the

fizz. The fizzing is carbon dioxide gas, W
the bottle. Water is more dense t

when the gas b
blobs and the bubbles together a

they float upward. At the surface, _
blobs of water sink back down again.

re less dense than the oil, so
the bubbles pop and the

Bubbles attach to
the water blobs ---

Effervescent tablets

release gas bubbles ---
iBlob sinks



SILIME TIMIE

i ientist Si to do with slime? Slime is
does English scientist Sir Isaac .Newton have
?o?l?d a non-N?zwtonion fluid because it doesn't conform t.o the rules, set ?lutq :g
Newton, of how liquids behave. Liquids usually floyv, but |f_you shake, pull,
bounce this liquid slime, it will stick together more like a solid.

and pour it into a bowl.
Slowly add some water,
stirring all the time. p

I Fill a cup with cornstarch

Keep adding water slowly
until the mixture turns into
H/”/ Bl a sticky paste. Don’t add
~~ 1too much—you probably won’t
need more than half a cup.

your mixture changes color,
N\ stirring it through until it is
all blended in.

f; Add food coloring until

HOW DOEES
THIS WORIK?

The slime and the plastic are both made of polymers—
simple molecules (called monomers) arranged in long
chains. Polymers in liquid form are often non-Newtonian
liquids. When the chains are stretched out the liquid flows,
but if you apply pressure the chains stick together. This
is why your slime sometimes behaves like a solid but at
other times behaves like a liquid. All plastics are made of
polymers because their chain-like structure makes them
flexible and strong. They can be shaped and molded
while soft and then made to set. Your plastic is made

of starch, which contains polymers. The vinegar joins
with the starch to make stronger chains of molecules.
Adding glycerine makes them more flexible.

YOU WILL NEED:

Cup

Bowl

Spoon
Cornstarch
Water

Food coloring

TOP TIp

ond.coloring is not harmfy;
ut it can stain your skin,

Clothes, gng
any surfaces ji
n:::;;hes. Protect Surfaces :v:;h
raper and weqr gloves qng
old clothes or an apron,

Pick the mixture up and
‘ l see how it behaves. What

happens if you squeeze
or pull it? If you throw it on the
floor it will stick together like a

solid, but if you leave it there it
will turn into a liquid puddle.

Try adlding some

more cornsTarch To The
mcxture and rollin

ot vp nTo a Ball. Does
The Ball Dovnce?




- \ “_ \ . _It\ YOU WILL NEED:
" 0Oid
I '- ) I ‘ - I v e
I: I W - L Y Stove or hot plate
A I l Stargh (cornstarch, potato starch,
[ A R , " 4 tapioca starch etc,)

Water
Glycerine

Plastic is one of the most versatile materials. It is used in.everything fror‘n Viean
saucepans to spaceships. Many plastics are made fro_m fpssnl fuel_s, but here's Aluminum foil
how to make your own plastic from things you can find in your kitchen.

Mix one tablespoon of starch \ ‘Qq /
with four tablespoons of water @ : { .ﬂ. E
in a saucepan. Add a teaspoon of 1 day '

glycerine and another teaspoon of
vinegar and stir until it is all blended.

TOP TIp

£\ Ask an adult to put the 2 oD D e To make the pigstic more rigid
saucepan on low heat A STy reduce the amount of glycer?r', e’
-

i ‘ you use. Adding more will make
it so(tef and more flexjbye, The
plastic is very sticky, but jf you
leave the Pan to soak for q few

hours after use, it will

change from a cloudy liquid to a
N clear gel. Continue stirring until it
is completely clear and starts to bubble.

I; As the mixture heats up, it will be easier to Clean

spatula to spread your plastic on a
- . sheet of aluminum foil. It will take about
Adding food colorin . a day to set, but once it has you will have
To The rix vl color : your own homemade plastic. It is completely
ela plastic : biodegradable and environmentally friendly.

‘l Take the pan off the heat and use the




YOU WILL NEED:

Heavy cream
Clean jar or food container with a lid

BUTTERITUP

A mixture is two or morée substances jumbled together but not chemically iy

: -t

i i ixtures, called colloids, have minu
combined with each other. Some mi PR : s
particles of one substance scattered through another. Cr @ ﬁ
15 miﬁs

. “t \
these mixtures. Shake some up to find out what it's made of!

A
9,
m
P2
-
~~
o
-l
-
~
L
N
S

and leave it for 30 minutes, so

it reaches room temperature.
Half-fill a jar with the cream. Put
the lid on and tape it down so that

I Take the cream out of the fridge

seems to happen at first, but A
soon you'll feel something X

more solid in the jar. Keep going

until you can see a solid lump.

? Start shaking the jar. Nothing
[ ]

AROUND US
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it can’t come off by accident.

Store-bought butter

Your homemade butter probably
doesn’t look or taste like the
store-bought variety. Salt, coloring,
flavoring, and preservatives are
often added to commercial butter
to make it look and taste better,
and to keep it fresh for longer.
Gas or vegetable oil may also be
whipped into the mixture to make
it spread more easily.

Bvttermdk

HOW DOES
THIS WORK?

called an emulsion that ha_s tiny
Shaking the cream makes its

butter. Butter is also a colloid,
emulsion

Cream is a specific type of colloid
droplets of fat dispersed infwatgr.

lets stick together, forming
;a:: ictjrfcs)ntains microgscopic water particlg_s. To make an
usually requires an emulsifier. An err_mulsmer s molecules are e
attracted to both substances in a mixture and hold_ thethoge :
Special chemicals are used to create stgble emulsions. ou:1 ;
homemade emulsions will separate out into layers after a while.

L _. Tiny blobs of fat are
suspended in water

AN Take the lid off the
jar and pour out the
%

contents into a bowl.
The cream has turned into
a creamy blob of butter
in a pool of milky liquid.

TOP T11p

You can Speed up the

buﬁer-making proc

L ess b

‘;vuitr;:nt% a(very Clean) marblg in

o € Cream, Use 4 Plastic

e ner, not q glass jar, if Yo
your butter to taste ety .
add a pinch of salt, B

While churning Butter

1__.The fat blobs
join together

The fat contains tiny
drops of water




HOLLDING IT
TOGETHER

YOU WILL NEED:

Four clean jars with lids
Labels

One egg yolk

{teaspoon flour

{teaspoon mustard
{teaspoon dishwashing liquid

Some liquids=such as oil and water=do not usually mix well. If you stir

them together, they soon separate again. To mgke a stable mixture
from liquids like this, you have to add an emulsifier=a substance that

can hold the mixture together.

water into four glass jars.

Screw the lids on, give
each of the jars a shake, then
let them sit for a minute. The
oil and the water separate.

I Put equal parts of oil and

£\ Take the egg yolk,

) flour, mustard, and
mm dishwashing liquid,

and add each to a separate

jar. Label the jars and give
them another shake.

AN Let the jars sit for a minute.

3 The contents of the jars with egg
N yolk, mustard, and dishwashing
liquid added to them stay mixed, but the
jar with added flour separates into layers.

.

"‘c%:-:________ e ——

The od, water,
and Aour have
separated into [ayer:

e olk Turns
'fgg Z{‘[ and vater
nTo an emulsion

4
'i

L

E *
1
1
1

iMu_r'z‘ard bas prodvced
an emvlsion 70‘0/»1 The
o and vater

10 mins

Colloids in nature

Any type of substance spread throughout

another produces a colloid. Fog, mist, and

smoke are all colloids as they contain microscopic
particles of liquids or solids dispersed through a
gas (air). Gases can also be suspended in a solid.
Pumice is produced when a volcano hurls out
frothy lava, which solidifies to make rock with
carbon dioxide bubbles trapped inside.

éxTra dishesashing:
(e 4 Sinkes To The
Bottom o The 7er
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CYCLE

CENTRIFUGIE:

ures into the various

spin the mixture at high
bike!

mes have to separate mixt

ne way to do this s to
: y ge. Alternatively, get on your

Scientists someti

substances they contain. .
speedina machine called a centrifu

one part vinegar and a little
mustard. Pour the mixture into
the bottles and screw on the tops.

1

TOP TIP

Try using d variety of sxb;\g:g:s
? ! .
inthe expenmen(.w i ‘l .

I In a jug, mix three parts oil with

A%\ Shake both the bottles for

) at least 10 seconds so that
B the mixture is cloudy and the

contents have mixed together. One

bottle will go in the cycle centrifuge,
the other will act as a control.

need \9“99’::“‘::: :g:\ye as fast as you can for about
Ce"""ugemi out? 30 seconds. Wait for the wheel to
i stop spinning completely so you don’t
get your fingers caught in the spokes.
Remove the bottle from the wheel and
compare it with the control bottle.

The control
Dottle sTill
looks c[aua(z7

Uy, )
}% X
Spinning blood z
Blood is a mixture of different
substances, which have different
uses in medicine. To separate blood
into its parts, a centrifuge is used.
Blood donations can be spun around
at high speed so that the red blood
cells are pushed to the bottom, with
a thin layer of white blood cells and
watery plasma on top.

AROUND US
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YOU WILL NEED:

Bicycle

Two small clear plastic bottles with tops
Tape

Jug

Vinegar

Mustard

0l

® M

20 mins

AN Turn your bicycle upside

; down so it is resting on the
N seat and handlebars. Tape
one of the bottles to a spoke on
the back wheel. Positioning the
bottle with its base against the rim
will make it less likely to leak.

The one you
spun o’ have
separated
nto [ayer:




TRUL:

COLORS

Chromatography is another technique for separating mixtures,
It involves passing a mixture through another §ubstance. The
different particles of the mixture travel at different speeds

through the substance and separate out.

BB

Cut three strips of blotting paper or
I filter paper to the same height as your
glasses. Use a different color marker
to draw a large dot about 0.8 in (2 cm)
from the bottom of each strip.

£\ Pour0.4in (1 cm) of
) water into three glasses.
mm Lower each of the strips
of paper into a glass and fix
them to the side of the glass
with a paper clip. The dots
should be about 0.4 in (1 cm)
above the level of the water.

made up of lots of different
Q¥ colored inks. After a few
minutes, each of the dots will
have separated out into different
colors. You will be able to see
which colors make up each ink.

f; The ink in marker pens is

The separation
07/’('/)/‘: s called a
chrama*t‘a@m,ohy patilern

HOW DOES
THIS WORK?™

Mixtures contain particles of different
sizes and weights, and these differences
can be used to separate them. One of‘the
simplest ways of separating mixtures 1S
filtration—passing the mixture through a
sieve to separate bigger particles f_rom
smaller ones. In a centrifuge, heavier
particles are pushed to the bottom of the
mixture more forcefully than lighter
particles. In paper chromatography, water
soaks through the paper and carries the
mixture with it. The different color inks
spread out as they travel through the wet
paper at different speeds.

YOU WILL NEED:

Water-soluble marker pens in
three different colors

Blotting paper or coffee filter paper

Scissors

Water

Three glasses

Paper clips

Gas chromatography

A liquid mixture can also be separated
by turning it into a gas. A sample of
the mixture is heated to a very high
temperature inside a machine, and
then pushed through a special solid
or liquid column. Each gas passes
through the column at a different speed
and is detected as it reaches the end.
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CHI

OXIDATION

STATION

her to form new substances,
ost chemical reachops are
eversible reaction.

join toget
When substances break upgrt or join
this is known as a chemical reaction. M

irreversible=they only go one way.

bigger than the neck of your jar. Make a
hole in the center for the thermometer.
Place the cardboard on the jar and push the
thermometer inside. After a few minutes,

take a reading from the thermometer.

I Cut out a circle of cardboard that is

HOW DOES
THIS WORIK?

Atoms are joined together with chemical bonds, fo_rmmg |arg$r
particles called molecules. Some molecules contain atoms o
more than one element. These are called compounds. When_
different substances come together, the bonds between their
atoms can change, making new molecules and compoun_dsl;. :
Energy is needed to break the bonds betvyeen atom_s. T:hlS km ‘
of reaction is called an endothermic reaction, mear.ung it ta :s in
energy. When chemical bonds are forrnec.i, energy |s.rele.ase '
usually in the form of heat or light. This kind of reactllon is an
exothermic reaction. When the steel wool_ rgsts, the iron it
contains reacts with oxygen in the air (omdnzefs)- tp form a new p
compound, iron oxide. The reaction_ invo|v§s joining the iron an
oxygen atoms, SO it is an exothermic reaction.

Fire!

Burning, also called combustion,
is another example of an
irreversible reaction. When
something burns, it combines
with oxygen. Like rusting,
burning is an oxidation reaction.
Burning is @ much faster and
more energetic chemical reaction
than rusting, so it gives out a lot
more heat—and light, too.

Rusting is an irr

AROUND US
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YOU WILL NEED:

Steel wool
Vinegar
Glass jar
Thermometer
Cardboard
Scissors

®) &2

20 mins

£\ Remove the thermometer
2 and cardboard lid. Put a ball of

mm steel wool into the jar and pour
vinegar over it. Let it sit for a minute.
Remove the steel wool, shake it dry,
and pour away the vinegar. The
vinegar strips away the steel wool’s
protective coating, exposing the
metal underneath to the air.

jar. Place the cardboard lid
on top with the thermometer
pushed into the middle of the steel
wool. After 20 minutes, the steel
wool will have gone rusty. Check
the temperature in the glass.
Has it risen?

f; Put the steel wool back in the

_S— The Temperatvre

= rises as the
reacTion grves
o hea’tg




ROTTEN
‘_\’DI?’ F
= B
If you leave an apple for long enough, it will start to decay. Microorggnisms
teed on the fruit and break it down into other substances, such as nitrogen

compounds and carbon dioxide. This is an irreversible reaction. You can't
un=rot an apple=but you can slow the rotting down.

Cut the apple into four equal
segments and put a segment
into each cup.

I Number the cups from 1 to 4.

with a different substance. Put

table salt into cup 1, epsom salts
into cup 2, and baking soda into cup 3.
Don’t add anything to cup 4; it will be
your control cup. Store the cups in a cool
dark place where they will not be
disturbed for about a week.

? Cover the first three pieces of apple
]

segments. The control segment has
probably gone moldy. The segment
from cup 1 is probably the best preserved,
as salt draws the moisture out of food and
so the microorganisms that cause decay
cannot thrive.

’3 After a week, compare the four

Salt preserves | §
The apple

By resmovin
a7[ af The

* mocsTure

Some mold
appears on The
conTrol pcece.

o Baking soda

Baking soda
dflrca ors

Te
p e The apple

speed vp

Epsom salts The decay

YOU WILL NEED:

One fresh apple

Knife

Four disposable plastic cups
Table salt

Epsom salts

Baking soda

Spoon

® B

Preserving food @

Various methods are used for
preserving food. Refrigerators chill it.
Freezers freeze it. Food is also
preserved by being canned, smoked,
salted, dried, and pickled. All of these
methods either stop or slow the
activity of the microorganisms that
make food rot.

Frozen peas

i )

Canned fish

AROUND US
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ELEPHANT'S _ _

TOOTHPASTE:
n? Well, that's where catalysts
n without getting used up

tis yeast, and oddir)g itto
foam that looks like something an

t wai i happe
Can't wait for a reaction to ha .
come in=they speed up o.chemucol reactio
themselves. In this experiment the catalys
hydrogen peroxide produces
erephqnt would use to clean _|.ts teeth!

middle of the tray. Using

the funnel, pour the
hydrogen peroxide into the
bottle and add a few drops
of food coloring and S

dishwashing liquid.
S |

=

)f; 1\_\_&_.,;

¥
L

I Stand the bottle in the

again, pour the yeast

mixture into the
bottle. Quickly remove the
funnel and stand back.

f; Using the funnel

£\ Mix a teaspoon of yeast
2 with two tablespoons of

mm hot (but not boiling)
water in a bowl.

Rocket fuel

Concentrated hydrogen peroxide,
or high test peroxide (HTP), reacts
extremely violently when a catalyst
is added to it. It is used in jet packs
to propel humans through the air for
short distances. The catalyst in this
case is silver. When HTP flows over
the silver, it produces oxygen and
steam at more than 1,290°F (700°C).
This gives the rocket pack an
upward thrust when it is expelled
through a nozzle at its base.

YOU WILL NEED:

Empty plastic bottle
4 fl oz (120 ml) hydrogen peroxide,
no greater than 3=6° concentration
Dishwashing liquid
Food coloring
Dry yeast
Hot water
Funnel
Baking tray

LRV VN

5 mins

>

@ WARNING!

' Hydrogen peroxide |
available from pharmacie'ss Onl
congentrations 0f 3-6% qre s’uitazl
for this experiment, Do not use high ;
'co.ncentraﬁons. Never handle H? -

liquid yourself; ask an gyt to do?t
You should both weqr goggles '
and face masks,

before producing a foam that

spurts out of the bottle’s neck.
It looks like a massive amount of
toothpaste squeezing out of a tube.

‘i The liquid starts bubbling

The {éam

5 varm, dvt

.mﬁ To Touch

AROUND US
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Catalytic converters
Car engines produce a variety of gases when they burn fuel. Some of these,
such as carbon monoxide and nitrogen oxides, are harmful to humans
and the environment. To counteract this, cars are fitted with catalytic
converters to speed up the decay of these gases. Catalytic converters
have a mesh coated with metals, such as platinum, rhodium, and
palladium, that act as catalysts. When exhaust gases from the
engine pass through, the mesh breaks the nitrogen oxides into
nitrogen and oxygen, which are safe gases, and makes the carbon
monoxide combine with oxygen, producing carbon dioxide.
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HOW DOLES
THIS WORIC?

If left long enough, the hydrogen peroxide will
eventually break down into water and oxygen on
its own. By adding a catalyst—yeast—the process
is speeded up. Hydrogen peroxide locks onto the
yeast, and the yeast splits it into oxygen and water
without becoming chemically changed |tself.

The oxygen produced in the reaction combines
with the dishwashing liquid to produce a large
amount of foam. Some of the water becomgs steam
because this is an exothermic (heat—producmg)
reaction. The rest of the water is left in the bottle

with the dissolved yeast.

e

L

1 Hydrogen peroxide
1 makes contact
i with the yeast

00 T3 L T N

e ey

e
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TURN =
WATER PINK

acid in lemon juice, taste sour. Strong ucndg q:
and dissolve some materials. Some chemic

water into the pitcher. Drop of phenolphthalein to the pitcher
a teaspoon of washing of water. If your phenolphthalein
powder into a glass. is in powder form, only use a pinch.
The water stays colorless.

I Put half a glass of distilled ? Ask an adult to add about 10 drops
]

the glass. When it hits the glass, the
N water changes from colorless to a
vibrant pink. Phenolphthalein turns pink in
the presence of a base and bright orange
when mixed with an acid.

f; Pour the water from the pitcher into

WaTer s nevtral
so the indicator
m‘a:7_r colorless

The [r‘7w'a/ tvras
//’/)/c, which means
The washing povsder
s a Dase

ak acids, like the citri_c
d bases can burn skin
Is change color when

they are mixed with acids or bases. They are called indicators.

YOU WILL NEED:

Pitcher

Glass

Distilled water
Phenolphthalein indicator
Washing powder

Vinegar

COLR Y/ VAN

5 mins

)
i'__\a WARNING!

Phgnolphthalein can be purchgseqd
or!hne. Be especially carefy| when
using the solution, |t is harmful if t
touches your skin, is inhaled, or

Swallowed, 5o perform th;

: : m this

experiment in q well-ventilteq

areq, and weqr gloves, goggles
and a face mqs, ,

HOW DOLES
THIS WORK?

An acid is a substance that produces positively
charged particles made of oxygen and hydrogen,
called hydronium ions, when dissolved in water.
The more hydronium ions an acid releas_es, the
stronger the acid is. A base is the chemlca}l
opposite of an acid. Bases produce negatl\_/ely
charged particles in water, called hydroxyl ions.
The more hydroxyl ions a base prqduces, the
stronger it is. Bases that dissolve in water are
called alkalis. Phenolphthalein and cabbage
water are both indicators, which means they
show whether a liquid is acidic or basic.

They change color because the str_ucture

of their molecules change depending on the
amount of hydronium or hydroxyl present.

TOP TIP

If you add q fe
(such as vineg
to the bright

W drops of an qcig

ar or lemon juice)

‘ pink Mixture, the

c:ﬁnd and base wij cancel eqch

other oyt, Neutralizing the liquid
S0 it turns cleqr again,




CABBAGE
4 Red cabbage
. ’ : ) Chopping board
\ L Knif
INDICATOR e
. 4 ’ Distilled water

Sieve
Large jar

You can make your own indicator just by boiling some E e

red cabbage. Use it to test substances around your Substances for;eiging. s:chas dlemon
3 ce, vinegar, baking soda, and so

house and find out whether they are acids or bases. g o e L

A\ Heat some distilled water in a = <
saucepan and add the chopped ,-_'{i‘i
m cabbage. Cook for about 10 minutes, —

or until the water goes purple. Turn the . 30 mins
heat off and let it cool. i

Deistilled
w’neaar
half of the red cabbage

I Ask an adult to chop about
head into small pieces.

cabbage water

I; Strain the /7 ‘\:‘a\‘ S

N into a large jar to

of ] ™ |
remove the cabbage &. i€ _’.‘,f‘ /,W
pieces. Divide the ‘5.'_,:.5,/ 'y

water evenly into / =%

the four glasses.

Flower power

The hydrangea shrub produces different
colored flowers depending on the acidity
of the soil. It produces blue flowers on
acid soils, pink or purple flowers on basic
soils, and it has creamy white blooms

on neutral soils.

Add one testing
‘ i substance to each

glass. Those that turn
the cabbage water red—
such as lemon juice and
vinegar—are weak acids.
Baking soda and soap turn
the water blue because they
are weak bases.
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VIOLLEEN

When acids and ba ettt
They are said to uneutralize” each other

reaction always enas.
neither acidic nor bu§|
dramatic, especially wit

bottle until it is about three-

quarters full. Add two heaped
tablespoons of baking soda.
Cover the top and shake so that
the baking soda fully dissolves.

I Pour warm water into the

= & ?
e (\\:
. W
_/*'\::_’5\\
= )~
S ‘>J 1{\'&-,__; }

ol

m — '-”_."‘|

Earthly explosion

Real volcanoes erupt because of a
physical process, not a chemical
reaction as in this experiment. Molten
(liquid) rock called magma forces its
way up from deep underground and
fills a chamber beneath the volcano.
The pressure builds up until the surface
rock cracks open and the molten rock,
known as lava once it reaches the
surface, bursts out.

AROUND US
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VOL.CANO

t they react with each other.
et because the
i i that are

ds up with cheqnculs.
c. Reactions like this can be
h some added foam and color.

(

YOU WILL NEED:

Empty plastic bottle
Baking soda
Dishwashing liquid
Warm water

Red food coloring
Vinegar

Tray

Sand

@ M

20 mins

A Add five drops of
2 red food coloring

B and then a big drop
of dishwashing liquid.

==
/A ] \
AP
\ \'u
Y

TOP Tip

lf it's too difficult to get the
vinegar into the bottle, use q
Plastic funne, Take it out qg soon
as the volcang erupts,

the bottle in a cone
shape, but leave the
mouth of the bottle exposed.
Take care not to let any
sand fall into the bottle.

f; Pile damp sand around

Foan (ava slides
dovsn The sides
a/fhe volcano




vinegar (s pour
nto the neck off’
The Dottle

Pour vinegar into the
‘ i bottle until your volcano

starts erupting. If it
stops, pour in more vinegar.

PRI ¥
nd

HOW DOLEES
THIS WORIK?

When an acid and a base react, they alvyays
produce a salt and water. Vinegar (_:onta|n§
acetic acid and baking soda contains sodium
bicarbonate, a base. They react to produce_
sodium acetate (a salt) along with a new a?ld
called carbonic acid. However, the carbonic
acid immediately breaks down into water and
carbon dioxide. Carbon dioxide mixes with the
dishwashing liquid to make foam.

Q

Carbonic acid

Q
Q OO

Carbon dioxide

SCIENCE IN ¢

Baking soda bag bomb

You can use the reaction of vinegar and bz
bang. Fold two tablespoons of baking sodz
paper towel. Pour half a cup of vinegar 921
warm water into a sealable plastic bag. Ho
inside the bag, above the liquid, while you se
Put the bag down and stand well back.
When the liquid soaks

through the paper

towel the bomb

will go off!

TOP TIP
If your volcan doe
much lava try ysin

not boiling) water Addi
: » Adding more
baking sodq should also increase
€ amount of fogm Produced,

S not produce
9 warmer (but




COPPER
PLATING

s, substances turn into jons=particles with a
harge. A process called electroplating uses
the surface of another. Iron nails are a
them with copper turns them pink.

In certain solution
positive or negative C
this to stick one metal to
dull gray color, but plating

and stir in a teaspoon of salt. i [
' Drop about 10 copper coins ;[2 (\9,\/\2;1;9&’;2”36 T
into the solution and leave them They should o b ryther_n.
forl 30 minutes. The darker the Drop some n'CINV' Fyoegls
coins, the better. The dark = vinegar andnarll e
cqating is a layer of copper . afterg anothel? 3§Ck'them
oxide, formed when copper r &
reacts with oxygen in the air.

I Half-fill a jar with vinegar = f, Take the coins out of
[

HOW DOES
THIS WORIK?

The vinegar and salt strip the copper oxide coating off the coins. In the
solution, the copper oxide exists as positive copper ions and negative
oxygen ions. When you add an iron nail, the iron produces positive iron
ions, leaving the nail with a negative charge. The positive copper ions
are attracted to the nail and stick to it, giving it a copper coating.

e - __ > Positive copper
o )?gen o= Posmve. Positive ions are attfa?cted
: copper ions, iron ions, to the nail

In the baking soda and salt solution, the silver sulphide forms positive
silver ions and negative sulphur ions. The foil produces positive
aluminum ions. The positive aluminum ions attract the negative sulphur
ions, forming aluminum sulphide, which you might see as a yellow layer
or yellow flakes at the bottom of the tray, leaving the silver nice and shiny.

YOU WILL NEED:

Small jar

Vinegar

Salt

About 10 tarnished copper coins
Ungalvanized iron nails

TOP TIp

S(;g:; ;zztal'r;'uﬂs are galvanized
: with another me
t
dusr;ng m9nu!acturing. This (x)ﬂl
op _th:s experiment from
working so be syre to use
ungalvanized nqjls,




n - YOU WILL NEED:
PRUCLE UP e
\’ ’ - eatproot dis

Aluminum foil

L ’ - Boiling water
i L Two tablespoons salt
\ 1 - - Two tablespoons baking soda

A tarnished silver item

Silver becomes dull because it reacts with sulphur in the air to

form silver sulphide, a black tarnish, You can use an @ () ﬂi‘

electrochemical reaction to transfer the s_ulphide to aluminum
foil, leaving the silver shiny and bright again.

1 hour

And the award goes to...

Plating is used to prevent corrosion,
to give objects a hardwearing surface,
or to decorate objects with a more
attractive metal. The famous Academy
Award, or Oscar, awarded to actors
and filmmakers is plated. The first

v ' Oscars were made of gold-plated
I Cover a large heatproof dish

AROUND US$

NCI

; : : : bronze. Today they are cast from
with aluminum foil —shiny £\ Ask an adult to pour in some boiling water, a dull gray metal called britannium,
side up—making sure to 2 then add the salt and baking soda and but sparkle once they are electroplated
get it into all the corners. mm stir until they dissolve. Place the silver with a layer of 24-carat gold.
item into the water so it is completely covered.

SCIE

the solution for about an
Q¥ hour. When you come
back, carefully lift your item out
of the dish and dry it. It should
have a new sparkle and sheen.

f; Leave the silver object in

© AM.PAS.®
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wing, drop of stop be

Things spinors
d by forces. Forces are

or pushe
and everythingin it together r.BYy
strong structures, ond

—*'ean make
we can make yehicles move and fly.
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DOVE.
D EiET

o

Some shapes are much stronger than

cially strong. Eg
arches and domes are especially pe enables them to

of weight.

very thin and fragile, but their sha
support a surprising amount

Carefully tap the pointy end of
I an egg on a hard surface to

break the shell. The rest of the
egg must be unbroken. Pour out
the contents of the egg.

DOMI=

others, but
gshells are

TOP T1IP

Don't waste the contents of

the €99s=you can yse them to

make some Scrambled eggs o
a tasty omelet!

YOU WILL NEED:

Four eggs

Tape

Pen

Sharp scissors

Bricks or heavy books

@ 1 i\ /1

20 mins

AN Stick clear tape around
2 the middle of the egg.

m Draw a line at the widest
point and ask an adult to score
it with the scissors.

AN Carefully break off pieces

; of shell from the pointy end
N to the line, then use the scissors
to carefully snip around the line. If the
shell beyond the line cracks, you’ll
have to start again. Prepare three
more eggs in this way.

Solid semicircles

Certain shapes are often used

in architecture for their strength.
Many strong structures, like roof
supports and cranes, use triangular
shapes. Arches are useful for
constructing bridges as they can
support weight above open spaces.
The ancient Romans were expert
builders and often used domes

and arches in their designs. The

Pont du Gard aqueduct (above) in
the south of France was built in the
first century. It has 64 arches on three
levels. Each level transfers its weight
to the level below and into the ground.

L Dome shape- S

HOW DOLES
THIS WORIK?

An arch is strong because its shape evenl_y
spreads the weight that it bears. A dor_ne is
like a series of many arches arrangeq ina .
circle. Your halved eggshells are mini <_:Iomgs. 2221 eO?:::s e"ske
The downward force of the bricks’ weight is |

balanced by the strength of the dome shape, :
which distributes the load along the curve

of the eggshell.

il

Arch shape




Strong shapes b : > WARNING!

Using drinking straws and tape, make a

triangle and a square. See how much = | The eggshells are likely to
force you need to crush them. The —— _ su;:;%‘; agd give way very
triangle is stronger. Any force you use . = S in betws !;1 a(:’;fand well b.ack
to flatten a corner also acts along the = NG ' and do not cz:? iz twefgh(s
straws—it can’t be crushed without experiment negr : out this
bending the straws or pulling them reakables!
apart. The square, on the other hand,

can easily be flattened.

Care{(‘/[[ la
The :ZSZr‘t/r.z
on Top a-/‘
each other

Lay out your four
‘l eggs in a rectangle

shape. Carefully lay
a brick or heavy book on
top of the shells. How

many can you add before
the eggshells crack?

The eqqs
ausT all De g'ge
Same heiqht or -

They il not
.r,oreaa( The




' \ ‘ YOU WILL NEED:
‘ - A‘ "\ Empty plastic bottle
BOTTLE ROCKET :
e A cork
B() | l- - L 4 g Foot pump with a needle adaptor

Water

i ientists in the world to
kes some of the brightest scien . Fi |
‘::::c:\ch arocket into space. However, by using the SGS::\ m , ﬂ'ﬂ‘j ": |
principle they do=Newton's third law of motion=you & ;
launch a bottle rocket in your yard.

Push the needle adaptor P N, AN Cut out four fins and a cone from the
through the cork. If the cardstock. Turn the bottle upside down
[

adaptor won'’t go all the and tape the fins to the neck end. Your
way through, cut off some rocket should stand on its fins with enough
of the cork until it does. room underneath to attach the pump.

ENTS

IKA MOMI

push the cork in. It must fit very
N tightly or the bottle won’t launch.
If the seal isn’t airtight, wrap some tape
around the cork then push it back inside.

I; Quarterfill the bottle with water and

URI

Laws of motion

English scientist Sir Isaac Newton
(1642-1727) is most famous for his
theory of gravity, but he also worked
out three laws of motion that describe Go outside and connect

the way that all objects move. The first ‘ l the foot pump’s air line to the
law says that an object will stay still or needle adapter. Stand your
move along at a steady pace unless a rocket on its fins and attach the
force acts on it. The second law says nose cone to the top.

that when a force acts on an object,

it makes the object change speed or
move in a different direction. The third
law says that when a force acts on an
object, the object will push back in the
opposite direction with equal force.




We have liftoff

Space rockets work in a similar way to your
bottle rocket. Instead of squirting water out of
one end, they burn fuel to make a jet of hot
gas. The force of the gas escaping from the
rocket in one direction pushes the rocket in
the opposite direction.

AROUND US

NCI

SCH

from the bottle as
N Start pumping air into the
bottle. After a few seconds,
you should have liftoff!

HOW DOLES
THIS WORK

As you pump air into
the bottle, the pressure
builds up inside.
Eventually, the force of
the air pushing on the
water is enough to push
the cork out of the bottle.
The water rushes out of
the bottle in one direction
and the bottle pushes
back in the other, which l
results in the bottle being —_
launched skyward. S—

h ,

carfr?:de;z;enmept shquld be oo kbt ..

-C out outside with qy¢ L

Supervision, The rocket goes off
very suddenly so once you've

s}arted Pumping don't approach
it, even i'f it seems fika Nothing

is happem’ng.

Water pushes out,
launching the rocket




YOU WILL NEED:

Water

GRAVIT Y-DEFY ING o

WATER

oves in a circle, it is really cons
travel in a straight line,
le. This force is called cen
he test (and hope

When an object m
The object wants @o
the center of the circl
of water you can put it to t

or very strong string and tie it

to the handle of a light plastic
bucket. It needs to be secured very
tightly so ask an adult to help
you tie an extra-strong knot.

I Take about 3 ft (1 m) of rope

A\ Add some water to
the bucket. Don’t
-

fill it more than a
quarter full or it might
become too heavy to lift.

AROUND US

SCIENCE

Fairground rides

You can feel the effect of centripetal force if you

take a fairground ride that whirls you around in a
circle. You feel as though you are being pushed

away from the center of the circle, but in reality

you are being pulled toward the center by

centripetal force.

but a

fully stay dry a

tantly changing girection.
force is pulling it toward

tripetal force. With a bucket @ m @ &

t the same time). i

Do this experiment
e e ke cont gy
age if it flies off the gy;
f;nd where things can gett::% AN Start swinging the bucket from side
' You don't get the technique ; to side, in bigger and bigger swings.
right first time! N When it gets high enough, swing the

bucket all the way around in a circle
around your hand. If the bucket is spinning

quickly enough, the water will not fall out.

, Force toward center

l“l()‘«’ lJ()IE‘i 2' ( 5 {pulls object around
THIS WORK? "
o,

The force pulling an object toward t.he I '
center of a circle is called the centripetal ‘/1 . \‘ l

force. When you swing the bucket around, B - !
the string is providing the centripeta! force £ C)
and pulling the bucket toward the m|<_idle d, :
of the circle. While the bucket is upside

down, it is being pulled toward the middle

of the circle more than gravity is pulling

on the water inside it. This means that

the water does not fall out of the bucket.
If the force is removed, the object

carries on in the same direction




PUZZILLING

PENDULUMS &

YOU WILL NEED:

Strong string
Two mugs

A weight swinging on the end of a piece of string is a pendulum. Hang
two pendulums together from the same piece of string and they start

behaving very strangely indeed.

‘l J:||.

7
| %
\Fzr7rem

Wb e

¥,

%
P
e
A

3 ft (1 m) apart and tie a piece of string

between them. Cut two more pieces of
string, each the same length, and tie each
one to the handle of a mug.

I Stand two chairs back to back about

Fa]
T y

r':l'" ||'.l'r
FlaThf iy Y
i Frdd WY

\\-\’ iy .,-".l j ':j:&

AN
A b
& N

? Tie the other ends of the pieces of
[ ]

string to the horizontal string, about

20 in (50 cm) apart and both an
equal distance from the chairs. Adjust the
chairs so that the string sags a little bit.

HOW DOES
THIS WORK?

When you pull a pendulum up and then let it go,
gravity pulls it downward so it swings down to its
lowest point. But as it falls it speeds up, and this
speed keeps it moving so it swings past its lowest
point. Gravity keeps pulling on it, slowing it down until
it stops and swings back again. If two pendulums are
attached to the same piece of string, they pass their
motion back and forth between each other. One
pendulum swings, pulling the string it is hanging from
to and fro. This transfers energy to the second
pendulum, which starts swinging itself.

The sTring must Sa
a [{’l‘l‘ e 7(3/‘ ’ﬂ;e

experiment To work

' One Sexngin
/CAG{U[VM makes
The other i
#N Hold one of the mugs up at pendulva start &7
; a 90° angle then let go and ST g
N watch it swing. Keep watching.
The first mug will slow down and
eventually come to a stop, and the
second mug will start swinging.

SCIENCE IN SECONDS

Arrested descent

Take a piece of string about 1 ft (30 cm)
shorter than your height. Tie a metal nut
to one end and a mug to the other. Hold
a pencil in one hand and lay the string
over it so the mug is close to the pencil
and the rest of the string is horizontal.
Let go of the nut. It will wrap around the
pencil and stop the mug from hitting the
floor. The nut on the string behaves like
a pendulum. As the mug falls, the string
between the pencil and nut shortens,
so the nut swings faster and wraps
itself around the pencil.




YOU WILL NEED:

Three eggs

Garbage bags

Twelve 20-in (50-cm| lengths of string
Ruler

A Scissors
Tape

If you drop something it falls to the ground, pu|1|_e;‘d by Eorth"s grtc:‘yity.

Some objects fall more quickly than others. The reason for this is P
qir resistance, and finding out more about it is a good excuse to ﬁ , ﬁﬁ-: '
jeopardize some €ggs. <o z’i \

and lay it out flat. Using

a ruler, measure three ol il
squares: 8 x 8 in (20 x 20 cm), : ' e Lt
s L gl .: } through each hole and tie a
el ] : knot. Cover the knots with
el e e tape to secure them.

ICut a garbage bag in half F= 1 pee==s | £\ Poke a hol
: | : e a hole in each
Z

HOW DOLES
THIS WORIC?

Air resistance is another word for drag, the force

with which the air resists objects moving through it.

The larger the surface area of a moving object, the

more air it must push against, the greater the air ‘

provides a bigger surface area, and the egg with the £
biggest parachute falls so slowly that it may hit the AN Tape each square to
ground gently enough to remain intact. ; an egg by its strings.
N This can be tricky, so
If you position an object in a certain way, you can stop you may want to ask an
it from falling at all. Gravity pulls on every part of an adult to help you.  L.Tryaneven 751'35”
object, but all of these pulls add up just as if the parachvTe, or
gravity were acting at a single point—the object’s 2}:%73;‘ :Zlihe .
a, .

center of gravity. A group of objects that are joined What happens £’
yov PuT Small

together, like the forks and the toothpick, has just one
center of gravity. The forks don’t fall over because , holes in your
the center of gravity is directly below the rim of the ,DarathU'IZ?

glass, where the point of : @
support is. The toothpick s \w.
ARNING/

weighs so little that

resistance there is, and the more the object is i
slowed down. Adding parachutes to your eggs . k

W

4
a1 o

-———
b

T Tt’::f) :ctivity may involve some
€N €995 50 it is lighle to

hardly alters the center
of gravity. : 7 s;'eate Some mess, An qdut
f & ould be present throughout

The forks’ center of " Fperiment
gravity (marked with ;
f ‘l Starting with the smallest

an "‘X”) !s directly below
e parachute, drop the eggs
from a height of about
10 ft (3 m). Inspect the eggs
and see if any survived the fall!




BALANCING
> , Two idgntical forks
75 \(\ — s
‘ I Matches or a lighter
4

Every object has a point called its center of gravity, around which

its weight is evenly spread. You can balance things.in a seemingly @ C}I—g ‘HI'}
impossible way if you position their centers of gravity correctly. LA

5 mins

The forks and
e TooThpick Dalance
I Take two identical forks and on the rim o’

link the prongs together to The gfa::,

connect them.

i
i
i
i
i
i
i
i
i
i
i
i
i

¢

AN\ Insert a toothpick
2 through the prongs
mm so that about 0.4 in
(1 cm) sticks out from
the back. Balance the
toothpick on the rim of a
glass, halfway between
the end of the toothpick
and the forks. The handles l > #Y Askanadultto
of the forks should point — % ignite the half of

inward toward the glass. the toothpick inside
the glass, being careful not

to knock it. The toothpick

/ ‘_ o will burn away, leaving the

forks seeming to balance

Falling water on virtually nothing.

Fill a Styrofoam cup with water and
poke a hole in the side. Cover the hole
with your thumb to stop the water from
coming out. Drop the cup from a
height and none of the water will come
out while the cup is falling—only when
it hits the ground. This is because the - - L Lo
water andgcup are both falling toward I:URI=I(A MOMI:N |$ 5

the ground at the same speed.

Hammer and feather

When a hammer and feather are dropped together,
| L air resistance makes the feather fall much more
Kx = slowly. But with no air to slow them down, both
- / should hit the ground at exactly the same time.

In 1971, Apollo 15 astronaut David Scott proved
this theory. In a live television transmission from
the Moon, he dropped an aluminum hammer and
a falcon feather. In the Moon’s thin atmosphere,
they both reached the ground at the same time.

. WE Y - e s

T —
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! ] s acting on planes by ! z
el el tht‘infv?lrtc:ey fly. Tghis plane is a slim dart that is

lanes and comparing _
3esigned to fly quickly through the air.

; Fold both the sloping sides

Take a rectangular sheet of £\ At one end of the paper, y 4
paper and fold it in half fold both corners toward into the center fold once
]

lengthwise. Open it out, making the center fold. The outside again so that they slope

a fold in the center of the paper. edges now slope at a 45° angle. even more sharply.

r Open out the wings
, so that they stand
N out from the center
evenly. Ready for takeoff!

YOU WILL NEED:

Paper

along the center fold. Then
fold the wings down about
0.8 in (2 cm) above the center fold.

‘l Fold the plane in half again

TOP TIp

Measure how far your planes fly
and how long they stay airborne,
Make severq) flights and take an'
average of the time and distance
measurements to get the most
accurate figures,




l- “— YOU WILL NEED:
= ‘ ('A I Paper
) Pencil
|2 Ruler
F Paper clip

This plane is designed to glide slowly through the .air but stay aloft
longer than the dart. Does it fly as far as the speedier dart? You can @
find out by comparing the two planes.

5 mins

r Have a test flight. If the plane
,climbs steeply and then drops

N to the floor, weigh down the

nose with a paper clip and try again.

paper lengthwise and open it corner over, make a fold that

out again. Using a ruler, runs between your pencil
measure about two-thirds of mark on the right and the top of
the way along the longest the center fold. Repeat on the left
edges and mark with a pencil side. You may have a small flap
on both sides. left over.

I Fold a rectangular sheet of ? Bringing the top right-hand
|

is level with the pencil marks about.0.8 in (2 cm) from
N (which are on the other side). B the middle to create the paper elip weinhs down
Tuck the small flap away. Fold the ~ wings. Then fold down the wing the nose ol Yhe alicder
whole thing in half, with the nose ~ tips about 0.4 in (1 cm) and o help ot Hly straght
on the inside. open them out.

f; Fold the nose back so that it ‘l Fold both sides down

HOW DOES oty
THIS WORIC? i

Every aircraft, from a paper plane to a jumbo jet, \

is acted upon by four forces—thrust, c'irag, lift, and -
gravity. Fast planes like the dart are shr_n to_reduce

drag, so they can go faster, but thglr tr_un wmgs Hpe e
don’t produce much lift. Planes with bigger wings pushing back on
produce more lift, but also more drag. They stay ihe il

aloft longer, but fly more slowly.

plane forward

GRAVITY pulls the
plane downward

THRUST propels the

=




: ‘-OON YOU WILL NEED:
= Balloon
Ll 1 - _ Pop-up top from a drink bottle
v | 9 0ld CD
OV FRCR)\I‘ I
) |- -

i her, the force . P
surfaces rub against each other, the 107 A3
r:vc:‘t?emzhem i< friction. If you're on the move, friction @ (3"

can slow you down. To reduce frictionand move faster, o
a hovercraft glidesona cushion of air.

from the bottle and glue it
over the hole in the CD.
Leave it until it has set.

I Remove the pop-up top

ONDS

:C

NCE IN Sl

sC

A\ Place the pop-up top in
the closed position. Inflate
|

a balloon and, pinching the
neck so the air can’t escape,
stretch it over the pop-up top.

HOW DOEES
THIS WORIC?

Friction is the force that acts between any surfaces that rub together.
Molecules in their surfaces bond (stick together), making it harder for #Y Place your hovercraft
the surfaces to slide past each other. A balloon hovercraft reduces on a smooth surface and
friction by blowing air between the CD and the table to hold them apart. N open the pop-up top.
The friction caused by the air is much less than with a solid object. Give the CD a little push

and watch it glide.

A film of air separates
the CD and the table

2 70 AR R T TR T
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TOP TP

The rougher the surface,
€ more friction there is, Your
hovercraft will work best ona
flat, smooth surface, such gg
a polished tabje top. You could
try it on different surfaces
to see how fqr it will slide
over each,




' - | & l YOU WILL NEED:
Rl "|3 |3 : ‘ . Corrugated cardboard
| i Two bamboo sk
(‘ I z \(\ I: Iz Tag Ia(:?e })uor Isid:wers
| | Two small lids or bottle tops
|) |z‘ ' , ‘ @ Bmm Scissors
Glue

ve to change shape un@er ol Al
pe when released. Using

ity certain materials ha
d a drag racer speeding.

k to their original sha
ber band you can sen

Elasticity is th.e abil
force but spring bac
the elasticity of arub

; Ask an adult to make a hole

Cut out a shape like the one AN Push the bamboo skewers y
above from corrugated card. through one of the holes in through the center of the
[ |

Make sure the corrugations are the corrugated cardboard N four lids. Attach two lids to

at right angles to the direction the each axle—the big lids are the
car will travel (see step 2). This is back wheels and the smaller
the car’s body. You can decorate it lids are the front wheels.

with paint or wrapping paper.

at either end of the car’s body.
These are the car’s axles.
Trim their length if necessary.

AROUND US

A

-
l-
14

SCIENC

Traction
A car’s wheels move the car because

of friction between the tires and ground.
This is also called traction. Racing cars have
big, wide rear tires that put extra rubber on
the road and create the maximum traction
so that the tires don’t lose their grip when
the engine turns them fast.




HOW DOES
THIS WORIC?

Winding up the car’s rear wheels stre_t(?hes the
rubber band. It can stretch because it is made
of long, chain-like molecules. These are
normally folded up, but stretching the band
straightens them out. A stretched rubbe::ind

e g r Hook the other end of the has potential energy—a store of lt;r:erg)(/) f tﬁe
‘i the rear axle by looping it ) rubber band to the lip in the can be used later on. When you c|g il
L R S N hole in the car’s body. Now car, the potential energy is releaseh a A
This anchors the elastic band wind back the rear wheels. If the (movement) energy, rotating the wheels.
so it does not fly off after the car band is attached firmly enough to
sl ARG e the rear axle, it should wind around
so the elastic grips the axle. and around until taut.

Put it down on a flat surface

and watch it go! Try rubber
bands of different lengths and
widths to see which one makes
your racer go the farthest.

E\ The racer is ready for action.

Stretching the rubber band
straightens out the molecules

Paddle power

To make a boat powered by elastic

energy, glue or tape a popsicle stick to

each side of a small tin box so that they

overlap the end by 2.5 in (6 cm). Loop

a rubber band around the sticks. Slide

a piece of plastic measuring 2 in (5 cm)

by 1.5 in (4 cm) through the rubber band

and rotate it. This winds up the rubber

e band and powers up the boat. Keep hold
ace y, of it until you put the boat in water, then

s )
tretching rubber bangs around let go and watch it paddle away.
the whegls,




E WATER

CAN CRUSHER

i have dramatic effects.
:nq air can change its pressuré and h .
Eg\(r)):anr?ng;he pressure inside a can |goyes it unable tpf \tf)vntrr\:;g?:
the pressure of the air outside it, so it s crushed as it by

put in enough ice to

cover its base. Then
pour in water to cover
the ice.

I Take a shallow tray and

After a moment or
‘l two, the can suddenly

collapses as if crushed
by an invisible hand.

AN Put a small amount of water
2 into an empty soda can. Ask

Bl an adult to place the can on The areater acr
a hot plate or stove until the water ] L pressvre ovtside
boils and you see steam = . i presses on
appear. Don’t touch the ; ' The can
can—it will get very hot.

Ask an adult to pick
N up the can using
tongs and, as quickly as
possible, place it upside
down in the tray so that
the opening is underwater.

f; Turn the heat off.

Pressure power

In 1654, German scientist Otto von
Guericke (1602-1686) carried out

an experiment to show the power

of air pressure. Two large copper
hemispheres were pressed together
to form an airtight sphere. The air
inside was sucked out. Two teams of
15 horses were hitched to the sphere
and tried to pull it apart. Although the
two hemispheres were only held
closed by air pressure, the horses
were unable to separate them.

YOU WILL NEED:

Tray

Water

Ice

Empty soda can
Stove or hot plate
Tongs

10 mins

Poor sucker

Half-fill a jar with a soft drink. Punch a
hole in the lid and insert a straw. Seal the
gap with modelling clay and screw the top
onto the jar. Now, try to suck the drink
though the straw. When you suck,

your lungs draw air from your mouth

so that the pressure there falls.

Normally, the outside air—

pushing down on the drink—

forces the drink up the

straw and flows into the

glass to take its place.

With the top sealed,

no air can flow in from

outside and so the drink

cannot flow up the straw.




FLOWING
FOUNTAIN

Heating air makes it expand. If the air is sealed inside a container, it
presses more on the inside of the container=the air pressure rises. .YOU
can use this to turn an ordinary plastic bottle into a fantastic fountain,

the bottle and ask an
adult to drill a hole in
it just big enough for
a straw to fit through.

I Remove the lid from

HoT water heaTs
The arr nscde
The Dottle,
racsing the acr
f"e.f.ﬂ//‘e '

£\ Fill the bottle three-quarters
) of the way to the top with

B colored water. Screw the
lid onto the bottle and slide the straw
through the hole so that most of it is

inside the bottle. Use modelling clay
to seal any gaps around the straw.

4

#Y Roll a small ball of J
; modelling clay and ' "
push it into the top -
of the straw. Use a safety
pin or needle to make the —

tiniest hole you can
through the ball of clay.

HOW DOES
THIS WORIC?

Gas molecules in the air press against everything they t_om_Jch.—mcIudmg _
you, although you can’t feel them. When you heat the air inside the plastic
bottle, the air pressure rises. The air pushes on the water' so that |t'trave|s
up the straw and sprays out of the hole. In the can-crushing experiment,
boiling the water inside the can turns it into steam. When you dunk the
can in cold water it cools very quickly and the steam turns into water.

YOU WILL NEED:

Empty plastic bottle with lid
Drill

Water

Food coloring

Straw

Modelling clay

Safety pin or needle

@) 1 /i

10 mins

There is now less gas inside the can, so the pressure drops. The greater

[ : Before heating, air molecules exert After heating, the molecules move
air pressure outside the can pushes it inward and it buckles.

less pressure on the container about more and the pressure rises




L

5 ‘, _..'f | E(;(;S_PERE‘\‘(:IN(; :/UOIDJ WILL NEED:

Water

>l I
j L (‘\ <‘\l'|! = gne Iegg
) ‘— 0
Al‘2 - " ‘) - Gluv;s bottle with a neck slightly smaller

than the egg
How do you get an egg into abottle? |f you try' p’ushmg e
itin with your fingers, you'll scromb|e the eqgq! It's time
to use the incredible power of air pressure.

Ask an adult to boil an egg
in water for at least 5 minutes.
Cool the egg by putting it in

a bowl of cold water for a minute.
When it is cold enough to handle,
peel off the shell.

£ Place the egg on top

2 of the bottle. No matter A presses
mm how long you leave it, on The egg

it won’t slide into the bottle.

AN Ask an adult to strike
; two matches. Lift the
N egg, drop the matches
inside the bottle, and quickly

place the egg back on top.

TOP TIp

To get the €99 back out, tyrm

the bottle upside=down qng After a few
blow hard into the bottle for seconds, the

. @few seconds, This will egg will squeeze

1tncrease the air Pressure and T
he egg should Pop right out,

HOW DOES
THIS WORIC? A

not enovgh
When you drop the burning matches into the bottle they heat theI oxy ;n quﬁ
air. The warming air expands and some of it flows out of the bottle. =
When the matches go out, the air cools dowr} and the pressure :
drops. The air outside the bottle now .has a hlgher pressure, SO || r
pushes its way in, forcing the egg inside as it does so. !n a Si.l::l' al
way, the candle heats the air in the glass, and some of it bu des
out. When the candle goes out the air cools and the pressure Arops.

The greater air pressure outside forces the water up into the glass.




t'N']ER ey :nomgwu.:. NEED:
PRESSURE &=

Food coloring

The air in the atmosphere is always pressing agqiqst everything. Yok dhass ol
You can't feel it, but you can see it in action in this experiment. Matches

When the air pressure in the glass falls, the water level rises. @ A
~— @) T8 g\

Put the candle in the dish and
secure it in place by pressing
modelling clay around its base.

Then pour water into the dish - = , m
around the candle. o/ / : /!
i : Drench a friend \—/
— ’ : Fill a plastic bottle with water and
screw on the lid. Very carefully, pierce
holes in the side of the bottle with a
£\ Add a few drops of pin. Don’t squeeze the bottle, or you'll
) food coloring. This get wet! While the lid is screwed on,
mm will help you to see the water does not flow out of the
the results more clearly. holes because there is no way for
air to flow in to take its place. Ask
an unsuspecting friend to remove

the cap, however, and the water
will shoot out of the holes.

the candle. Then place F ey The water
N atall glass or jar over : P ' B shoots ovt o

the candle and watch : ¥ The (ovesT
hole v>ith

what happens. @ | : : reatest force
- Y Becavse there

I; Ask an adult to light

the same inside and outside the

glass. But when the candle burns
out, the air cools and contracts, taking
up less space—and the water level in 1 The water rises yp
the glass rises to fill the gap. nside the 3[&5‘.{‘

‘l To begin with, the water level is

Adr presses
dovn on

the water




(¢ \\t '(\K l"l-' YOU WILL NEED:
St t
\‘, 4 g Tvzzr}gn;‘::zmbourd tubes
[ ‘l :w (from wrapping paper)
Some old socks
I 0 -‘ Vacuum cleaner

Cardboard

i Scissors or craft knife
Sucking the air out of a seul.ed tube .Io:vers t:tii :g
pressure inside it.If you allow air to rushin fromo \

' ong force. Here's how to use Q ™ A/
SR Eede s ey ?e with a vacuum cleaner. = /4 / QE

that force to launch a missi e
AN
L]
First, make your missile. Roll _ - WARNING.’
I up some old socks so that X T Always have gn adult present

they form a tubular shape. | When you use your myissie Decorate
Check that they fit snugly inside &l 0 /R a:?:trr‘fher' Never point it qf 70‘” ;,Mm‘&:z‘ #
the cardboard tube, then wrap ' | by suer; P"’:’Sron, and always : :;’:;ﬁ;r ‘;;fer
them with tape. ragie o : there is nothing ; J

aluable in the
line of fire,

U

3 1

P
«d

—— g

S
]

AN\ To make your missile

2 launcher, cut one of the
B cardboard tubes to about

12 in (30 cm). Neatly cut small

curves at one end. If you find
this difficult, ask an adult to help.

«
>

e
=
==

= e

o Wy

ds =+

a hole about 4 in (10 cm)
N from the end. It should be
the same diameter as your first
tube. Slot the two tubes together,
with the second tube sitting on the
curves you cut in the first tube.

f; Take the other tube and cut

Soo— - _gag i e

L

Seal the connection with
‘ tape. Insert the nozzle of
the vacuum cleaner into the
first tube and seal it. Turn on the
vacuum and cover the front of your I il “
launcher with a bit of cardboard. Fa
y ToPTIp ™
"~ The missile must iy :
; inthe tube
tightly enough to cregte g goq
~ but loos_ely enough to moye '
- Treely ifit gets stuck oyey the
L) - Vertical tube, it neegs be
\  heavier, Weigh it down iy
A _-\__xmodelling Clay,

_ p
B e —




Delivered under pressure
Some large stores, banks, offices,
and hospitals move documents and
cash around from room to room by
pneumatic tube. An item is put in a
capsule the size of a water bottle,
which is slotted into a tube. The
capsule is then propelled by air
pressure to its destination.

HOW DOLES
THIS WORK?

When the vacuum cleaner sucks the air out of the tupe, it lowers the :;r
pressure inside the tube because there is less air to fill the same|- stpao o.f ad
The air pressure outside the tube is m_uch greater: SO wheg Yl?t:j ?n igsue -
missile the pressure of the air behind it _Iaunches it forwar h end
propelled through the tube so fast that it shoots out the other end.

AROUND US$

|
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SCIENC

, Card seals
! the front
Greater air -’ y’p ]

pressure outside 4 i
the tube pushes

on the missile ___"

‘ E * -1-__ Air is sucked from

i Missile blocks one tube, lowering the

end of the tube . f pressure inside

projectile
s lavnched
ovt o

The

Send water uphill

Sucking the air out of a tube allows you to make a
device called a siphon. Fill a pitcher with juice and
place a glass on a surface lower down than the
pitcher. Dip one end of a clean plastic tube in the
juice and suck the other end. This lowers the air
pressure and draws juice into the tube. Hold a
finger over the end, then point the tube into the
glass. When you take your finger off the tube the
juice flows into the glass even though it has to
travel uphill first. Gravity pulls the juice down,
drawing more juice into the tube behind it.

IR e




YOU WILL NEED:

Bottles of different sodas
Sugar-coated chewy mints

AKE A e
SODA SHOO1 e
. -
da shoot out of a bottle is a lot of fun, butis it science?

Making a jet of s0 ' ocess that makes lots of ;

‘ ample of nucleation=a process ‘ O R /- |
o bct;)I:;S:r! :itr:pc;gtse )f(orn? at places called nucleo_tnon §|tes. Ir:) sat‘i: s case, 53 éﬁg &
22 much gas is released that it cannot be contained in m?_..,.o___ - mins

[}
¥
L}‘ WARNING!

This is q very messy
exqerimenl S0 perform jt
outside and pe Prepared to
clean up the mess. Be carefy|

Not to shake the botfles i
: y L S while
I Place a bottle of soda on you'e taking them oyt

,
- e

-

— @\"‘H
_\IR“\\J

b
3
\_J

level ground and open it.
Roll a sheet of card or paper
into a tube, and insert it into
the neck of the bottle. Push a
toothpick through the middle of
the tube so it is held in place.
£\ Make sure that the
2 toothpick is resting on the
mm rim of the bottle. Place at
least four mints inside the tube
so they sit on top of the toothpick
and do not fall into the drink.

Contrails g

You can see nucleation at work in

the cloudy, white trails left behind by
airliners. Known as contrails, they
occur when particles from the engine’s
exhaust form nucleation sites (so

named because they provide a nucleus ll () ‘\’ IJ () IE \;

for something to gather around). The

moisture in the air condenses and T I.l I S; ‘\’() Iz I( ‘?

freezes at these sites to create clouds,
which is what you see from the ground.

AROUND US

=NCE

SCH

ontain dissolved carbon gas, which is what

rsn(:a?(aei (':hem fizzy. Microscopic pits on the surfaces of the
mints provide nucleation sites for the carbon gas bubbles
to form much quicker than normal. So many bubbles
form so quickly that the drink jets out of the bottle.

No one is sure exactly why, but the ingredients

of the drinks also seem to aﬁgct thg

speed and height of the jet. Diet drinks

containing sugar substitutes tend

to produce the biggest jets. : Bubbles form around tiny
pits on the mint’s surface




TOP TIP

Test out several ditferent
sodas to see which ones
create the most impressive ‘
display. You can q\so u\temﬁ( [
the experiment wn!\ rock sa
instead of mints.

AN Let the mints drop into the
; bottle by pulling out the
N toothpick. Quickly remove
the cardboard tube and stand a
few steps back before the drink

erupts from the bottle!

Faam7 [{‘7(/{‘0( shooTs

ver@fa{[ vt o
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-— A - - YOU WILL NEED:
l Two long balloons
- ] Tape
CF lQO(‘Kl- Scissors
== Large plastic or paper cup
STAGE AT

al parts, or stages. When

stage fires, Spent stages @

it can travel further and

de of sever

Space rockets are often ma

the fuel for one stage is used up, the next
are jettisoned, making the rocket lighter so|
faster, and use its fuel more efficiently.

20 mins

AN Push a second balloon
; through the collar and
N inflate it so that it holds
the first balloon closed against
With a pair of scissors, £\ Partially inflate a long one side of the collar. Hold the
I carefully cut the bottom half balloon and pull the open balloon by the nozzle.
off a large plastic or paper mm end through the cup collar.
cup. Discard the bottom but Fold the end over the bottom of
keep the top. This will be a collar the collar and tape it into place
for the two-stage rocket. so that the air does not escape.

T/«;e pressure
The qgreen
alloon sTops

The red Dalloon
Fron deflati ing

AROUND US

LY
14

SCIENC

Blasting off
When rockets burn liquid fuel, the pressure

of the exhaust propels the rocket forward.
It requires huge amounts of fuel for the rocket
to escape Earth’s gravity. The largest rocket
ever launched, the Saturn V, stood 328 ft

(100 m) high and weighed 3,350 tons. The
fuel alone accounted for most of this weight.
The fuel stored in all three stages combined
was a staggering 2,800 tons.




HOW DOLES
THIS WORIC?

When the rocket is released, air rushes out of thg fl-rst
balloon and propels it forward. The air pressure inside
the first balloon falls until it can’t squash the neck of
the second balloon closed any longer. The seco_nd
balloon sets off, propelled by the jet of air from its
own neck. By using two stages, your balloon rocket
travels further than it would with just one.

Il

Remove the tape holding the first
4 balloon closed. Choose a site for
the launch and let go of the rocket.
Watch what happens to both balloons as
the air rushes out of the first stage of your STaqe one (s
rocket and releases the second. /e'z‘ﬁrane,d

Rocket man
Modern rockets are fuelled with liquid
propellant. The first liquid-fuelled rocket
was launched in 1926 by American
physicist and inventor Robert H. Goddard,
powered by liquid oxygen and gasoline.
Goddard also patented the first designs for
multi-stage rockets. While his achievements
were not recognized in his lifetime, he is
known as the father of modern rocket

science because his inventions paved
the way for space flight.




| \/ YOU WILL NEED:
' A {‘]R Plastic bottle
] Ball
| |F F‘! Pﬁlsot?cntube
I Can
i | P

Heavy book
Scissors

d thIS Funnel

iqui ressure can apply a lot of !orcg and tt o

ﬁ;:\q;f :::: rbs machinery to do work. Using liquids like T
this is a branch of engineering called hydraulics.

-

Cut the top off the bottle so £\ nsert one end of the
that it is a little taller than the )
[ |

plastic tube into the neck

i Push the tube through the
can. Then cut a hole in the ofifasfiatod ballaon f; u u ug

i hole you made in the bottle.

Elgt?o?;ﬂt])eigbg;gi,gtf?\::)a;)i;ze Aot tape Bolat S PUShyit from the inside out Put your tin can in the

the plaétic tube through. thegoin. isgyateright. so that the balloon is left inside ‘ bottle so that it sits on top
the bottle. Tape the other end

of the balloon. Then place
of the plastic tube to the funnel. a heavy book on the bottle’s rim.

SCIENCE AROUND US

Mechanical muscles
Liquids are used in machines to
carry force through pipes. The pipes
contain close-fitting disks called pistons,
which use the force transmitted through
a liquid to do work. You can see this in
action on a building site. The arms of
the mechanical digging machines that
work there are powered by hydraulic
cylinders. When the driver moves one
of the controls a valve opens, allowing
oil to be pumped at high pressure into
one of these cylinders. This forces a
piston along the cylinder. The piston
is attached to part of the digging arm.
When the piston moves, that part of
the arm moves, too.




r Hold up the funnel

, so it is higher than
N the book and pour
in some water. It will run
through the tube, causing
the balloon to inflate and
expand, lifting up the can
and book.

tan and Dook
are [1’7(”&&{ yp

Zalloon Fills
Th water

Water work

The power of water to do work was
well known in the ancient world. The
Greeks invented the waterwheel, a
device that uses a flow of water to
turn a wheel so that the rotary motion
can grind grain or do other useful
work. The waterwheels in this
picture are located in Hama, Syria.
They have pots attached to their rims
and were designed to raise water
from the river for people to use. This
kind of waterwheel is called a noria.

Beach ball elevator

You can also use air to lift a load. Place

a beach ball underneath one end of a plank
of wood. Stack weights or books on top of
the plank and then inflate the beach ball with
a foot pump. As the beach ball inflates,
provided it remains balanced, it will raise

the plank and lift the heavy books with ease.

HOW DOLES
THIS WORIK?

Unlike air, liquid under pressure cannot

be compressed (squeezed into a smaller
space). This means that it can be used to
transmit force in machines. When you pour
water into the funnel, its weight creates
enough pressure to force the water into
the balloon. If you keep adding water,‘ the
balloon swells up and the pressure will

be high enough to lift the heavy book.




Two cotton spools
Two nails

I ! YOU WILL NEED:

- Length of wood

ifti j lot easier. Lengtg
ake lifting heavy objects a | o
$L:2§Sur?muny types of cranes, but they all rely on Al

1 Sturdy cardboard box
ropes or metal cables looped over a wheel, making : Pen top
a device called a pulley. oy

Plastic cup
String
Paper clip
Heavy book

. @

30 mins

ask an adult to nail one to the and insert the wood so

end of the length of wood. it sticks out at an angle. [,'7(%“{ .,e,—f,-m/(,7
Nail the other about a third of It must be a tight fit so the
the way from the other end.

I Take your cotton spools and ? Cut a hole in the box
[ ]

wood can’t move around.

The {érce a,o,o{r'ed
< a /’V[[’”ﬁ /érce

spool to make a winding handle,
N and tape the string to the spool.
Make a handle for the plastic cup by
taping some string across the top.

f; Push the pen top into the lower

_——

spool, keeping it taut. Bend the
paper clip into an “S” shape
and tie it to the end of the string so it

‘l Wind the string onto the lower

can hook the string of the plastic cup.

Turnr’na Thes spool i
17/"1‘1‘ The cup

i)




g ’
SPREADING
W | . Two small blocks of wood

Drill

I
' 1 Two metal hooks
. . String
| - o Four metal eyes

A bag containing a weight to be lifted
If you spread the weight of aload over more than one pulley,
they multiply the force you apply. This means you need less
effort to lift a weight, making the load feel lighter.

starter holes in tV\(o blocks of into the other side of the blocks.
wood—one hole in the middle Suspend one block using a

of each block and two holes piece of string tied to the hook.

evenly spaced on the opposite
side. Screw a hook into the = )
single holes on each block.

)

I Ask an adult to drill small ? Screw two eyes, evenly spaced,
]

2

AN Hold the second block
underneath the one you’ve

N suspended so the eyes are

facing and thread a second piece

of string through in a zig zag. Secure |

on the last eye with a double knot.

HOW DOES
THIS WORK?

A single pulley makes lifting easier by
changing the direction of the force
required. Turning the lower spool of
your crane applies a pulling force to

the string. The string loops over the top
spool and lifts the load vertically. When
you use more than one pulley, the weight
of the load is shared between them. This
means that you need to apply less force
to lift the load. This is called mechanical
advantage. The first three metal eyes in
the experiment above are working like
pulleys, changing the direction of the
force and spreading the load.

Only a 28-o0z (800-g) force is (/
needed to lift the weight 85-0z _SJ

(2.4-kg) weight

b 4
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© water is introduce

The density of a liquid changes with it
d into cooler water, th

top and the cool

it is hot but not boiling.

Pour the water into a cup,
adding a few drops of food
coloring. Cover the cup with
plastic wrap and secure it in

I Heat some water until

CONVECTION
~ CURREN

s temperature. When hot
e hot liquid rises to the

liquid sinks to the bottom. This is known as
a convection current. »

£\ Carefully place the
cup at the bottom of
B a large glass jar or jug.
Slowly fill the jar with cold

tap yvater, being careful not
to dislodge the plastic film

AN Ask an adult to
pierce the plastic
QN film with the tip of a
sharp knife or a skewer.
Take the knife out and
watch what happens.

place with a rubber band. over the cup.

YOU WILL NEED:

Coffee cup

Large glass jar or pitcher
Water

Food coloring

Plastic wrap

Sharp knife or skewer

HOW DOEES
THIS WORIK?

There are three ways in which heat can be transferred. When
substances are in direct contact, heat can travel by conduction.
When part of a substance is heated, the molecules begin to vibrate
more violently. They knock against the molecules next to them,
passing the heat energy on. Heat also moves through liquids and
gases via convection. When part of a liquid or gas is heated, it
expands and becomes less dense. This makes it rise. Cooler liquid
or gas falls to take its place. This cycle of rising and falling is known
as a convection current. Very hot objects radiate their heat as
electromagnetic waves. The Sun radiates heat to Earth through
empty space, but fires and radiators also, pass on their heat this way.

Hot water rises
Throvah The

cold vater




A e ' YOU WILL NEED:
Pizza box
Aluminum foil

h ’ Ll ~ Black paper or paint
L Plastic wrap
Food (do not use raw meat)
[ | p_ . |

Plate
String

: -qumlth radiated by the Sun crosses 33 million miles (150 million km) Lo
“of space to reach Earth. It makes a summer's day bright and warm, _
and it is intense enough to heat food in a solar oven.

20 mins

o

lid with aluminum foil. Then line the

I Cover the inside of a pizza box’s
1 base of the box with black paper, - T AR R el e
or paint it with matte black paint. ; and place it inside the base
Matte black absorbs the heat better. mm of the box. You could try a TOP TP
it %t ¢ slice of pizza or a hotdog, but
don’t use any raw meat in case it black met
al i
doesn’t:cook all the way through. the cooking pl:(’;f:s:wl‘l] ss;:zed up
Cover the base with plastic wrap. i radiated onto g, p,ateeahzat
n
Passed to the fooq
by conduction,

Placing your food on q Matte

Solar ovens work slowly,

so don’t try this on an
empty stomach. If you want to
see how hot your solar oven is
inside, use an oven thermometer.

* & ‘the Sun. Adijust the lid to reflect

‘;- Position the box.se that it faces

.\ _the most light onto the food. Fix
. the lid at this angle using a brass paper
. fastener linked by string to a second

fastener in the base of the box.




 MOYE

YOU WILL NEED:

Thin metal wire
Bottle

Two heavy weights
Ice cube

A cold day

@ M

20 mins

METAI

L

THROUGH ICI=
B B : -
I 1 ' , 7 B

Ice normally has to be heated to melt, but increasing the pressure.

by squashing it can make it melt, too, This prodgce§'§ome strange
effects. You can slice through ice without leaving it in two pieces.

T 1
&5y

colder the better—take
everything outside.
Place the ice cube
on top of the bottle.

I On a cold day—the

f; The wire moves down
through the ice without
cutting it in two. The
pressure of the wire melts
the ice directly underneath it,
but after the wire has passed
through, the ice refreezes.

Tie each end

of the wire to a
heavy weight and
balance the wire on top
of the ice cube.

3 \ h II.l ?
|

]

TOP TIp

Itis best to
' carry out this
experiment on g freezing colq

day, .M the weather js too warm
)

th
bZ ’lce cube may melt entirely
ore thg wire has finisheq
Passing through it,

HOW DOES
THIS WORIKK?

Unlike other substances, when The surface of ice is constantly

.Q.
-

water freezes, it expands. The
molecules arrange themselves in a
pattern which takes up more space.
If enough pressure is applied to
force that space to shrink, the
pattern is broken down'and the ice
turns back to water. The thin wire
puts pressure on the ice immediately
below it. This melts the ice, but it
then refreezes after the pressure
has been removed.
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N T
Water molecules in a frozen
state form a lattice structure

Water molecules in
a liquid state

melting and refreezing. When salt
(or another substance) is added, the
water molecules that have melted
have to spread out to make space
for it, so they can’t refreeze as
quickly. There is more melting than
freezing happening, SO the ice melts
more quickly. To change from solid
to liquid, energy is needed. This
energy is taken from the orange
juice, cooling it down.




Ad'ding an impuri_ty toice lowers its freezing point. Seawater doesn't

freeze until it is much colder than freshwater, because.it contains

salt, You can use this effect to make an ice-cold tasty treat.

the smaller of your two bags.
Make sure that there is no air
- in the bag, then seal it carefully.

I Pour the orange juice into

larger bag.so it completely
N surrounds the smaller bag.
Then sprinkle salt onto the ice.
Squeeze the air out and seal
the bigger bag.

f; Add crushed ice to the

SCIENCE

£ Pt the sealed smaller
2 bag inside the larger bag.

B [t should fit comfortably
with lots of room to spare.

Put on some gloves to
‘ i protect your hands from

the cold, and then get .
squishing! Move the mixture

about as much as you can, but
be careful not to burst the’bags.

AROUND U$

Salting roads

In countries that are normally

free of ice and snow, a cold snap
can cause havoc on the roads as
vehicles skid on the ice. The roads
are made safer by spreading salt on
them. The salt lowers the freezing
point of the ice so that it melts.

YOU WILL NEED:

Pitcher of orange juice or other drink

Crushed ice

Four tablespoons of table salt

Two resealable bags, one bigger
than the other

Pair of gloves

20 mins

r After 10 minutes, open the
big bag and remove the
N smaller one. The fruit juice
will have turned to sorbet. Put it
in a bow! or glass and enjoy!

TOP T1/p

For g tqs tier treat, Sweeten yp
adding sugar or

. © orange juice hof
Pouring it into the bag. i
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YOU WILL NEED:

Orange juice carton

Paints and paintbrush

Soft metal tubing, 0.1in (3 mm) wide
Big marker pen

Small candle

Double-sided tape

e space than water. When |t is Pitcher
Steam takes up about 1,600 times mor ngptorce*to ke things MOVe. 2o

dinto a pushi , v
© confined, it can be translate he notion in motion! —
You can make this simple steam boat und see t @ F /i

2 hurs

orange juice carton and ask
an adult to help you cut it
out. This will be the body of / Fill the metal tube with

your steamboat. > water. You can do this by
N placing one end of the
tube in water and sucking
through the other, or by using
a pitcher to drop water into
the tube as you hold the boat
vertically. Once the tube is full,
hold your fingers over the ends
to stop the water leaking out.

I Draw a boat shape onto the

and let it dry. Punch two holes
in the rear end of the boat, big
enough for the tubing to fit through.

? Paint and decorate your at
-

" N Gently bend the tubing twice around a
3 marker pen to create a coil. Bend the rest
N of the tubing so it sits up with;space for
e ’. a small candle beneath the coil. The ends must
|‘- be wide enough apart tb fit through the holes.

g ¥ =
ity

through the holes you made i m " :
the boat. You could add adeck
and a chimney to your boat*by gluing g
~asmall box and the lid of a bottle of
* laundry detergent to the boat.

‘l Push the two ends of the tube

Ad
-

e




HOW DOLES
THIS WORIC?

g heat energy into motion. The candle

heats the water in the metal tube until it ch.ange:s. to steam. Stefatmh tz:tc;z up
more space than water, and as it expands it forees water out 3 edens;}S
giving the boat a little push forward. The steam then cools ?1“ tcr?nsteam
(changes back into water). The water takes up less §pace t allg eter =)
did, lowering the pressure inside the tube anq sucking up co t'Waes s
outside. The candle then heats the water again. The cycle continu

boat moves along in a series of pulses.

Steam turbine

The majority of the world’s electricity
is generated from steam. The steam is
produced by burning fuel, or using a
nuclear reactor, to boil water. A jet of
steam turns a wheel with blades or
cups around the edge to catch the
steam better. This type of wheel is
called a turbine. The turbine drives a
generator, which changes the rotary
motion into electricity.

Your steamboat works by convertin

AROUND U$

LY
4
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Water inside the tube is: 1 Steam jets out of the tube,
heated by the candle pushing the boat forward
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Steam machine

The first practical steam engine was built in 1712

by Thomas Newcomen (1664-1729). He built it to
pump water out of mines, where flooding was a
problem. His first engine (below) was installed at a
coal mine in Staffordshire, England. Other engineers,
notably Scottish inventor James Watt (1736-1819),
improved on Newcomen'’s design. The use of steam
engines to power machines led to a huge increase in
the numbers of factories built in Britain in the 1800s,
a time known as the Industrial Revolution.

=

R S L e A P I R P (T TVl T P ST T S
= i : T L LSt 3 S

IKA MOV

URE




SR

e
o

AT T e

T

S e e e R R T = TR AT

' " - -
SIPLI A

YOU WILL NEED:

Piece of cardstock
Scissors

F N .~ Straightesided glass filled with water
=AM B

N N / White paper

e

Sunlight appear

Sunny day (or a flashlight)

s white but it contains all the colors of

. the rainbow. By spitting up a ray of sunlight, yourcan () &3

prove it. All you need is a glass of watgr.

and carefully cut a vertical

I Take the sheet of cardstock
slit. Try and make the slit as

narrow as possible.

£\ Tape the cardstock to the
glass of water and stand
|

the whole thing on a sheet
of paper in front of your light
source. This could be a flashlight
beam or a window with bright
sunlight streaming through

Rainbow in reverse

Divide a circle of white cardstock into seven equal
sections. Color the sections in the shades of a rainbow—
red, orange, yellow, green, blue, indigo, and violet. Make

a hole in the middle of the circle and push a pencil through
it. Now stand the pencil on its point and give it a spin.
The colors merge together and look almost white.

10 mins

AN The light shines through
; the slit in the card and
N onto the glass of water,
which splits the light into the

colors it contains.
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_ ‘ ‘()t‘él- i ' YOU WILL NEED:
f i ' L
rnMmol= it
] : - | K l? f ‘ ' Dark background
 RAINBOW.
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e
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When it rains, you might be lucky enough to see a rainbov{ curving :
across the sky. Make your own rainbow on a sunny day with some @ (? i Q

artificial rain from a garden hose and a lot of practice' 30 mins

-

HOW DOES
roP 116 THIS WORK?

This experiment works best

"\Z:f!nb:;hf Sun is low in the sky. Light is a form of energy. Like radio waves,
i righ;l(c’ky,to catch the light microwaves, and ultraviolet waves, it is a type
e Sokeep tying of electromagnetic radiation—although light is

The patience required wi
: quired will Py ; i Il
worth it when you see fﬂ;ﬂ::w the only one visible to the human eye. Like a

appear in your backyarg! electromagnetic energy, light travgls as waves.
; Different colors are produced by light waves
of different lengths. Red light has the longest
wavelength, and violet has the shortest.

_If:your hose doesn’t have a spray Sy

nozzle, try putting your thumb over /\/\/\/\/\/\/\

the end instead. , 5 Wavelength of red light

.

N\ N\NNNNNNNNN N

Wavelength of violet light

1 Get a fine mist coming out of the hose.

White light is not a single wavelength; it is made
tion yourself in up of all the colors of the rainbow. A glass of
nt of a dark surface water refracts (bends) light that 'passes through
with your back to the Sun. it. Each color bends a slightly different amount,
ith some luck and a bit of so the colors separate and you can see them

practice, you will see a rainbow on the piece of paper. The wgter droplets in ;al?hoer
appear in the mist. the spray from a hose bend l|ght and sgpara e
colors in the same way, producing a rainbow.

! Dispersed light bounces
1 off the back of the droplet

e

Sunlight enters the top
of the water droplet

TS TAI R ] T S

A spectrum of colors

leaves the raindrop
Water droplet

splitting white light
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. You WILL NEED:
" M Cardboard toilet puper'tube

N

Sturdy cardboard

TN
> ‘_ —, I — 0<‘(‘()|,|‘; ' Recordable CD (one you don't need
. ' — any more!)
- ‘ : ’ 4 l " | 4 — Packing tape

< . Black paper
: affect the colors of light. Scissors
Everything is m

i ists i d Glue
" Through the science of spectroscopy, scientists can study light an

: ; i D, you can, too! =\ R o §
use it to investigate atoms. Using an old CD,y | ’ ﬂ‘ﬂ‘\: 9

20 mins

T

Y _'ur

- -
" g

RN

ade of atoms, and atoms
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line the inside of it with black

paper. This reduces reflection

F o £\ Strip all the coating off the _
Isn;ifrgr‘r? :tJ:r?dagSt rg:;z: the recordable CD using packing f; Cut out a circle of cardboard
: |

I Take your toilet paper tube and

.

down firmly and rip it off. The shiny N tube’s diameter. Cut out a

coating should come right off. . rectangle in the middle. Stick it
on the end of the tube with tape.

1 T

T
DAL LR

SIS

e

p= ==

\WARNING;

When you yse your Spectroscope,

hold it close to your eye and coyer
yo'ur other_ eye with your hang,
Don't look directly qt bright lights
_ { Never use yoyr Spectroscope :
: Take two small pieces of to look at the Sun,
‘l cardboard that together %
cover the rectangular x
opening. Place themfover the hole -
and line them up very carefully so ':
that there’s only a tiny gap between = / r Attach the CD to

them. Then stick them down. = | the otherend of the tube
i U el N with strong glue, or secure it with

; tape. Attach it off-center so that you
: « « avoid the hole in the middle and get a
TOP TIP 5 : ; " clear view through your spectroscope.

en‘mg S\'\“
openi e

(8
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I'i() ‘M IJ () I:_- \; The science of spectra 8

Spectroscopy is a useful tool for scientists.

— n ” When hot gases are observed through a powerful
THIS WORK?

spectroscope, lines of color can sometimes be
: ther than continuous bands. The atoms of
3 Y t up seen, ra
e splits light into the colors that make it up, } .

YOU_r ﬁ? Ss;?:gsg?:thepair dgwh en they make a rainbow. The clear lc.ilfferttenlf elgmtzntts har:/.e r:h(Tlr owrl patterns, sott.hese
&0 acts s  difiraction grating—a tool that bends lihtas t passes the gas. Carbon andl mercury give the pattems

h 6t h. The shorter the wavelength, the more the light is bent, =" e belo%v Il-Iot ases are foundr:::ar stars pso scientists
i routg : cope produces a rainbow of colors fromrred to violet. White can uée ) gctrosco 0 investioate tr;e chemicals
s'pﬁ’f 'roas mi‘))(ture of all wavelengths, so it produces a continuous band found in oFl)J'ects trilli?;s of milesgawa as well as in
Iclg col|f>rs when viewed through the spectroscope. Try looking at their own Ialjboratories G

different light sources to see what patterns they make.

AROUND US$

NCI

SCI

Emission spectrum of carbon

it quite close to your
int the spectroscope
ght source. You will
um—a colored
r on the CD.

oo i Y

"
‘b
: Probing the Universe
'T}f ) [""“”“ ; The patterns of color (called spectra) produced by
Filarent aside :
by cande scont matter do not only depend on the types of atom present:
liabhT DulD sends temperature, motion, pressure, and magnetic fields all
- ovT bt a/’ affect the spectra too. This means that astronomers can
LA color use spectroscopy to find out all sorts of things about
objects in space. In the Orion Nebula (below), new stars
and planets are being born, and spectroscopy has helped
astronomers to study these processes, and has revealed the
presence of water, alcohol, and many other substances there.
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| GLOW-IN-THE-

DARK GEL-

Some substances are fluorescent, which means the

frequency of light that falls o
freguency that we can't see it, but you canma

n them. Ultraviolet light ha
ke a fluoresc

ATIN
y change the

s such a high
ent snack that

low and tastes great, too.

YOU WILL NEED:

Gelatin
Tonic water
Sugar
Microwave
UV light

@ 13 /g

20 mins

changes ultraviolet lighttoa lower=frequency 9

the packet of gelatin, put some

gelatin and tonic water into a
measuring glass. Heat the mixture
in @ microwave or on the stove,
according to the instructions.

I Following the instructions on

NCI

Take your gelatin out of
‘i the mold —running the

mold under the hot water
can help. Then turn off the lights
and turn on your UV light.
Glowing gelatin!

R T ]
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£\ Stir the mixture so the gelatin
2 is mixed with the water. Add

B some more tonic water. If you
want your gelatin to taste nice, add
some sugar at this point—tonic
water tastes very bitter.

AN Pour the mixture into a bowl
; or a mold and place in the
N refrigerator to set. This might

take a bit of time.

TOP 1Ip

UV lights gre Sometimes
known qs black lights, You can
buy them from Some hardware

and security stores, or try
online retailers,

(oes comes /;‘om
a suBstance called
guinine, an i redient

7(3(//10( i Tonit water




GLOWING
 PLANTS

Chlorophyll is the substance that mgkes.many

plants green, and its job is to capture sunlight, It

does this so that the plant can grow, but you'can
Mash up some spinach or

make it glow instead.
¥ o
other leafy green vegetable
with a pestle and mortar. Add |

a little alcohol. This strips the -
chlorophyll out of the leaves.

Bright bananas

When living cells in plants die, the chlorophyll
that they contain breaks down to form other
chemicals, some of which are fluorescent. If you
look at an over-ripe banana under ultraviolet light,
you will see little glowing rings around the black
spots on its skin, showing that fluorescent
chemicals are forming there.

Visible light is just one type of electrom
to the human eye. Ultraviolet rays are ¢
frequency than visible light
but certain chemicals can a

frequencies as visible light.
substance that can do this, and the chlorophyll foun

Gamma rays

YOU WILL NEED:

Spinach or other leafy green vegetable
Pestle and mortar

Coffee filter paper or fine strainer
Rubbing alcohol

Glass

UV light

@ M4 A\

20 mins

Rubbing alcohol contgj i
concentration of pure aIQZhaoT'z';s
uspd as an antiseptic, byt itlis
tgx:c S0 you must neyar drink it
Itis glso highly flammable, yse it'
onlyin q well-ventilted areq and

do not inhgle the fumes,

Pour the green liquid into a
glass through a coffee filter
or a fine strainer to remove
the lumps. The green liquid you

are left with contains chlorophyll.

Turn out the lights
and put the liquid
under a UV light.
The green shows up
bright red as the
chlorophyll fluoresces.

3

HOW DOLES

THIS WORIK?

agnetic wave. Other types are invi§ib|e

ontained in sunlight; they have a higher
and are more powerful. We can’t see ultraviolet rays,
bsorb them and then release the energy at lower

The quinine in tonic water is one examp|_e ofa
d in green plants is another.

Visible
light

}\\j 3 \/ L\#

Infrared rays

Electromagnetic spectrum

Microwaves Radio waves
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_ UP, PERISCOPEE!
& | hungeitsdirection.TwomirrorS

an bend light so that '!t travels
rself by making a periscope.

Mirrors reflect light=they ¢
held at the correct angle €
around corners. See for you

cartons. Rinse out the cartons well

and let them dry. Tape the open
ends of the two cartons together to
make one long, narrow box.

I Cut the tops off both of the juice

HOW DOES

A8 Cut a square opening at one
end of the box. Then cut a second .
Bl square, the same size as the first,

but on the other side of the box and at :
the opposite end.

Ferst

o/e/n'nﬁ

Second | N ? .
' Draw lines at this angle the same length as your

a/oen/‘ng 1

f; Lie the box on its side. Use a protractor

YOU WILL NEED:

Two juice or milk cartons
Scissors

Tape

Protractor

Pencil

Two plastic craft mirrors
Paint or paper to decorate

@ 1 i\

30 mins

TOP TIp

Plastic craft mirrors qre available
Iron_w craft and model-making
Suppliers as wel s online, They
can easily be cut with sharp

SCIssors or a craft knj

fe. Ask an
adult to cut them slightly wider
than your cartons,

to mark a 45° angle at each end of the
box, sloping away from the openings.

mirrors. Turn over the box and repeat. Ask an
adult to help to you cut along the lines.

Light enters here

THIS WORK?

We see objects that do not produce

their own light because light is reflected

off them. Smooth, shiny objects reflect more
light than rough, dark objects. Mirrors reflect
almost all of the light that falls on them._They
bounce the light back in only one diregtlon,
rather than scattering it in many directlpqs,
forming a reversed image of whather isin
front of them. A periscope uses mirrors to
bounce light from an object off one mirror

onto another and into your eyes.

-J-- The first mirror
bounces the
light onto the
second mirror

Inside a
periscope

The lower ---
mirror shows
the view

T

N

. way in till they reach the
- slots at the other side.

Slide your
‘ l mirrors into the

slots, with the shiny
side of the top mirror
facing downward and the
shiny side of the bottom
mirror facing upward.
Push the mirrors all the
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Mystery reflection
Stand two small, flat mirrors at right
L{L Yt enters s angles to each other and place a small
aﬂ the Top o’ i A object directly in front of them. How
the perdscope ~ g | many reflections can you see? There
LA ' : will be a reflection in each of the
mirrors. That’s two reflections, but you
can see three. Each of the reflections
is itself reflected by the other mirror,
but the two extra reflections form in
exactly the same position, meaning
you only see one more reflection—
a total of three.

R I
ol
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AAPT

r I;}égorate your
periscope. Wrapping
N it in paper will make
it easier to paint, and also
help to keep the mirrors in
place. Use your homemade
periscope to see around
corners and over walls

by looking through the

hole at the bottom.

R T T T S Wl = TR | 4 L S s 7
o = - .
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One 0B fect
prodvces Three
reflections in Two
radrrors Standin

at n‘alrt‘ ang(e.r

SCIENCE AROUND US

Over the top

In a crowd, periscopes can be very useful. Brightly colored
periscopes can often be seen at races, golf tournaments,
and other events, as spectators at the back use them to see
over the heads of the people in front. Military submarines use
retractable periscopes, allowing the crew to see above the
waves while the vessel stays safely submerged.




 TWO-TUBE

TELESCOPE :

Light usually trav
transparent subs
refraction and it can
look closer. Try star gaz

els in straight lines, t
tance to another it

be very useful=i
ing with this DIY telescope.

YOU WILL NEED:

Two magnifying glasses, one stronger
than the other

Ruler or measuring tape

Two sheets of cardstock

but when it travels from one

can bend. This is co_lled
t can make distant things

@ 3\ /N

20 mins

lens further away than the eyepiece.

Look through both lenses at something
in the distance. Move the object lens back
and forth until you see a sharp, upside-down
image. Ask someope to measure the distance
between the two lenses.

by looking at some printed text

through each one in turn to see
which one magnifies it the most. The
stronger of the two lenses will be your
telescope’s eyepiece lens. The weaker
one is called the object lens.

I Check which lens is stronger ? Hold up the two lenses, with the object
[

Eye in the sky

Very large lenses are difficult to manufacture, so powerful
telescopes use curved mirrors to focus light instead. Light bends
as it passes through Earth’s atmosphere, so telescopes are
situated as high up as possible—some are even launched into
space. The Hubble Space Telescope has been in orbit since
1990, sending thousands of breathtaking images down to Earth.
This one shows a dying star in the constellation of Puppis.

AROUND US

rolling up two sheets
N of cardstock and
securing them with tape.
One tube must be slightly
narrower than the other so
it fits snugly inside. The
combined length of both
tubes should be a little
longer than the distance
you measured in step 2.

’; Make two tubes by

|
14

SCIENC

LX WARNING:

Never; ever ook g
bngh.t lights either tr:r?:gil;n,:;
or with the naked eye. This cans
Stick the eyepiece to one cause blindness or othey
‘ l end of the narrower tube permanent damage to
with tape. Stick the object your sight,
lens to one end of the other tube.




HOW DOES
THIS WORIK?

When light travels at an angle from one transparent
substance into another of a different density, it
changes direction slightly. The lens in a magnifying
glass is made of transparent plastic or glass and is
specially shaped to bend the light toward its thicker
part. This focuses the light and makes an object
viewed through it appear closer, because the light
rays appear to have come from a nearer point. In your
telescope, the object lens collects light from a distant
object and brings that light to a focus. The eyepiece
lens then magnifies the image.

Object lens

Light is bent
into a point by
the object lens

g7 . e Trick of the light
: r Now slide the tubes'inside A pencil half-submerged in a
W)

L]
1
'
'
1
'
'
'
'
1

each other with a lens m L enters
: wi | I . glass of water seems to bend i Light enter:
éyepiece to your eye and slide | htt I thW r.h e n £ %
b the water. The light t i
g ravelwi g
the Ob]eCt Ie, ns back and forth | from the pencil to your eyes is

until you se i
y e a sharp image. : refracted as it passes from
the water into the air. ' i
Eyepiece lens !

magnifies the image :




YOU WILL NEED:

Empty cube-shaped tissue box
Toilet paper tube

Small magnifying glass

Sheet of tracing paper

Paper to decorate

Scissors

Did you know that cameras were in use long before photography was Tope

i i - i ide can f=
. “nvented? A box=or even adark room=with c.ltpm;‘:_‘.:&';)f’;? élgg‘c‘;f;s Nt : @
" itioned opposite. This. (&)
form animage on a screen positionec ppd A g &)

a camera obscura (“durkened room”) and you can

cardboard box.
9y : TOP TIP
ake an empty tissue box. ;
I On the opposite side to the aM::‘:?zglg ?sa&es':b‘,’bsc”' a with
opening, hold the cardboard difficult than ye: ible, but more
e ' 'an using a lens, For
tube and draw around it in a sharp image s a
circle. Push a pencil through the small hole, But the smaller(:"‘)’
middle of the circle to make a hole the less light cgn entere
hole and then carefully cut out and the darker the image
the circle with scissors. will be,

£\ Wrap the box in colored
2 paper (without covering up

mm the openings) and secure
with tape. Tape a magnifying
glass to the end of the cardboard
tube and slide the tube into the
hole you made. It should move
easily in and out.

paper down to size
and tape it over the
4 opening of the box. It should
. be stretched taut, with
no wrinkles.

f; Cut a sheet of tracing

)

SCIENCE AROUND US . &%,

Eye spy

The human eye works in a
similar way to a camera. Light
enters through the pupil and
passes through a lens, which
focuses the light onto the
retina, a light-sensitive layer
at the back of the eye. Cells
in the retina then send signals
to the brain, which interprets
them as an image.




HOW DOLES
THIS WORIK?

When light from a bright object or
scene enters a darkened room or a
box through a pinhole, it projects an
image of the world outside. The
pinhole focuses the light onto the
screen. Light rays cross as they go
through the pinhole, meaning the
image ends up back to front' apd
upside down. Using a maghnifying
glass lens means you can ha\{e a
bigger hole and so a brighter |ma_age.
The lens bends the light toward its
thickest part, focusing the light and
forming the image you see.

Light rays from-the top
of the object form the
bottom of the image
on the screen

Light rays from the
bottom of the object
form the top of the
image on the screen

TOP TP

NTS

Camera obscura

Camera obscuras were used centuries
ago by Chinese, Greek, and Arabian
civilizations to project images onto a
wall or screen. But it was not until the
19th century that techniques were
invented to record the image and make
a photograph. The earliest photograph
still in existence was taken by French
inventor Joseph Niépce in 1826 or
1827 using a light-sensitive piece of
pewter and a camera obscura. The
pewter had to be exposed to light
from the pinhole for eight hours to
make the picture below.

KA MOV
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The cmage
appears on
The Screen
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For your camera to wor,
sub;e.ct.needs to be very tv';l'l' ‘:it
Try Pointingit at q Ty of compute'r
Screen. Light darker Subjects with
table lamps o a flashlight,




| MATCHBBOX

' YOU WILL NEED:

" MICROPHONI=

Sound is caused by vibration. Microphones

and change them into an electrical

pick up vibrations
signal, which earphones

i this in action by making
te back into sound. You can hear ctio
tar(rlrrw‘isc|rqophone from a matchbox and a few pencil Iguds.

TOP TIP

stereo,
|t your headphones are _
the ?uck plug at the end of the v:‘we
has three contacts. Connect the
wires from your matchbox

microphone and battery 0 the I Use a pencil or other sharp

point to make two holes in
the end of the matchbox tray.
The holes should be side by side
about 0.4 in (1 cm) apart. Make
two more holes in the opposite
end of the tray.

longest contact closest to the wire
and either oné of the other
two contacts.

A

=

\®/
Whale song

Sound travels through different materials

at different speeds. Its speed in air depends
on the temperature. In warm air, the speed
of sound is about 764 mph (1,230 kph).

In water, it travels four times faster. Sound
travels such long distances in water that
whales—which communicate by low-pitched
moaning noises—can hear each other

“singing” hundreds or even thousands
of miles away.

AROUND US

SCIENCH

Snap two pencil leads
so that they are each

Three 2-mm-wide pencil leads for
a mechanical pencil

Pencil

Scissors

Matchbox

4.5-volt battery

Pair of headphones or earphones
Three lengths of electrical wire, each

about 4in (10 cm) long
Alligator clips

15 mins

7
B about 0.4 in (1 cm) longer

than the matchbox tray. Roughen

the top surface of the leads by

scraping them with a pair of

scissors. Push the leads through

the holes in the matchbox with
the roughened sides on top.

When you
J‘/ea/r. inTo
maTehdox

so that it is shorter than the
"N width of the matchbox.
Roughen this lead by scraping
the surface. Lay it across the top
of the other two leads with the
roughened surfaces touching.

f; Snap off a third pencil lead

The

or

Tap T, The
pencd leads

vibrate




Speed of sound

Sound travels much more slowly than
light, which is why in a storm you see
lightning before you hear the rumble of
thunder. Put some talcum powder in a
balloon then inflate it. Ask a friend to
walk a good distance away and then
burst the balloon. When the balloon
pops, you will see a puff of talc before
you hear the noise.

VI

r Put the earphones on

, and ask someone to hold
N the matchbox tray and—
keeping it horizontal —speak into
it or tap it. You should be able to
hear the sound through one of
the earphones.

HOW DOES
THIS WORIC?

_;t

0

Rarefaction i Compression
Sound wave

it pushes against the air many times
s a series of high-pressure pulses cal!ed
pressure regions called rarefactions.

When something vibrates,
every second. This prodgcs |

ressions, separated by low- jion .
3\7:;?1 these pulsez hit something, they make.nt V|brat<=T in tturn1._his
Speaking into the matchbox makes the pencil leads wbrahe.
varies the electric current flowing through them. The earphones
then change these current variations back into sound.

and ask an adult to strip the
insulation off all of the ends.
Using alligator. clips, connect one wire
between one lead and the battery,
another between the battery and the
jack plug of your earphones, and
the last between the jack plug
and the other lead.

‘l Take three lengths of wire

Batter flvw'a{e:
electri current

€arphones
convert
electreeal signal

Back into sound

=" TR

-

TR g

TR bl TS
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A TV 11 . YOU WILL NEED:
5 & : r' I I r £ - vl Eight identical bottles'
 a i z - : Water
0 ‘ 2 ] _uwF B : Food coloring (optional)

Spoon
i ds. A high-frequency
i ency sound waves make different si)un ! uenc!
g [s)g\'x?\rder\m:iqumukeys a high-pitched sound. When-_-yqu.strlt'(\e aqcc:‘bloe'c‘thné
resonates (vibrates and makes a sound). You can alter the pi

- : ol
sound by changing the mass of the object. Let's make some music -

Tap each of your £\ Fill the bottles
I bottles with the 2 with different
spoon. They all B amounts of
make the same sound. colored water. Now
_ each one will make a
) different sound when
you strike it..

od 72:’2‘:— . i
like qlass ' ( | Adding csater
Dot les— . . . '\ redvies the
resonate . | resonant
//"e7uenu7




HOW DOES
THIS WORIK?

j t vibrate slowly produce low-frequency
S:d?\ztivtahvzs. This means there are fewer compressions
per second, so they are said to have long yvave|engths.
We hear these sounds as low-pitched. Object_s tr!at.
vibrate more quickly produce sound waves with a higher
frequency —more compressions per secpnd a_nd a short
wavelength. We hear these sounds as high-pitched.

Long wavelength —

distance between the
compressions is greater:

Short wavelength -
compressions are
closer together,

N N

Low-frequency sound wave High-frequency sound wave

The more massive the object, the more slowly it vibra.tes
and the lower the frequency of the sound. A bgttle with
more water in it has more mass, SO .th'e sound it makes
is lower pitched than a bottle containing less water.

The Dottle

W 0ty the most
| ~rass produces
the most

A shattering experience
The frequency at which an object naturally vibrates is called
its resonant frequency. If you strike an object it will resonate
(vibrate at its resonant frequency). An object will also resonate
if it is exposed to sound at its resonant frequency. When a
delicate object like a wine glass is exposed to very loud sound

at its resonant frequency the vibration can become so powerful
that the object shatters.

: '@_

TOP TIP

If you blow qcrg
ottles instead of ¢,

AN Adjust the
amount of

N water in the

SS the top of the

bottles until they
make harmonious
(pleasant) sounds
when struck at the

' apping them
effect is reversed, The hottle wityht:‘:e

most water will now ha

most ve the mo

P;l’g‘;h-gnlched sound, Blowing vibrat::s
e airin the bottle, rather than the

AROUND US

=NCE

SCH

T F TN

Say SR

bottle and the water, The bottle with

lows-pctehed the most water has the feqst gy

same time. Now you
can play a tune!

)
Table amplifier w

Strike a tuning fork and listen to the
sound it makes. Notice how slowly it

dies away. Now strike the fork again,

but this time touch its base to a wooden
table. The vibrating fork makes the table
vibrate, so the sound comes from a larger
area. The energy from the vibrations is
transferred to sound waves more rapidly,
so the sound is louder but it also dies
away more quickly.

W]







e
- _f- -

T AND Wi\GNE:

ern wor\d is full o devices th
m, from light d \eukemes to

The mod

"W thout them.

used for many
to tracking

chemicals

meteorites qnd breaking down
.Jg?vm treasure. g
" , .- J-_n- h': A )
- s o 5‘1"'5-'
A
e
3 e S \
S 2% b
A = -:¥'__‘.
; |
il |
S el B
™
a2
|
{
— l




. ., (:‘.' ARM A 5 s é;;;pl:rwu NEED:
© “UPAPER SNAKE  ©

Everything in the world is made of atoms. l!suully an atom has no @
charge but when objects rub together, static electric charges can Y,

build up. See for yourself with just a pen and some tissue paper.

10 mins

Draw a spiral-shaped shake on

a sheet of tissue paper and then / |

cut it out. Place it on a foil dish A ) :
and bend the head slightly upward. i/ [ [ =~ E
Take a pen and rub it vigorously v v B =
on a woollen surface, such as a Ry At :. 1 i Tl e g o2
sweater or a carpet. This gives the s ' : T feg e hor
pen a static charge. N — negaﬁve Ch”@e

HOW DOLES
THIS WORIK?

Inside an atom, negatively charged electrons
are held in orbit around a positively charged
nucleus. When objects touch, electrons

sometimes jump between them. An object #% Hold the pen over the
that has gained electrons is left with a snake’s head. The paper is
-

negative charge, while an object stripped so light that the static

of electrons is positively charged. charge in the pen should be
enough to make the snake rise

g uaols ol atort 2= up as if it has been charmed. % -
has a positive charge.__ g ﬂ\ -2 -

‘,.‘—:r ___-k. ., O Tissve Snake (s \
77 o \ == - 2 aTlracted To The pen,
,/ l---_-H\ \ \ > H ol as exTra electrons {:)

; e The pen 'fn7 o flow
™ Tovsard the dish

\
¥

/S i

/ 1/ '
\
,'.- ) g
B. \\"___ -'_' ._,-" i
~

. MeTal dish atlracts The
\ / i pen's nega’fﬁ/e c/«mrﬂe

.}.I

Y /

, . !
" 1 =" o
-\\///' ! Negatively charged
electrons orbit

T
the nucleus

Objects with a charge will try and gain
or lose electrons in order to become
neutral again. They will attract other
objects, like the snake. If the attraction
is strong enough, a tiny flash can be
seen when the electricity discharges.




TINY LIGHTNING

Lightning is one of nature's most spectacular shows, gnd it is caused
by static electricity. You can create a minioturg version at home by
making an electric charge jump through tr)e air to your body. Don't
worry=unlike the real thing, this light show is perfectly safe.

tray and tape it to the middle

of a foil dish. This creates a
handle so you can move the dish
without letting the charge escape.

I Cut the corner off a styrofoam

= AROUND Us

=NCIz

SCIIE

A\ Take the rest of the
styrofoam tray and
Hl rub it on your hair to give

it a static charge. Then put it
upside down on a flat surface.

anything but the handle,
Q¥ pick up the foil dish and
put it down on top of the
styrofoam sheet.

f; Being careful not to touch

YOU WILL NEED:

Foil dish
Styrofoam tray
Scissors

Tape

® £

10 mins

Super static
A flash of lightning in the sky is a powerful

demonstration of static charges attracting and

repelling each other. As a thundercloud grows,

the base of the cloud becomes negatively charged
with static electricity. This strong negative charge
creates a positive charge in the ground below the
cloud. If the attraction between the negative and
positive charges is strong enough, a giant spark
jumps between them, producing a lightning bolt
that is hotter than the surface of the Sun.




- - YOU WILL NEED:
| | I Thin metal foil from a candy bar wrapper
' - g Glass jar with id

T [ . — = Wire coat hanger
‘ ; ' e Wire cutters
‘, 7 U 4 g Scissors

Drill

When you rub a balloon or piece of plastic to ;:‘hgr%i (T;Lupee
it with static electricity, how go_ypu know tdo !ce gfo"th
charged? Static electricity is invisible, but a devi

called an electroscope can show you it is there.

from a candy bar wrapper,

I Cut a strip of thin metal foil
about 0.4 in (1 cm) wide and ? Take a clean, empty glass
-

2.4in (6 cm) long. The thinner jar and unscrew the lid. Ask
the foil is, the better. Kitchen foil an adult to drill a hole in the

3-4 in (8-10 cm) of wire
from the coat hanger. Bend
the end of the piece of wire into
an “L” shape. Fold your strip of
foil in two and hang it on the end ‘i Feed the other end of the

is too thick and won’t work. lid just big enough for the coat ’3 “signiadiiyto gfivaoou)

hanger wire to pass through. | ¢

of the wire. Use a tiny spot of wire through the hole in

glue to hold the foil in place. the lid and screw the lid
onto the jar. Pull the wire through
the lid far enough so that the foil
is not touching the bottom of the

HOW DOES el
— ~ P e Ve of glue to keep it in place.
THIS WORIC? iy “

Electrons leave the
Your electroscope works because the foil and wire 5 fpoc|>|s ﬁfv{a ga,;,:gg elt A
are conductors—materials with electrons that can
easily move from atom to atom. When you rub the
plastic pen and cloth together, the pen gainsa o
negative charge. Moving the pen close to the tin foil s Lt
ball repels electrons in it, because electrons have a
negative charge and like charges rt_apel one another.
They move down the wire to the foil leaves. The ball
ends up with a positive charge and the leaves both
become negatively charged and repel each other.
When you take the pen away the electrons spread :
out evenly again and the leaves come together again. . P Rl

charged leaves push
each other apart

r Roll the rest of the foil from
the candy bar wrapper into a
N ball and push it onto the wire
that is sticking through the lid.




%
Bending water v

Charge a plastic comb by running it
through dry hair several times. Turn on
a tap so that a narrow stream of water
is flowing. Bring the teeth of the
charged comb up to the water. You will
N Hold a plastic pen near see the water bend toward the comb.
E the tin foil ball. Nothing Water molecules have a positive end
Rudding The pen | i\ K happens. Now rub the pen and a negative end. Thenegatively
fves ,Qf a statie 15 W - hard on a cloth and try again. - charged comb attracts the positive

charage as ¢t oy ] The foil leaves inside the jar fly ends of the water molecules.

%fﬁhff:?i S apart, indicating a static charge.

Tape The (i
on To create a

1qhT seal

The words “electricity” and “electron”
both come from the Greek word for
amber: elektron. Amber—fossilized tree
resin—is a bright orange substance
often used in jewelry. The ancient
Greeks knew that when they rubbed a
piece of amber with a cloth, the amber
attracted bits of ash and dirt.

They didn’t know it, but

they had discovered

static electricity.

#

a1 -
e

d"f'_-

{ T,

Electric touch

Static charges are responsible for

the tiny shocks you sometimes get
when you touch a metal door handle.
They also make your hair stand on end
when you pull a woollen sweater over
your head or rub your hair with a
balloon. The strands of hair are
attracted to the charged item and

are so light they are lifted up.




YOU WILL NEED:

Small plastic bottle

Scissors

Empty cardboard candy tube

Aluminum foil

Two 1.5-volt C (R14) batteries

) Two 6-in (15-cm) lengths of insulated
Lis a stream of negotively chqrged pqrhCIGS wire, all fourlends stripped to
1S a y 2 5 . approximately 0.4 in (1 cm)

ving in the same direction. Unlike static 3-voltflashiight bulb
called electrons moving easily be used 10 do work= Modeling clay
electricity, an electric current can Paper clip

lighting the bulb of a flashlight, for exomple. ; T ;:Zteners

Paper and glue to decorate

@ 1% s\

30 mins

An electric curren

bottle. This will be the reflector

of your flashlight. Line the
inside of it with aluminum foil,
fixing the foil in position with
glue or clear tape.

I Cut the neck off a small plastic

candy tube. This will be the wire around the bottom of
body of your flashlight. If the bulb and secure it with
you want to decorate it, use glue electrical tape. Hold the bulb
and colored paper to cover it, against the top of the battery in
then leave it to dry. the tube and use modelling clay
to secure it tightly in place.

? Take the top off your empty == E\ Wrap the end of the second
-

in the tube, about the length

of a paper clip apart. Ask an
adult to strip the ends of your wires.
Thread a piece of wire through each
slit. Wrap the exposed end of one
wire around a brass fastener and
press the fastener through the slit.

l; Make two small, vertical slits

of wire and another fastener, but

this time slipping a paper clip
onto the fastener before attaching the
wire. Inside the tube, bend back the
legs of the fasteners so they are flush
with the side of the tube, but make
sure they are not touching.

‘l Repeat with the second piece

ube, narrow end first, so that
itis secured in place by the
elling clay. To switch the flashlight
touch the paper clip against the

r Tape the two batteries
-together, making sure that the

N positive and negative terminals
~ are touching. Tape the end of one

wire to the bottom battery, then push
both batteries fully into the tube.

oL

cond brass fastener, completing the

nd lighting up the bulb.
" ."- :-.
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I"l()‘\’ l) ()lES‘ ) Testing for conductors

Materials that conduct electricity are

— n -’ - called conductors; those that do not
THIS WORIKK? ..

are insulators. To find out whether a

\ material is a conductor, hook up a
Materials that conduct electricity are made = _ . T e o
of atoms with electrons that can move around STple ol Comectthocblect
s Rl ik 4 ingi light bulb. If the object is a conductor,
f:: Icla);:alcut‘:c‘fr)\l: |gnove in all different directions. digéfg:]rtogﬁergﬁg:;g dlg the bulb wil ot by
If a conductor, such as copper wire, is connected e
to a battery in a circuit, the negatively c_h_arged
electrons flow toward the battery’s positive
terminal, producing a current. The. battery produces
electrical pressure, or voltage, whlch_pushes th_e
electrons along. The size of an electric cu.rrent is
measured in amperes, or amps. One amp is a flow of
about 6 million million million electrons per second.

Other particles in
the conductor
do not move Electrons flowing in
the same direction
produce a current

é[ec'l‘rr’u‘f’y il onli
ﬂ o ('7(‘1’2‘ has a tdm/(e'fz
cirevet To gqo aratmd, So
The BulB lighTs vp anlf7
when The paper clip
connects The ﬁrfener:

TOP TIp

'The batteries sho
inside the tube, If
and fiown, the connection with
the light bulh might be broken
your .tube is too long you can'
trim it down to Size or use
modelling clay to pack
the batterieg in place,

uld fit tightly
they slide up




. LIGHTEN UP!

# i descent light bulb,

100 years to perfect the incandest
tt'c‘:rl\r::e toymuke a thin coil of wire, of hlamgnt, gl(:)wi
s easy as it looks! This is a tricky experiment, bu

ghten your day.

ST

LAREE Inventors took more
= using electrical resis
Getting it to work is pot a

if you manage it it will bri

about 12 in (30 cm) in length.

At one end of each attach an
alligator clip. Ask an adult to
strip off about 0.8 in (2 cm) of the
insulation from the other ends
and bend the wire into a hook.

Cut two pieces of thick wire £ Get an adult to drill two
I 2 holes in the top of the jar’s
B |id, just big enough for your
wire to fit through. Push the wires
through the holes, hooked ends
first, and glue them in place.

f; Straighten out a paper clip

and then curl it around a
N nail to make a coil. This
can be quite tricky, so ask an
adult to help you. Rest the coiled
paper clip in the hooks of wire.
This is your filament.

Light a tealight and
‘l drop it into the jar. Put
g the lid on tightly. After a
- few seconds the candle will run

out of oxygen and go out.

YOU WILL NEED:

Jar with lid

Paper clip

Nail

Thick insulated electrical wire, at least
0.tinch (2.5 mm) diameter

Alligator clips

Tealight candle

Heavy duty 6-volt lantern battery

Glue

Wire cutters

Wire strippers

@M A

20 mins

TOP TIp

A. filament mqde out of thin iron
wire may be made to glow more
easily, but jt might also burn
through corppletely. However, if

balter'y than specifieq here,
try using q thinner filament,




HOW DOLES
THIS WORIK?

As current-carrying electrons move through a conductor,

EUREKA MOMENTS

Switching on the lights
US inventor Thomas Edison (1847-1931) was one of many
scientists who made the first light bulbs. His 1879 bulb had a
arbon filament that glowed brightly. Modern incandescent bulbs
3 tungsten filament that heats up to about 5,500°F (3,000°C)
ith an inert (non-reactive) gas so that the filament

they collide with the atoms that the conductor is mad_e of.
This slows the electrons down and turps some of t.helr
electrical energy into heat. This effect is cglled re.sustance.
Materials that are poor conductors have r-ug'h resistance. f
In your homemade light bulb the paper clip is made out o
steel, which conducts electricity much 'more pgorly than
the metal in the electrical wire. The resistance it provnde_s
is so high and produces so much heat that _the paper clip
begins to turn orange. Burning the candle first lets tlhe_d
paper clip glow for longer. It consumes the oxygen inside
the jar that would otherwise react with the hot filament
and make it burn out more quickly.

Energy-saving light bulbs

Incandescent bulbs glow by producing a large amount of
heat, making them very inefficient. Increasingly, they are
being replaced with bulbs that work in a different we
Fluorescent energy-saving bulbs produce light witt
producing much heat. They use electricity to er

mercury vapor. This produces invisible ultrav

A chemical coating inside the bulb change

into visible light.

AROUND US

r Turn out the lights
| ‘> and attach your metal

clips to the terminals

NCI

of the battery. After a few |
seconds the paper clip
should begin to glow.

SCI

We used wires 0.4 ;
. :iameter- Do not use inch (2.5 mm) in
IS wi

touch it unti the bat
) tery has beg,
dnsconnegted and it has stoppedn
glowing for some time,




SALTY CIRCUIT

that conduct electricity well bec

harged particles) th.a.t are
k electrolyte) turnsitintoas

Electrolytes are m_ixtures
contain ions (electrically ¢

dding salt to water (a weak elec
ﬁ\ tr:isgcircuit you'll see that adding salt boosts the

an alligator clip on one end terminal of the battery and

ause they
ree to move about.
tronger electrolyte.
brightness of a bulb.

YOU WILL NEED:

Glass dish

Water

Salt

9-volt battery

Small bulb

Three lengths of electrical wire,
insulation stripped from the ends

Alligator clips

Table salt

Plastic spoon

@ M4 A\

15 mins

I Take two wires, each with ? Connect one wire to one
[ ]

only. Put the free end of the the other wire to the light bulb.
wires into a glass dish and tape Use a third wire to connect the
them in position on opposite sides. bulb to the other terminal
Now fill the dish with water. of the battery.

l_t can be very danger,

to mn{ water and elect?ici?:SThis
experiment does not use q large

enough current to seriously ha?m
you, but you shouig never use

household electricql appliances
near water or You could get

anasty electric shock,

AN Slowly add table salt to

3 the water, stirring it with
N a plastic spoon (which does
not conduct electricity) to help the
salt dissolve. The more salt you add,
the more brightly the bulb glows.

ENTS

IKA_MOMI

URE

HOW DOLES
THIS WORIK?

N Usually, an electric current is carried by electrons, but in an electrolyte ions

The first practical battery was built in 1800 b . increases the number

Italian phF;/sicist Alessar:z/iro Volta (1745-1 827y) can carry a current. Ad?""g B Ve Ll sa:t:sr:;iieéan pass through.

In his “voltaic pile”, disks of zinc and copper e of ions the water contains, meaning a stronge imilar way. The reason that

separated by piecc-;s of cardboard soaked in salty Inside the lemon, ions compl(tat_e :::eti::zuéto?:,: irs1lthem are .made of different
duce a current is tha 4

water. It worked in the same way as your lemon the lemons pro - . ) er coin; the

battery to produce an electric cquentYThe unit for metals. A chemical reaction stnps_ eIectran f:g?ﬂﬁ; Z%F:Jrrent.

electrical force, the volt, is named after him. electrons then move toward the silver coin, p

e




LN Ll Lo — <\ YOU WILL NEED:
\‘ , : : l - Three lemons

Sharp knife

Copper and silver coins
L Three lengths of electrical wire,
r 4 - insulation stripped from the ends

Alligator clips
Voltmeter

A battery uses an electrolyte to produce an electric
current from a chemical reaction. But you don't neqd
batteries=-some lemons will do! Lemon juice is an acid @)
that can provide enough power to light up an LED. 15 mins

lemons on a table to slits in the skin of each a silver coin into the slits two wires to connect

release the juices inside lemon using a sharp knife. you made in each lemon. the three lemons. Each
them. This will help the The slits should be the same Make sure that the coins are wire should run between a
current to flow. width as your coins. touching the fruits’ flesh. silver coin and a copper coin.

I One by one, roll your ? Ask an adult to make two f; Push a copper coin and ‘l Use alligator clips and
[

TOP TIP

Zinc nails work wellin place of

the s'\\ver-co\or'
other citrus fruf
compare i
Try other frul
Y Do apples work? th
about potatoes:




YOU WILL NEED:

. & i l'NE 'N l o A 82-ft (25-m) insulated single=core wire
ey - - Three lengths of electrical wire
o Alligator clips
sl V ADF lzl\l]l Cardboard tube
ASE ‘ - ‘ - Pencil

i
:_""—', +h long Crystal earpiece
e wave with a very Germanium diode
A i are a type of energy ) } ; ek
LR Rw:%gle:g:pf Ssound waves can be made to hitch a $de g:nr:?éa e s
' ou

waves and travel long distances around the globe.

: don't even need ﬁ /\ /
on a homemade radio, and you ' .
:)huetrt‘;ri:‘.:,-the radio waves themselves provide the current. @\ A

1 hour

Make two holes about 0.4 in
(1 cm) apart at the top and

I"l()‘\’ IJ()IE\; | / I ' bottom of a cardboard tube.
TI‘ ‘“S; WURK ’? | Thread the insulated single-core

wire through the top two holes and
pull about 1.5 in (4 cm) through.
Your radio picks up AM (amplitude modulated) radio | B e
signals. These work by using a radio wave to act asa _—

carrier wave for a sound wave. The sound wave varies
the amplitude (strength) of the carrie_r wave, so the
frequency of the carrier wave (\{ibratlons per second)
stays the same, but its size varies.

AN\ Wind the wire around the
2 cardboard tube, keeping
mm the coils close together.
After six turns, place a pencil
down the side of the tube and

wrap the wire around the
ﬁ'
|
1

T
Ll

pencil to make a small loop.
Continue like this, with six
turns then a loop, until you
reach the bottom of the tube.

I

Carrier wave has a Sound wave changes the
certain frequency amplitude of the carrier wave

Each radio station has its own carrigr wave wiﬂ? a partlcula:j _ -

frequency. The aerial of your radio picks up radio waves & — #\ Thread the wire through
turns the energy that they contain into tiny elec'trlc curre_nts. e———— ; the bwoTTIEE A e
The current passes through the coil of wire, which acts like =— W o fahe tibess

a filter, only allowing a signal of one frequency through. The : you did at the top. Leave 6 in
germanium diode receives the current and sgparates the l_)lt (e on SR o
relating to the sound wave from the bit relatmg_ to the carrier AL S S
wave so that the earpiece can convert it back into sound. e et T i

from the end of the wire
and from each of the loops.




L!B WARNING!

radio needs a long aert
oYr ?tu \ru'ull not work, However, itis
important that you do not put
up your aerial unyw.here near
overhead power hne§ or |!
there is any danger of lightning.

ial

= your aerial to the loop connection. Twist a copper

r Connect the base of E\ Your radio needs an earth
‘l Ask an adult to run at least 33 ft (10 m) W atthe top of your wire into a coil. Connect it to

of wire from somewhere high up, such radio using a length of wire the wire at the bottom of your radio
as a tree, 1o the place where you’ o and two alligator clips. using a wire and two alligator clips,

to listen to your radio. This is your aerial. e ooy e aal eI,

€arpiece i Con:{ec;t[‘ earpece
A To diode v>th

k) wire and Teo TopP TIP

a[[{‘ga‘fm‘ clips For best results,

try listening i
evening, $ Istening in the

AM radio signals trqy
_ elb
bouncing Up and down between Ih{a

ground and a layer of the
at
This wire connects To . Cg"ed the ionosphere, Thisnl‘: ngh o
USRS Yirte! : " quite turbulent during the day ywhésn
, ’ ; solar energy stirs jt up, but it i; more
tlip this stable at night and so reflects

connection .
radio
To a [aaf on waves better.

the radio

the crystal earpiece’s wires. Connect one of them

to the germanium diode, then connect the other
side of the diode to one of the loops on your radio.
Connect the other side of the earpiece to the wire at the
bottom of the radio (the one the earth wire connects to).

-I Ask an adult to strip the insulation off the ends of

Aercal irtrodvces
a current into

Put the earpiece in and see The radio
t; if you can hear anything. If not,
try moving the alligator clip
connected to the diode to a different
loop on the coil and listen again.

._.€arpiece converts

i elecTrical current ! germaniva diode
i into sound recedves The

i current and

i Separates The

H t‘nﬁrma’l‘r’an

i ¢ T carrces
L]

€arth connection
grves The cvrrent
Somewhere To
Flows 1o, so your
radio vorks detter




YOU WILL NEED:

Empty CD case
Double-sided tape

AM radio

Battery-powered calculator

i be found by using a metal

j hidden under the ground.can 5 ¥
':ett:::t%?le;r:?s device uses invisible radio waves thgt pqtfst:\:r?iz?:ctor. @
Sound l;ounce off metal objects, and are }hen picked up by . 3 {m
Eﬂake y’our own and see what you can fd.

10 mins

Mine detectors 000 T

During wars, mines (explosive devices) and =1 op Tl P

IEDs (improvised explosive devices) are often A0 0d, 1 sg l‘l(OUr radio _has a headphone

buried under ground that enemy troops might =) hearcch?ry; try using headphones to

cross. Hidden just beneath the surface, the don't 9esn the tone better, byt
I Take an empty CD case and Mtturn the volume yp too high, f

AROUND US$

devices detonate when disturbed and pose a ok th el g there is q rqqj !
great danger to both military personnel and stlcls t le calcu ator _to one side the AM bang tOSfa_hon at the end of
civilians. One method for finding them so that 2L el L e can so y;uu'r: © it as close o you
they can be cleared uses metal detectors. The Turn the calculator on. ear only static,
detectors are moved from side to side across

the ground, searching for metal parts.

NC

SCH

£\ Stick the radio to the other
side of the CD case with
B double-sided tape. Both

the radio and the calculator
should be facing inward.

Treasure hunting

Metal detecting is a popular hobby across
the world. Some people look for valuable
metals in their natural form of nuggets or
flakes (prospecting), others search beaches
(beach combing) and other areas likely to
yield buried metal. Occasionally, metal
detectorists unearth hoards of coins and

other ancient relics buried or lost centuries
ago. In 2010, an enthusiast found a pot ’; Turn the radio on and tune it to the

containing more than 50,000 3rd century top of the AM (medium wave) band,
L making sure not to tune it to a station.

Turn up the volume so that all you can hear
is static (hissing). Close the CD case until
you can hear a loud tone.




HOW DOLES
THIS WORIK?

Metal detectors work by producing a radio

signal and then detecting disturbances to

it caused by hidden metal objects. Like all

electrical appliances, the calculator gives out a

weak radio signal. This is picked up by the radio

and sounds like a musical note, or tone. When

your detector is held over a metal object, some .

of this radio signal is reflected back up to the \ Radio waves given
radio and makes the tone louder. This works Ra?e'ﬁ ol iey el goiiraete b
because radio waves can pass through most the metal key

materials but not metals. totheradio _____._. =

only just hear the tone. Hold the e ;?.[w.[ A
case in this position. When you et
move the detector over something made
of metal, the tone will grow louder.

‘l Open the case again until you can The (D case holds

The radio emcts
a Tone when
metal s near:zﬁy




L YOU WILL NEED:
= ' * Shallow tray
. " T LV & Paper cup
- ] String
s Strong magnet
S s Microscope or magnifying glass

y A rainy day
chunks of space rock that have entered Earth's

. 5 \ _
':t?:\i(;;:\iie“;nd fallen to the ground. Some are SO tiny ;hc\;:ii:euy g:?g: ﬁ
through the sky and only fall to the ground when it rq;[\ d 8 e
perseverance and a strong enough magnet, you can iinc o7

shallow tray outside somewhere that
it won’t be disturbed. Your tray must
be thoroughly clean beforehand.
Leave it to collect rainwater.

I When rain is forecast, place a

A\ Bring the tray inside and put it

2 in a warm place. Leave it until
mm all the water has evaporated.

Micrometeorites are not visible to the

naked eye, but there may be specks
of dust or dirt left on the tray.

make two holes opposite
N cach other near the rim.
Thread a length of string through
them to make a handle and place
a magnet inside the cup.

I; Take your paper cup and

TOP TIP Any magnetic metallic dust will
it ire be attracted by the magnet
se activities read y g ,
Bothot ermanent magret and stick to the bottom of the cup. r Tap aaiontoithe S,I'de e
Some of these pieces may be , microscope. If you don’t have

: / a microscope, tap the cup over a
micrometeorites, attracted to the . .
e sheet of white paper and use a magnifying
magnet because they contain iron.

glass. What can you see? Any particles
that are spherical or look like flakes could
have come from outer space.

‘l Sweep the cup over the tray.




MAGNETIC
BREAKFAST &=

It might not sound very appetizing, but irop is vital for
a healthy diet. Using its magnetic properties, you can

separate this metal from your breakfast cereal,

blender and add some
hot water—just enough to
cover all of the cereal. Turn
on the blender for about
1 minute, until your cereal
mixture is thoroughly
blended with no lumps.

I Put a cup of cereal into a

A\ Pour the blended mixture

) into a plastic storage bag
mm and zip the bag shut.

Leave it to sit for 5 minutes—

this will allow the iron to sink
to the bottom.

along the bottom of the bag,
using lots of even strokes in the
same direction. The little black specks
that you will see collecting around
the magnet are pieces of iron.

’; Take your magnet and run it

20 mins

HOW DOEES
THIS WORIC?

All magnets are surrounded by a field that is strongest at its ends,
or poles. When two magnets are near each other, their oppo§ite
poles attract and like poles repel. Anything that attracts iron is
classed as a magnet. Materials that behave like magnets when
inside a magnetic field are known as magnetic materials.

Lines of force are ...._..___==
concentrated near
the poles

The atoms in magnetic materials are arranged in groups, or
domains, which act like tiny magnets. Normally, the domains point
in all directions, canceling out their magnetism. In a magnetic
field, the domains line up, making the material magnetic. Some
materials, such as nickel and iron, lose their magnetic field when
they are removed from the field. Others, such as steel, become
permanent magnets if magnetized once.

Unmagnetized

domains Magnetized
domains

SCIENCE AROUND US

Iron in you

Our bodies need iron to function, which
is why tiny amounts of it are sprayed
onto the surface of breakfast cereals.
On average there is 0.14 oz (4 g) of iron
in @ human body. Most of it is used in

a substance called hemoglobin, a
protein found inside red blood cells.
Hemoglobin carries oxygen from

the lungs around the body.
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one end of your wire, stick

the wire to the base of the
screwdriver’s handle, where
it meets the blade, with a
piece of tape.

I About 12 in (30 cm) from

Il ECTROMAGNET &
E‘-‘: > ’ W A ,i - T
ically powere
Electromagnets are electnco
magnets they can be swnc.hed onand
where a magnetic field is only nee

loudspeakers and disk. dri
from a simple screwdriver.

ves. You can ma

YOU WILL NEED:

Screwdriver with a plastic handle

Steel paper clips
d magnets. Unlike permanent R e T
off, making them useful for devices

ded some of the time, such as @ R @\1\, &

ke your own electromagnet il

TOP TIp

Try varying the numper of coi
your electromagnet to see tf::rstz?s
affects the Mmagnetic field Produced
Does an electromagnet with i
80 coils work better than
one with just 492

A\ Wrap the wire tightly
around the metal blade of
Hm the screwdriver 60 times.

Use tape around the last turn to
hold it securely in place.

SCIENCE AROUND US

No wheels necessary

Electromagnets provide the power for futuristic levitating trains

called maglevs. The world’s first commercial high-speed maglev

carries passengers between Shanghai and its international airport at up
to 268 mph (431 kph). The sides of the train wrap underneath the track.
Electromagnets at the bottom of these sides and in the track above them
attract each other, lifting the train so that it hovers above the track.

then cut the wire. Ask an adult to
Q¥ remove the insulation from the last
1in (2-3 cm). Then strip the same amount
off the end attached to the handle.

f; Leave a length of 12 in (30 cm)

Connect one end of the
‘ l wire to one terminal of the

battery, and the other end
to the battery’s other terminal.




NTS

Compass clue

The first person to notice that electric
currents produce magnetism was
Danish scientist Hans Christian
Oersted (1777-1851). In 1820, he
noticed a compass needle twitch
when an electric current was switched
on nearby. In 1931, English scientist
Michael Faraday (1791-1867) showed
that the relationship also works in
reverse. He pushed a magnet into a
coil of wire and found that a moving
Magnetic field, magnet created a current.

HOW DOLES
THIS WORIK?

Electricity and magnetism are very c|o§ely related. W:en 1k
electricity flows, it produces a magnetic field. When the eur i
is turned off, the magnetism disappears. A current-carrylr_Igf\_NlId
wound into a coil produces a more concentrated magnetic field,
like that of a bar magnet, and using a metal core makes the

magnetism even stronger.

KA MOV

URE

Direction of current

E-——
- —

If the current were flowing in
the opposite direction, the
poles would switch places

, Screcsdriver
r Touch the end of the | Becomes a magnet
screwdriver blade to i when The current
N

some paper clips. s sectehed on

How many can it pick up?
Disconnect the wires from
the battery and try again—
the screwdriver should lose
its magnetism.

i

Jnmuqmmmn

ullt“.“""-.m \

Jiin

o S ==

TOP T/p

§crewdrivers someti

ehghtly Magnetic tip sont‘f?:thsacvri;

ck to them, See how magnetic os
screv./dn'ver is before Starting lfre d

expenrpent-how many paper clips

can it pick up? Then test how man
moqe stick to it after turning jt !

into an electromagnet.




A MOTOR

Electric motors use electromagnetic attraction and

repulsion to conver

t electricity into movement. They're

used in all sorts of machines from high-speed trains to

o n S. o .
washing machine works on exactly the same principle.

much power but it
Get spinning!

enamelled copper wire

20 times around an AA battery
or chunky marker pen. Leave
about 2 in (5 cm) of wire sticking
out from each side of the coil.
Slide the coil off the pen and
wrap the ends around the inside
of the coil to stop it unwinding.

I Make a coil by wrapping

This simple version won't provide

YOU WILL NEED:

D-cell battery (1.5 volts)

Strong magnet

3 ft (1m) of enamelled copper wire,
also called magnet wire

AA battery, marker pen, or item of
similar width

Rubber bands

Two large paper clips

AT one end o0

The vire, remove

onli /«m[f 07(‘
’l‘hZ nsvlation

A\ Ask an adult to scrape the
2 enamel coating off one end
mm of the wire using scissors

or sandpaper. Then scrape the
enamel off the other end of the
wire—but this time only remove
it from one side. Leave the other
side in tact.

Bend the paper clips in the
middle to form supports for
the coil. Place one paper clip

3

on each end of the D-cell battery

and wrap rubber bands around the
battery to hold the clips in position.

HOW DOLES
THIS WORIK?

An electric motor contains a rotating
electromagnet called a rotor. Its north and south
poles are attracted to the oppos'ite poles gf a
nearby permanent magnet, making the coil rota'\te
half a turn. The current is then reversed, reversing
the rotor’s magnetic poles, so it is repelled by the
permanent magnet and completes another hglf
turn in the same direction. Continually reversing
the current like this makes the coil spin. Your' ‘
simple version works in a similar way. The co!l is
the rotor, and when the current runs throu_gh it, itis
attracted to the magnet. Instead of reversing the
current, leaving insulation on half of one end of
the wire turns the current off every half turn,

so the coil is attracted in a series of pulses.

Permanent magnet

alternately attracts and

repels the rotor to make it

spin continuously
Component called the
communicator reverses
the current every half turn,
reversing the rotor’s
magnetic field

Rotor turns into a
magnet when the electric
; current is switched on
Battery supplies
an electric current

Electric motor




EUREKA MOMENTS
o Motor in minutes

This simple motor has even fewer
components but demonstrates a
similar principle. Strip about 0.5 in

: . ; (12 mm) of insulation from each end
so that the end dipped into a dish of of a6 in (15 cm) piece of wire. Snap

mercury—a metal that is liquid at room a neodymium disk magnet onto the
temperature. The wire was free to move. head of a steel screw. Hold the

A magnet sat in the middle of the dish of Wire moves screw up to a D-cell battery so that
mercury. When the wire and the mercury around. The the screw’s point sticks to the

Wwere connected to a battery, the wire ' battery’s positive terminal. Touch one
started moving around the magnet. Today’s | end of the wire on the battery’s free
electric motors are based on this discovery. terminal and the other end against

the side of the magnet. The screw

Dish Of and magnet will start spinning.

merevry oith
magne‘l‘ nscde

Faraday’s motor

Stick the mag
‘l the side of t

Hang the co
paper clip hooks

Only one h;ﬁ{‘o/‘ N spin. The coil sh

o o 1h 5 -

Mi;:r;cjawz‘e:? . The moving part off spmplngihlht
&~ enamel | a motor s called moving the ¢
magnet or tr

powerful i







|d works,

d me! gcientific

mean we can grow, more

t the weather, and protect
ourselves " agse. It's hard to imagine what the
world wou t liance of science:
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T PRESSURE

| : and falls from day to day. '
e it happening by making .

Dressure i d us rises
The pressure of the air around us |
You can't feel it changing, but you can se
an instrument called a barometers

ale

of the body'off a balloon. Stretch

the rest tightly over the top of
the bowl as if you afe making a
drum and tape it in place. '

Cut the neck and a small part A\ Make a short slit in the end of
I 2 one of the straws and insert
mm the other one into it. Tape
them together and then tape one
end to the middle of the balloon.

YOU WILL NEED:

Bowl

Large balloon
Scissors

Tape

Two drinking straws
Sheet of cardstock
Marker pen

Ruler

&) ¥

20 mins

AN Fold the cardstock in the

3 middle so that it will stand
N upright. Mark a scale on it
with lines 0.2 in (6 mm) apart using
a pen and a ruler.

4

position the scale by the end of

the straw. Check every few hours
to see if the pointer has moved up or
down to show a change in air pressure.

‘l Put the bowl on a shelf and

‘\
Q
el
\\\
\
—

The sTrac noves
dawn 157("2‘/26 amr
pressure 7(21[[:,
and U/o 1'-7{"f/46

pressvre rises

HOW DOLES
THIS WORIC?

s, reducing the pressure of the air
known as a low-pressure zone.
d presses more on the grounc_j,
forming a high-pressure area. The more air pressure there is,
the more the air is pressing down on the ball_oon skin qf your
barometer, pushing it into the bowl and n_1ak|ng the pointer
rise. Air pressure also causes wind, as wind always blows
from a high-pressure zone to a low-pressure zone. Tk_\e
greater the difference in pressure, the stronger the wind.

Warm air expands and rise.
on the ground below. This is
Cold air is heavier. It sinks an

Cool air sinks

Warm air rises

Cool air moves toward
low pressure area,
causing wind
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. Wind speed is meas
- homemade version,

WHIZZER

-

ured by a device called an anemometer. In t!\is
as the wind whips by it makes the cups whizz

around in a circle. Their speed shows how fast the wind is bIowing:

draw a cross on it to find

I Take your paper plate ahd

the center. Mark one of
your cup§_with a thick stripe
using your felt-tip pen.

)

AROUND U
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AN Push a drawing pin through
3 the center of the cross
N into the eraser on the end of
the pencil. Test the cups to make
.sure they can'spin around easily.

Isobars

Meteorologists (weather scientists) measure
the air pressure in lots of different places
and mark the results on maps. Areas of
similar pressure are linked with lines called
isobars. These lines encircle areas of high
and low pressure. Where there is a high,
there is usually dry, fine weather. Lows
usually bring rain. Where the isobars are
closer together, the wind blows faster.

A

-

L
AN Arrange your cups so thate
? they are all facing the same
mm direction on the rim of the
paper plate. Staple them in place
at the four'points of the cross.

big lump of modelling clay and watch the

cups spin. Using a stopwatch, count how
many times the marked cup passes around in
a minute. The more revolutions per minute, the
faster the wind is blowing.

‘i On a windy day, stick the pencil into a

YOU WILL NEED:

Four paper cups
Paper plate

Felt-tip pen

Stapler

Pencil with an eraser
Drawing pin
Modelling clay
Stopwatch

20 mins
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Clouds form’when water evapo
in cold air high above the

microscopic specks of

Create your own Wisps 0

jar to create a dark background.
Fill about a quarter of the jar
with warm water from a faucet.

ITape the black cardstock to the

£\ Fill the sandwich bag with .
" ice cubes and seal it shut.
=l Make sure that it’s big

enough to cover the top of the jar.

AN Get an adult to light a
3 match.and then blow it

" ¥ out. Wait for a second or

two and drop it into the jar.

('Ri A Cl.OuUD

ates f
rd. Tiny droplets of water form around

then come ‘together to form a cloud‘.

f cloud from ice, water, and smoke.

-

rom the oceans and condenses

<

Make svre That i
The e Dag von't |
Fall oo e jar

WatTer vapor
condlenses when
T bits acr cooled
12547 The e

Quickly put the bag
‘ i of ice on top of the

jar and watch as a
cloud forms inside.

Some o 'The
warm water
evafora'fe_ s
and reses

ToP TIP

-y

YOU WILL NEED:

Large, flat-sided jar
Warm water
Resealable bag

Ice cubes

Black cardstock
Match

Tape

@ M s\

10 mins




HOW DOEES
THIS WORIK??

When oceans are warmed by sunlight, some of the yvater
e\;aporates and becomes water vapor hgld in the air. As the
warm air rises, it expands and cools until the water vapor
must condense back into a liquid. But the water molecules
need a solid surface to stick to before they can conden§e.
Tiny dust particles in the air act as condensatl_on nu.clel—
sites where the vapor can condense apd thn |th<_> tiny
water droplets. The droplets build up in their millions to
form a cloud. In the jar, smoke particles frgm the match act
as nuclei to allow the vapor to condense into a cloud.

Water vapor
condenses around
tiny dust particles,
forming clouds

Sunlight warms
the ocean

Warm air containing
water vapor rises

SCIENCE

IN SIEC(JNIJ%/\‘{}_

All air contains some water vapor. Water vapor is a gas
and you can't see it, but by making the gas condense
you can show that it is there. Fill a glass with crushed
ice and add a tablespoon of salt. The salt will make the
ice melt, drawing in heat from the surrounding air. This
lowers the temperature of the glass so much that frost
crystals grow on the outside. The water vapor in the air
has turned to ice. If the glass wasn’t quite as cold, the
vapor would condense into water droplets instead.

Water in the air

The glass s so
cold “Tthat ot
makes water
vapor in The

acr 7(/“eeze

- = -

- ‘e >
-
& E . "
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Types of cloud

The three main cloud types are cirrus, cumulus, and stratus.
Cirrus clouds are thin, wispy, and high in the sky, cumulus clouds
are puffy and white with a flat base, and stratus clouds form
layers or blankets. But these clouds come in many variations.
Clouds with nimbus in the name indicate rain. In the right

conditions cumulus clouds can grow taller and taller, forming
giant cumulonimbus thunderclouds.




d-can remain

eks, months, or even.y.eurs, a seedcan|
fnoc:c\:n?e. Bixt when {he conditions.are right it will burst
into life and-begin to grow. So, what's going 0

this experiment you'll be able to see for yo

for a day or two. Dip a piece

of blotting paper or a paper
towel in water to moisten it and
then roll it up.

I Soak your bean seed in water

Up or down?

A plant’s roots will always grow downward. Soak a
bean seed in water for a few days, then push some
florist’s wire through it. Put some wet cotton balls into
a jar and attach the wire to the lid. Lay the jar on its
side for a few days until a root sprouts and grows
downward. Then turn the jar so that the root points
upward and observe it again in a few days. The root
will have changed direction. Gravity pulls a hormone
called auxin in the plant downward. If more of it
collects on one side of a root, the root grows faster
on the other side, turning it downward.

-

. GOWASEED

ONDS

:C

ENCE IN S
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urself.

YOU WILL NEED:

Blotting paper or paper towel
Fava bean seed
Water

n? With

TOP 1Ip

qua bean seeds are great for
this experiment because they
start growing fast qng the seeds
are large, which makes it eqs y to
watch thgm develop, But you can
experiment with different
seed§-they all take different
times to germinate,

A\ Fill the jar with the rolled
2 up paper and wedge the
mm bean seed between the

paper and the jar about halfway '

down. If the paper won’t prop up.... #'Y Add water to the jar, but

the seed by itself, pack some only to a level below the

more paper inside the roll. N seed. Place the jarin a
warm, dark place so that the
seed can germinate.

HOW DOLES
THIS WORK?

Germination is the production of roots and shoots from a

seed. In order to grow, the seed needs water, sunlight, and
warmth. A seed contains food stores called cotyledons that hold
all the energy it will need. When the seed absorbs water, it is
prompted to start using its food store and swells up until the
seed coat cracks. The plant embryo inside the seed begins to
grow—the radicle (embryonic root) forces its way out and as it

grows downward, the plumule (embryonic shoot) emerges and
begins to grow upward.

Cotyledon Seed coat is a

protective shell

Radicle

Plumule
(shoot)
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Leave the jar for a few days,
‘ keeping the paper moist by

adding drops of water if it
feels dry. Eventually, a small root
will sprout, growing downwarq:

r After several more days, a
green shoot will sprout from
N the bean, growing upward
seeking light. Move the jar into a
sunny spot to help the shoot grow.

Cold storage

To try and prevent plant species from becoming extinct, the Millennium
Seed Bank in Kew, England, holds 1.5 billion seeds from around the
world, making it the world’s largest wild seed bank. To preserve the
seeds for hundreds of years without them dying, they are dried out
and frozen at -4°F (-20°C). To make sure that the seeds are surviving
the freezing process and will be able to grow in the future, a sample
of the seeds are defrosted and germinated every 10 years.

Growing race

This experiment takes seconds to set up, but you’ll need to
monitor it for a couple of weeks. Fill three pots with soil and plant
a sprouting bean seed (step 5, left) into each of them, with the
seed and roots under the soil surface. Label the pots 1 to 3. Place
pots 1 and 2 near a window and pot 3 in a cupboard. Water pots
1 and 3 a little every day for 3 weeks. Pot 1 will have grown the
most because it has light, water, and nutrients. The other two

won’t have grown much, or may have died, because pot 2 had
no water and pot 3 had no light.

AROUND US
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sLaa CIN\A sl w ¥ =8 YOU WILL NEED:
AT | ,(‘- . qAP - ;‘I'. \ ¥ 4 I : L Shoebox
= ' i ‘ o ] -— ¥ Cardboard

L 1 o s Scissors

| Black paint

Lu’- 1l e

Tape
. ¢ Fl
Greér{ plants always: grow toward the sunlight. It nece?z‘sia;‘yt, Hoeri e
they will bend and turnin order to get closer to a source OLIGNL. Runner bean seed

They will even thread their way through amaze. , Ll

| @ ™

Cut a hole in one end of D o ' 1 week
the shoebox. You will also =t
g need to cut two cardboard .~ e

squares slightly shorter than \\<f” ’/’”

the'width of the box. Q & . At the same time every day,
4 ™ ‘ open the shoebox and add

some water to the pot to keep
the soil moist. After several days, a
shoot should emerge and eventually
work its way out of the box.

515

Z ¢

and the inside of the shoebox

black to help reduce light
reflection. When the paint has fully
dried, stand the box on its end and
tape the cardboard squares inside.

? Paint both sides of the squares
™

L
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& or compost and add a
N runner bean seed. Give
the whole thing plenty of
water. Put the pot.in the
shoebox and put the lid on.

I; Fill a’ﬁowerpot with soil

SCIENCEE

Following the Sun

Some plants hold their leaves flat so
as to catch as much light as possible.
Others actually move so that they
point toward the Sun. It's easiest to
see this in plants that have big, flat
flower heads, such as sunflowers.
These plants with bright yellow petals
move their flower heads to follow

the Sun’s position as it moves from
east to west during the day. This

is called heliotropism.
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c\ — ' Q WARNING! YOU WILL NEED:

- alcohol is ext lodine and dropper
— t\ ' flammable ang should only bmig Glass jar
l - > l " a well-ventilated areq, qng the Saucepan
- N

iodine is Pisonous and wjj stain Rubbing alcohol
anything that it touches, * _ Black plastic

| 1 : Gerani
__Through photosynthesis, green plants use sunlight to , Tg;gnum

" make food, which they store in their leaves in thg form _ _ 3 ;gsese::esrs
of -starch; You can prove that photosynthesis has ; 15 —

Water i =

@AM |

2 days

light. Wrap some black

plastic around one of the
leaves-and tape it shut. Leave
it there for at least two days
before unwrapping it.

- I Place a geranium in good

A\ Ask an adult to heat #N Use tweezers to dip
' some water in'the the wrapped leaf and
|

saucepan and stand N aregular leaf first into
-gn ‘your glass jar inside. Pour the water and-then into the
|"| () ‘M IJ () I: be | some alcohol into the jar alcohol for a few minutes. »
— a P and when it has warmed This strips the green
I I'{IS, WORK ? up, remove it from the heat. coloring out of the leaves.-
. ~
A plant’s ability to grow toward the Iight is called
phototropism. A hormone called auxin collects
on the shady side of the stem. It weakens the
cell walls so the cells swell up.ogtth;\'t ?tiet;se o e il
bending the stem toward the light. I e?i ‘ l warm water to remove any alcohol
light to make f.°°d ey in sunlight and place the leaves in separate
photosynthesis. They use the dgne.rj]g ihto dishes. Drop some iodine onto each
to convert water and_carbon I0X|d Stakch leaf. The unwrapped leaf will go
glucose, an energy-rich sugar, an £ dark but the wrapped leaf will not.
Wrapping a leaf keeps light out and prevents
photosynthesis. lodine changes color in the

presence of starch, and so perforrping the test
reveals that starch is no longer being produced.

Cells on the dark .
side expand Wrappe A lea /\
does not
Direction of sunlight \ darken in codine

; Unesrapped leaf
oes G{ar/r. when
47au a(ra,o codine
onTo ¢t
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T COLO
ILOWER

"~ FLLOWE

Ploﬁté przadu‘ce flowers in all colors, but have you ever

i lor and half another
a flower that is half one colo . .
f:?)?c;‘r?,You'cun make one if you understand a little bit

of plant science. 5

‘ “

flower—a carnation works halfway up the stem. Wrap
particularly well—and lay it* a piece of tape around the
out.on a chopping board. Ask stem where the split stops, to

53ri adult to slice the flower’s . prevent it from splittifig any further.
stem in half lengthWise. L

I Take a long-stemmed white e ? The cut should extend about
¥ ™

YOU WILL NEED:

Two glasses

Food coloring

A white flower with along stem
Tape

Knife

Chopping board

Water

AN Fill two glasses with water

3 and add food coloring to'
N one of them. Place the
flower in the glasses, with half
of the stem in each.

HOW DOLES
THIS WORIK?

Plants draw up water from the soil through their roots. |t|:s
transported through the stem by t_he xylem—stacked ho O;N ;
cells that form a tube. The water rises up the xy]em to the leave
where some of it evaporates, or transpires. Losing water from
the leaves like this makes the xylem suc_k more water up the
stem. In this experiment, the stem is split so the _water drawnt
up the stem is separated. Half of the flower receives clear water
and the other half receives colored water, so only half of the
flower’s petals change color.

Water evaporates
from the leaves

Water rises

through the stem Tubes called

xylem carry
the water

Roots draw up
water from the soil

SCIENCE AROUND Ui@_

Conserving water

Plants in dry places make the most of the little rain that falls.
Their leaves may be waxy to reduce water loss, or have
hairs to trap dew. Some plants store water in fleshy, spongy
parts. Desert cacti store collected rainwater in their stems
and have hard spines instead of leaves.




f #a[/‘ af The
flover's petals

c/«mnﬂe color

Check the flower’s
‘ petals about every
15 minutes or so.

Eventually you'll find that
half of them have turned red.

Dye Travels vp
Q‘Ze Hlower's
sten Tovard
The petals

The more dye There
s i The water,

The sTronger The
et il Be

™

SCIENCE AROUND US

Transpiration on the rise

Transpiration is an important part of Earth’s water cycle,
moving large volumes of water from the ground to the
atmosphere. A single sunflower transpires 2—4 pints

(1-2 liters) of water every day. A field of corn transpires
up to 31,700 pints (15,000 liters) of water a day. The level
of transpiration in the Amazon rainforest is so great that it
creates a visible mist above the canopy, and is partly why
the rainforest is so humid.

Streaky celery

The pipelines that carry

water (xylems) are visible in some
plants. Pour a little water into a jar and
add some red or blue food coloring.
Stand a stick of celery in the jar and
leave it for a while. Check back at
regular intervals and you should see
the coloring rising up the stem.

The 0{(72.
rises vp

The stem




| REVIVE

Cells in hvmg things have thm linings, or membranes.

some molecule
. e, which means it allows :
e permeob:\ butis a barrier to larger molecules dissolved in the wate

t of water through a membrane is called osmosis, and itis a

to pass throug
The movemen
great way to firm up a droopy carrqt &

-

Take a limp; old carrot and hollow

I out a small hole in the top. Insert
a straw into the hole and seal

any gaps around it with modelling

\ clay or melted candle wax.
7
the carrot, near the top. Place the
mm carrot into a glass three-quarters
full of water, so that the carrot is mostly
submerged, with the toothpicks
resting on the rim of the glass.

Stick.a toothpick into either side of

Standing tall % }._]

Trees stand up because they are made
of stiff, woody material, but other
plants rely on water pressure. Their
cells are blown up like balloons, but
with water instead of air, absorbed
through the roots by osmosis and
pumped all through the plant. If the
cells don’t receive water, they become
limp and the plant wilts. The leaves
droop and the stems lean over.

AROUND US

SCIENCE
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The membrane is
s-such as water=

YOU WILL NEED:

One limp carrot
Glass

Toothpicks

Straw

Modelling clay or wax
Sugar

Water

Pen

&) Y

2 hours

MW Dissolve a teaspoon of sugar in
3 about a-tablespoon of water and _

N\ put some of the solution in the

straw. Mark the level on the straw with a

pen. Wait two hours. The carrot itself will

be firmer, and the level of sugar water

in the straw will have risen.

tevel af svaar
solvTion in
The sTracs
rises as the
carrot adsords
more ater

STracs contans
svgar solvTion
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' <\' —" i_ L . YOU WILL NEED:
< /N | | , ' LB : Two fresh
SABSORBENT 0 e

Ty L ¥ 1N ' Water
I'- (\(‘ C - ' Molasses or corn syrup
Ny Two glasses

i

When water moves through a semi-permeable membmne,. it: alwgys__ —
moves toward the most concentrated solution. You can see this in action (? Q

-

by doing an experiment with eggs. An egg is surrounded by a semi=:,
permeable membrane, but to get to it you have to remove the shell.

L . F
AN Put one of the eggs into a glass of water i ’gﬁfﬁ;{u
) and the other in a glass of molasses or - : a/;(‘ﬁ,e.e

I corn syrup. Leave them for another 24 " 9

hours. The egg in the molasses or syrup will \
look considerably smaller than the egg in the
glass of water. Remove the €ggs from the
glasses and rinse off the molasses.

-

them in vinegar to dissolve the shell.
This will take at least 24 hours. Remove. .
the eggs, which will feel soft and rubbery.

I Place two eggs in a bowl and submerge

HOW DOES
THIS WORK?

In osmosis, water travels from a less concentrated
solution (with fewer dissolved molecules) through a
semi-permeable membrane to a more concentrate_d
solution (with more dissolved molecules). Watgr w.|Il
flow from one to the other until the concentration Is
the same on both sides.

R e egg in a jar of water and leave
N it for a few hours. The egg will
swell up as it absorbs the water—so
much so that if you prick it with a pin,
a jet of water will squirt out.

Water molecules move ’3 Place the shrunken

i

» O

O

.0

o

=il
O

O: ©
)

o9
Dissolved molecules
cannot pass through !
i i ter
When the limp carrot was placed in water, water
passed from the glass into the carrot’s cells-, making TOP TIP
it firmer. Water also passed frorp the carrot into the| Acetic a;id in vinegar breaks down
more concentrated sugar solution, making the leve the calcium carbongte iy an egg's
in the straw rise. Similarly, a de-shelle_d egg in water d'She"' which is why the she
expands as it absorbs water. An egg in molasses or . o lssolvgs. After you've trioped
corn syrup shrinks because water passes frqm the . i therr:'azs:'gh ;'tour €99s. Then weigh
to the syrup, a concentrated sugar solution. - after the experiment to
egg yrup see how much water they hqye
gained or Jost,
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RESPONSE

When something happens,
has instant reactions becat
between- your brain recen!
Measure your reactions and compare
friends to see who has the fustest._-

Trick your taste buds

Your brain works very quickly, but it uses
information from all five senses to interpret
the world, and sometimes our senses
mislead us. Fill three cups with different
clear sodas and get a friend to taste them
and guess what they are. Tell them to leave
the room. Add different food coloring to
each one. When they taste them again,
see if their answers are different.

how quickly can’you react? No-one
because there is a split secgnd delqy
ng information and acting on it.
them with those of your

«~paper and draw around it with
the pencil. Cut this strip of
paper out and divide it into six
equal bands. Shade each of
these a different color.

I Place a ruler on a sheet of

Stump your sense of smell
Our senses of smell and taste are
very closely linked. The tongue can
only identify sweet, sour, salty, bitter,
and savory tastes, but the nose is
much more sensitive and helps
you identify things in more detail.
Cut a pear in half, hold it under
your nose and take a bite of an
apple. It will taste as if you are
eating a pear because of the
stronger smell.

YOU WILL NEED:

Paper
Scissors
Tape or glue
Pencil
Colored pens
Ruler

® A

30 mins

S

£\ Stick the whole strip to the

2 ruler with either tape or
B glue. Ask a friend to hold

the top of the ruler so that the

bottom end is hanging between
your open thumb and forefinger.




On your marks...

A fast reaction time is crucial in many
sports. A sprinter who reacts to the sound
of the starting pistol faster than other
runners gets away from the start line first.
Pitchers in professional baseball are able
to throw the ball at a speed of almost

100 mph (160 kph). This means that the
batter has to react and swing the bat in
less than 0.2 seconds to stand a chance
of hitting the ball effectively.

b A\R()U?"'IJ Us

S
-
I-

LY
4

SCIEN(C

' Drop The ruler
withovt
ving an
wﬁrﬂl/’@

7(’ The rvler
alls Guick(y.
There rk‘n"zf
mueh Time To

When you see or hear something happen,
3/‘1,’0 T’

the information has to travel from your
eyes or ears along nerves to the brain.
Before you can act on what you’ve seen
or heard, a signal has to travel from your
brain to the muscles. All of this may _
happen in just a fifth of a second—this
is your reaction time.

Brain processes
information

Eyes see
something
happen

_Muscles receive
ruler, without warning you. - signal from brain

l; Ask your friend to drop the

N When they do, grip it as fast
as you can. The fewer bands that
slip through your fingers before you
grip it, the faster your reactions.




All Tiving Cell
tells them how
chain-like molec

- -

S OME DNA

ctions, or genetic code, that
is code is stored on a long
eic acid). You can extract”
with this experiment.

& WARNING!

Rubbing alcohof contai i
concentration of pure alg;hao?'z’}s
used as an antiseptic, but it js toxic,
so.you must never drink it |t is also'
highly flammable, yse it only in
well-ventilgted area and do nota
inhale the fumes,

s contain a set ot_iqstru
to grow and function. Th

ule called DNA (deoxyribonucl

DNA from cells and see it with your own eyes

the alcohol in the freezer

for 30 minutes. Put some
strawberries in a jar and mash
them up witha fork or the back

El I Before you begin, put

of a spoon until they turn to pulp.

£\ In a second jar, mix the
) water with a few drops

mm of dishwashing liquid and a
pinch of salt. Stir them together

Combine this mixture with

YOU WILL NEED:

Strawberries
3 fl oz (100 ml) water
3 fl 0z (100 ml) rubbing alcohol
Dishwashing liquid
Salt

Large bowl

Two jars

Fine sieve or strainer
Thermometer

Fork

Paper clip

Spoon

Jug

Glass

@ s A\

1 Hour

’,
the mashed up strawberries

slowly so.as not to form bubbles.
and mix everything together

Scoop out and dispose of any

bubbles that do form. slowly and carefully for about

2 minutes. Again, scoop out
any froth if necessary.

3

Pour some hot water into a
‘ bowl! and, if necessary, add
cold water until the temperature

is about 140°F (60°C). Stand the jar of
mashed fruit in the bewl and leave it

there for 15 minutes.

Design for life
DNA is like an instruction manual for cells.
Everything about a person, from eye and
hair color to the likelihood of contracting
certain diseases later in life, is contained
in his or her DNA. Apart from identical
twins, everyone is born with unique DNA.
It is found in every cell, so DNA can be
extracted from samples of blood, hair, or
saliva found at crime scenes. The unique
pattern of the DNA can then be recorded
as a series of rungs, almost like a
supermarket barcode, called a DNA
fingerprint. This can be compared with a
sample taken from a suspect, or stored in
a police or government agency database.

AROUND US,

TOP T/p

Yoy can perform this experiment
with kit_w', abanang, gn onion
and a variety of other fruits ané
vegetables Providing thqt you
remove the skin, Experiment and
see which works best,

LY
’

SIENC

5(




HOW DOES
THIS WORK?

DNA is stored deep within each cell’s nucleus, protected by a cell

membrane and (in plant cells) a strong, outer cell wall. Mashing . e =

up the fruit and warming it breaks down the cell walls, and the e ey

dishwashing liquid in the mixture dissolves the cell membr'anes. A o

Salt makes the DNA clump together and the alcohql pulls it r:lj/‘.)\ :

into a layer above the solution so that you can see it. The D!

is packed inside tiny, X-shaped structures called chromosomes,

coiled up like a twisted ladder, called g double

helix. The sequence of different chemicals

that make up the rungs of the ladder is the

code that holds the

genetic information. ey
at

Qb

| )
! |
- 4

E o ,'/- -: 'l..?.r.- 1
. .} : o ,?! t\'- \// !;_'.ﬁ'r
Uncoiled chromosome shows the
double helix structure of DNA

.
2 =

T W
i My
f \

a fine sieve into a fresh
glass to filter out all the

_ Take the alcohol from théfreezer
lumps. All you should have left ,

-

r " Push the mixture through
v

and dribble it down the side of = =
the glass very slowly so that it - - ; ’
settles on top of your mixture. You I e iEdiatorotisiote

is the liquid—this is where the
DNA will be.

might find it easier to use a pitcher or Ei?vje\,ev:fﬁé\?{g?li_clllﬁlcla}cﬁé ]:I::r:::)?
e D e Blobs of jelly-like DNA can be picked up
o A - on a hook made from a paper clip.




> 50 , " d ~ YOU WILL NEED:
| : - . . 34 fl oz (1liter) water
BRARNY LN L < L Y 0.5 oz (15 g) agar flakes
i K . = Two beef bouillon cubes
4 . ). ’ - . ‘ W Small, shallow dishes, which can be

thro.wn away after the experiment
Plastic wrap or resealable bags

Life comes in all shapes and sizes. Some living things are so diny Bleach (to kill the germs=adult use only)

| i ' [ bacteria -
you can't usuglly see them. Microscopic organisms called — = .
are all around us. They are the reason you are alwaysbeing told to @ FA / ﬂﬁ‘i /N
wash your hands. If you can't see any dirt, you might think you 1 week

don't need to=but this experiment will make you think again!

.z

\

¢

\

.. 2 i 1 k T
In a pan, mix the agar flakes £\ Let the mixture cool for AN Immediatel
‘ . 1em cover the i i
I Zvlztgetges\ivif’?te:) 32? atvlv:Wbﬁumton 2- 10 minutés. Mgke sure that 3 dishes to kZep unwanted ‘ Iﬁfg\%p;h;:hxpegment,
g s T B?-a o your shgllow dishes are as N bugs out. Slide them inside a fingertip i htlaln Bl
AL L thén l,entgt sterilizaestﬁowb'le. Ask an adult .to plastic resealable bags or cover the surface of tﬁe Srgnix’zluacr((;ss
the Y minUtes,(to Q! i A em with hot Wat.er orin them with plastic wrap. Let the the dish u i P
ilize e oven. Pour the cool mixture dishes stand until the mixture has afterward pUaSgea(Ier;irecljlgnttaV\{ay
2 ish to test

it). This mixture provides food for into the dishes so th
; at the bottom set. Agar Il : '
the bact ks gar usually sets quickl d
cteria and helps them grow. of each dish is covered. without havingto go in the f?lidge :o ;f;irir:os\?;iﬁgé;?bel r’:hem
' is whose.

HOW DOES -
THIS WORK? ToP TIP

. : e BN : Aqar is made from seqweed and

A single bacterium consists of just one tiny cell—about canbe purchused in heo\}h food
1,000 times smaller than a single cell from an animal. stores. ltis usedin cookingas @
You could never see one with the naked eye, but when vegetarian substitute for ge}u\m.
lots of them grow in one place then they become visible. to set foods like desserts. 1S also
Touching the agar mixture transfers bacteria from your used to set the nu\r'\ent. me'dmm “;
finger to the dish. The bacteria feed by absorbing nutrients the Petri dishes that SCW}“‘S‘S .
from the agar mixture, and they multiply in number by to culture bacter@
dividing in two again and again. After a few days, there

are so many millions or even billions of bacteria that you

can see them as a bacterial “culture”.
Whiplike threads
used for swimming
Tough cell wall forms

protective outer layer

-_ Inside the cell are all
the chemicals that
help the cell grow

~~. Bacterium
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Antibiotics

Medicines that kill bacteria are called
antibiotics. Before they were discovered,
there was little defense against harmful
bacteria and a simple infection could be
fatal. The first modern antibiotic was
discovered by accident. In 1928,
Alexander Fleming (1881-1955), a
medical researcher working in London,
noticed that something had gone wrong
with one of his culture plates. It was
meant to be growing staphylococcus
bacteria, but a mold had grown on the
plate and killed some of the bacteria.
He named the active substance in the
mold penicillin and the antibiotic of the
same name was developed from it.

Bacteria

Bacteria are found everywhere on Earth.
They float in the air, live in the soil, and are
found all over plants and animals. Most
bacteria are harmless, and some are vital to
life on Earth, breaking down organic waste
and helping plants to take in nitrogen from
the air. But a few can be dangerous. They
can cause food poisoning and serious
diseases. The bacteria pictured,
Streptococcus pyrogens, causes skin
infections, sore throats, and scarlet fever.

KA MOMI

URE

WARNING/

= §ome bacteria can cau
Sste;:ntzt:’s iliness, Once the experi:ent has
Bsic wap o o 20 e
es, An qd|
Atbteh Present throughout the expel:::e';otu'd
HELPe end of the experime :
s EF{ should uncover the dishes slightly
) Without causing Splashes, carefully

Place them
three days you should see dispose of H:g E:::gf': ;:;“;sr;;t;r, !;hen
. Don't

something on the surface of the forget to
w

mixture. See what has grown ash your hands;

after one week. Whose fingers

had the most bugs?

r Leave the dishes in a
warm place. After two or
Y

! £iq colonces
ca;rf;/'n :[argef The Boudlon in
;'7(";:'25 e,‘;‘er' The agar mixture
acterda provides food for
The Dacteria




GLLOSSARY

Acid

A substance that produces positively charged particles
made of oxygen and hydrogen, called hydronium ions,
when dissolved in water. Vinegar and citrus juices

are acids.

Aerial

The part of a radio set that sends or receives
radio signals.

Aerodynamics

The study of how gases, especially air, flow around
solid objects.

Air

The mixture of gases that surrounds Earth. Air mainly
consists of nitrogen (78%), oxygen (21%), and argon
(0.9%). There are also small amounts of carbon dioxide,
water vapor, and other gases.

Air pressure

The force exerted by molecules in the air pressing against
something. Sometimes referred to as atmospheric
pressure—the weight of the air molecules in Earth’s
atmosphere pressing down on Earth’s surface.

Air resistance

The friction a solid object experiences as it moves
through air. Objects that are streamlined encounter less
air resistance and move more quickly through air.

Alkali

A base that can be dissolved in water.

Amplitude
The height of a wave, measured from its center line
to its peak.

Anemometer

A device for measuring the speed of the wind.

Antibiotic
A medicine that kills or slows the growth of
microorganisms, especially bacteria.

Atom

The smallest part of an element that has the
chemical properties of the element. It is made of a
positively charged nucleus surrounded by negatively
charged electrons. The positive and negative charges
are balanced, so an atom is electrically neutral.

138

Bacteria

Microscopic single-celled organisms, found almost
everywhere on Earth. Most bacteria are harmless,
but some can cause diseases.

Barometer

A device for measuring atmospheric pressure.

Base

Bases produce negatively charged particles in water,

called hydroxyl ions. Baking soda and bleach are bases.

Battery
A device that uses a chemical reaction to
make electricity.

Camera obscura

A darkened box or room with a hole or lens at one side
that projects images onto a screen on the other side.

Catalyst

A substance that changes the rate of a chemical
reaction without being changed permanently by
the reaction itself.

Catalytic converter

Part of a vehicle engine that changes harmful exhaust
gases into less harmful gases.

Celsius

A temperature scale named after Swedish scientist
Anders Celsius (1701-1744). On the Celsius scale,
water freezes at 0°C (32°F) and boils at 100°C (212°F).

Centrifuge

A machine used for spinning mixtures at high speed
to separate the contents according to their mass

or density.

Centripetal force

A force directed toward the center of a curve or
circle that makes a moving object travel in a curved
or circular path.

Charge
An excess or shortage of electrons. Objects can be
positively charged or negatively charged.

Chemical

Any substance that can change when joined or mixed
with another substance.

Chemical reaction

A process during which one or more substances are
changed into one or more new substances by
rearranging their atoms.

Chlorophyll

The green substance in plants that is responsible for
absorbing the light energy used in photosynthesis.

Chromatography
A process for separating a mixture by passing it through
a material, such as paper.

Chromosome

A structure found in the nucleus of living cells that
contains genetic information. Chromosomes are made
of DNA and proteins.

Circuit
A complete and closed path around which an electric
current can flow.

Colloid

A mixture of large molecules or tiny particles of one
substance spread throughout a second substance.

Combustion

Another name for burning—a chemical reaction in
which a substance combines with oxygen and gives
out heat energy.

Compound

A substance containing atoms of two or more elements.

Compression

1. Squeezing something together into a smaller space.
2. The part of a sound wave where the air molecules are
squeezed together.

Condensation

A change of state where a gas turns into a liquid, usually
because of a drop in temperature.

Conduction

The transfer of heat or electricity through something.

Conductor

A substance that allows heat or electricity to pass
through it easily.

Constellation

A pattern of stars as observed from Earth.




Convection

The transfer of heat energy in a liquid or a gas caused
by the tendency of warmer liquid or gas to rise, and
colder liquid or gas to sink.

Cotyledon
The food stores that a young plant feeds off until it can
carry out photosynthesis for itself.

Crystal

A solid with a highly regular arrangement of atoms.

Density

The amount of mass in a given volume.

Diode

An electronic component that lets an electric current
pass through it in one direction only.

DNA

Deoxyribonucleic acid. Contains instructions for the
growth and functioning of an organism.

Drag

Resistance to motion through a liquid or gas. Boats
moving through water and aircraft moving through air
are slowed down by drag. The faster something tries
to move, the more drag it experiences.

Effervescent
Fizzing or giving off bubbles.

Effort

The force needed to move a load.

Electric current

A flow of electrons through a conductor. The size of an
electric current is measured in amperes, or amps. The
faster the electrons move, the greater the current.

Electrochemistry

The branch of chemistry concerned with the effect of
electricity on chemical reactions, and the production
of electricity by chemical reactions.

Electrolyte
A solution that conducts electricity, because it
contains ions.

Electromagnet

A magnet that works only when an electric current
is flowing through it.

Electromagnetic spectrum

A group of energy waves arranged in order of
increasing wavelength. It includes radio waves,
microwaves, infrared waves, visible light, ultraviolet
waves, X-rays, and gamma rays.

Electron
A negatively charged particle of matter that orbits an
atom’s nucleus.

Element
A substance that cannot be broken down into a simpler
substance by chemical reactions.

Emulsifier
A substance that stops an emulsion from separating.
Egg yolk is often used as an emulsifier in cookery.

Emulsion

Minute droplets of one liquid spread throughout a

second liquid with which it normally does not mix.

Milk is an emulsion of fat droplets in a watery fluid.

Endothermic

A process or chemical reaction that absorbs energy
in the form of heat.

Energy

The ability or capacity to do work. Energy is measured
in joules. It can take many forms, such as kinetic
(movement) energy and potential (stored) energy.

Evaporation
A change of state where a liquid turns into a gas,
usually because of an increase in temperature.

Exothermic

A process or chemical reaction that gives out energy
in the form of heat.

Fahrenheit

A temperature scale named after German scientist
Daniel Fahrenheit (1686-1736). On the Fahrenheit scale,
water freezes at 32°F (0°C) and boils at 212°F (100°C).

Filament

A thin piece of wire that heats up when an electric current
passes through it. Electric heaters and incandescent
bulbs use filaments to produce heat or light.

Fluorescent
Absorbing light at one wavelength and then giving it out
again at a different wavelength.

Force

A push or a pull that changes the motion of an object.

Freezing
A change of state that involves a liquid turning into
a solid, usually by reducing its temperature.

Frequency
The number of waves, or cycles, that pass a point in
a second, measured in cycles per second, or hertz.

Friction

A force caused by one surface rubbing against another.

Galvanize

Coat iron or steel with zinc to prevent it from rusting.

Gamma rays

Electromagnetic waves with the shortest wavelength on
the electromagnetic spectrum.

Gas

One of the four states of matter. Gas molecules are
further apart than those in liquids—they are not linked
to each other at all, and expand to fill a container.

Germination

The point at which a seed begins to sprout into a plant
after lying dormant in the soil.

Glucose

A simple sugar that is used as an energy source in many
living things.

Gravity

An attractive force that all masses have. The greater
the mass, the stronger the gravitational pull. Gravity
holds moons in orbit around planets, and planets in
orbit around stars.

Hemoglobin
The part of the blood that is responsible for transporting
oxygen around the bodly.

Heat

A form of energy, caused by the motion of molecules.
Heat flows from hot substances to cold substances, and
is transferred by conduction, convection, and radiation.

Hemisphere

Half of a sphere.

Hydraulic

Moved or operated by a liquid. Hydraulic machinery
is powered by a liquid (usually oil or water) pumped
through pipes at high pressure.

Incandescent

Glowing because of heat.

Indicator

A substance that changes colour when it is mixed with
an acid or a base.

Inert

Chemically nonreactive.

Infrared

Electromagnetic radiation that is outside of the visible
spectrum and is commonly felt as heat.




Insulator
A substance that does not let heat or an electric current
pass through it easily.

lon

An atom or molecule that has an electric charge
because it has gained or lost electrons.

Isobar

A line on a meteorological chart that connects areas
of the same pressure.

LED

Light emitting diode. An electronic component that
lights up when a small electric current flows through it.

Lens

A piece of transparent plastic or glass that bends light
rays together or apart as they pass through it.

Lift
A force that acts upwards. For example, the force that
supports the weight of an aircraft when it is flying.

Liquid

One of the four states of matter. A liquid is made of
molecules that are further away and not as rigidly linked
as those in solids. A liquid flows to take up the shape
of its container.

Load

A heavy object.

Machine

A device that changes one force into another to make
work easier.

Magnet
A piece of material that attracts some metals,
especially iron.

Magnetic field

The area around a magnet in which its effects are felt.

Mass

The amount of matter that something contains.

Matter

Everything that has mass and fills up space is made
of matter.

Mechanical advantage
The increase of force that you get when you use a
machine to do something.

Melting
A change of state that involves a solid turning into a
liquid, usually by increasing its temperature.
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Membrane

A flexible barrier that controls the flow of material in
and out of something, such as a cell.

Meteorite

A piece of rock or metal from space that passes through
the atmosphere and lands on Earth’s surface.

Meteorologist

A scientist who studies the weather.

Microorganism

Any microscopic thing that is alive—including bacteria
and fungi.

Microphone

A device that changes sound waves into an
electric current.

Microwave

Electromagnetic radiation that has a wavelength shorter
than radio waves but longer than infrared radiation.

Mineral

A naturally occurring substance, such as rock, produced
by geological processes. Some minerals are valuable
because metals or other useful materials can be
extracted from them. These minerals are called ores.

Mixture

Two or more substances that are mixed together but are
not chemically combined.

Molecule

The smallest part of an element or compound, made
of two or more atoms linked together.

Monomer

A molecule that forms a polymer when repeated in
along chain.

Motor

A machine that changes electrical or chemical energy
into motion.

Neutralize

To make an acid or a base into a neutral solution,
i.e., make it neither acidic nor basic.

Non-Newtonian fluid

A liquid that behaves more like a solid when pressure

is applied to it, and so does not obey the usual laws of
fluids that were discovered by English scientist Sir Isaac
Newton (1642-1727).

Nucleation

A process that creates gas bubbles in a liquid, or water
droplets or ice crystals in air. The bubbles, droplets, or
crystals form in or around points, holes, or specks
called nucleation sites.

Nucleus

1. The central part of an atom.
2. The part of a living cell that contains DNA and
controls the cell’s growth and functioning.

Oxidation
The process where a substance reacts with oxygen
to produce an oxide. Rusting is an oxidation reaction.

Oxide

A chemical compound containing oxygen.

Oxygen
One of the gases in air, essential for most of the life
on Earth.

Pendulum

A weight hanging from a point so that it can swing freely.

Photosynthesis

The process by which green plants make food from
carbon dioxide and water using the energy of sunlight.

Phototropism
A plant’s response to light—plants turn and bend so
they grow toward light.

Pitch

The property of a sound that makes it high or low.

Plant embryo

The part of a seed that grows into a plant. It is made up
of the plumule, the radicle, and one or two cotyledons.

Plasma
A gas-like state of matter so hot that its atoms lose
their electrons.

Plastic

A material that is made of polymers and can be
moulded and shaped when soft. Plastics are strong,
supple, and very versatile.

Plumule

The part of a seed that becomes a plant’s shoot.

Pneumatic

Moved or operated by pressurized gas, usually air.

Polymer

A simple molecule, that is made up of a monomer
repeated in long chains.

Power

The rate at which work is done or energy is converted
from one form to another form. Power is measured

in watts.




Pressure

The amount of force that is acting on a given area.
Pressure is measured in newtons per square meter
(also called Pascals) and pounds per square inch.

Pulley

A type of simple machine consisting of a wheel with a
groove around the rim to take a rope. A pulley changes
the direction of a force. Two or more pulleys used
together make it easier to lift a load.

Quinine

A bitter-tasting chemical compound that is used as an
ingredient in tonic water. It glows when an ultraviolet
light is shone on it.

Radiation

1. Energy travelling in the form of electromagnetic
waves or particles.

2. The transfer of waves of heat energy from a hotter
to a cooler place.

Radicle

The part of a seed that becomes a plant’s root.

Radio wave

The longest waves on the electromagnetic spectrum.
They have the lowest frequency and lowest energy.

Reaction

1. A response to something happening.

2. A force that is the same in magnitude, but opposite in
direction, to another force. Every force has a reaction.
3. See chemical reaction.

Reflection

A change in direction of a wave, such as light or sound,
when it bounces off a surface.

Refraction

A change in direction of a wave, such as light or sound,
when it travels from one substance into a different
substance, or through a lens.

Resistance

A measure of how much an electrical component
opposes the flow of electric current.

Resonance

The tendency of an object to vibrate more strongly at
some frequencies than others.

Rotor

The rotating part of a machine.

Salt

1. A substance that is formed by a chemical reaction
between an acid and a base.
2. Another name for sodium chloride.

Semipermeable

Allowing some things to pass through, but not others.

Siphon

A tube that transfers a liquid upwards from one
container and down to another at a lower level by
atmospheric pressure and gravity.

Solid

One of the four states of matter. Solids are made of
molecules that are arranged in a regular pattern. Solid
materials have a definite shape. They do not flow or
take up the shape of their container.

Solution

A solid, liquid, or gas that is a mixture of one substance
dissolved evenly in another substance.

Spectroscopy
The study of the light that an object gives out.

Spectrum
A band of colors or electromagnetic waves, spread out
in the order of their wavelengths.

State of matter

One of the four forms in which matter exists —solid,
liquid, gas, and plasma.

Static electricity

An electric charge caused by a build-up of electrons on
the surface of something.

Steam

The gaseous state of water, also known as water
vapor. At sea level, water normally boils and changes
to steam at 212°F (100°C). Sometimes used to refer
to the cloud of droplets that you see as a mist, for
example from a boiling teakettle, when water vapor
condenses back into liquid in the air. The drops you
can see are water; steam is invisible.

Streamlined

Shaped in a way that offers very little resistance to the
flow of liquid or gas. A fish with a streamlined body
moves through water easily. High-speed cars, trains,
and aircraft have streamlined bodies.

Sublimation

A change of state where a solid turns directly into a gas,
without becoming a liquid first.

Surface tension

A skin-like property of the surface of a liquid, caused
by the molecules on the liquid’s surface being bonded
together more strongly than those underneath.

Thrust

A force that propels a vehicle in one direction, usually by
accelerating gas in the opposite direction by means of a
jet or rocket engine.

Transpiration

The process by which plants move water from the
ground by taking it up through their roots, moving it
through the plant, and then evaporating it from their
leaves and flowers.

Ultraviolet

A form of electromagnetic radiation with a wavelength
shorter than visible light and longer than X-rays.

Voltage
The electrical pressure that pushes electrons around
a circuit.

Volume

The size of the three-dimensional space occupied
by something or enclosing something.

Water vapor

Water in its gas form, usually formed after boiling water
or melting ice.

Wavelength
The distance between the crest of one wave and the
crest of the next wave.

Weight

The force of gravity acting on a mass. Mass is constant,
but weight changes with the gravity acting upon it. For
example, on the Moon you weigh only one sixth of your
weight on Earth as the Moon’s gravitational pull is
weaker than Earth’s.

Work

The amount of energy needed to perform a task.

Xeray

Electromagnetic radiation with high energy and short
wavelength. X-rays have wavelengths shorter than
ultraviolet light but longer than gamma rays.

Xylem
Pipe-like tissue in plants that transports water from the
roots to the rest of the plant.
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