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This book is full of
experiments that explore
the magic of science
and the science of magic.

You'll find out how spellbinding effects like
levitation, invisibility, and mind control can be
recreated in your own home. And you'll learn

from the greats of magic and science, from
. Harry Houdini to Isaac Newton.

y
The world is full of mysteries that seem like magic
X until you figure them out. We'll be exploring some
of those, too, such as dazzling light shows in the
. sky, called auroras, and the peculiar rocks that sail,

apparently unaided, through the California desert.

We'll also be taking a look at the supernatural. So
if you want to find out about ghosts, fortune-tellers,
and healing crystals then read on... the truth is
stranger than fiction!

/i

Steve Mould



NOTE TO PARENTS

The activities in this book
may require adult help and
supervision, depending on your
child’s age and ability. Always
ensure that your child uses
tools that are appropriate for
their age, and offer help and
supervision as necessary to
keep them safe. The Publisher
cannot accept any liability for
injury, loss, or damage to any
property or user following
suggestions in this book.

Some tricks have
additional challenges.
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HOW Do THEY Da iT?

WATER DOWSING

Some people say they can
detect the presence of water P ———
underground by “dowsing” with ANow

specia?ly shaped sticks. It doesn't TRADTioN

actually work, though! In fact,

it has to do with something
called the ideomotor effect.

%

It stnot Jjust tricks
at seem mgaq;j
gical—
.the Wc?rld is full of
~ Incredible Naturg|
- Wonders. The most
w E;lel'mg Mysteries are
Plained in thjs book

— = I Aty STRUCTURE

Safety first!
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How Pa THEY DO i
It turns out that
some of the most
famous magic tricks
in history actually
rely on really cool
science. Find out

~ how they did it

on these pages.







Now TRY THIS

LOOFY DQUBLE-LOQP

Make two normal loops (without the twist) and
glue them together as shown in the picture. Now
cut both of them around their middles. The result
is really surprising. Try to predict what shape it
will turn into before you start to cut!

You now have one
4 loop with two full

twists. You didn't
expect that, did you?

What happens when you
cut a normal loop in half?

A normal loop has two edges
(colored red and blue here).

When you cut down the middle,
you separate the edges to form two
pieces. But try to color the edges of
the Mobius loop and you'll see that

S there's only one! The twist you added
at the beginning joins the end of one
NORMAL LooP edge to the beginning of the other.

Single edge
on the loop




YOU WiLL NEED
% Rubber gloves

% Large Pyrex® beaker
% Vegetable oil

7% Small Pyrex® tube
% Water

3

The tube is
easy to see
in the oil...

it into the oil.
and fill the large beaker around

three-quarters full with oil.

You've probably seen magicians

make objects like coins or playing
cards disappear. Here’s a disappearing
act you can do yourself using the
science of bending light.

Take the small Pyrex®
tube and carefully insert
' Put on some rubber gloves

10



NOW TRY THiS

Try the experiment again, but this time
fill the beaker halfway with water before
adding the oil. The tube is now visible...
but only in the water! Read “The Science
Part” to find out why.

ﬁ%@

...and now ‘
it'’s gone! l

—

|
| |
|

Now push the small tube down to
allow oil to flow into it. Watch the
tube disappear as the oil rises up!

The water stays at the
bottom, giving you a
peek at the tube inside.

If light doesn’t bounce off glass
into your eyes, how can you
see it? It's because light bends
a little when it passes from air — )
to glass. If you look at a glass, ‘
the light coming through from
behind it bends and everything
looks wobbly (see image, right).

SCIENCE
PART... |||

When you turn on a light, it When light passes from oil to _1. .
shines on everything, bouncing glass, it hardly bends—dipping =
off objects and into your eyes. the glass in oil, the wobbles go =

away and the glass disappears!

Glass: though,ols transparent, Light bends a little between
meaning that light passes through ;e and glass, which is why
it instead of bouncing off it. you can see the glass in water.

1




" FLQRTING **"

YOU WiLL NEED
7% Two dry—erase markers The ballqon will
(preferably new) start to lift away

% Dinner plate from the plate.

% Jug of water ' Draw a nice,

thick balloon on
a plate with dry—
erase markers.

THE

2 onto the plate until
the balloon is covered.

SCIENCE
PART...




Imagine if you could draw
a picture and cast a spell to
make it come to life! We'll
show you how with a few
simple ingredients.

Watch as the balloon peels
off the plate and floats on
the surface of the water. If
any of the balloon remains

' stuck on the plate, you can
blow on it to bring it to life!




How Do THEY DO iT?
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Date of Birth:
March 24, 1874

ProfeSSiOn:
Escapologist

Tt
5i9"ature:

Hungarian-born Ehrich Weisz
Moved to the United States in 1876
and later took the stage name of
Harry Houdini, One of the world’s
greatest escapologists, he was
famous for being able to escape from
padlocks, chains, and even coffins!
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HOLDING YQUR BREATH—WHAT HAPPENS?

The key to Houdini's impressive trick was his
ability to hold his breath for a really long time.
Breathing air into your lungs is how your body
gets oxygen into your blood, where it’s used to
make energy. In the process, it's converted into
carbon dioxide, which you breathe out. When
you hold your breath (which can be dangerous,
so don’t try this yourself!), the carbon dioxide
builds up in your body and increases the levels
of acid in your blood. Here's how Houdini
fought the body'’s basic need to breathe:

l- Through practice, he was able to slow his body
down and use up oxygen more slowly. His heart rate
would decrease and his body would only send blood
to vital organs such as his brain.

2- Houdini increased his lung capacity by keeping fit
and performing on an empty stomach. This meant he
could breathe in more air.

3- He used meditation to reduce the urge to breathe.

INCREDIBLE DIVERS

Free divers swim deep down into the
ocean without oxygen tanks. They are
experts at holding their breath and can
stay underwater for longer than most
people. At 328 ft (100 m) below the
surface, the pressure of the water on
a diver’s body is so high that their
lungs are squished to the size of
beverage cans!
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SCiENCE WONDERS

SANDY STRUCTURE

These pretty undersea sand sculptures are
about 6% ft (2 m) wide, with a central area
made up of much finer sand. They were first
discovered in 1995, but it took scientists
another sixteen years to figure out that
they are the nests of a male fish.




PUFFER. FiSH PATTERNS

The male white-spotted puffer fish builds his
structure by swimming through the sand to
form these patterned ridges. It takes about a
week to complete, but it must be constantly
rebuilt because of sea currents. Why does the
male make this nest? To attract a mate—if a
female puffer fish likes the pattern, she will lay
her eggs in the middle for the male to fertilize.




In this trick you'll convince

your friends you c?n mo‘:le
their fingers with just the

power of your mind!

Ask your friend to clasp
their hands, pushing them
together with a light
pressure on the palms.
Now tell them you are
going to make their
fingers become magnetic.

Next, ask your friend
to raise their two
index fingers and
hold them apart.




This is where your magical
talking skills come in. Tell your
friend you are controlling their

fingers with your mind and that

| J
SCIENCE
AU L PART...

will see that their fingers start to
move toward each other. Tell
them to fight against it, but they
* won't be able to—it actually
‘K makes it worse!

NOwW TRY THiS

WHAT'S HAPPENING?

Bend your middle finger The tissue that connects a

_-——________,""':—__—-’::- and put your hand on a muscle to a bone is called
— table, palm facing down. a tendon. Fingers have

separate tendons, except for
the middle and ring fingers,
which share one—when
your middle finger is bent,
your ring finger feels stuck.

You will be able to Lift your
thumb, index, and little finger,
but you will find it impossible
to lift your ring finger.
Ring
finger



YOU WiLL NEED
% Handheld fan
7% Smartphone




The sensor is an electronic device made of millions
THE of smaller sensors called pixels. Each one records a
different tiny piece of the picture. However, when
, N you take a picture, these pixels don't all work at the
PART... II

same time to build the image. Instead, they start at
Digital cameras like the one

the top and quickly work down to the bottom. This
means that the bottom of a digital picture captures

in a smartphone have something REAL

inside them called a sensor,

a moment slightly later in time than the top. So if
which captures the image.

something is moving fast, like a fan blade or
skateboarder, it will appear distorted.

TiMe DIGITAL IMAGE

Red line shows
sensors working
from top to
bottom to build
up the image.

In this final picture
the skateboarder
has moved farther
along at the bottom
of the image than

at the top.
Other objects that turn /QJ’ /—

quickly also work. Try looking
at a spinning fidget spinner.

...and other
times like
- they’re growing!

Sometimes the
arms look like
they're shrinking...

2]



Place the can
inside the mug.
Make sure the
mug is big
enough to
leave a little
gap around




I THE

|

SCIENCE
PART...

When you blow into

the gap between the can
and the mug, the force

of the air squeezes the air
that’s already down there.

When you try to squeeze air like this,
the air pushes back in all directions.
In other words, you're making the air
pressure increase. This high-pressure
air then pushes against the bottom
of the can, which results in it rising
up and flying out of the mug.

The can rises up
out of the mug.

Air is blown
into the side
of the mug.

Air pressure increases.

23






Quickly bring your finger down

hard on the end of the dollar bill.

It will whip out with your finger,
* leaving the coins behind!

e

The bill A ‘ *
\mdréj;

slides away, M } 6,‘ e
but the coins M= //s
don’t move! : E.%/ | )

ey |

b
g_ — Move your
finger down as *

fast as you can.

THE :
SCIENCE
PART... |||

Objects that aren’t moving, like the
coins in this trick, will stay still
unless they are pushed or pulled.

Magicians use the principle of
inertia to pull tablecloths out
from under plates and bowls!

This is because of something called inertia. “ufE
The coins are pulled a little bit by the dollar bill,
but it moves so quickly that they’re not pulled
for long enough to topple them off the bottle.

25



How Do THEY DO iT?

R.EﬂDlNG
MINDS

Psychics and fortune-tellers
have been in the mind-reading
business for hundreds of
years. Using props like picture
cards called tarot cards, and
horoscopes, they even claim
to read the future! Here are
some of their techniques...

PSYCHIC TRICKERY

- Fortune-tellers use different ways to
make you think they have special powers.
They might read your palm, stare into a
crystal ball, or tell you about yourself
using tarot cards. While people want to
believe that what they are being told is
true, a fortune-teller’s real skill is being
able to talk very generally and make
the most of any reaction from the
person they are “reading.”

TﬂH.OT CﬂH.DS




MAKING iT PERSONAL

If fortune-tellers don’t know anything about
someone in advance, it’s called “cold reading.”
A trick they use in this situation is to say things
that apply to almost everyone but that feel
really personal. For example, “You like being
with friends but sometimes like to be on your
own” or “You don't like other people telling
you what to think.” Horoscopes use this
technique, too.

Horoscopes are split into
twelve signs, which are based \ |
on the time of year you were born. ____#

CONFiRMATION BIRS

A fortune-teller will make many statements
about you during a reading. Some of them
will be completely wrong! But because of
something called confirmation bias, you will
only remember the things they got right!




THE NORTHERN LIGHTS

This spectacular picture of the aurora borealis
was taken in the Lofoten Islands in northern
Norway. The chances of seeing an aurora
here depend on the strength of the solar
wind. When it’s really strong, you might

see other colors such as scarlet and orange.




If you travel to countries near the North Pole and
South Pole, you might see a sensational light
show in the sky. Both the aurora borealis in
the north and the aurora australis in the
south look like huge, wavy curtains of
color, created by particles from the
sun entering Earth’s atmosphere.

SOLAR WiND EARTH

% ,

AVRORA MAGNETIC
AUSTRALIS  FIELD

CREATED BY THE SUN

As well as light, the sun sends out tiny particles called electrons,
which are carried to Earth on a super-fast solar wind. Since the
Earth is like a giant magnet, the electrons are pulled to the poles
by the magnetic field. When they hit tiny oxygen particles in our
atmosphere, the oxygen glows green in the sky.
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fun challenge s

‘qvisible light called infrared.



irror in fror
emote. You need
0 angle it so the invisible
beams from the remote
reflect off the mirror tow
the TV. This-mi

aY=

it's done!

Sc,'E NCE Hlelly S e Infrared light cannot be

seen by the human eye.

PARL...

Infrared light can be used to detect heat. Some
snakes have organs to sense this light, which
helps them find prey.

Light is made up of a spectrum,
or range, of colors...

We can only see a part of the spectrum,
between blue and red. Beyond red is
infrared light. Your remote control sends
bursts of this light to the TV. The pattern
of bursts tells the TV what to do.

HUMAN VisioN SNAKE ViSioN




YOU WiLL NEED
% A friend
% Acrystalora

nice-looking stone

Ask your friend to
stand on one leg and
hold their arms out.
Push down on one arm
and tell them to try to
stop you from moving
it. Secretly push a little
bit away from their
body—this will cause
them to stumble.

Your friend won’t
notice you're pushing
away from their body—
they’ll just think
you're pushing
downward.

HE POW
A MAGIC CRYSTAL

| Some scammers will use sneaky
S ’ science to try to trick you out of your
o

= - money. They will tell you they have
crystals that will give you super

balance or good health. But they don't

actually work! Here's one way they
fool people into believing them.

2



This time, you're pushing
slightly toward your
friend’s body, but again
they will think you're
pushing downward.

| | THE
SCIENCE
PART... |||

This has nothing to do with the
crystal, but everything to do
with balance.

In the first test, you push slightly away from your
friend’s feet. This forces them off balance. In the
second test, you push toward their feet so their
balance isn't affected.

Repeat the test, this
time giving your
friend the crystal to
hold. Tell them it
will give them extra
strength and balance.
Now push down and
slightly toward their
body—they will be
able to resist no
matter how hard
you push!

As well as using fake balance tests, scammers
make the most of something called the placebo
effect. They will give a sick person fake “healing
crystals” or pills that don't work, but the sick
person starts to feel better anyway. That's
because simply believing a treatment works
makes people feel better—the placebo effect!



Very carefully
chop half a red
cabbage into
small pieces.

Ask an adult

to pour boiling
water into a jug.
Carefully add the
chopped cabbage.
Leave it to cool
for ten minutes.

Pour the cabbage water
through a sieve into another
jug. Now add cold water

until the liquid is purple
but still see-through.




friends, pour your potion into three glasses.
With a magical flourish add some white vinegar
to one glass, drop by drop. It changes color!
Now mix a teaspoon of baking soda into
another glass. Watch your friends’ jaws drop

as it turns a completely different color.

4 It's time to stun your audience. In front of your

SCIENCE —
PART... ||| ot o

The trick works because of the
amount of acid in the liquid.

Acidity is measured using something
called the pH scale. Strong acids have
a pH of around one, while strong bases—
the opposites of acids—have a pH of
around fourteen. Cabbage juice contains

fies of acics paveaphiof _ o O
something called anthocyanin, which LEMON & <
. o : &
- i FEIINUTS S 2
cabbage juice pink, while bases such as

changes color if something is an acid %b

or a base. Acids such as vinegar turn the

baking soda turn it blue or green.
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DISAPPEARING

SCIENCE
PART...




Magic tricks often rely on fooling

your senses. In this experiment,
you'll see how to trick your own
eyes using the science of sight.




How Do THEY DO iT?

GHOSTLY =

THE cRowWD

» ] S
In some cities during the
late nineteenth century,
people would pay to
watch shows where

real. However, some ghosts seemed to appear

on stage. Today, you can

’
ts arent
GhO? . ill add ghouhsh |llu5I0n5 see the same illusions in
mag|CIanS wi theme parks around the
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seeie Tie GHOST WOULD MAKE YOU SCREAM!

Mirrored glass redirects
ghost image to the stage and
also enables audience to see
it through the glass.

“Ghost” on Ay :
the stage ,

P Y~ Mirror reflects ghost

image upward.

How DiD iT WORK?
Windows are made of
glass because glass is
see-through. However,
glass is also a little like a
mirror—it reflects things.
By arranging the light,
glass, and mirrors in a
certain way, the audience
sees a reflection of an
actor under the stage.

Light projected
onto an actor
under the stage.

Actor pretending
to be a ghost.

SEE YOURSELF AS A “GHOST”

When you look out of the window during the day,
you can see what’s outside, but at night you only see
your reflection. You don't see your reflection in the
day because it's much fainter than the light outside.
However, at a certain time between day and night—
around dusk—you’ll see your reflection and what's
outside mixed together. You will look like a ghost!

39




These mysterious rocks with long
tracks have moved across the desert.
But how? Known as “sailing stones,”
they puzzled scientists for many years
until the truth was finally uncovered...




SOLVING THE PUZILE

Scientists found that shallow ponds
sometimes formed on the desert floor
and froze at night. As the ice began to
melt in the sun, it broke into large sheets
that floated on the water. When the wind
blew, the ice—and the rocks trapped

inside it—moved across the slippery mud.

-4‘*** *

DEATH VALLEY STONES

“Sailing stones” are found in parts of the desert
where the ground is very smooth and flat, like
Death Valley in California. Here, puzzled
scientists eventually solved the mystery by
attaching devices to the rocks to track their
position. They also set up time-lapse cameras
\ihat showed the rocks moving across the sand.

MUD\/. :.: .0'-'...:.'.0"




YOU WiLL NEED

% Thin strands of silver Mylar®
tinsel (also called icicle
tinsel or angel hair tinsel)

% Scissors
% PVC pipe
% Microfiber cloth

A floating silver ball might
sound like the stuff of science
fiction, but this trick relies

on pure science fact.




THE
SCIENCE
PART... |||

Tiny particles called electrons

on both the pipe and tinsel are
repelling—or pushing away from—
each other.

At the beginning of the trick, electrons on the cloth are
passed onto the pipe when you rub it. When the tinsel
touches the pipe, some of these electrons jump onto
the tinsel. Because electrons repel each other, the tinsel
pushes away from the pipe, while the electrons in the

individual strands also repel against each other to turn
the tinsel into a ball.

Electrons
jump from
the pipe to
the tinsel.



YOU WiLL NEED

% Dinner plate

% Jug of water

% Black pepper grinder
% Dish soap

% Your finger!

' -'s':’

Pour some water

onto a dinner 2 Grind some black

plate until it's pepper onto the water

almost at the :
. t's evenly spread.
R so it's evenly spread

‘REF ELL / &
gFPERTH S
I you always Wante:i 222:2Pt2¥§rfsor you. € f

: et
at your fingertips, s
Knyowing the secret of stretchy water enable

you to repel, or push away, pepper at will...

SCIENCE
PART...

Dish soap reduces the
surface tension, so putting
a soapy finger in water is

like popping a balloon with
Water has a property called a pin—the stretchy surface

surface tension that makes the pulls back, carrying the
top layer stretchy like a balloon. pepper with it.

POPPING A BALLogN |
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Fan out the cards in your
hands and ask your friend
to pick one. Tell them
to look at it, without

showing it to you. /

Make sure they
don'’t see the
bottom card.




Ask your friend to slot
their card back into the
deck anywhere they like.

Be careful they don't
notice that the cards
below the top card are
the wrong way up.

SCIENCE
PART... ||

Quite simply, humans So here, by asking your friend to
are not very good at remember the card or to think of

. . a word, you are misdirecting their
domg two thmgs at attention away from what you are

the same time. doing—flipping the deck.







Once the can is balanced,
give the rim a gentle tap.
The can will spin around

without falling, making the
trick even more impressive.

Try to balance the can
on its edge. If it falls
over, pour out some
of the water. If it falls
back to an upright
position, add more
water into the can.

SCIENCE
PART... [

This trick works because of something
called the center of mass.

This is the central point of an object’s total weight, and
where it is perfectly balanced. By changing the amount
of water in the can, you move the center of mass until
it's at the exact place where the can will balance.

When the can is full and
tilted on its edge, the
center of mass is roughly
in the middle of the can
and not above the edge,
so it topples over.

When you take some of
the water out of the can,
the center of mass shifts
across because the weight
inside has moved. If you
can get the center of mass
above the edge of the can,
it will balance.

CENTER OF MASS

49
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With the hole

The air

u.ncovered, replaces the
air can now liquid...
getin.

~
\

Ay

The fingerj ‘

\ )

is raised.

covers the
holes to stop air
from getting in.

Surface tension
stops the liquid
from escaping.
... and the liquid
pours out!

CRANBERRY JUICE ORANGE JUICE



SWITCHING
COLOR,

Animals that can change color are
the closest thing to magic you will
find in nature. These amazing
creatures copy the colors around
them for camouflage, or disquise,
which helps them hide from
predators or sneak up on prey.

IS T A LEAF?

This remarkable chameleon from Madagascar is skilled
at looking like... a dead leaf! It can alter its color to
perfectly match the changing shades of the forest floor
and disguise itself from anything that may want to eat it.




PERFECTLY HIDDEN

Can you make out the shape of this creature
hiding in the sand? It's a fish called a peacock
flounder, which lives on the seabed and
changes its colors to match whatever is
beneath it. Not only is it an expert color
copier, it is also great at copying patterns!

ALL ABOUT THE CELLS

Color-changing animals
have special cells on their
skin called chromatophores.
When activated, these

tiny dots stretch out to
transform the color and
pattern of creatures such

as the cuttlefish.

CUTTLEFiSH CHROMATOPHORES CUTTLEFiSH CHROMATOPHORES
(NORMAL) (ACTIVATED)




FICTO€€

All is not what it seems on this
page. In the mysterious picture below
you will find a hidden image. To discover
what it is, you will have to teach your
brain to look through the page.
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THE GLASS METHaD
You can try another
technique on this
image. Place the
picture behind some
flat glass. Look at
your reflection in
the glass, then try
to focus back on
the picture without
moving your eyes.
All will be revealed!

THE Turn to page 96 to find out what images are hiding on these pages.

SCIENCE
PARL... \ | Tewiddenimge | |

farther away. HIDDEN
A e R

This is all about how your ' T
brain calculates distances. IMAGE \/

EENNENEI
When you look at something close up, A : Crossing your

you cross your eyes more than when you eyes tells your

look at a faraway object. Your brain uses brain how far
away an object is.
/ -
—
——
~——

this to determine distances, but these
pictures use a special pattern to play a
trick. When you look through the image,
your eyes become less crossed and you

see double. The pattern then overlaps with
itself and everything looks normal again,
just a little farther away. Some parts of

the picture have been slightly adjusted so
your eyes are more or less crossed. It's here
that the “hidden” image becomes visible.




YOU WiLL NEED

% Pencil or pen
% Tracing paper or thin paper

‘E\ First make your
o Y] e

prediction. Do
you think the top
curve is the longer
of the two? Or

is the bottom

N one longer?




Use tracing paper to
2 draw along the top

curve on this page.

| Line your curve up with
| the bottom one. Which is
3 longer? How strange—even
\ though the bottom one
\ looked longer, you've just
discovered that they're both
the same length!

SCIENCE
PART...
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0-LEAK

You have probably seen t.he famous
magic trick where an assistant s
poked with swords without being

harmed. Here's a simi
using a plastic bag an

YOU WiLL NEED

% Ziplock plastic bag
% Water

% Sharp pencils

thirds full with

' Fill the bag two-
water and zip it up.

lar amazing feat
d some pencils.

2

The pencil goes
through the
bag... and no
water leaks!

Hold the bag firmly

in one hand. Use your
other hand to push a
sharp pencil through
the bag, into the water,
and out the other side.
If it's easier, have an
assistant hold the bag
for you—but be careful
not to poke them!



3 Il THE
Keep adding more

| SCIENCE
it The beg PART...
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How Do THEY DO iT?

some people 53
detect the prese
undergroun
specially shape
actually Work.’
it has to do Wit
called the ideo

AN oLD TRADITiaN

Dowsing began in the sixteenth century
and was mainly used to find the best
place to dig a well. Water companies

in some countries still use dowsing to
locate leaks, even though scientists
have found no proof that it works.




WHAT HAPPENS?

Dowsing is done by using a
Y-shaped stick from a tree. A
dowser walks around with it held
out horizontally. It is believed that
when the stick dips, it shows that
there is water under that spot.

WHAT REALLY HAPPENS

The dowsing stick is held in a special way that
means just a slight motion of the hands causes
a large movement. The dowser subconsciously,
or without thinking, moves their hands a tiny
bit when they think water is present. It’s the
ideomotor effect that makes the stick twist
downward in a dramatic way.

Hold the
weighted
line as still
as possible...
and wait for
it to move!

Lo 1 s 7

oy :
Even a small hand %’ =
twitch can result in
a large stick swing.

\\

(TRY NaT To) SPiN THE PENDULUM

You can see the ideomotor effect in action

for yourself. Hold a pendulum in one hand

and ask it a “yes-or-no” question that you
know the answer to. After a while, the
pendulum will start swinging back and forth
for “yes” or around in a circle for “no.” Without
knowing it, you are moving your hand to
provide the right answer. This small movement
is amplified, or made bigger, by the pendulum.




ind reader in this
e trick that will

our friends every time. It's all
f heat and what

hold a coin.

fooly
about the science o

happens when you



Ta-da! When you reveal
the chosen coin, your
friend will be amazed.

| THE

SCIENCE
PART...

A coin heats up in your friend’s hand

because of something called conduction.

If you could look through a microscope at the tiny
particles called atoms in the metal, you would see
that the hot ones are jiggling around a lot while the
cold ones are only jiggling a little. Heat is just the
jiggling of atoms, and conduction is a way for heat
to move through and between things.

The warm jiggling atoms in your friend'’s hand
knock into the atoms in the metal causing them to
jiggle too, making them warm. These warm metal
atoms knock into other atoms and particles in the
metal, causing them to jiggle, and that’s how heat
spreads throughout the coin.

4/\ This hot atom
is jiggling a lot.

The jiggling
spreads to
nearby
atoms.

This cold
atom is not

jiggling
much yet.

b3



4
Hidden forces
are at work in this fun r
challenge. Ask a friend

to pick up a bottle of rice

with a chopstick. They

won't be able to do it,

but you will... E 6&
\ a YOU WILL NEED
v % Rice
“ % Funnel
7 Two empty bottles
% Chopsticks




Add more rice to this
bottle until it’s full to
the top again. Keep
repeating steps two
and three until you
can't fit any more rice in
the bottle. Don't let
your friend see you
preparing the bottles!

4« Don’t put any more rice
in the second bottle. This
will be your friend’s

K S 4 bottle in the trick.

With the bottles
prepared, you can now

‘ % * challenge your friend.

: * - Push your chopsticks

- Biia into the bottles. When

you Llift your chopstick

up, the bottle will also

rise up, but your friend’s

chopstick will slip out.

I THE
SCIENCE
PART...

P
P ) \“ -
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You might know that water turns to ice at
32°F (0°C), but did you know that it can stay
liquid below this temperature? Here's how
to supercool water with magic results.




s
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: | THE
SCIENCE
PART... |||

Water freezes at zero... but only

if it has somewhere to get started! crystal and the tower grows.

As the supercooled water touches
the ice, it freezes. Keep pouring the
water onto the ice cube—it will
grow into a lumpy, twisted tower.

Water molecules ‘o‘;

join the ice crystal.
J Y \/y

In tap water, ice crystals form
around tiny dust particles.
That's why the tap water froze
and the spring water—with no
particles in it—stayed a liquid.
Wiater also freezes on contact
with ice, which explains why the
supercooled spring water turns
into ice instantly on the cube.
When the water hits the ice,
free-floating water molecules
snap into position on an ice

Ice crystal

/. structure
R 5

¥



Point the blow-
dryer upward

and turn it on.
Hold the ping-
pong ball in the
stream of air
and let it go.

Levitation, or floating, is a skill all magicians
should have. We can show you how to
master it using the science of airflow.

b8



FORCE OF
THE AR

SCIENCE / r

PART... |||

FORCE OF
GRAVITY
The secret behind what’s going on

here has to do with balancing forces.

Gravity—the force that pulls us toward the
ground—pulls the ping-pong ball downward,
while the force of the blow-dryer’s stream of air
pushes the ball upward. When these forces
are exactly balanced, the ball doesn’t move
up or down. You may wonder why the ball
doesn't’ “fall off” when you tilt the blow-
dryer. This is because of something called
the Coanda effect—when air moves over a
surface, it will stick to that surface a little.
So the air streaming past the ping-pong
ball sticks to it and holds it in place.

[t the blow-dryer
ttle to the side.

mazingly, the ball ’

vill stay in the Naw TH'Y TH,S
stream of air and
5 fgt drop down. Here's another way of seeing the Coanda
effect in action. Place a bottle in front of a
paper pinwheel and blow directly at the bottle.
The pinwheel will turn because the air from
your breath sticks to the bottle and curves
around it to move the sails. Cool, huh?




s is pulled from ajar, 3

zing happens- The chain
its own and

into the air!
bout forces..:

something ama
continues 0 pou

actually rises UP

but it's all a

Like magic

Pull the End of
the chain out
and let it fall...



FIGURING iT oUT

The chain fountain was a mystery until two
scientists, John Biggins and Mark Warner, figured
out what was going on. They showed that just as
the chain leaves the pile, it pushes down a little on
the pile. Thanks to Isaac Newton and his laws of
motion, we know that when you push something,
that thing pushes back. So the pile pushes back on
the chain, causing it to rise up.

The chain pushes
the pile down...
and the pile pushes
the chain up!

...then watch
the beads fly!

GOING HIGHER,

If you can make the chain
fall faster, you increase the
pushing forces and the chain
rises even higher. To do this,
you raise the jar higher so
the chain has further to fall.
The recordis a 5 ft (1.5 m)
high loop above the jar!




These giant rocks are found

all over Karlu Karlu in northern
Australia. They balance on hilltops
and some are even stacked on top
of each other. How did they get

to be in such strange locations?

SHAPED BY NATURE

Rocks are worn down by water, wind, and the weather.
This erosion is responsible for incredible formations all
over the world, like the beautiful Antelope Canyon in
Arizona. Floodwaters slowly eroded the sandstone over
millions of years to create these amazing colorful sculptures.




into
's left
ing away,

of the rock and earth that surrounded them

re all that

ight wonder who,
, or natural wear

'S MARBLES
The Karlu Karlu boulders are also known as
s Marbles. You m
, had the strength to roll them
place. The truth is that they’
from the erosion

the Devil’
or what

@
[ =Y




YOU WiLL NEED

% Two forks . Push two forks together
% Wood toothpick as shown in this picture.
% Aglass Use enough force for the

\ 5 forks to stay in position,
. but be careful not to

. -
\ S poke yourself.

\A—X‘H
Make sure the two N

forks are tightly
connected.

a gap between the

2 Push a toothpick through
prongs of the forks.

Insert about a third
of the toothpick
through the gap.



THE
SCIENCE
PART...

Place the toothpick
3 on the rim of a glass.
Carefully adjust
the position of the
toothpick until
the forks balance.
They should not be
touching the table.
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SEND ﬂ SEER.ET

If you've ever wanted to pull a rabbit
out of a hat like a real magician, here's
our chance. Once you Llearn this

invisible ink trick, you will be able
to send your friends any drawing
I or message... in secret.



It’'s about how water and wax interact.

THE In a water-based paint like watercolor, tiny water
particles are attracted to particles in the paper, so they
1 soak into it. However, water particles are not attracted
SC,E CE to wax particles. In fact, the water particles are more
attracted to each other! So the water sticks together in

droplets that roll off the wax. This is why the wax parts
of the drawing do not absorb the paint and stay white.

; Water droplets
roll off the wax.

Raincoats
are made
of materials
that don't
absorb water.
Some have a
wax coating.
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How THE jLLUSION UNFOLDED

A |\

l. The spectators sat on a special
stage where they could see the
statue between two pillars.

[=5

2. A curtain was then drawn between the
pillars and the whole stage slowly turned.
Clever lighting and other effects meant
the audience couldn't see or feel that

they were moving.

3. Once the stage
was in just the right
position, the curtains
were lifted. The
statue appeared to
have vanished... but
it was simply hidden
behind a pillar!

MAKING THE GROUND SHAKE

It's easy to tell when you're standing on a moving
stage because you can feel a rumbling under your
feet. To disguise this, Copperfield played loud music
through large speakers. This made the floor rumble,
which covered up the movement of the turning
stage. By tricking their senses, the illusionist fooled
spectators into believing the stunt was real.
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SCiENCE WONDERS

LD\ﬂl N THE DﬂR,K

is a flashlight?
n your body 1s @ : ‘ble

ntern rl'he;,\,glich is one of a few incredi an

fl‘relu):;'iinescence——where a creature

bio Low in the dark.

Who needs 2 la
Certainly not the
animals that us.es
make its own light—to g

TWINKLING iN THE TREES

This may look like a fairytale forest, but it’s
actually a throng of fireflies. These ones emit
a yellow light, but other species glow green,
blue, and pale red. Large groups can flash
their lights on and off together with perfect
timing. The flashes are used for defense, to
communicate, and by males to attract females. /




FABULOUS FIREFLIES

Fireflies are not actually

flies, but a type of flying beetle.
They have a special organ in their
abdomen—the lower-rear part

of their body—where chemicals
are mixed together, including
one that reacts with oxygen to
produce light. By switching the
supply of oxygen on and off,

the firefly is able to control the
speed and brightness of the flash.




A Some magicians say they
( can move objects with
«\ the power of their mind.

Here’s how you can
move water with the
power of science.

/‘

YOU WiILL NEED

% Paper cup
% Sharp pencil

% Inflated balloon :
% Water l Turn a paper cup upside

down and carefully make
a hole in the bottom of it
with a sharp pencil.

~ Rub the balloon
on your hair. After
rubbing for a
while, your hair
should stick to
the balloon!




~ | THE
| SCIENCE
- PART... |||

Everything is made of tiny
particles, and most of these
particles have something
called an “electric charge.”

There are two types of charges—positive
and negative. Positive particles are
attracted to negative particles. To start
with, positive and negative particles in
the balloon are perfectly balanced. But
when you rub the balloon against your
hair, some negatively charged particles
called electrons transfer from your hair
onto the balloon. Water molecules,
groups of tiny particles, are positive

at one end and negative at the other.
The positive ends are attracted to the
extra negative particles in the balloon,
causing the stream of water to curve.

|

4 NN\

Move the balloon
toward the stream
of water and watch
it magically bend!

WATER MOLECULES BALLOON

Negatively

Positive end charged
\ electrons

NegW@

end

b e | G, A

g3




Witches and wizards magically make things
by mixing ingredients in a cauldron. Here

we'll show you how to mix a potion to make
a ball that will Leave you bouncing with joy.




Ammonia stops
rubber polymers
sticking together.

SCIENCE
< =
PART... ||| I

Vinegar stops

the ammonia
from working.

Rubber is an example of a polymer,
meaning it's made of really long chains
of ball-like particles called atoms.

These polymer chains slip and slide around each other
thanks to a chemical called ammonia, which stops
them from sticking together. When you add vinegar
to liquid rubber, it reacts with the ammonia and stops
it from working. The polymers now stick together RUBBER POLYMER.S
and form a solid mass—your rubber ball! STicKiNG TOGETHER







T E To understand why this trick always works,
H ask yourself these questions:

e What would happen if all the coins you turned over into

MATH the new pile were tails? They would all become heads and
match the number in the original pile.

e What if all but one of the coins you turned over was tails?

You'd have one less head in the new pile, but you also took

FﬂHITI an a head from the original pile so there’s one less there, too!

e What if all but two turned coins were tails?

Can you see a pattern? The mathematics _ sl
at the heart of this trick means that
as long as you know how many
coins are originally face up, you .
will always split the heads perfectly. \‘

Wow! Your prediction came true
: and there’s an equal number of
\l:/)\l/'lt?lfthlil il : heads in both piles. If your friend
Indto d stitl on, thinks you were just lucky,
do it again... you will
always get it right.

remember the
number of heads
you counted
earlier. Turn over
that many coins
and put them

in their own

new pile.




e FLORTING
PAPER, CLIT

With this trick YO

YOU WiLL NEED

% Two paper clips
% Glass of water

clips. Ask them to get at least
one to float in a glass of water.
They will sink every time!

' Give your friend two paper

\0
pown [T G(f's

dd

4

u Wi“. amaze
ortal) friends by

our (mere ™ clip float.

making a pape’

Take one of the

2 paper clips and
bend it into
this shape.

Place the other
paper clip flat
on the first paper

clip so it makes
an x shape.

: You will have
Ningd « to balance this

Vi paper clip very
J carefully.



Using the first paper clip as 'T FLD
4 a handle, slowly lower the ‘ J,
second one onto the water. i“' R'EﬂLerLO A

Keeping the second paper clip
horizontal, push the first one

down into the water and away * * (]:/*

from the now floating paper clip. *

Try to keep your hand *

as steady as possible.

SCIENCE
PART...
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First things ﬁcrlstf—
inqona bed O
l\zailg is only done by
professionals. Y?u
should NEVER he,
downona pail! It's
really dangerous. So

ou would think that
! thousands

worse. Except itisn t...

A STAGE cLASSIC

Lying on a bed of nails is a
traditional form of meditation
practiced by Indian holy men.
However, for many years it has
also been a popular stage act.
In it, daring performers would
risk having their bodies spiked
by nails for the amusement
of the audience. This brave
entertainer is the filling
in a nail sandwich.



'PRESSURE POINTS

When force is concentrated on a small area, we
say the pressure is high. When it's spread out,
we say it's low. The trick always uses blunt nails
with a larger surface area than sharp nails, so
pressure is low and the skin is not pierced.

HIGH"“EEL SHOE

A high heel has
a small area, so the
pressure is high.

SHARP - HIGH PRESSURE
BLUNT - LOW PRESSURE

An elephant may be
heavy, but its wide foot
spreads the weight, so
the pressure is low.



air pressure force
of air that presses
down on a surface

atmosphere layer
of gases that
surrounds a planet

atoms tiny
particles. Atoms
make up all matter

aurora bands of
colored light

in the night sky,
especially in
polar regions

balance sense
that stops a person
from falling over;
the even spread of
the weight of an

J2

object, keeping it
upright and steady

bioluminescence
ability of some
living things to
produce and

give off light

blind spot small
area of the retina in
the eye that is not
sensitive to light.
Nerve fibers leave
the eye at the blind
spot and form the
optic nerve

chromatophore
type of skin cell
that contains a

sac of colored
chemical. If the sac
is stretched out, the
cell changes color

conductor
substance that
allows heat or
electricity to pass
through it easily

crystal solid with a
recognizable shape,
such as a cube

electron one

of three types

of tiny particle
inside an atom.
Electricity is the
flow of electrons

erosion changes

in the surface of the
Earth as features
get worn away

by the weather

escapologist
performer who
escapes from
restraints, such

as handcuffs, ropes,
or chains, as quickly
as possible

force push or pull
that causes things
to move, change
direction, change
speed, or stop
moving

friction force
that stops objects
from sliding over
each other

gravity force that .
pulls one object

toward another.

Gravity is the

reason why objects

fall to the ground

inertia tendency
everything has to %
avoid movement

or change



infrared type

of light that

feels warm but is
invisible to humans

Jastrow illusion
visual trick in which
two identical curved
shapes are placed
together in a way
that makes them
look like they are
different sizes

levitation act of
rising or floating
in the air

light spectrum
range of light
colors, from red
to violet, that our
eyes can detect

lung capacity total
amount of air that
someone can take
into their lungs
after breathing in
very deeply

magnet piece

of iron or other
material that can
attract another
magnetic material

meditation
practice of clearing
or focusing the mind

oil liquid that does
not mix with water

optic nerve bundle
of nerves carrying
electrical signals

from the retina in
the eye to the brain

photoreceptor
type of cell in the
retina of the eye
that detects light

pixel tiny area on
a display screen.
Many pixels make
up an image

polymer groups
of atoms locked
togetherin a
long chain

retina light-
sensitive lining
at the back

of the eye

sensor electronic
device in a digital
camera that uses
light to form an

Jastrow
illusion

image made up
of pixels on the
display screen

solar wind fast
stream of particles
flowing out of the
sun and across the
solar system

surface tension
force caused by
tiny water particles
sticking to each
other, forming

a type of skin

on the surface

tendon band of
tough tissue that
connects a muscle
to a bone
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INDEX

A
acid
in blood 15
pH scale 35
air 51
air pressure 22-23
airflow 68-69
ammonia 85
animals
bioluminescence
80-81
camouflage and
disquise 52-53
anthocyanin 35
Any Drink Called For
50
arm muscles 19
atmosphere, Earth’s 29
atoms 63, 85
aurora australis 29
aurora borealis 28, 29

B

bags, no-leak 58-59
baking soda 35
balance 32-33
balancing acts 48-49,
74-75
balloons
electric charge 83
popping 44, 91
bed of nails 90-91
beverage cans
balancing 48-49
jumping 22-23
Biggins, John 71

94

bioluminescence
80-81
blind spot 36-37
blood 15
bottles, magic 50-51
brain
blood supply 15
calculating distance
55
vision 36, 37, 55, 57
breath, holding 14-15

C

cameras
digital 20-21, 31
time-lapse 41
camouflage 52-53
carbon dioxide 15
card tricks 46-47
cells
chromatophores 53
photoreceptor 36
center of mass 49, 75
chain of beads 70-71
chameleons 52
“Chinese Water
Torture Cell” 14
chopsticks 64-65
chromatophores 53
Coanda effect 69
coin tricks 24-25,
62-63, 86-87
‘cold reading” 27
color change
animals 52-53
liquids 34-35
color spectrum 31
conduction 63

confirmation bias 27
Copperfield, David

78-79
crystal balls 26
crystals

ice 67

magic 32-33
curves 56-57
cuttlefish 53

D

Death Valley 41
density 13
deserts 41
digital cameras 20-21
disappearing acts
10-11, 78-79
disguise 52-53
dish soap 44, 45
diving 15
dowsing, water
60-61
dusk 39
dust particles 67

E

Earth, atmosphere 29
elastic bands 59
electric charge 83
electrons 29, 43, 83
erosion 72-73
escapologists 14-15
eyes

blind spot 36-37

color vision 31

crossed 55

F

fan blades 20-21
fidget spinners 21
fingers
licking 24
magnetic 18-19
pepper-repelling
44—-45
tendons 19
fireflies 80-81

fish 16-17, 52-53
floating

balloon 12-13

paper clip 88-89
forces

balancing 69

friction 65

gravity 48, 69, 75

laws of motion

70-71

pressure points 91
fortune-tellers 26-27
free divers 15
freezing point 66—-67
friction 65
future, predicting 26

G

general statements
26, 27

ghosts 38-39

glass
disappearing 10-11
reflection 39

gravity 48, 69, 75

H

hands
muscles 19
subconscious
movements 61
heart rate 15
heat
conduction 62-63
detection 31
horoscopes 26, 27
Houdini, Harry 14-15

]

I

ice 41,66-67

ideomotor effect 60,
61

illusions
disappearing Statue
of Liberty 78-79
ghosts 38
motion 37




visual 56-57
images
digital 21
hidden 54-55
inertia 25
infrared 30-31
ink
dry-erase markers
12-13

invisible 76-77
insects 80-81, 89

J

Jastrow illusion 57

K

Karlu Karlu boulders
72-73

L

latex 84

levitation 68-69

light
auroras 28-29
bending 10-11
infrared 30-31
reflection 31
spectrum 31
vision 36

lock-picking 14

loops 9

lung capacity 15

M

magnetic fields 29

magnetic fingers
18-19

mathematics 9, 87

meditation 15, 90

messages, secret
76-77

metal 63

mind control 18-19,
82

mind-reading 26-27,
62-63

mirrors 31, 39
misdirection 46-47
Mébius loops 8-9
money 24-25, 62-63,

86-87
motion

illusions 37

laws of 71

sensing 79
Mould effect 70-71
moving objects 24-25
muscles 19

N

natural wonders
auroras 28-29
camouflage and
disquise 52-53
fireflies 80-81
Karlu Karlu boulders
72-73
puffer fish patterns
16-17
sailing stones 40-41
negative charge 83
nests, fish 16-17
Newton, Isaac 71
North Pole 29
northern lights 28

0

oil 10-11
optic nerve 36
oxygen 15, 29, 81

F

palm reading 26
paper
piercing 59
wax 77
particles 29, 43, 51,
63, 67,77, 83, 85, 89
peacock flounder
52-53
pendulums 61
pepper 44-45
pH scale 35

;a*‘** ' ‘,

a

photoreceptor cells 36  Statue of Liberty

pills, fake 33
pixels 21
placebo effect 33
plastic 59
poles 29
polymers 85
pond skaters 89
positive charge 83
pressure

air 22-23

water 15
pressure points 91
psychics 26
puffer fish 16-17

R

raincoats 77

reactions, observing
26

real time 21

red cabbage 34-35

reflection 31, 39

remote controls 30-31

repelling particles 43

retina 36

rocks 40-41,72-73

rolling shutter effect
20

rubber 84-85

3

safety 7

sailing stones 40-41

saliva 24

Satan’s Barman 50

senses, tricking 37,79

sensors, camera 21

skateboarders 21

skin 53

smartphones 20-21,
31

snakes 31

solar wind 28, 29

South Pole 29

spring water 66—-67

78-79

stretchiness, of plastic
59

sun 29

surface tension
44-45, 51, 89

T

tablecloth trick 25

tap water 66-67
tarot cards 26
televisions 30, 31
tendons 19
Think-a-Drink 50
time-lapse cameras 41
tinsel, hovering 42-43
transparency 11

V

vinegar 35, 84, 85
vision 31
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WHAT PICTURES ARE HIDDEN

ON PAGES 54-55?

Look hard and you will
see stars (p54) and a horse
(p55). If you use the same
technique to look through
the patterns on the inside
front and inside back
covers of this book,

you might discover

even more stars!
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