
Smile 2105

You will need Smile 2096, the Fraction Playing Cards.

EQUAL FRACTION PAIRS
A card game for 2 or more players.

The aim of this game is to collect the Fraction Playing 
Cards into pairs of equal fractions.

This is a pair of 
equal fractions.

three 
fifths

Rules
  Shuffle the cards and spread them out face down 

on the table.

  The first player turns over two cards.
If they are equal fractions they are taken by that 
player, who then gets another go.
If they are different, the cards are turned back 
over and the next player has a go.

• The winner is the player with the most equal 
fraction pairs.
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Smile 2106

You will n'ou will need the MicroSMILE 
program Regions.

At an end of term class party, £10 is 
set aside for the drinks.

A 2 litre bottle of orangeade costs 75p and 

a 3 litre bottle of cola costs £1.25. 

(Paper cups are provided free.)

There are 20 pupils attending and there 
must be at least 1 litre of drink per pupil.

To give everyone a choice there must be 
at least 2 bottles of each drink available.

You need to calculate how many 
bottles you could buy.



Let x = number of bottles of orangeade 
and y = number of bottles of cola.

1. Explain how these inequalities are 

connected to the problem. The first 
one has been done for you.

a)

b)

c)

d)

X ^ 2 (You hove to hove of I®

y > 2
tej& 

Z battles of orangeadi^J

2x + 3y > 20

75x + 125)> <: 1000

The Micro SMILE program Regions uses 
linear programming to solve problems like 
these.

2. Load Regions and then input the 4 
inequalities from above.

(For ^ use > followed by = )

16

3

-2-1

16 1



3. a) Press P for Points to find the 
possible combinations.

b) Record the combinations of bottles 
which satisfy all of the conditions. 
(There are 15 solutions.)

c) Calculate the quantity of drink and 
the cost for each solution.

You may like to use a spreadsheet.

Bottles of 
orangeade 

(X)

Bottles of 
cola

tv)

No. of 
litres

Cost

4 + 18 = 22 £1.50+ £7.50 
= £9.00

d) Which combination gives the most 
drink?

e) Which combinations use up all of 
the £10?

f) Where do these points lie?

Turn over



At the same party

£9 has been set aside for snacks.

It is decided to buy Bumper Packs of 
Crisps, which contain 6 bags, costing 
90p and Economy Packs of Hoola Hoops, 
which contain 8 bags and cost £1.

At least 1 Bumper Pack of Crisps and 
1 Economy Pack of Hoola Hoops must 
be bought.

There must be at least 3 bags for each 
pupil.

4. Write down the inequalities expressing 
these conditions.

5. Find all possible combinations that 
satisfy these conditions. (Use Regions.)

6. a) Which gives the most bags in tot

b) Which is the cheapest?

c) Which gives the most equal 
numbers of bags of Hoola Hoops 
and Crisps?

m
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OXFAM Collection
A group of friends collected money for OXFAM. 
Here is a list of the contents of Zaman's box.

Smile Worksheet 2107

Zaman

Type of Number 
coin of coins

5p 
10p 
20p 
50p

£1

40
14
5
2

— ' ^ ——— x_

5p x &
10p x 40
20px 14
50px 5
£1x2

= £0.40
= £4.00
= £2.60
= £2.50
= £2.00

£11.70

Total
£11.70

Cut out and match the collecting tins to the totals. Show your working. 
Fill in the missing total.

Sam

Type of 
coin

5p
10p
20p
50p

Number 
of coins

7
18
15
4
4

Kieu

Type of Number 
coin of coins

5p 
10p 
20p 
50p

£1

12
21
15
3
5

Shelene
—————
Type of 

coin

5p
10p
20p
50pL £1

Number 
of coins

17
16
7

10
2

"» — —^
liilii__— — •^

Dean .,

/ ————
Type of 

coin

5p
10p
20p
50p

£1

Number j 
of coins I

4
17
10
11

3

Total
£12.40

Total

Total
£11.15

Total
£10.55

© RBKC SMILE 2001



Another Trig Line
You will need graph paper and a scientific calculator.

Smile 2109
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The red line (radius) is 1 unit long. /

The blue line only touches the circle at (1, 0). 
A line which touches a circle at a point is a tangent.

The red line extended meets this tangent at I.
So XT is 0.7.
This is the value of the tangent of 35°.



1. a) Copy the diagram on to graph paper.

b) Draw the red line when it .has stopped at 15°
20° 

30° 

45° 

60°

c) Extend the lines to meet the tangent.
d) Measure the distance XT in each case.

2. How does the distance XT change as the angle gets 
closer to 90°?

When the radius is 1 unit long, the length XT can 
be found using the jftan] button on a scientific 
calculator.

[tan3. Press 13 15 (tan to check the answer is 0.7.

4. Use the tan button to check your other answers. 

Give all your answers to 3 decimal places.



5. Use the tan button on your calculator to find the length 
o1 the side opposite the angle in these triangles.

(They are not drawn to scale.)

b)

1 unit 1 unit 1 unit

1 unit

f)

1 unit

1 unit



You can find the tangent of an angle in any right-angled 
triangle (with adjacent side 1 unit) since the tangent of 
the angle is the length of the line opposite the angle.

e.g.

1 unit
.56°

? Press I5J16) Itan

= 1.483 (to 3 d.p.)

6. Use the tan button to find the length of the side opposite 
the angle in these triangles.

a) b)
1 unit

22°

1 unit

Turn over



The small triangle has been enlarged by scale factor 2.

7. What is the length of the side opposite the 20° angle on 
the enlarged triangle?

8. Find the length of the side opposite the angle in these 
enlarged triangles.

(They are not drawn to scale.)

5 
a)

d)

15

11
24°



Smile Worksheet 2110

66 fifty
82

57

99

seventy-one

six

forty-two 33 

thirty-five J ~ 45

&
21

54
30 23

18

seventeen 16

72

15 

eighty-eight

12

8

60

43
ninety-three 28 twenty-nine

Where does each number go?

0-9 |

10-19 |

20-29 |

30-39 I thirty-five

40-49 |

50-59 |

60-69 |

j 70-79 |
^,..................................................................................L.....................................................,....^^^

j 80 - 89 | 61

5 90-99 I
^.^^^^..^J™,^..,^,...,_w__._,_„_„,..__ ..,..____,__..__,_„_,____w_m,t/
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You will need copies of Smile 
Worksheets 2111 a, 2111 b,

Smile 2111

Rotational Symmetry 
Jigsaws

This pattern has rotational 
symmetry.

Can you see why?

This pattern does not have 
rotational symmetry.

Turn over



Cut out the pieces from the worksheets and find these 
rotational symmetry patterns.

The jigsaw on worksheet 2111a 
can make 2 different rotational 
symmetry patterns.

The jigsaw on worksheet 2111b 
can make 3 different rotational 
symmetry patterns.

The jigsaw on worksheet 2111c 
can make many rotational 
symmetry patterns.

How many can you make?

You may like to display your results.
©1993 RBKC SMILE



Rotational Symmetry
Cut out these 6 shapes.
Use them to make two different
rotational symmetry patterns.

Smile Worksheet 2111a
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Rotational Symmetry
Smile Worksheet 2111b

Cut out these 4 triangles.
Use them to make three different
rotational symmetry patterns.

© RBKC SMILE 2001



Rotational Symmetry
Cut out these 6 shapes.
How many different rotational symmetry
patterns can you make?

Smile Worksheet 2111 c
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The idea of gathering materials together as a resource originated at Mental 
Geometry Working Group during the 1991 SMILE Conference.

Our thanks to the ILEA Mental Mathematics Working Party, Laurie Buxton, Mary 
Clarke, David Fielker and especially to the original LEAPFROG'S Imaginings 
group for allowing SMILE to publish their Ideas together with the ideas 
developed by practising SMILE teachers.

Further ideas for integrating mental work into the classroom are contained in 
Numbers In your Mind published by Harcourt. Brace and Jovanovich.

The activities are grouped together under 7 topics:

STARTERS Page 2

2D 6

FOLDS, CREASES AND CUTS 10

CUBES 12

3D 18

ROTATIONS 24

BITS & PIECES 30



This book is a collection of multi-levelled activities to develop mental 
imagery skills, for use by the teacher with a small group or whole class.

Some hints before using these activities.
• The activities provide an excellent opportunity to use mathematical 

language. An introductory activity to introduce new words can 
be incorporated, encouraging pupils to discuss or draw what they 
imagine before embarking on the actual activity.

• The text should only be used as a guide, to be interpreted by 
teachers to develop the activity according to the needs and 
strengths of their pupils.

• The activities vary in length. Some make excellent 'endings' to 
lessons whilst others could provide the starting point for a long 
investigation.

• To help you get the 'timing' right, try out some of the activities first 
within a department meeting.

Discussion is the key to 'seeing' more.
• Pupils needs to describe what they 'see' and listen to and value 

what others 'see 1 .
• Pupils should be encouraged to do supporting practical activities. 

Even where the work seems to be geared to a single solution, a 
full range of personal interpretations is usually possible.

1



\\\
Cutting 
Corners
Imagine a SQUARE.'

Cut off a small piece 
from each corner.

What have you got?

Cut a little further until all the sides 
are the same length.

What have you got?

Cut a little bit further... keep the cuts parallel.

What happens?

Keep on cutting .. .

\



Imagine a STRAIGHT LINE in the air in front of you. 

Imagine a ball rolling very slowly along your line.

Let the ball keep rolling until it falls off the end of 
your line.

Now bend your line and make an angle.

Can you bend the line again to make a 
triangle?

Describe what you see.



Imagine the word LEAP printed in the air in 
front of you.

Imagine the word F ROG printed immediately 
beneath it.

Which letter is directly above the G? 

Which letter is immediately below the A? 

Which letter is diagonally to the right of the F?

Swop the first letter of the top word with the 
second letter of the bottom word.

What do the words say now?



J) Imagine a / Try to estimate 
RIGHT-HANDED J^ Q mjnufe

GLOVE ' has passed, 
Turn it inside out. starting now. . .
Which hand will it fit 
on now?

Are you sure?

Imagine a white ruler graduated in centimetres.

Paint black stripes, a centimetre wide, across the 
ruler every other centimetre.

Bend the ruler round so that the long edges touch 
each other.

Place your tube vertically.

Place an orange sphere on one end of the tube.

What have you got?



Imagine a TRIANGLE.

Call the vertices A, B, and C.

Which vertex is the highest? 
Which vertex is furthest left? 
Which is the longest side of your triangle?

Imagine a RECTANGLE drawn 
in the air in front of you.

Label the vertices 
A, B, C, andD.

Is the line AD longer than 
the line CD?

Now rotate your rectangle so 
that C is directly above A.

Where are the other 2 vertices?
What do you notice about the line BD ?



Imagine a LARGE WHITE 
EQUILATERAL TRIANGLE

Imagine THREE SMALL BLACK 
EQUILATERAL TRIANGLES.

Place them in your 
large white triangle.
Push ONE of the 
small black triangles 
into the corner of the 
large white triangle.

Now push the
other TWO TRIANGLES
into the other two corners.

What is the WHITE shape in the middle?



Imagine a LARGE RED SQUARE.

Inside it put a 
BLACK CIRCLE
so that it just touches < 
each side of your square.

Inside your circle place a RED SQUARE 
so that it just touches the circumference 
of your circle.

Imagine how your pattern might continue.

Imagine a SQUARE.
Imagine a TESSELLATION OF SQUARES.

Cut a piece off each corner of every square. 
Keep cutting ...

Imagine a TRIANGLE ...

Imagine a TESSELLATION OF TRIANGLES ...

Imagine a PENTAGON ...

Imagine a HEXAGON ...

8



Imagine a
^ LARGE WHITE EQUILATERAL TRIANGLE 
** and inside it put

a SMALL BLACK CIRCLE.

Make your circle grow so that it 
just touches each side 
of your triangle.

Inside your circle place a 
WHITE SQUARE.

Make each corner of your square touch 
the circumference of the circle.

Inside your SQUARE place 
another BLACK CIRCLE.

J Make the circle touch each side 
of your square.

Imagine how the pattern might continue.



Imagine an ISOSCELES RIGHT-ANGLED TRIANGLE.

Fold it and cut it along the
line of symmetry.
What shapes do you get?

Try 2 folds and a cut, 
3 folds and a cut...

You will need paper to demonstrate 
the following two activities.

I fold a piece of paper like this. ..

then this...

Where will the crease lines be when I unfold it?

10



CUTS

I fold a piece of paper
and then fold it again
to make a right angle.
Then I cut off the middle corner.

Imagine what shape I will get when I open it.

I fold another piece of paper and
then fold it again into a right angle.
This time I cut the corner off at a different angle.

Imagine what I will get this time when I open 
it out.

I fold the paper into another right angle 
and this time I fold the right < 
and then cut off the corner.

~\ and this time I fold the right angle in half

Imagine what different shapes I could get 
when I open it out.

11



Think about a CUBE.

How many faces does 
a cube have?

How many edges does 
a cube have?

How many vertices does 
a cube have?

71

Imagine a CUBE with a spot on 
each surface.

Imagine 2 more identical cubes.

Put the 3 cubes together in a line.

How many dots are there on the outside?

12



Imagine a SOLID WOODEN CUBE in front of you. 

Put a blob of paint on one corner of the cube.

Go along an edge from this corner to another 
corner and put a blob of paint there.

So now one of the edges has a blob of 
paint at both ends.

• How many edges of your cube have a 
blob of paint at only one end?

• How many edges of your cube do not 
have a blob of paint at either end?

13



SLICE IT OFF

Imagine a CUBE in 
front of you.

Take an imaginary knife and 
cut off one corner.
What solid have you cut off?

Cut a piece from each corner. 
How many pieces is that? 
What solid is left? 
Could you draw it?

Keep on cutting away at the 
corners until the cuts meet.
What solid is left?

14



Imagine q CUBE.

If you sliced off an 
edge what solid have 
you cut off?

What if you cut along all 
the edges at the same time 
or one after another...

How many pieces? 

What solid is left?

Start with a different solid.

Try a CUBOID, a TETRAHEDRON, 
an OCTAHEDRON.

15



Hanging cubes...

Imagine a CUBE.
Balance it on 1 face.

The vertices lie on 2 layers.
There are *i vertices in each layer.

Hang it from a string attached to one vertex.
Balance it on 1 vertex.

How many layers?
How many vertices are on each layer?

Hang it from 2 strings one at each end of an edge.
Balance it on 1 edge.

How many layers?
How many vertices are

on each layer?

16



Wet cubes ...

Imagine a CUBE.
Suspend the cube freely from a vertex 
as though hanging from a string so 
that a diagonal is vertical.

Lower it slowly into water.

What are the shapes at the water's edge 
as you gradually lower it into the water?

17



3 Dimensions into 2 Dimensions

Imagine a SQUARE BASED PYRAMID,

'Unzip 1 the edges, let the sides fall down flat. 

Can you visualise the flat shape?

18



Imagine a TRIANGULAR prism 
like a Toblerone packet.

'Unzip 1 the edges, and 
let the sides fall down flat.

Can you visualise the flat shape?

0

Imagine a HEXAGONAL prism.

'Unzip' it in your mind.

Can you visualise the 
flat shape?

Imagine a CYLINDER ...

19



Inside a Classroom

Shut your eyes,

The floor is a plane. 
What shape is it?

Each wall is a plane. 
What shape is each one?

What about the ceiling? 
Where do 2 planes intersect?

Do 3 planes intersect anywhere?

What solid are you inside of when you are 
inside this classroom?

Now open your eyes.

What other mathematical solids have you 
been inside?

20



Imagine 2 identical CUBES.
Glue the 2 cubes together, 
face to face, so they match 
exactly.

How many faces has the 
new solid?
What if they were glued so 
that they did not match 
exactly?

Imagine 2 regular TETRAHEDRA 
then stick them together...

How many faces?

21



2 difficult challenges...

Imagine a
REGULAR OCTAHEDRON.

Stick a REGULAR TETRAHEDRON on
to all the faces.

The resulting
STELLATED OCTAHEDRON is the
intersection of 2 identical platonic 
solids... which are they?

22



In your mind...

A
Tatfe 

a PYRAMID

with a square 

base and sides made 

of equilateral triangles. Take a
TETRAHEDRON

with faces the

same as those of the

pyramid, so that if fits exactly.

Stick the 2 solids together.

How many faces has the 
resultant solid? (It is not 7.)

23



Opening a door involves 
rotations, so does turning 
on a tap.

In your mind try to visualise 
some other rotations.

Share them with each 
other.

What everyday rotation 
would trace out:-

• the surface of a cylinder,
• the arc of a circle.

24



Imagine what you will get if you rotate:

• a circle about its diameter?

• a circle about a line outside the circle?
• a square about one of its sides?
• a square about a diagonal?
• a triangle about one of its sides?
• a rectangle about one of its sides?
• a rectangle about a diagonal?

Imagine what you will get if you rotate:

• a point about a point?

• a point about a line?
• a straight line about one end?
• a straight line about a line?

25



Imagine a SQUARE. 
Paint a dot on one corner.

Rotate your square 
a half turn clockwise.

Where is the dot?

Start again with your square with 
a dot in the same position.

This time rotate your square 
a half turn anti-clockwise.

What happens?

Imagine a cyclist has a 

light attached to her foot. 

What path does the light 

make as the cyclist peddles 

 forward?

* Imagine a 1| 
fairground ride.

Sketch or describe 

the path made by 

a person on the 

ride. J

26



Imagine 2 geostrips hinged together 
with a split pin.

Imagine fixing the end of one of the 
geostrips to a board.

Put a pencil in the end of the other geostrip.

Imagine all the positions that the pencil 
point could reach.

What if the geostrips were different lengths?

27



FLIP THE PINBOARD
WHAT THE CLASS SEES.

You will need a pinboard, a circle
made of paper or card.
Your pupils will need some paper.

Place a CIRCLE in 
one quadrant of 
the board.

Show it to the 
group or class.

Flip the board over 
along one axis 
e.g. ZXorAC 
so that the circle 
is facing vou.

W

D

Ask the group or class 
to sketch 
what you see.

28



WHAT THE CLASS SEES.
You will need a pinboard and an elastic band. 
Your pupils will need some paper.

Make a RIGHT-ANGLED 
SCALENE TRIANGLE with 
an elastic band in one 
corner of the pinboard.

Show the group.

Flip the pinboard 
over, along any axis 
e.g. WY, BD; so that the 
triangle is facing you and 
add a rotation about O 
to make it more complex.

Ask the group to sketch 
how you, the teacher, see 
the triangle.

WHAT THE TEACHER SHOULD SEE ...
after a flip 
about WY

w

OR after a flip about AC 
followed by a rotation 
of 90° anti-clockwise 
about O.

29



... how would 
the shape 
change?

f

describe what 
happens to your 
shape.

Imagine you have a 
' SQUARE made of 
geostrips.

Pull opposite corners 
out a little.

What shape do you 
have?

30



An imaginary journey. . .

Start from the classroom, turn left 

and then second right. . .

Where do you end up?

Imagine a grid with large SQUARES. 

Imagine that the lines are streets.

Start at a point where any 
two lines intersect on the 
grid. Imagine a cross at your 
starting point.

Now walk forward 2 squares. 
Turn right and walk 2 squares. 
Turn right again and walk 3 squares. 
Turn right again and walk 2 squares.

Where are you now?
How would you get back to where you started?

Try other journeys.

31



I
Imagine two lOp coins.

Put your finger on one 
coin to hold it still.

Roll the other lOp coin 
around it.

How many revolutions 
does the moving coin 
make?

Think of a number grid with 5 columns.

In your mind shade every 3rd number, 
what pattern does it make?

32



Imagine a collection of Smarties, 4 red ones, 
3 yellow ones, 2 green ones.

Line the Smarties up in this order from left to right. 

What colour is the middle Smartie?

Move 3 Smarties from the left-hand side 
of the line to the right- hand end.

What colour is the Smartie on the 
left-hand side?

What colour is the Smartie in the middle?

33



Imagine a roundabout which has 6 roads 
radiating from it.

Which way does the traffic move, 
clockwise or anti-clockwise?

Drive on to the roundabout from any of 
the roads and then turn off again at the 
next road but one.

How many roads are there in a 
clockwise direction between the road 
you leave from and the road from which 
you came on to the roundabout?

34



Think about CAPITAL LETTERS.

Some of them can be drawn by just using 
one stroke, like'C or L.

Others like F or K need more than one stroke.

In your mind imagine the capital letters 
in the word MATHS

Which letters can be drawn with only 
one stroke?

€>/ Which letters in your first 
/ name can be made 

with a single stroke? Which digits / 
can be made with 
one stroke?

35



Introducing 
PentomihoW

Imagine ci

Imagine the word

Imagine the third, sixth. 
ninth and tenth letters?

V/hat do you get?

What about the tenth. 
second, seventh and 
first letters?

Imagine

place it 
first squall; 
onesidef. ;



You will need 2 DIME Tricubes.
Smile 2127

Tricube Codes
Atricube is made of 3 cubes.

These 3 different 
^ solids are made by 
joining 2 tricubes.

They all have the 
same coded plan.

Use your 2 tricubes to make 
the 3 solids.

W Put them on the coded plan.

Check that you understand the 
code before continuing.

Turn 
over



1. Make as many different solids as you can using this coded plan. 
Draw your solids.

1

2. Make a different coded plan.
Draw all the different solids to go with it.

3. Use your 2 tricubes to try to make a solid for each of these coded plans. 
One is impossible to make. Draw your solids.

a) b)
4 2

c)
5 1

e) 1
1

1
1

1
1
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Smile 2128

Three boxes have to be 
stacked against a wall.

box has to have one face next to the wall, and 
another whole face touching one of the other boxes.

This is one possible way.

For three boxes there are four possible ways.
an you find them all? 

Draw your results.

How many possible ways can four boxes be stacked? 
Investigate for other numbers of boxes.

©RBKC SMILE 1994.



I^uIWplesbffert

1 . Fill in the boxes.
3

5

17

234

r go

XJO

2. Now do four of your own.

30

Tens and Fives
Multiples of five

] 6. Fill in the boxes.

3. Circle the numbers below that are multiples of ten.

233 340 200 2350
6541 5666 678 99

4. Write down three large numbers which are multiples of ten.

5. How can you tell if a number is a multiple of ten?

6

7

13

324

798

x

25

I 7. Now do four of your own.

.x 5

x5

x5
wmwKtma

x5
•lUWIHIBBIIII

x5

Smile Worksheet 2129

30

8. Circle the numbers below that are multiples of five.

6555 300
750 7942

1365
244 696

9. Write down three large numbers which are multiples of five.

10. How can you tell if a number is a multiple of five?

© RBKC SMILE 2001



Smile 2130

A Disappearing Act
One night Barbara came home with a 
huge bag of marbles for her 3 children, 
Tonyf Jackie and Mike.

It was late so she put them away fn a drawer 
and said that the children could share 
them out equally in the morning.

'/ // / )G1

,, /frr

During the night,Tony secretly went to the 
drawer, shared the marbles into3eaual groups 
and found that there vyasone marble left over.

He put 2 of the groups back in the bag and 
took his share plus the one leftover back 
to his room.

^><>: :?-:->/^?
:y^:yy>llm^.4e/ \

Later during the 
same night Jackie...

....and Mike each 
crept to the drawer 
and repeated Tony!? 
performance.

In the morning Barbara decided to share 
out the marbles to avoid arguments.She 
thought the bag looked smaller but 
decided it must be her imaginat/or).

She shared the marbles into 3 equal groups. 
There was one left over which she put in 
her pocKet.

How many marbles were 

in the bag originally ?

©RBKC SMILE 1994



Smile Worksheet 2131

Filing cards
Put these SMILE cards 
into the correct drawer 
of the filing cabinets.

< 1 SMILE 1
\ (^0001-0200 J

; ^""^

'i f SMILE 1
: [0201-0400 J

^"^

: f SMILE "|
1 [0401-0600 J

<; ^=^

i f SMILE i
[0601-0600 J

r ^ ——— 4

!•'

: f SMILE )
[ 0601-1000 J

^=^

i f SMILE I
; [ 1001-1200 J

^=^

f SMILE ]
[ 1201-400 J

^=^

f SMILE 1
[ 1401-1600 J

^=^

!

;;

...••;••.••.:• .. .
' :' - : ..' " ' • :' ' . " • ' ...;. '; V .! : ' ; :'': ''•••

r
: f SMILE 1
! [ 1601-1600 J •

. ^^ ;

>•. .,-. .., <. . .•.,.... , , ..... • . . ,. ~',, . , ,-..„,.
f SMILE 1 ;
[ 1601-2000 J

^ ——— ̂

f SMILE 1
[ 2001-2200 J ;

^~j :,.

I SMILE ] '
L J
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Smile 2132

Solids have Faces, Vertices and Edges. 
How many before and after cutting?

Cuboid

Before

F= 6 
V= 8 
E = 12

After

Rectangular Pyramid

Before After

F = 10 
V = 16 
E = 24

Investigate for other solids,
©RBKC SMILE 1994.



Smile Worksheet 2133

Out of 100

50 squares 
are shaded 
out of 
100 squares.

This is

Complete these
1.

100

2.

100

3. 4.

100
40%

100
turn over



Now complete these.

5.

32
100

6.

7.

65%

8.

9. 10.

100%
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Smile 2134
You will need Worksheet 2134a.

Similar Rectangles?
1. Cut out rectangle A and rectangle B 

from the worksheet.

Place rectangle A on top of rectangle B.

SIMM wbruriMt 21 M«

Look at the
diagonals.

-v,

^ "

^^, A ^__
^ \ 3

x-"" 6 ^\
.,,,:,:,:,:,,:,,,:,,:,,,,,:,:,:,:,,,^

••i •"

4

^^

sets 
I of diagonals 

coincide.

For both rectangles A and B the ratio of the Long side : Short side is 2 :1

Rectangle

A

B

Long 
Side

6
8

Short 
side

3
4

Ratio 
Long side:Short side

6:3=2:1
8:4=2:1

Rectangles are similar if the ratio Long side : Short side is the same. 

Rectangle A is similar to rectangle B.

2. Cut out the other rectangles from the worksheet. 
Group them into 2 sets of similar rectangles.

3. Make a table for both sets to show the ratio of the Long side : Short side. 
Check that they are similar rectangles.

4. For each set draw another rectangle that is similar. 
Check that they are similar rectangles.

©RBKC SMILE 1994.



Similar Rectangles
Smile Worksheet 2134a

Cut out these rectangles.

-*»
\ ^ \ / \ ^

^ A X^ A ^
\ x- o 
x\ \J

S" \
x^ \-X- \

X-'" 6 "^

f

^ ̂  ^ ^ ^^
"-. B ^

^ ^
^^ 4 ^ ^ / ^

^ ^N 
^ \

^ "***. 
^ \

s' a ^ 
^ ° -^

^ ~~~-

X /
\ /

^ / 
\ /
\ /

X p X
^. \s /

-^ /
^^ 4

^ ^.
/ ^.

/ ^

6

^ /
\ /
\ X

X ^
\ /
\ /

\ /
^ /
N D ^

~^ /

X 6
^ \

/ \
/ \

/ \
/ \

/ ^

8
/ X

\ /
\ /
\ /
\ /
\ /
\ /
\ /
\ /
\ /
\ /
\ /
\ V

\ E /
\ /
\ /
\ /
\/ 12 
/\ ^

/ \
/ \

/ \
/ \

/ \
/ \

/ \/ \
/ \ 

/ \
/ \ 

/ \ 
/ \/ \

/ \
/ 9 \

\ /
\ /
\ /
\ /
\ /
\ /
\ /
\ /
\ /

^ c / \ F /
\ /

)( 9
/ \

/ \
/ \

/ \
/ \ 

/ \
/ \

/ \
/ \

/ \
/ c \ / 6 \

x / \ / \ / \ / x / ^ /
^^ G / \H/

>< 3 X 3
/ \ / \

/' x \ / \
^ 4 \ / 2 x

X H X / ^ \
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Smile 2136

x2 - 3x = 18 is a quadratic equation.

Equations with x2 as the highest power 
are called quadratic equations. Quadratic 
equations have 0,1 or 2 solutions for x.



If x2 - 3x = 18, what could x be?

(suess 
X

3

&

5

x2

9

&

25

3x

9

Zt

15

x2 -3x

Q Q - f\

/ (i "7Li i4T\

25 - 15 10

= «

too small

too big

too small

So .r = 6 is one solution to x2 — 3x =18.

1) There is another solution to this equation, use 
trial and improvement to find it.

HINT The other solution is negative.

(suess 
X

-I

X2

/

3x

-3

x2 -3x

/- 3 =V

= }&

too small



Find the values of x that will satisfy these equations.

2) X2 — 3X - 10 One solution is positive and one is negative.

3) JC2 + 2JC = 8 One solution is positive and one is negative.

4) JC2 — &X = -7 Both solutions are positive.

5) X2 + 13JC = -30 Both solutions are negative.

6) X2 + QX =16 One negative solution.

7) 2X2 — QX = 8 One solution is positive and one is negative.

8) X2 + X = 3.75 One solution is positive and one is negative.

9) 3X2 + 11 X = 4 One solution is positive and one is negative.

10) X2 — 8 = 13 One solution is positive and one is negative.



You can use a graphic calculator to check your solutions. 

For example for this question:

2) x2 — 3;c = 10 One solution is positive and one is negative. \

Enter a graph for y = x2 - 3x 

and a graph for y = 10

The points where the graphs intersect are the solutions 
to the quadratic equations. Use TRACE or Intercept to 
display the values for x.
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Smile 2137

You will need a scientific calculator.

rv\ fZ3

If the hypotenuse is I unit long

sin ec

the length of the side 
opposite to angle 0 
will be equal to sin 9°.

cos e°-

the length of the side 
adjacent to angle 6 
will be equal to cos 9°.



The original triangle is enlarged by scale factor 3.

The two triangles are similar. The angles are the same and the corresponding sides
are in the same ratio.

The hypotenuse is 3 units. 
The opposite = 3 sin 6°. 
The adjacent = 3 cos 9°. -

3 sin 6°

cos e°
3cos9°



1. The triangle is enlarged by scale factor 5.

a) What is the hypotenuse ?
b) What is the opposite ?
c) What is the adjacent ?

2. The triangle is enlarged by scale factor 4.5.

a) What is the hypotenuse ?
b) What is the opposite ?
c) What is the adjacent ?



Calculate the lengths of the lettered sides of these triangles. 
Give your answers correct to 3 decimal places.
Check that your calculator is in degrees mode.

7.7

10

m

84
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Smile 2138

Which hand works the hardest?
An activity for a small group.

This diagram shows you how to use a keyboard.

For example Finger 2 on the 
Left hand types T

Turn over.



As a group collect some data to find out which hand 
works the hardest.

Each look at a different 
piece of writing to see 
how many times each 
key is used.

Make a tally chart for 
each piece of writing.

•fflf

Grace Emily Chisholm Young
(1888-1944)

INVESTIOATOR

This Classroom will 
S*H-D*strvct In On* Hour.

SSSSS!"

III •tttt

• Combine all the results from the group.

Discuss as a group which hand works the hardest.

• Make a display of your findings.

The typewriter was 
patented in America on 
23 June 1868 by Chris 
Sholes (inventor of the 
QWERTY keyboard), 
Carlos Glidden and 
Samuel Soule.

Are your results the same for different languages? 
Can you design a better keyboard?

©RBKC SMILE 1994.



Smile 2139

You will need some DIME Tricubes 
and isometric dotty paper.

Tricube 
Symmetry
You may like to work in a group.

This solid . . .

P.. has been made by fitting 
2 tricubes together.



It has 1 horizontal plane of 
symmetry.

It has 1 vertical plane of 
symmetry.



1. Build the solid below with 
2 tricubes. Draw it and mark 
in the horizontal and vertical 
planes of symmetry.

2. Using 2 tricubes make as 
many solids as you can.

Draw your solids and show 
any planes of symmetry.

Can you find any solids with 
3 planes of symmetry?

Can you find any solids with 
0 planes of symmetry?

You may like to use more than 
2 tricubes to make other solids 
with horizontal and vertical 
planes of symmetry.



Smile 2140

r<
Equations with JC2 as the highest power are called quadratic equations.

ese are examples of quadratic equations.

Solutions to all these quadratic equations can be 
Aund by drawing a graph of y =x2 — 3x + 2.

x2- 3x + 2 =6 

x2-3x + 2 =12 

x2-3x + 2 =0 

x2-3x + 2 =8

x2- 3x + 2 = 3x~3

V __ ?VJ-^ — •? _ V »V »/*v T^ +s '—' ~J vV



,:; = 0

x2 -3x

x2- 3x + 2 = 3x - 3 

x2- 3x + 2 - 3 - x

To find solutions to this quadratic equation.

Look at the curve y = x 2- 3x + 2
and the line y - 6 

They intersect in two places, (4, 6) and (-7, 6).

The values of A' at the points of intersection give 
the two solutions, x = -7 and x = 4.

1. Each of the remaining quadratic equations above have two solutions.
Find the solutions for each equation by drawing the graph of y = x 2 -3x + 2 
and the lines y = 12, y = 0, y = 8, y = 3x-3an6 y = 3-x.



*~x

Twra over for questions 2, 3 and 4.



2 . Use the same method to solve the following quadratic equations where possible. 
(They do not necessarily have two solutions.)

a) 4x2 + 8x + 4 = 0

b) 4x2 + 8x + 4 = 8

c) 4x2 + 8x + 4 = -5
d) 4x2 + 8x + 4 =4

e) 4x2 + 8x + 4 = 2x+ 10

f) 4x2 + 8x + 4 = 2x-3

g) 4x2 + 8x + 4 = x2 + x + 5

h) 4x2 + 8x = -x x-5

3. For the quadratic equation y - 3x2 + 12x + 12 
find a value for y which gives a) two solutions for x

b) one solution forjc
c) no solutions for A'.

4. For the quadratic equation y = -x2 - 2x + 2

find a value for y which gives a) two solutions for A'

b) one solution for x
c) no solutions for x.

©RBKC SMILE 1994.



Smile 2141

An activity 
for a small 
group,

This pack contains 8 different constructions for you to recreate, 
using pencil, compass and straight edge only. Alternatively you 
could use a geometry software package such as Cabri-Geometre 
or Geometry Inventor.



A perpendicular 
bisector.

A 60° angle,



Smile 2141 a
Equilateral Triangle

Explain why the triangle is equilateral.



Hexagon
Smile 2141 b

Make a design based on the hexagon or extend the pattern,



Smile 2141c

Yin Yang symbol



Smile 2141d
Square

What other quadrilaterals can you create?



Moss1 Egg Smile 2141f

Can you draw an ellipse based on Moss1 Egg?



Smile 2141e

Is it half black and half white? 
How can you be sure?



Smile 2141g
Pentagon



Smile 2141h

Decagon

What has been added to the pentagon construction?



Smile 2142

0
You will need cm paper, scissors, 
ruler, sellotape and a calculator.

Cut out a rectanglular strip of paper 
20cm long and 1cm wide.

Draw a line down the centre 
of the strip. Centre of the strip.

Label your strip.
Label.

Bend the strip into a circle by 
carefully joining the ends.

No overlapping. Sellotape join.



2. Cut out some more strips of different lengths.

0 Draw a line down the centre of each strip.
0 Label the length of each strip.
° Use these strips to make circles.

3. Measure the diameter 
of each circle.

Centre line.

Record the measurements and use them to calculate 
the Circumference -*• Diameter.

P/omefer
— — — — —1>4 Se//otope join.

C* ircumference J^iameter C + D

_ _ .... i ....... . i — '

C -f- D is approximately 3.

0 Are your calculations close to 3?
0 If not check your measurements and calculations.



For all Circles [ Circumference - Diameter = n (pi)

n = 3 correct to 1 significant figure

n =3.1, correct to 2 significant figures

n =3.14 correct to 3 significant figures

This is TC to 100 significant figures.

3.141592653335897933238

4626433833279502288419

7169399375105820974494

4592223078164062862089

986288034825. . .

There is no exact value.

0 There is a n button on some calculators. 
To how many significant figures is n given 
on your calculator?

n is the Greek letter P. The first person to use the 
symbol n was Archimedes (a Greek mathematician) 
because n is the first letter of perimetron which 
means perimeter (the perimeter of a circle is called 
the circumference.)



The formula Circumference * Diameter = n can be re-arranged 
to give

I Circumference = n x Diameter

4. Use this formula to calculate the circumference of these circles. 
Use 3.14 or In ] button on your calculator.

a)

c)

e)
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Smile Worksheet 2143

Percentages of Money
A percentage is a fraction with a denominator of a hundred.

, ..I,..,,.,........,,..,...,,.,,,,. ,.,„„.,,..„.,,,.,.,..„,.,.....,.,.,,,. .„..„„,,„.

Cf\50% means -^
100

/ v^!'\ '•; y5.v* '•''*j'?V.^w-;i !K^\{5i.!?!3? ?Jf;£v^^:\':vX^

44.
•• • | . •
~jrr-

*f
Hi S;i "t

4#
t - , :• • •
i".i :'

'• •:• _
\", I *

"I :t

-*,«.•.*•. •^ „, V.W

|

.,,.v.

^

which is the same as —f\
M

,„,,,.. ,„<.„„„.,. ___ ̂ ^.™v.«, K,,,,™^»,«.^. ,-v,- »„,,„•!«„,, ,,„,,.„.,„.„„,,, ___ ™™,,>.,,,,^,,.,.^ ,.,w™,,,,» ,.,,V,,,,.,^,,

* '"" •""' " -v
:
J

|.

«,,,.,«,TOW^#

Complete this table.

Original 
amount

60p

80p

£16

84p

£1

£128

£5

£1.80

£6.20

1
:^;.^y50%';^:'^."-

30p

40p

20p

Q
25%

15p

21 p

£1.25

£1.40

r
; 75%

45p

•
too%
60p

£1.00

Calculate these percentages.

25% of £2.40 is

50% of £3.80 is

75% of F5 40 is

75% of 96p is

25% nf P2fi is

100% Of £7.57 is

Use a calculator to check your answers.
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You will need a scientific calculator. 
Give your answers to 3 decimal places.

Smile 2

Make sure your calculator is in degrees mode.

sin 0"

cos 0°

Find the missing sides of these triangles. 
(They are not drawn to scale.)

2) 3)

Turn over



In this triangle

38 C

r cos 38°

5 = r sin 38° 

5
sin 38°

r = 8.1213462

so r = 8.121 (to 3d.p.)

4) Calculate the third side.

Find the missing sides of these triangles. In each case show your working out.

5) 6)

7)
4.2

8)
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Smile 2145

You will need 5mm square paper.

>bimple motifs, using cross stitch, can be used to create elaborate patterns by 
using transformations including reflections, rotations and translations.

1 ne patterns below nave been created by 
transforming mis motif.

Analyse ana 
aescribe eacn 
pattern in terms 
of transformations 
used.

Tturn over.



Here is another motif.

y Analyse and describe tne patterns created.

Using 5mm square paper to represent tne clotn, design a motil of your own 
and create patterns, describing them in terms of reflections, rotations and 
translations.

lake one 01 your patterns and make it into a rectangular border keeping tne 
design continuous and making right-angled bends in tne appropriate places. 
You may Find a mirror helpful to plan tne corners.

lou might like to choose one of your patterns and using cross stitch embroider it.

Adapted from an activity in MiW Cabbage. 
©RBKC SMILE 1994.



You will need string or a tape measure.

Four girls race around this 
track, one in each lane.

The winner is the one 
who gets back to the 
finish line first-

Scale:
1mm represents 1 metre of track.

Smile 2146

Use string or a tape measure to find 
far each girl runs in the race.

How would you make the race fair?

What is the width of each lane? 
Is this realistic?

Fin 
lin

II
li

e
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Odd Animal

Smile Worksheet 2147

Join all the odd numbers 1 5...

118. 120» »122 

119 J31 •130 146 148

;, 1 1 / 1^1 i t-w

1 *123

I 114. 11S * 116 • '127 i »115 125

j «113 »124 126»

•112

111. * 94
• •Q £i

I 110. -94! 109. .97 , 96
•108 50 *46

* 98 99 ,

106 107.'-93 49 . M
102 * .101 »90 47 4,5 
. 105. .00

100» "91 a^
104« . 68 «51 

67 «t;o »42 
•86 -89 • 52 4^

•88 * 66 ...n
•69 40 

87* R1-. »53
. »71 bt> »54

• 84 Bb »72 *70

. 83- * 64 * 55 * 38 82 , 73 , 62 »56
Q1» . » 7b

.132
•134

•144 ' 
•135

•135
•142 •!

•136 « 137 .^
•139

•44 *138 1

•4

*43 -5•7
26 

•25 * »8

•24 *9 *1041* 
•27

•40 23* »22
•1

39 * 29 1ft . .11 
•30 21*

147 •150
* »149

•144 -145 *151 *152
•^ -— 

161. .159 
• 0 155 
157

•158
•156 

•163
•160

162.
165.

'3 .

•14

*74 » 75 63* 0 57 3;
•80 , 79 , 77 61- «59

. 78 '60 '58 36 •32

, -19- *13 
•33 ^ »15

•34
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Transforming 
Triangles

Smile 2148

Scale axes from 
-10 to +10.

Plot the points (3, 2), 
(6, 2) and (3, 9) and 
join them to form a 
triangle.

&':•':

?'&':'

1 ~10

\A
10 x

1 ) Transform the triangle using the mapping

r )— * n
\y \y

and describe fully the transformation.

The inverse mapping would transform the triangle 
to its original position. Give the inverse mapping of
this transformation in the form i

x
y

2) Describe fully the geometric transformation for 
each of the following mappings and give the 
inverse mapping for each of the transformations 
in the form

a) F x

y
-y
X

b) x
y

e) y
-x

c) f) -y
-x
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Area of circle = 7C r2
= n x radius x radius

An approximation for K (pi) correct to 3 decimal places is 3.142.

You may have a button marked fit] on your calculator. 
How many places is this approximation torn correct to?

Smile 2149

o

To find the area of a circle with a radius of 1cm.

Using TI = 3.142.

Area of circle = Tir2

= 3.142x 1 x 1

= 3.142cm2

Using (TCJ button
Area of circle = Tir2

= n x 1 x 1

= 3.1415927cm2

= 3.142cm2 (3d.p.)

1. Calculate the area of these 
three circles by measuring the 
radius and using the formula 
Area of Circle = nrz.

Make a table of radius and area.

75 a d i u s

1 cm

Zcm

Area

i.mcm2



2. Calculate the areas of these circles. Record them on your table.

Look at your table of results. 
Does doubling the radius 
double the area?

What is the area of a circle 
radius 18cm?

5. What is the area of a circle 
radius 0.5cm?
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v PIZZA
PARADISE 
&SS2K&322SSS

5/W 

M£DI 

UWL

sssssssv

/,
(W

<:«<:<:<:«<

sSSSSSSSSSSSSSSSSSSSSSS 
"Diameter

. . 7 inches

. . .10 inches

:<««««««««««<

1. The SMALL pizza serves 2 people.

Estimate how many people

a) a MEDIUM pizza would serve?

b) a LARGE pizza would serve?

2. Work out the area of the three 
pizzas.



3. Approximately how many times 
larger is the

a) MEDIUM pizza than the 
SMALL pizza?

b) LARGE pizza than the 
SMALL pizza?

4. Do you still agree with your 
estimate?

5. Does.doubling the diameter, 
double the area?

Turn over.



6. If you were having a pizza 
party for 40 people, how many 
LARGE pizzas would you 
need?

7. There is a village in Italy 
having a pizza festival. They 
are making one giant pizza for 
100 people.

What is the diameter of the pizza?
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