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[ntroduction

Dear Magic Makers and Practitioners of the Noble

Art of Mathematics,

Within the pages of this book you will find
inventive illusions and mind-melting magic
to amaze you, your friends and family.

You will also explore some fundamental
mathematics powering the tricks. Learning

and entertaining go hand in hand in magic.

Understanding the secret techniques,
combined with fantastic presentation and
practice can make any trick unbelievable.

The greatest magic tricks in the world
always have simple but cleverly hidden
solutions. Many are mathematical, but

the presentation is so brilliant that the
audience’s minds don’t want to look for
the solution. An audience may even
stumble upon the correct solution but will
immediately ignore it if your presentation
makes them want to believe in magic.
Magicians world-wide also know that the
quality of your presentation can also affect
the memories of your magic. Creating your
great presentation means that when your
magic is remembered in the minds of your
spectators, it will be embellished, and
seem even greater. This is what magicians
call the art of creating astonishment.

In this book each nugget of magic and
illusion is divided into 3 parts: “The Tale”,
where you will be given the background
and information needed to understand
each magical effect, “The Magic”, where
the effect will actually happen, and

“The Secret”, where the illusion will be
explained further, and the hidden power
of mathematics will be made clear to you.

If you are performing the tricks and
illusions found here to your audience then
take care to not break the magician’s code.
Practice hard and make sure the secrets
stay secret. Finding out your own style for
performing the tricks and illusions will help
to give you a truly magical aura. There is
enough material in this book for you to put
on a show, take up magic as a hobby or
even start a magical career!

The book will also let you explore some of
the great theories of mathematics behind
the tricks, mathematics which you will be
able to use in whatever career you follow.
Perhaps it will inspire you to discover
more and deeper astonishment in the
realm of mathematics as well.

We hope this book will help you entertain,
amaze and learn.
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Continued...

Thought Witchety
using the power of the
Mathematics of Algebra

TRICK VERSION 2

Write down a number, The 8ecl‘e’[

Add 5, Now to explain this let me first tell you that

Multiply by 3, unfortunately I am not a true mind reader.

Minus 15, Although you may think your original

Divide by your original number, choice of number would change the

Add 7. number at the end, in fact it doesn’t make
any difference what your start number is.

Again, if my powers of mind reading are For example in version 3, | have no idea

strong enough you should now have the what number you picked at the start. So for

number 10. me you picked the number “?”. It's just a
question mark for me, | have no idea what

Or an even simpler one: the number is.

TRICK VERSION 3 Now let’s look at the third version

Write down a number, of the trick.

Add 5,

Minus your original number. First | ask you to write a number,

, , (for me this gives “?")
Again, if my powers of mind reading are

strong enough you should now have the Then | ask you to add 5,

number 5. Are you starting to see how I'm  (for me this gives “? + 5”)

tricking you?
Then | ask you to minus your original
number
(for me this gives “? + 5-7?")
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Continued...

Thought Witchety
using the power of the
Mathematics of Algebra

Then minus 15: The equals sign means both sides of the

(for me this gives “3 x x” or “3x") equation are the same number. Take “x -
5"and add 5. This gives “x - 5 + 5” which

Divide by your original number: equals “x”.

(for me this gives 3) xX-5+5=x

Add 7: s But from the first part we know that

(for me this gives 10) x-5=12, so replace the x - 5 with 12:

So again, the final number doesn’t have :gt)s(:){

an “x” in it which means the answer will B

always be 10 and it doesn't matter what We have basically added 5 to both sides of

the start number that you choose is. the equations. Now we know the mystery

This trick gives you an introduction into R

algebra and how it works. In algebra there
is a number (“x”) and you don't actually
know what the number is. Let's say
someone told you that this number
minus 5 gives 12. Well then the

number we don’t know is “x” so:
x-5=12
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.‘]neC,uali‘[ies

The Tale

Here is a spell using inequalities. The
= zsymbols you'll need to know for this are
+. <> (and £2). You place these symbols
“ where you might find an equals sign “="
*(so between two mathematical phrases).
+ But instead of the phrases on both sides of
- " the symbol being equal, one is larger than
=" the other (but with <> both sides can also
&% -be equal). The arrow points to the smallest
o5 side of the equation. You can think of it as
= = a greedy crocodile symbol that will always
. try to eat the bigger phrase. So for example
s - we can say 7>4. We should also look at
T how these symbols work in Algebra. If we
- were asked to show a region where x>y
o then we should draw the graph of x=y and
then shade the region above the line as for
e all these (x,y) co-ordinates x>y.

TG Cm]jul’in{«] using
: the Mathematics of

: ..;S_omehow, | know the potion you will create

The Magic

Now for the magic! First you must create
your potion. To do this, shuffle your pack
of cards. Each order the cards can be in
represents a different potion. Once you're
happy with your potion you'll need to find
the substance that potion creates with this
process:

Put a Joker on the top of the pack and
then turn the pack and hold it face up so
you can see the faces.

Work out “14 - the value of the first card”
(Ace =1, Jack =11, Queen = 12, King =
13). If this new number is BIGGER than
the value of the second card then put
these two cards to the back behind the
Joker. If the new number is smaller or
equal to the second card then get rid of
the two cards on the table somewhere.

Do this repeatedly until you get to the Joker ,{
then put the Joker to the bottom again. .
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Continued...

Unique Conjuring
using the power of the
Muthematics of Fctotials

Now work out “11 - the value of the
first card” (Ace = 1, Jack = 11, Queen =
12, King = 13). If this new number is

SMALLER than the value of the second

card then put these two cards to the back

behind the Joker. If the new number is
bigger or equal to the second card then

get rid of the two cards on the table

Do this repeatedly until you get to the Joker
again. Hopefully you'll now be holding a
few cards (if you don't have any left shuffle
all the cards and try again). Now get rid of
either the first two cards or the last two
cards. Do this again until you only have two
cards left in your hand and add the value
of these two cards together. Now to find

somewhere. what your potion was worth find this new

number in the list. The sum of these two

cards must be between 2 (if they are two

Aces) and 26 (if they are two Kings):
Gold 2 [ron 18 Moonlight 7 Stone 13
Silver 19 Silk 10 Grass 15 Starlight 5
Gold 2 [ron 18 Moonlight 7 Stone 13
Silver 19 Silk 10 Grass 15 Starlight 5
Bronze 14 Copper 4 Cotton 16 Ice 21
Diamond 6 Rubies 9 Ivory 26 Oak 8
Steel 23 Emeralds 17 Polish 3 Wool 20
Stone 12 Leather 22 Smoke 25 Pine 11
Tin 24 Rust 26

If the predictive powers of this spell book
are strong then you will create Stone.
Magic?










A handhook of magical mathematical tricks for you to learn 10/2

Mind Control Spell and the
Mathematics of Fractions
and Pel’cen'[ages

Control your spectators’ minds so they all have

the same thoughts

The Tale

A fraction is written as two numbers
separated by a line like this: %. A fraction
can represent a quantity of things you
might have (like magic apples). You
probably recognise “¥2" as a half and
you'd find it easy to know how much %
an apple was. Well what if | gave you
64/128 apples or % apples?

Try thinking of a fraction like this: the
bottom number (the denominator) is

the number of equal pieces we divide

one apple into. The top number (the
numerator) is the amount of these pieces
we have. So if you had %2 apples: take one
apple and divide it into 2, then take 1 of
these pieces, this will be a half. If we have
64/128 apples: we take one apple and
divide it into 128 pieces, then you take 64
of these pieces. But how many pieces
would be left? If we take 64 pieces from
128 then there will be 64 pieces left. This
must mean that we have taken half the
amount of pieces and “64/128" = “14".

This helps to shows us something
important about fractions: if you divide the
numerator and denominator by the same
number then the fraction has the same
meaning. For example, if we divide the
numerator and denominator of 64/128 by
64 then on the top we get “1” and on the
bottom we get “2”. So 64/128 is the same
as .

Second, if the numerator is larger than the
denominator then we can simplify the
fraction (if this is the case then we say the
fraction is “top heavy”). If we have %
apples then how many do we have? Well
we divide apples into 3 equal parts each
and then take 7 of these parts just like
before. But if we take 7 parts then we
could group 3 of these parts back together
to make a whole apple and leave 4 parts.
Then we could group another 3 together to
make another whole apple and leave 1
part. This gives us 2 whole apples and 1
part of an apple that was divided into 3. We
say this is the same as 2 %. So to simplify
top heavy fractions we must divide the
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Continued...

Mind Contfol Spell and
the Mathematics of JFractions
and Percentages '

+~ -numerator by the denominator (there The sec]‘et

may be a remainder). The result of this
becomes the number of whole app|es and This trick is not a Coincidence, it uses
the remainder become the new numerator ~ the rules of fractions we just discussed.

on the new fraction. Let's see what happens if the original digit
chosen was 1. Then the three digit number,
. would be 111. Adding the three digits
The Maglc would giveus 1 +1+1=3.Then 111/3 =%~
Now for the magic! Get a few spectators 37. However they might not have chosen =
together and make sure they have 1, it could have been any digit. As we dont -
calculators. Tell them to think of any one know what this digit is let’s call it “y” and

of the single digits on the calculator (except o the trick with this using algebra. (First

= .0) then get them to press the digit they are  otice that 555 is just 5 x 111 and 888 is
-+ thinking of 3 times (so they will have 444 st 8 x 111 etc. s0 999/9 = 111).

or 222 on their screen, for example). Now
= in their head get them to add the three So if their original digit was “y”
digits together. Now ask them to press
divide on the calculator, type in the
number in their head and press = for the Adding the three digits would give

result. They should now all concentrate “yry+y=3y’

strongly on the new number on the screen.  Then dividing “yyy” by 3y gives “yyy"/3y.
Get them to shout out that new number

together. They may be surprised that they ~ Then by the rules of fractions that we

just said exactly the same thing! discussed we can divide the numerator
and denominator by “y” to get 111/3 = 37.
So the original digit doesn’t matter, we will
still always get 37.

Then their 3 digit number would be “yyy”



Did you know- Magicians
don't just do magic?

Did you know that many

magicians have changed

the world. Harry Houdini

was one of the first men to fly

a plane in Australia. Another
magician. John Neville Maskelyne,
invented a typewriter, a mechanical
cashier and a coin operated lock that
went on to be used in commercial
coin operated vending machines.
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The Challenge of the Magic

Uset and the Mathematics of
- Rotios and Algebra

You play a game of cards against a magic user, the
Wizard of Snakes, who aims to imitate your movements

The Tale

We have just looked at fractions. Let's now
look at something similar called “ratios”.
Ratios help us compare one quantity to
another. For example, let's say we make a
potion that is made with one cup of moon
water and 2 cups of lizard juice. We then
_say that “the ratio of moon water to lizard
“juice is 1:2”. If we have a potion made
from 2 cups of crushed beetles and 4 cups
_of blended newts then the ratio of beetles
to newts is 2:4. This means that for every 2
portions of beetles there are 4 portions of
newts. Or for every one portion of beetles
there are 2 of newts. Having 4 sweets for
each 2 children is the same as having 2
sweets for each child. In the same way that
we can cancel down fractions by dividing
the top (numerator) and bottom
(denominator) by the same number, we
can also do the same to ratios by dividing
both,sides by the same number.

.. you have dealt out all:the cards. Each
- player-now. has 2 piles, one face up, one...

The Magic
Now for the magic! Get your cards
(make sure it is a full pack of 52). You

are about to play a game of chance against '.*;',_;.'

the mysterious magic user, the Wizard of
Snakes. He is sitting opposite you right now
under his cloak of invisibility. Shuffle your
cards so that there is no way the Wizard

of Snakes can predict the outcome of the
game. Although in this game he will
secretly try to mimic you as closely as
possible. At the end of the game if he
manages to mimic you perfectly then he
wins. You are going to deal 4 piles of cards,_
one face up pile and one face down pile for
you, and the same for the dark magic user.
Start by turning over the first card. If it is
black then place it in the Wizard of Snakes’
face up pile then deal him another face
down card in his face down pile; if it is red
then place it in your face up pile and deal
yourself another face down card in your
face down pile. Continue doing this until
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face down. Now count the number of face

" “up reds you have, and count the number

of face up blacks the magic user has. It
might be that one player has more than the
other and has some extra cards. This is
clearly not fair so take the extra face up
cards away and add them to the OTHER
player’s face DOWN pile so that now both
players have the same number of face up
cards.

Now to see if the Wizard of Snakes has
won the game by mimicking you correctly;
Turn over your face down cards and work

-=out (and write down) the ratio of red cards

to black cards (red:black). Then turn over
the Wizard of Snakes’ face down cards and
work out (and write down) the ratio of black
cards to red cards (black:red). The Wizard
of Snakes has beaten you if they correctly
controlled the cards so they would have the
same ratio as you. Knowing the Wizard of
Snakes, | am pretty confident that this
powerful magician has won and that the
ratios are the same, How can | be so
confident? You are about to find out.

W 3
\ ".

The Sectet

So did the invisible Wizard of Snakes
actually predict your final ratio or was
this another example of maths?

When you finished dealing out the cards
(before you moved the extra face up cards
around) you had four piles, | don’t know
how many cards were in these piles so Ill
label them with letters (with ‘u” and ‘d’ to
represent face-ups and face-downs):

Your Piles: Wizard of Snakes piles.
U u
D d

Now either your “u” pile or the magic
user’s “U” pile might have been bigger
than the other. This is where | asked you to
move the extra cards to the other person’s
face down cards. Let’s say u>U (if U>u we
will be doing exactly the same calculation
but with writing U and u the other way
around). So we moved the extra cards (“u-
U") to give this:

i
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Mind Expansion Jinx and
~ the Mathematics of Mental -
.f ;f Methﬂds

.. Your mental power is expanded to unbelievable levels
as you conjure up an ever popular magic square

The Tale Remember, multiplying by 50 is as easy as -+ K. x
~ multiplying by 5 and then multiplying by 10 :

It will be important to know (or to be able to by adding a “0” at the end.
work out) the square numbers from 12 to = o
152 as well as the cubes of 2,3,4,5 and 10. Do each bracket individually to get: A
As well as this you'll need your 26,600 + 1,064 -
multiplication and division skills. In terms
of multiplication, if you have two fairly long ~ 1hen do the sum:
numbers it is often easier to look at the 27,664
“shorter number in sections of hundreds,
tens and units and then do the
_Mmultiplication in parts like this:

There are little tricks in multiplication and
division you will discover. For example in
this next spell it is useful to know that

532x 52 dividing by 5 is the same as multiplying by
This is the same as: 2 and then dividing by 10.
532 x (50 + 2)

Using algebra we can then simplify
by multiplying 532 with each number
in the bracket to get:
(532 x 50) + (532x 2)

If it's easier to see, you can write it like this:
((532x5) x 10) + (532 x 2)
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The Prediction Hex and the
Mathematics of Sequences

The outcome of a random number generator is predicted

The Tale

A sequence is a set of numbers that
follow a certain rule. Each number in the
sequence is called a “term”. We can often
create a formula that tells us what the nth
term is (in other words the formula will be
an equation with the letter "n" in, when we
replace the "n" with "1" the equation will
tell us the 1st number in the sequence,
when we replace "n" with "2" the

equation will tell us the 3rd number

in the sequence etc.)

Here are some examples of sequences:

out the sequence and underneath each
pair of numbers write the difference of
those two numbers like this:

4 7 10 13 16
3 3 3 3

A number in the second row is the
difference of the two numbers above it.
Notice that in the bottom row there is only
one number repeated. In this case where
the repeated number is 3 we know the
formula has a “3n” in it (if the repeated
number was 4 it would have a “4n” in it
etc.). We then try “3n” as the formula, but
notice how for each term “3n” gives us the

Sequence: Rule: Formula:
2,4,6,810,12... Even numbers (formula is: 2n)
1,3,5,79,11,... Odd numbers (formula is: 2n-1)
1,4,9,16,25,36,... Square numbers (formula is: n2)
1,10,100,1000,10000 Powers of 10 (formula is: 10t-D)

If we know the terms of the sequence,
how would we find the formula for that
sequence? Well a useful tool is to write
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wrong answer. But it is wrong by the same
amount (1) each time. So we can correct
the formula we tried and now write the
formula as “3n+1". Try it and it works!

The Magic

Now for the magic! Take the picture cards
out of a pack and arrange the number
cards into two piles like this: First lay down
two 10s separately face up, then on top of
each 10 put a 3 face up, then on top of
each3 putab,thena9, a2, b, 8, Ace,
4,7,10,3,6,9, 2,5, 8, Ace, 4, 7.

So the two piles are: 10, 3,6, 9, 2, 5, §,
Ace, 4,7,10,3,6,9,2,5,8, Ace, 4, 7

The 10s are on the bottom, 7s on the top
and all the cards are facing up.

Now put your piles side by side. This is
your random number generator. You can
cut both piles as many times as you like to
give you a random 2 digit number (pretend
that the 10s are Os) (to “cut” the cards

take as many cards as you like from the
top of a pile and place them on the bottom
of the same pile so a new number is face
up and all the cards are still face-up).

Now find a random number by cutting
both piles like this as many times as you
like. Have you done that? Good.

Now look at the number on top of the

first pile. Either this number, or “10 + this
number” or “20 + this number” will divide
by 3 to give a whole number. Work out
which one of these divides by 3 and divide
that number by 3 to get a new number.
Add 1 to that new number and remove
that many cards from the top of pile 1

and put them on the bottom of the pile.

Now look at the number on top of the
second pile, either this number, or “10 +
this number” or “20 + this number” will
divide by 3 to give a whole number. Work
out which one of these divides by 3 and
divide that number by 3 to get a new



Continued...

number. Add 2 to that new number and
remove that many cards from the top

of pile 2 and put them on the bottom
_of the pile.

You now have your two piles which
together show you a new random number
with 2 digits. You could have had any
random number between 00 and 99 to
begin with which would then give you a
random calculation to work out how to
find the random number you are looking
at now. But with my powers of predicting

- the future, | can tell you that the number
you're looking at now is...74

- The Sectet

So how does this work? Well if you cut one
of the piles so there is a 10 on the bottom
(which for us is a “0”), then spread it out,
you will notice there is a sequence. Each
card is 3 more than the one before it. Any
second digit has been ignored so “12”
becomes “2” and “14” becomes “4” for
example. Touch any card and try to work
out how many cards that is away from the

find a particular term in a sequence we

The Prediction Hfex and the'i _
Mathematics of Sequences 3

"7~ “10" before it. Remember when wanting to

A

have a formula with “n”s. If each term
in the formula is 3 more than the one
before it then the formula has “3n” in
it. Well here we are doing the opposite, =
instead of multiplying by 3 we are trying to .+
divide by 3, trying to do the reverse of the
formula by taking a card in the sequence

and finding out where that number is (2nd, -
3rd, 4th number etc.). Moving this number “.
of cards to the back is just like going back
this amount in the sequence (if we are on
the 3rd number in the sequence and we
put 3 cards to the back it takes us back
to the 10 [which is the same as “0"] — the B
same is true for every number). So the first
part of what | asked you to do takes you
back to 10 no matter what number you
start on, taking away 1 more card or 2
more cards (the second part of what |
asked) just makes sure your final number
is interesting and not 10, 10.

« B
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The Wizard of Mischief's
payment and the Mathematics
of Powers and [ndices

The Wizard of Mischief once saved

the kingdom from impending doom. The
kingdom’s master asked what this wizard
would like in return for his good deed.

The mischievous Wizard replied, “I'd like
a chessboard; on the first square of the
chessboard please place 2 grains of rice,
and on each square after place double the
amount of grains that are on the square
before. So on the first there are 2, then 4
then 8 etc”. The kingdom'’s master thought
it odd to request such an odd and simple
reward but he agreed. A week later the
master came to the Wizard and told him

it wouldn’t be possible as the kingdom
was not rich enough for this reward. The
cunning magic user laughed and told

the master it was all a playful joke.

Why did the master struggle to give the
magic user his reward? Well we must learn
about powers and indices. Indices are
small numbers we place to the top right

of a normal number. For example 6°. The

index tells you how many times we must
multiply the larger number to itself. So 6°
iS6EX6X6X6X6.

The magic user asked, simply, for 2 grains
of rice on the first square. (This is 2! — we
are multiplying only one 2).

But then asked for double on the
next square (Thisis 2 x 2 = 22 = 4).

Then double again on the next square
(Thisis2x2x2=23=4).

This is continued until we get to the 64th
square which would have 2% grains of rice.
You might be surprised at how large this
number is. It is

18,446,744,073,709,551,616

grains of rice! This is why the master had
trouble; there wasn’t enough rice in the
kingdom.
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Thought Reading Sofcety
and the Mathematics

of Factor’s

Gives you the power to read your spectator’s

hidden thoughts

The Tale

The factors of a particular number (for
example 15) are the numbers that divide
exactly into that particular number (the
factors of 15 are 1,3,5,15 as each of these
numbers divides 15 exactly, leaving no
fractions or decimals).

A prime number (for example, 11) is a
number that has only two factors. These
factors are 1, and itself (11). There are no
other numbers that can divide the prime
number to give a whole number.

A prime factor is a factor that is also a
prime number. Every number can be
written as a set of prime numbers
multiplied together. For example,
18=2x9but9is3x3.S018=

2 x 3 x 3, itis now written as the
multiplication of prime numbers only.

The Magic

Now for the magic! This time you will
perform the magic on someone else.

Make sure they have a calculator and

get them to multiply together any single
digit numbers (single digit numbers are:
1,2,3,4,5,6,7,8,9) until they have a long
number that takes up the whole calculator
screen or a number that is pretty long. A
“digit” is the name for the symbols used
when writing numbers, for example the
digits of 238 are 2 and 3 and 8. When they
have done this tell them they can now
choose one digit on their calculator screen.
The rest of the numbers they should read
out to you in any order they like, not
reading the number they are hiding. You
tell them you will then read their mind

and tell them the number they are hiding.
Secretly what you are doing is adding up
the individual numbers they tell you (for
example they might tell you 3,6,7,9,3,5
and in your head you work out 3+ 6 + 7 +
9 + 3 + 5). When you have done this you
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will have a number in your head (for
example, 15) then find the next highest
number in this list:

9,18,27,36,45,54,63,72,81.

For example, if the number in your head
now is 15 then the next highest number is
18. Then minus the number in your head
from the number you just looked at in the
list. The answer to this is the number they
are hiding from you. (So if the number in
your head is 15, the next highest number
in the listis 18 and 18 - 15 = 3, so they
are hiding the number 3). Tell them this
number and pretend you have read their
minds.

If the number you have in your head (after
the adding) is already in the list, then the

number they are hiding is eithera O ora 9.

You can say to them that you aren’t sure
because they have been quite sneaky but
you know it's either a O or a 9. You can
then make a guess, if they seem sneaky
they will usually hide the O from you, if you
guess and it is wrong then you know it's
the other one.

The Secret

The reason why this works is to do with
factors. Your participant has multiplied lots
of small numbers together to make a big
number. For example they might have
doned x6x3x6x9x1x4x2xb.
There are 3 digits on a calculator that have
factors of 3 (these digits are 3 which is
obviously divisible by 3, 6 which is 3x 2
and 9 which is 3 x 3) If the final number
has at least two of these as factors then it
must have at least two 3s in its prime
factors. For example let’s look at 4 x 6 x 3
X6 x9x1x4x2x5againand look at
the prime factors. Well the prime factors of
4 are 2 x 2, the prime factors of 6 are 2 x
3, the prime factors of 9 are 3 x 3, so if we
replace these numbersin 4 x 6 x 3 x 6 x
9 x 1 x4 x2 x5 by their prime factors we
get2x2x2x3x3x2x3x3x3x1
X 2 x 2 x 2 xb. If we are multiplying
together numbers, we can do it in any
order we like (2 x 3 is the same as 3x2,
and 2 x 3 x 2 isthe same as 2 x 2 x 3).
So we can group all the numbers that are
the same togethertoget 1 x 2 x 2 x 2 x 2
X2X2%x2x3x3x3x3x3x5 We
canthenswapa3x3fora9as3x3=09.
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" being created.

users will be resolved

The Tale

Later we will see that using Pythagoras’

- theorem we can find out the length of one

side of a right angled triangle (a triangle

" where one of the angles is 90 degrees) if
= . we know the lengths of the other two.
<. How about the angles of a right-angled
_triangle? If we know 2 angles can we know

the third? Or if we know 2 lengths can we
work out an angle? The important answer
lies in this piece of magic.

-~ The Magic

With so many magic users in the world
right now have you ever wondered how
strong the negative effects of the evil magic
users are? Well luckily your calculator
comes with buttons that give you a
measure of the sin caused by the world’s

= evil magic users and the cost of their

actions at any particular time. The
measures come between 1 and -1, the
higher the number, the more sin/cost is

A Magic User's Investigation
-~ of the Mathematics of Sine

and Cosine

. Investigate when the actions of the sinful magic

Try it for yourself, have a look at how much
sin is being caused by the magic users
right now by using the “sin” button on
your calculator. For the sin you’ll want to
replace “t” in the following equation with
the current time: Sin(30 x t). You can put
in any time you like (you can even putin
decimals e.g. two thirty is half past two so
2.5). If you try out different times you will
see how the sin varies with each time. A
similar thing happens with cos (measuring
the cost).

Now pick any time of day and write down
this time (like 6: but don't pick 6, this is
just an example!). We will now look at the
sin caused at this time, the cost it takes to
repair the damage, and the time by which
this damage will be repaired.

To work out this damage repair time use
this formula:

Damage repair time: Cos(90 - 30t)/
Sin(30t). '
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“Cos” actually represents the “Cosine”

“ Function. If we use the cosine function

on an angle we will be given a number
equal to Adjacent / Hypotenuse.
Cos(x) = AH

Also

" “Tan” represents the “tangent” function.

[f we use the tangent function on an angle
we will be given a number equal to
Opposite / Adjacent.

Tan (x) = 0/A

Practicing with these functions will show

=7 you that if you know some information

about the sides and other angles of a right
angled triangle you can often find out any
other information you need.

Now notice that if | take the time you
chose on the clock and multiply it by 30,
this actually gives me the angle "x" made
between the hour hand and the 12 o'clock
direction. Now that | have the angle in the
triangle | can use the sine and cosine

functions.

First remember that the angles in a triangle
add up to 180. You know the square angle
is 90 so the other angle we haven't looked
at must be 180 -90 - x=90 - x. We can
call this angle y. But when we are working
with angle y the labels we give to the sides
change. In fact the Opposite for angle x is
the Adjacent for angle y and the Adjacent
for angle x is the Opposite for angle y. This
means that cos(y) = sin(x) (because y = 90
- X) or:

Cos(90 - x) = sin(x)

This gives
Cos(90 - x) /sin(x) = 1

But this is when the xs are in angle form.
Originally you were asked to find the angles
as a time, and to convert the time to angle
we saw you have to multiply by 30. This
gives:

Cos(90-30t) / sin(30t) = 1

So the answer will always be 1!
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Impossibility Enchantment
and the Mathematics

of Probability

An impossible event occurs not once hut three times

The Tale

Let’s look at probability. The “probability”
that something will happen tells you how
likely it is to happen. The “probability” is
a number between 0 and 1. If the number
is O then it means there is no probability
(no chance) that it will happen. If the
probability is 1 then it means it will
definitely happen. The closer the
“probability” is to 1, the more likely

it is to happen.

Remember in fractions % =0, % = 1. If the
top and bottom are the same number then
it is equal to 1. Remember, in fractions we
can always divide the top and bottom of
the fraction by the same number. So in 6/6
we can divide the top and bottom by 6 to
get = 1. Or in % we can divide the top
and bottom by 2 to get % = 4.

For example, the probability of flipping a
coin and it landing on heads is %. The top
number says how many different outcomes
there are to the action we are looking at

(we are looking at 1 outcome — that the
coin lands on heads). The bottom number
says how many total outcomes there are
(there are 2 different outcomes, heads or
tails). This gives %.

As another example, what is the probability
that we will roll a dice and get a number 5
or 6? The top number in the fraction is the
number of outcomes we are looking at (2
outcomes as we are looking at the
probability the dice gives a 5 or it gives a
6). The bottom number is the total number
of outcomes there are (there can be 6
outcomes, itcanbe 1 or2or3or4or5or
6). So the “probability” we geta 5 or 6 is
2/6 and by the rules of fractions we can
divide the top and bottom numbers by 2.
This gives %.



The Magic

Now for the magic! | will perform the crazy
magic on you! Take a pack of cards (it
must be a complete pack of 52 with no
cards missing). Pick out any three cards
and put them to the side. Also write the
names of these three cards down on a
piece of paper.

Now take the rest of the cards and deal
them face down into 4 piles next to each
other. Deal them so that in the first pile
there are 12 cards, in the second pile
there are 15, in the third pile there are
15 and in the last pile there are 7.

Now take the three cards you picked out at
the beginning. Place the first card on the
first pile and then take some cards from
the second pile and put them on top of the
first card on the first pile (it doesn’t matter
how many you take, it's your choice). Then
put the second card on the second pile
and again take some cards from the third
pile and put them on top of the second
card on the second pile. Then put the third
card on the third pile and again take some
cards from the fourth pile and put them on
top of the third card on the third pile.

w287

Then put the fourth pile on top of the third
pile, then that pile on top of the second,
then that pile on top of the first so you have
one pile of cards with the cards you chose
somewhere randomly in the pack.

Hold the pack face down. What is the
chance the top card is one of your 3
cards that you chose at the beginning?

Well we are looking at the 3 possible
outcomes that the top card is the first
card you picked, the second card or the
third card.

The total number of outcomes the top card
could be is 52 as there are 52 cards in the

pack so there are 52 different cards the top
card could be.

This means that the “probability” that the
top card is one of your chosen cards is %:.
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Continued...

Impossibility Enchantment
and the Mathematics

of Probability

It is not very likely, this number is closer to
O than to 1, so get rid of that top card and
put it on the table. Let’s say that the card
now on top could be one of your cards, so
let’s save it just in case and put it on the
bottom of the pack.

Now what is the chance the new top card
is one of your three cards? There is still 3
ways the top card could be your card but
now there is one less card in the pack
(there are now 51). So assuming you didn’t
just get rid of one of your cards the chance
the new top card is your card is 3/51.
Again, this is not very likely, so get rid of
this card as well, put it on the table, and
again let’s say the next card could be your
card, so save it and put it on the bottom of
the pack just in case.

Now do this again and again. Put the top
card on the table, then put the next card
on the bottom of the pack, then the next
card on the table, then the next on the
bottom... . Do this until you only have 3
cards left. Remember what happened in
the trick, you selected 3 cards, then they
were placed in random parts of the pack,
then slowly you got rid of all the cards until

only 3 cards were left. It seems it would be
very unlikely that these 3 cards were the
cards you picked at the beginning but turn
them over. If everything has gone perfectly,
you should now magically be holding your
first 3 cards.

The Sectet

This is a magic trick and should always
work, but I'm keeping this one a secret!
See if you can work out how you ended
up with your 3 cards. Now for something
a little more advanced: What would be the
probability of taking three cards out of a
pack, putting them back, shuffling, and
taking another three cards out and these
new three cards are the same as your first
ones? Well what is the probability the first
card you pick is the same? It is %2 again.

Now one of the three cards have been
removed, so now there are only 2
outcomes we're looking at left and only
51 cards. So what is the probability the
second card you pick is one of the first
3? It is now %..

And then the probability the third card
you pick is also one of the three is %o.
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Your Element of Destiny
and the Mathematics of
Prthagoras’ theorem and
Simultaneous equations

Mystic Mandy predicts your element of destiny

The Tale

You are about to learn a bizarre fact to

do with triangles. Get your rulers out for

this trick. Before we go into it we'll revise

important words to do with triangles:

A triangle is “right-angled” if one of it's

angles is 90 degrees. It's also important to

_ know that the longest side of a right-angled
‘triangle is called the “hypotenuse”.

We should also mention “simultaneous

" equations”. This is a set of equations that
use the same letters or symbols (for
example, x and y). Usually we try to find
points where all of the equations are
correct at the same time. This can be done
in two ways. To look at these two ways let's
look at an example of simultaneous
equations:
Y=xand y=-x+2

The first way we can solve the equations is
By graphically. This means we draw the lines
= ~that represent the two equations on the
* _same graph and find where they cross.

Each line from each equation shows you
when that particular equation is correct.

So at the points where the lines cross we
know both equations are correct (as the Y
point is on both of these lines). The x and 4
y values of this point then must solve both =
equations and are then the solution to the B
simultaneous equations.

The second way to solve the equations e
is algebraically. One way to solve them 5
algebraically is “substitution”. This is
where we substitute information from one
equation into the other equation. The first
equation above says that x=y, so in the
second equation we can replace x with y
togety=-y+2.

Then if we add y to both sides we get
y+y=2

which is the same as
2y=2

then we divide both sides by 2 to'get
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Continued...

Your Element of Destiny
and the Mathematics of
Prthagoras’ theorem and
Simulaneous equations

Now draw a line from your “chocolate”
mark to the “biscuit” mark and label this
line “a”.

.Now draw a line from your “biscuit” mark
to the “pizza” mark and label this line “b”.

Now draw a line from your “pizza” mark to
the “sweets” mark and label this line “c”.

Now draw a line from your “sweets” mark
to the “chocolate” mark and label this line
‘g

Now get your ruler and measure the length
of line a, write “a =" and then write the

- length. Do the same thing for line b, ¢
and d.

Now get your calculator and work out what
a2, b?, c? and d? are. Write the answers
down as well.

Now write down the answer to “a2 + c2”
and write the answer to “b?+ d2” and
divide the answer of “a2 + c2” by the
answer of “b2+ d2”.

" touching each other. Their “hypotenuses”

Soyou are doing: “(a” +c) /(b +d ).
Round the answer to this to the nearest
whole number. Now find this number 3
here and find your element of destiny: o ."1

1) Fire 3) Water

2) Earth 4) Air

Now would it surprise you again if the Fa

Wizard of Dreams predicted what your "% g
element of destiny was and commanded ==

| write it here in this book? Your element
of destiny is FIRE!

The Sectet S

The Wizard of Dreams is not as mystical
as you might think, he actually always
knew you would end up choosing fire.
How did he’s know this? Well it was with
the help of “Pythagoras’ theorem”. In this
theorem if “h” is the length of the longest
side of a right-angled triangle and “a” and
“b” are the lengths of the two other sides.
Then it is always true that a2+ b2 = h2.

So how did this help? Well first notice that
the shape you have drawn is divided up
by the vertical and horizontal lines. This
makes 4 right-angled_triarigles that are
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You can cut out these images and secretly swap one for the other behind your back,

see page 24 for details of the trick.
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