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MATHEMATICA
MY S ERY

When you think about maths, what do you think
about? Do you think it's all Just numbers and
equations? Then think again...

Maths is really about exploring ideas and using
our imagination. It's a way of making sense of
the world -« or of making seemingly impossible
things possible!

Molly 15 a curious explorer, and she is about 10 go
on a fantastic adventure by following a trail of
mysterious clues. She'll need to be imaginative

- and she just might need some help. So, are you
feeling adventurous? Then step inside!
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THE ADVENTURE
BEGINS...

an ordinary bedroom. But look, what's
that on the floer?

It's a note with Molly's name on it. How
strange! She opens it up and starts to
read, It's an invitation to do something
EXTRAordinary. Can you work out what
the note is asking her to do? Let's give
itatrwy...

Molly opens the window and imagines
pushing her room right through i1,
She hears a whooshing sound. It gets
louder and louder. Suddenly Molly

it swep! right up in the sound and
everything becomes a blur...

Push open the window to follow Molly
on her adventure.
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This is Molly. She's an ordinary girl with

-

S ™ e T
= | e

Tomin' inside out

Can you tmagire turning a 1com inzide out ltke
tuming a glant sock lrgide out?

Think adaut holding & sock (or even find a real sock

0 experimant withl), To turn the sock nside out you

have 10 push the material Ihough the round opening.
Now imagine the cpening 1z a window, and the matarial How Mmany SOCKs car
s your room., Tuming your bedroom Irgide out doesn't seem you fingd 1n Maliy's
30 impazzible anymore, ., at least in your tmagination! Thas iz bedroom? Can you
what maths i5 all adbaut mMatch three pain?
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IT'S ALL INSID€ OUT

Something peculiar is going on.

All of Molly's bedroom furniture

is stuck to the cutside of her house.
It's her bedroom... turned inside out!
Melly has done (!

&

She seems 1o have turned some other
things inside out as well. The tools are
all hanging on the outside of the shed,
and look what's happened to the pond.
And what's that weird pillar of earth?

A white rabbit darts up the pillar

and Molly realises it's an inside-out
rabbit hole! She follows the rabbit and
starts climbing. Will that note help?
And who left it there?
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Impouib!c objects

The Irnpossible Staircase

15 something krown asz an
impossible object. That means
1t can exizt in a 10 drawing

of In eur minds ~ bult it could
never exist in the 3D werla.

Qur braing 'magine how to
inderpret 20 pictures in 30,

The real, physical world enly
has ) space dimensions

* left and right

* farwards and
bacwwards:

*up and down

Our amazing Brains can
imagine in &, S or even Infinite
dimengions, too!

This 15 anather In this care, we're tricked
impossible object because our Brains can creats If you want 10 know what a 40
How many cthar: can J0 t3eas that aren’t possible object weuld Jook e, furn to the
you 1pet in the roem? in the real world, back of the book

THE IAPOSSIBLE
STAIRCASE

ST T P

el

Molly pops out of the rabbit hole at
the other side, and finds herself on
a statrcase. There's something very
odd about 1t, but Molly can't work
out what. Slowly, she starts to climb.
What will she find at the top?

Molly climbs faster and faster, round
and round, but never seems to get
any higher, That's impessible! How
will she ever get anywhere?

Then Molly notices another note...
Maybe it's another clue! Can you help
Mally make her way off the Impossible
Staircase?




THE GARDEN OF
HIDDEN SHAPES

Molly clambers off the Impossible
Statrcase. She's glad she found a way
cut of that! Phew...

Now she’s in a huge garden full of
winding paths. It's some kind of maze!
from her starting point, Molly can

seo a bright triangular flower bed;

a patterned pond of swimming fish;
and a strangely-shaped sculpture.

But where 15 the way out?

On the far side of the garden 15 a
dramatic-looking house. That must
be where Melly needs 1o go next,

But none of the paths seem to lead
there. Perhaps opening the next note
will give Molly a clue...

iling sh

Ti ing shapes
Sametimes thapes 1it 1ogether 1o make other shapes

In thiz maze, six triangles it together to make a hexagon

The triangles are special ones where all Bhyee sides are the
same length: thete are called equilateral triangies

Equtiateral triangles fil togelher perfectly like pleces of a

Jigraw. This is called tassellation, It means they're a good Thiz Bexagon iz
Building bleck fer crealing ether thapes, Including bigger . ey o of 10x tled
triangles and stars - you could even use them to completely 1sungies. How many
cover a flat surface, known at tiling the plane. What other othes t1IIng shapes
shapes could you make with an equilateral triangie, ana CAN you 1Ing In the
what other thapes could you use 10 tile a plane? ?




THE HALL OF eNDLeSS DOORS

Molly makes her way through the maze and reaches the front door of
the house, She steps inside and locks around Iin awe, In front of her i
a grand staircase, and a dizzying hallway full of doors. Where could
they all lead?

The doors all have intricate patterns on them, but there's no sign of
what's behind each one. Look, there's another note. Will it help Mally
find the way outl? Make sure you don't open a never-ending door, or
you'll end up in a never-ending room with a never-ending hallway!
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The doors In Inis haldway look

1tke they go on forever! tach deor
patiern has a smaller door inside
1%, with an even tmaller door inside
that, and 50 on... They're a bt

1tae neziing dollz, We could keep
F0oming in forever,. ., providing the
doors keep going forever,

All the sraaller doors look identical
to the biggest door, This type of
symmatry is called se¥-symmetry

In maths, somathing that keeps
going forever iz called Infinite.
Let's Imagine an infinite tet of

dolls. You could keep opening
them forever without running out
of dolls, but they'd get 5o tiny 1t
would be very hard o tee them!

How many sasting dolis can you find
hidden in e sceme? Can you malch
JD thige selts of Mve salis?
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€SCAPE THE
STEAM ROOM

Molly finds the right door, but it
swings shut behind her with a loud
CLANG. It won't open again! She'll
have to find another way out of here
and on through the rest of the house.

It Tooks like Mally iz now in a huge
steam room, full of pipes and vents.
There's a door marked “exit hatch',
but that won't open either. It's
huffing and puffing and looks like
it's controlled by the steam...
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Suddenly, Molly spots the next clue.
Will it help her to open the door and
get out of here?

In thiz steam room, the falkding shape: are mads from &
squares, which fald up 10 make cubes. You might wonder
what sther flat patterns of & sguares fold up to make & 1
cube. Not all of thermn will work. . but if 1t does, ! is called ' 1

We can look for nets of other 3D shapes too

are 11 passible mets hat make a cube. Here's one
that work: and ane tha! doein't. Can you tell which iz

o Help Mally 19na Par way

which? The trick 1z to make sure that none of the igquares sut Dy CHMING UD ang
will overlap, but that their edges all meet up Sawrn the ladders
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CARPET WEAVING

The steam-controlled door bursts open... Is Molly
nearly home? The next room she enters is filled
with wonderfully wacky tapestries. There are

carpets all over the floor, the walls and even on
the ceiling!

Some of the carpets have curious designs. They
look like some of the places Molly has been to

before. Do you recognise any of them? Others are
decorated with shapes and patterns.

The biggest carpetls have been cut into strips,
Molly wonders why someone would do that.
There's a note here too. Will it help her again?
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Latin sQuares

Take 2 Took at the hanging carpets above,
The pattern only shows each shade of grean
OF pink once In cath raw and once In cach
cedumn, Both carpets 40 ™is, Just the colours
are switched. This is called a Latin square

When you weave the sirips legether with an
ever-undaer techmique, you will etther reveal
a pink patiern or & green one. This 1z because
each of the strips alternates pinks ans greens,
but one carpe! starts with green In the top et
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ana the other starts with pink, Mare 5 another
4 x 4 Latin square wivich uses shaper ar waell

as colours
ADNme
onea
HeA®
®AON

Loak closely at tha oTher hanging ©
on the wall, Can yog find 1omew

Nolly hasn't visiied ye? Parhaga ¥
whare she 15 headed nest!
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MIXED-UP LIBRAR}

Molly squeezes through the exit

door and finds herself in a gigantic
library. Polished wooden bookcases
are bursting with books in all shapes
and sizes.

Same of the books are tiny, but some
are bigger than Molly herself! Molly
notices a pile of five books that have
fallen on the floor, They look like
they're a series. She loves books so
she wants to start reading them, but
she doesn't know what order they're
supposed to be in.

Open the next note to find out how

to work it out,.. and see if it reveals
how 1o enter the next room.

sl

Countin' combinations

Maw many ways are thare to order the five
fallen books? Sametimes 11's a DIt Baring 10
count Things one by one. We might be abdle
10 work out how many (8ere are by thinking
things threugh intlead of going “oame, two,
three. .." There are ways of counting By
reazoning initead

There are five books, o there are five
postiDilities foy which one you read first,
After that ihere are only four 10 chaose
from for the second baok, then three left
for the rext book, and then *we, and then
there's just ame lef! ta e the last book, We
can muitiply theze togethar to get the total
rumber of postible crder:

Sxaxixix!

you 130t the oad
one oul 1n saLh raw?
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SYAMETRY GARDEN

The bookcase creaks open to reveal a
luscious green garden. Molly has made
her way right through the house!

The garden is full of colourful butterflies
flitting from flower to flower, There's

a gate leading out of the garden, but it
won't open. Will the next letter explain
how the gate works?

Let's help Molly to complete her next
task and open up the gates. Who knows
where she will go next?

S‘mmctq

There ave several types of
symmetry. One kind i1 where you
can fold something in half and
1t's the zame on 2oth cices - this
iz called reflectional tyrmmetry

Another king 15 where you can
um femething round and 11 stil)
looks the same, Hike a windamill -
thiz iz called rolaticral symmetry,

There's alzc a ind where you
CAN Move somathing sideways
or In anothar straight line
direction and 1 leoks t™he zame,
1%e a fence or the pattemn of

s brick wall - this 15 called
translational symmetry.

CAR Yyou fIng all tThree 1ypes
of symmatry In the gargen?

Reflectianal
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-~ THE€ FRACTAL ORCHARD oA -

l /\k On the other side of the gates is a strange-looking orchard. All the trees are curiously LL’/{

\,' l regular, with each branch splitting in two again and again and again...

I

Molly can't see a way out of here, and the whole orchard is surrounded by a wall. She's
good at climbing trees, but the tallest tree isn't high enough to help her get over the wall.

There's yet another clue! Will it help her to climb out?
And where are these curious clues coming from anyway?
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3 2 " These trees grow quickly! B
B As you look up, the number

o : g | of branches it multipiied
: By twa at each level, When
’ you repeatedly multiply oy
: Q y e q - : e / the same number like this
\ ' called an expanential, and

the rumbers grow very fast even
when you're starting with a small
numser Hke 2,

$tarting at the truni, the numbers
golvwe this 1 2,4, 8.,

Ustng thiz pattern, can you work out
o o how many lavels you need %o get 12
Sranche: al the top, withau! counting

the branches one by one?

Theis trees are a bt like the doors In the
infinite corrigor: If they kept branching feraver
thay would have telf symmatry, Sacause at
eath branching point the tree would bave two
smaller coples of Mself,

CAN YOu TING & watening can
Inthe scene 'o make e
Bigeedt fracial free grow?



TIME-TRAVELLING TRIP

Molly climbs over the wall and gasps. There in the sky in front of her, she can see every
place she's been on her mystery tour! Swirling tunnels lead to each place, and there's her
home in the distance. If only she could find a way to get back...

There's a note up here too. Molly reads it and finally realises who left all those clues.
The mystery is solved! Then Molly realises something else, She understands that the
swirling tunnels are wormholes! Maybe she can use them to travel back in time and
leave herself clues in case she ever decides to visit again.

To help Molly visit everywhere she's been, 1ift the flaps. But she still needs to get home,
Can you find a second note anywhere that might help?

Time a4 the 4th dimension

We live in a physical warld wilh three
dimnensiens, butl we can think of time
a: a feurth dimenzion. Thiz makes:

40 pacetime, Time behaves a bit
ciffarently from a physical dimension
We can't control where we are in it
and we can't change direction 1o go
backwards in time,..

... 0F At normally’ But here Molly has
found some wormholes %o different
Ppoints in tirme.

in 1505, Albert [irgtein
realised 't was Ralpful to
think of time and space
linked together inte
1pacetime. This allowed
M 10 predic! and explain
many thingt about the
universe, Wormbhale: are
Pporsibie according to

hiz heary, but we haven't
found any ye! - except in
our Imaginations.




YA : MORE MATHS ipebedglonmunlamitc ol dnemasaratonietcormibiog
% d ') : : Now you've finished your adventure,
TH eRE S NO PLACG ). ) ¢ .. » maybe you're feeling more curious e

! about the things you learned on the
RS HOMS kY s T A

; : Maths tn't Just adout numbers It's abeout
Molly wakes up on top of her bed. (3~ ) ’ " v — understanding ™e world by finding similarities

Everything looks normal - her bedroom - \ Between different Bingt. Inttead of “spet ihe
is the viqM way round. and 0VOW|h‘ﬂ°'! ’ difference®, we can play “spot the similarity™)
just as she left it. Nothing seems {o be

inside out now. But Molly's head is full of

patlerns, shapes and impossible objects.

*I've had such a strange dream,” she q S
xa;:. l:t then her eyes fall on a note Abstraction Numbel‘s

.
on the floor. She doesn't remember . | Numbers are an abstraction tsa, What do these
Ieavinq that there... When you 1pat similarities, you're teeing through
detatiz on ™ turface andg thinking about BIG sdeas
This iz where maths cornes fromy This 13 also how Molly

Does that mean her implausible - Deging har journey.

adventure could actually have -

h 2 A h ) Seeing past the surface is called abstraction and takes
appened nd can you see anything us from the world of things we can touch 1o the world

that's still inside out? - g . of ideas in sur imagination. If you eat ice cream, i1's

a real abject. Byl if you're hungry and dreaming of
eating ice cream, 1tz an idea, 1"z abstract ice cream!
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object:s have in common?

They are each a collection of 2 things,

Numbers are an absiraction of callections of things
Mozt of us fearn about numbers when we are very
young. We're gooad at adbstraction even If we don't
realize ot

Inverses

.5 3
¥ T P{ ("‘l
Invwerses are how we undo things In maths
Negative numbers are a type of inverse of ‘ Q “
positive numbers.

.

-
For example, if you add S % a number and 5
then add -5, you get dack to whare you
started. Have a lcck at the diagram on the
right 1o check this out. You will also see
that 2ividing by & number 15 the inverse of o walking S steps right Qoing up t1 an Inverse
rraltiplying by i and then § steps left of going down

Gther Inverses Inchude:




Number Circles

Shapes

Dut what if we made a 10-
hour clock inztead? Woula
we have 10 hours In a day
instead of 247

Numbers don't have 1o
be writien as a line.
They canglso go ina
circle, ke on a clock

Shapes are am abstraction of everyday odjects

For intlance, calling a window a 1quare it a way of
urning a real t™hing (the windew) inlo an abstract
concep! (s squame)

If we a'd that, we would
reed 10 make e hour
longer ¢r the days shotier

The diagram on the right
shows a W-haur clock

‘We can also butld shapes from Hines using st our
imagination. Sometimes we give thapes names bhecause
we talk about them a let and wan! other peaple 1o know
what we are referring 1o. What would you call the last

thape we 1ee in the diagram on the right? Which would you prefer?

Dimensions

Squares and triangles are 2-dimensional (20), but
thape: can have lower dimencions.., or higher
enez! Dimenston: of space are completely different
airections you can move In, In 20 space, you can move
Jeft anc right, or forwards and backwards, diagonals
are a combination of those, In 30 space, you can also
Foup and down, which is a new dimension as | U
L)

A point is 2ere dimenssonal. You can't mave anywhare!
Aline 15 10, You can go forwards and backwards,

A square i1 20 as ' has a whele new direction ~ side to 1ide.
A cube 1z 30 as you can alzo go up and down

A 4D cube iz made frem tweo 3D cubes joined at
the cormars. You would be able o move In
ways that are vary hard fo fmagine!

Number Grids

Numbers can al1o be wrillen az & grid,
Hke & chesidoard, We might want io fabel
one direction with letter: to that we don't
get confused between columns and rows
This 35 especially useful when we use
coordinates on maps, so we know where
we are or where we need 10 go

o e
e e
P

. o ——@

You can’t deo 1t by combining left and righ . ot A

and forwards and backwards. { &
t

b o

On this chesiboard, the white knight I in
square £5. Maming the square like this is a
Bt ke naming a 0 number. ‘What would

you call the :quare the black king 13 in?

00

Fractions

A fraction represants part of a whole, fractson: come from
{thinking about dividing hing: up

and we write them lHke this
! 1 1 1

4 3 4 5

‘We can alzo find fractions by filling In the spaces between
numbaer: on e number line.. or undoing multiplication

+—+—+—tt+t+—+— > O
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Number Lines

There are many ways 1o arrange numsers, Organtiing
them Ina line iz Just one of them, There 12 no biggest
number 30 the rmumber line never ends! Number:
keep getting bigger forever - we can say thare are
infinttely many of tham, Negative numbaers alse keep
going forever In the opposite direction. The number
1ine below has no beginming and rno end, aven though
11 stops at 1he edge of the physical page.

Patterns in Numbers

Numbers produce patierns in all 1or1s of ways. Hete we can see three number grids with different patierns marked in coloured
baxes. Do you recegnise any of these? Can you make any mare patierns of your own?

[0) 2 [2]3 [4] s [e]?[a]s
1ol n [12) 13 4] 15 18)17 1819
20] 21 [22] 23 (2w 25 28] 27 (28] 29
30] 3; [32] 33 [34] 35 (38] 37 [38] 29
40! 4y [W2] w3 sy ys Nelu? [Walys
53 (54 55 58] 57 (58] 59

2| 63 (04 85 &b 62 (b8 08

2] 73 (W] 7s (8] 72 28] 78

(82 83 [ay 85 86 87 88/ 89

(01 a3Ju s(e)? s[8]|6)J2 2 3 4 56 ? & [9]
10 1 [32] 33 WQs[1e 32 18]19 | 10 11 12 13 19 35 18 17 0819
20 [21) 22 23 [2q)2s 26 (2728 29 | 20 ) 22 23 24 25 26 2728 29
(30 31 3233 39 35 [38]37 38 [33) |30 3; 32 33 W 3538 32 38 39
4o 41 U2l w3 wUsjus w NEus | U0 y) Y2 @ YW (45 4B W YR 9
50 [51) 52 53 [s4) s 55 [57)58 59 |50 5 s2 s3[Sy 55 56 57 S8 59
[80) 51 52 [53) 54 65 68 67 &8 B3] | 80 p1 52 63 &Y 65 86 67 58 &9
0 a7 wEneEn (20 nlelnws e es

80 (81 82 83084 ns 86 (8788 a9 | 80/8) 82 a3 8y a5 a6 &7 as a9

Infinity ~—

Infinity s am abstract (dea representing 3

tomething bigger than ordinary numbers,
wivich are all finite. This numser line has
infinttely many numbers on 11, but they're all
fintle, 2o Infinity 12 not & peint on this line

As the bottom nurnber of a fraction gets bigger, the fraction
gets smaller. This 15 becasuse we're inverting the process of

maultiplication by a vetry large rumber, 16 we reed 10 rmake

Mings very small again. The bottom sumber can gel Biggey
ferever 1o fractions can get smaller forever 1oo!

92 93 (9 95 [3b] 97 38|99

Counting In twos

[30) @1 92(93] 9y g5 (98] 97 98 99

Ceunting in threes

30

9 92 93 495 96 97 %8 99/

Counting 1n nires




Latin Squares

Latin iguare: are a patiern we can make with
numbers or with anything elsel We could use colours,
shapes, patterms or abjects. A Latin square s when
there's only one of cach thing in any rew and any
colummn. Here 15 & Sa5 Latin square. Do you remember
teeing ene similar 10 this on Mally's adveniure?

On the right 15 & 12x12 Latin square made of numbers.

It shows how time works on a 12 hour cleck. Can you
use the Latin sguare fo work out e follewing?

e 3 hours past 6§ o'clock
. & dours past 11 o'clock
¢ B hours past § o'clook

Patterns in Shapes

Seme shapes i1 together te make patterns, This 4s
known as tessellation, or tiling the plame. Triangles,
iquares and hexagons it fogether well with
themselves. But so can more camplicated thapes

if you try hard angughl

M shapes it perfeotly tagether 1ue a Jigsaw, this is
known as a tessellation, Here are rome exampies
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Patterns in Nature

Patterns appear any time we see the same 1hing happening
over and ever again, Tals happens a lot in nature, Including
with Nower: and thetr repeating petals

Symmetry

Symmaetiry iz when a thape Jocks the tame az 1tzelf when
we tumn 1t round, THp it over or passibly by all sorts of
other transformations

Windmills look the same If you turn them,
This i3 caVled rotational symmelry.

These faces ook the same on bath sides
Thiz 15 called reflectional symmaetry,

l.‘“
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Sorme things lcok the sarme If we thift cur view tideway:
This i1 called translational symmeltry,

Can you Ihink of ary other ways something could De
symmetrical? There are many morel

Fractals

fome things lcok the same when we 2oom in on Ihemn and

examine tham mare closely, The diagram: below thaw how

to construct a fractal srowfllake « at every ttep, you add a
triangie 1o each side of e shape

Fractals have a form of self-symmetry. You cam 200m in

on fractals forever. They Bave Infinite amounts of
Infinttely srmall detall

Paradoxes

tometime: our attempis o use maths to think clearly
create weird contradictions calles paradoxes,

For example, Infinity is a strange \dea, and can lead us
Into paradoxes |f we're not careful. Letl's imagine eating
a cake. What if you cat half of 1t, then half of what's left,
and half of what's left of that, forever? Does that mean
you'll naver finish your cake?

The impossible stalroase we saw In Molly's adventure is a
511 ke a vizual paradon. IV's impoirible and possible at
the same time, Just in different dirmensions.

Paradexes :ometimes come from tentence: that sound
Jogical but Toop back on themselves In weird ways
What if | zay, "I'm lytng®? Am | Iying.., or not?

It's impossible both ways!

Time Travel

Watch out If you ever find a time machine or a wormhole,
because travelling Im 1ime CAN CauSe paTadones -
especially if you meet your past self

What if you go back 1o yesterday, meel yesterday-you, and
cut their hair? What will your hair be ltke when you trave!
back o today?




