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Foreword

Our lives wouldn't be the same without math. In fact, everything would stop
without it. Without numbers, we couldn’t count anything, and there would be no
money, no system of measuring, no stores, no roads, no hospitals, no buildings,
no ... well, more or less “nothing” as we know it.

For example, without math we couldn’t build houses, forecast tomorrow’s weather,
or fly a plane. We definitely couldn’t send an astronaut into space! If we didn‘t
understand numbers, we wouldn't have TV, the internet, or smartphones. In fact,
without numbers, you wouldn’t even be reading this book, because it was created
on a computer that uses a special number code based on 0s and Ts to store
information and make thousands of calculations in a second.

Understanding math also helps us understand the world around us. Why do
bees make their honeycombs out of hexagons? How can we describe the spiral
shape formed by a seashell? Math holds the answers to these questions and
many more.

This book has been written to help you get better at math, and to learn to love it.
You can work through it with the help of an adult, but you can also use it on your
own. The numbered steps will talk you through the examples. There are also
problems for you to solve yourself. You'll meet some helpful robots, too. They'll give
you handy tips and remind you of important mathematical ideas.

Maths is not a subject, it's a language, and it's a universal language. To be able
to speak it gives you great power and confidence and a sense of wonder.

@ Mmuwm

Carol Vorderman
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10 NUMBERS « NUMBER SYMBOLS

Number symbols (e

make up all numbers are
called digits.

Since the earliest times, people have used numbers
in their daily lives—to help them count, measure,
tell time, or buy and sell things.

Numbel’ Sys’fems Numbers were invented

to count amounts of

A number system is a set of symbols, called numerals, that e things such as apples

represent numbers. Different ancient peoples developed
different ways of writing and using numbers. “ @ & e @& &

' This chart shows the

¢ system we use, called the
Hindu-Arabic system,
ﬂ

compared with some other

ancient number systems. Hindu-Arabic numerals Many people think the ancient

are used all over the Egyptian symbols for 1 to 9
world today e represented fingers

Of all these number ANCIENT ROMAN I 11 111

% systems, only ours has a "

symbol for zero. We can also ~ ANCIENT EGYPTIAN | I Il

see that the Babylonian and

Egyptian systems are similar. BABYLONIAN | A w

Roman numerals

This chart shows the Roman number system, which puts
different letters together to make up numbers.

Symbols after a
larger symbol are

added to it...---
Ones
1 2 S 4 5 6 7 8 9
Tens
10 20 30 40 50 60 70 80 90
Hundreds
100 200 300 400 500 600 700 800 900
Thousands g
1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 . 9,000
T Look at the symbol for six. It'sa V @) Now look at the symbol for nine. Symbols before a
for 5, with I after it, for 1. This » This time, the I is before the X. larger symbol are

means “one more than five” or 5 + 1. This means “one less than ten” or 10 - 1. subtracted from it
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1

Zero the hero

Not all number systems have a symbol for zero (0)
as we do. On its own, zero stands for “nothing,” but
when it’s part of a bigger number, it’s called the

place holder. This means it “holds the place” when
there is no other digit in that position of a number.

Zeros help us
read the time
correctly on a

. 24-hour clock

A

fﬁj Y 7
L\ A L A
& & & & &

\ \l ‘{ B, A
S OGO

(‘g’}cg
(ﬁ

\/\

6

The Babylonian number system is
more than 5,000 years old

v

w

VI

i

A
A

y
-

- N
40
h

P

7

VII

A

4 C@ X E e e
C P )&,ﬁg 00e
® 000 99o
™ \ =N ae ale an
® 000 V@

O

The Romans used letters as
symbols for numbers ...

-----------------------------------------------------------------------------------------------------------------------------------------------

Reading long numbers and dates

To turn a long Roman number or date into a Hindu-Arabic
number, we break it into smaller parts, then add up the parts.

Let's work out the

number CMLXXXII.

First, we break it into
four sections.

Next, we work out

the values of the
different sections. When
we add the values
together, we get the
answer: 982.

CM L XXX I

~ "C" before "M" means
100 less than 1,000”

CM

XXX
II

1000 - 100

3x10
2x1=

900 +
50
30

2

982

.;'.I
VIII IX
il u
¥ ¥
TRY IT OUT

Name the date

Today, we sometimes see dates written
in Roman numerals. Can you use what
you've learned to work out these years?

o What's this year?

MCMXCVIII

Now try at writing these years
as Roman numerals:

1666 2015

Answers on page 319
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U e The amount a digit is
worth in a number

is called its place value.

Place va

In our number system, the amount a digit
is worth depends on where it's placed in a
number. This amount is called its place value.

i ?
What is place value® The 10 tens are
Let’s look at the numbers 1, 10, and 100. They are made of the same exchanged for
digits, 1 and 0, but the digits have different values in each number. . one hundred
Ones Tens Ones Hundreds Tens Ones
@ [ °®

The 10 ones 1&/ w

are exchanged

for one ten
The 1 on its ] The 1 is now in ] )O ] O O
own has N the tens column, N A
a place so it has a place “... The zero holds the “...... The 1 now has a place
value of 1....+ value of 10.......:" ’ ones’ place to show value of 100

there are no ones.

@) We can put up to nine dots " We can show up to 99

[ Let’s start with the number 1.

We're going to represent it &% in the ones column. When %' using two columns. When
by making a ones column and we get to 10, we exchange the we reach 100, we exchange
putting a single dot in it. 10 dots in the ones columns for the 10 tens for one hundreds.

one in the new tens column.

Thousands H T (0] Th H T 0]

A Now let's put numbers in our columns instead 2 When the number 5,067 is put into columns,
5" of dots. We can see that 576 is made up of: w  we find that the same digits as in Step 4 now
5 groups of 100, or 5 x 100, which is 500 have different place values. For example, the 5 is
7 groups of 10, or 7 x 10, which is 70 now in the thousands column, so its value has

6 groups of 1, or 6 x 1, which is 6. gone up from 500 to 5,000.
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How place value works

Let's look at the number 2,576 and think some

more about how place value works.

Th H T o)
2N 5 B 6
' 1 || =
2 thousands
' [ | =
5 hundreds
'r )
7 tens

A 4

6 ones

When we put the digits into

columns, we can see how
many thousands, hundreds,
tens, and ones the number is
made of.

. The value of 2

Th

2
A 4
2 2,000

500
/0

6
2,576

Now, if we add up the four

numbers, we get 2576, our
original number. So, our place
value system works!

U‘I‘OIU'I T
~donronw -
o‘Olo.O.ox o

in this number
is 2,000 because
of its position

When we write this again with

numbers, using zeros as
place holders, we get four
separate numbers.

----------------------------------------------------------------------------------------------------------------------------------------

Ten times bigger or smaller

Each column in the place-value system increases or decreases
the value of a digit by 10. This is useful when we multiply or

J—— When we divide by 10,

digits move one place
v

va/ue to the right
divide a number by 10, 100, and so on. £10 +10

Let's look at what happens to 437
when we multiply or divide it by 10.

Tenths

/. 3

s

If we divide 437 by 10, each digit

moves one column to the right. When we
The new number is 43.7. A dot, called 7 It
’ tiply b
a decimal point, separates ones from 4 3 ) 7 ;n(; Z );tsy
numbers 10 times smaller, called tenths. mo’ve ine
place value
To multiply 437 by 10, we move

.to the left
3 each digit one column to the left. :
The new number is 4,370, which is
437 x 10.

Decimal point
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Sequences _
and patterns

pattern, called a rule.

A sequence is a series of numbers, which we call terms, listed in
a special order. A sequence always follows a set pattern, or rule,
which means we can work out other terms in the sequence.

Look at this row of houses. We can see that each If we use this rule, we can
The numbers on the doors number is two more than work out that the next terms
are 1, 3, 5, and 7. Can we find the one before. So, the rule for are 9 and 11. So our sequence is:
a pattern in this series? this sequence is “add two to 1,3,5,7,9,11, ... The dots show
each term to find the next term.”  that the sequence continues.

The rule for this sequence is
JRRRTIE “add two to the previous term”

r@ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂ +2 TMUEF#_———MMMT +2 Fﬁﬁnﬂﬁ%
o/ 12 Lt [t =

an
[u]
5]
(5]
[

| —— —
D =
—=

1ST TERM 2ND TERM 3RD TERM

7N

.......... Each number in a sequence is called a term



Simple sequences

There are lots of ways to make sequences. For example, they
can be based on adding, subtracting, multiplying, or dividing.

In this sequence, we add
' one to each term to get
the next term.

#» Each term is multiplied
4= by 10 to get the next
term in this sequence.

#) Sometimes a rule can have
%' more than one part. In this
sequence, we add one, then
multiply by two, then go back
to adding one, and so on.

ATHTERM |

The fifth term in the

sequence will be 7 + 2

NUMBERS

SEQUENCES AND PATTERNS

The dots show that
the sequence continues ..,

6, .

1, 2, 3, 4, 5,
RULE: ADD 1
x10 x10 x10 x10
N N NN
1, 10, 100, 1,000, 10,000,

RULE: MULTIPLY BY TEN

+1 x2 +1 x2 +1
N NC N N Y
8 9, 18, 19, 38, 39, ...

RULE: ADD ONE, THEN MULTIPLY BY TWO

TRY IT OUT

Spot the sequence

Can you work out the next two terms in
each of these sequences? You'll have to
figure out the rule for each sequence
firs—a number line might help you.

0D 22, 31, 40, 49, 58, ..
€) 4 8 12,16 20, ..

) %) 100, 98, 96, 94, ..

) 9, 75, 60, 45, 30, ..

Answers on page 319
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Sequences and shapes

Some number sequences can be used to create shapes by using the terms
in the sequence to measure the parts of a shape, such as the lengths of its sides.

Triangular numbers We can show the

triangular sequence

One sequence that can be shown by using shapes .-

as shapes is the friangular O
number sequence. If we take a
whole number and add it to all

The sequence starts When we add 2,

the other whole numbers that with 1, shown as a we can arrange the
are less than that number, we gt gjgje shape. shapes in a triangle.
this sequence: 1, 3, 6,10, 15, ... 1+42=3

Each of the numbers can be
shown as a triangle.

Each new number O
adds a new row to
O the triangle’s base O O

‘sl

ToJoXoXeo,

Adding 3 makes a new Now we add 4 to make Adding 5 creates a fifth

triangle. a fourth triangle. triangle, and so on.
1+2+3=6 1+2+3+4=10 1+2+3+4+5=15

----------------------------------------------------------------------------------------------------------------------------------------

Square numbers

If we multiply each of the numbers 1, 2, The fourth square
3, 4, 5 by themselves, we get this number is 16
sequence: 1, 4, 9,16, 25, ...

We can show this number sequence

as real squares.

1x1=1 2x2=4 3x3=9 4 x4=16 5x5=25
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Pentagonal numbers Each pentagon has

.o
o’

The sides of these five-sided shapes, Each pentagon shares one five sides with equal
called pentagons, are made up of corner, called a vertex, numbers of dots
equally spaced dofs. If we start with _with the other pentagons {

one dot, and then count the dots in
each pentagon, we see this
sequence: 1, 5,12, 22, 35, ...

These numbers are called
pentagonal numbers.

D

1dot 5 dots 12 dots 22 dots 35 dots

The Fibonacci sequence

One of the most interesting sequences in math is the Fibonacci sequence, named after
a 13th-century Italian mathematician. The first two terms of the sequence are 1. Then
we add the two previous ferms together to get the nextterm. Add the

It previous two
Sequence 1+1 1+2 2+3 3+5 5+8 L7 8413 13+21

wdieg CNCNCNCNCNONLC N il
1123 5 8 13 21 34..

We can use the number sequence to

make a pattern of boxes like thi
P f ° >, When we connect

the boxes’ opposite
corners, we draw
a spiral shape

34

... We often find
Fibonacci spirals,
like this shell,

in nature
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Positive and |
negative numbers

in front of them.

Negative numbers

Positive numbers are all the numbers that are greater
than zero. Negative numbers are less than zero, and
they always have a minus sign (=) in front of them.

What are positive and negative numbers?

Move left to.........
t d
coutdon < 10 -9 -8 -7 -6 -5 -4 -3 -2 -]
from zero A
NEGATIVE NUMBERS

If we put numbers on a line called a number #) Negative numbers are numbers ...
line, like the line on this signpost, we see that &% less than zero. In calculations, we

negative numbers count back from zero, while put negative numbers in parentheses, like

positive numbers get larger from the zero point. this (-2), to make them easier to read.

Adding and subtracting positive and negative numbers

Here are some simple rules to remember when we add and subtract
positive and negative numbers. We can show how this works on a simple
version of our number signpost, called a number line.

To add a positive number,

| Adding a positive number we move to the right.... 'Um
When we add a positive number, we o | - : : f .‘ 1 W
. ] < 1 T ; ; ) —>
move to the right on the number line. ‘ ' ‘ ‘ - *
24+3=5 -5 -4 3 -2 -1 O 1 2 3 4 5

To subtract a negative number,
we move to the right........ .

) Subtracting a negative number .Jm
&% To subtract a negative number, L I R S SR S S
we also move right on the number line.
So, subtracting -3 from 2 is the same

as 2 + 3.
2-(-3)=5
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Ups and downs - Positively puzzling

We sometimes use positive and Use a number line to work out
negative numbers to describe these calculations.

the floors in a building. Floors

below ground level often have | o 7-(-3]="7 9 7+(-9) =7

negative numbers.

@-s+0=> @ -2-1-1=2

Answers on page 319

H Move to the right to count up from zero ............
Q

/ﬁ\/ﬁ\/ﬁ\

o /
(2)(-1)(0)(1 (2 3./&/\5/\)\4/\,/\?)' i

1 2 3 4 5 6 7 8 9 1X

A e
POSITIVE NUMBERS /
Zero (0) is not positive or We don’t usually put any sign ..~
negative. It's the separation in front of positive numbers.
. point between the positive and So, when you see a nhumber
“-.. negative numbers. without a sign, it's always positive.

To subtract a positive
number, move to the left
........ on the number line

Subtracting a positive number {VYY\
Now let's try subtracting a positive { N N i $ _
number. To subtract 3 from 2, we move : ‘

to the left to get the answer.
2-3=-1

To add a negative number, move
... to the left on the number line

Adding a negative number (vm
When we add a negative number, it | g § - ; | 5 g i %
gives the same answer as subtracting a T ' 2 o 3 ‘
positive one. To add -3 to 2, we move left > 432 Qo1 @3 45

on the number line.
2 + (—3) = -
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C i
I l ' p g We use comparison sympols
to show the relationship
n U e rS between two numbers.

We often need to know if a number is the same as, smaller than,
or larger than another number. We call this comparing numbers.

More, less, or the same?

When we compare amounts in everyday life, we use words like more,

less, larger, smaller, or the same as. In math, we say numbers or The "“mbf” of
cupcakes in each

row is the same

......
.

amounts are greater than, less than, or equal to each other.

Equal

Look at this tray
of cupcakes. There are
five cupcakes in each
row. So, the number in
one row is equal to the
number in the other.

EQUAL

....... There are more cupcakes
in the top row

Greater than

Now there are five
cupcakes in the top row
and three in the bottom
one. So, the number in the
top row is greater than the ; :
number in the bottom one. = /

GREATER
THAN

....... There are fewer cupcakes
in the top row

Less than

This time, there are
five cupcakes in the top
row and six in the bottom
row. So, the number in the
top row is less than the
number in the bottom.

LESS
THAN
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Using symbols to compare numbers

We use these signs, called comparison symbols,

when we compare numbers or

9 Equals
This symbol means
“is equal to.”
For example, 90 + 40 =130

means “90 + 40 is equal to 130.”

amounts.

part of the

symbol points to

: the smaller
Y number

) Greater than
This symbol means
“is greater than.”
For example, 24 > 14 means

“24 is

greater than 14.”

.. The narrowest

<

" Less than
This symbol means

“is less than.”
For example, 11 < 32 means
“Mis less than 32.”

P R T N

Significant digits

The significant digits of a number are the digits that influence
the value of the number. When we compare numbers,

significant digits are very useful.

Most ... e Third
9 This number has S,'g,,,-ﬁC::t' v é ;’f”l_’éﬁ“’”t
¢ four digits. The digit 9
most significant digit ] 4
is the one with the N ~
highest place value, "
and so on, down to the Second..." .. Least
least significant digit. significant significant
digit digit
Let’s compare 1,404 Th

&% and 1,133. The
place value of the most
significant digits is the
same, so we compare
the second most
significant digits.

™ The second most
significant digit
of 1,404 is larger than it
isin 1,133. So, 1,404 is
the larger number.

e, The most significant

1,404

digits are the same

1,133

The second
significant digit is
larger in this number

TRY IT OUT

Which symbol?

Complete each of these
examples by adding one of
the three symbols you've
learned.

Here’s a reminder of the three
symbols you'll need:

Equals

Is greater than

( Is less than

@ 5,123
D-2"3
© 71,399 © 71,100
O200-5"1"+4

10,221

Answers on page 319
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Xoon

912

votes

Sometimes we need to compare a whole series

of numbers so that we can put them in order.

Cybertown has held
an election for mayor.

To do this, we use what we know about place We need to put the

values and significant figures.

candidates in order of
the votes they received.

TTh Th H T 0 Th T H T 0
Xoon e 1 | Krog 4] O 4 2 3
Zeet 4 5 The first_.
Moop 5 2 3 4 significant
figure is the
il 4 4 A one farthest
Krog 1 0 4 2 3 to the left
Jeek S N 2 .
) First, we put the candidates’ votes 2 Let's look at the most significant digits. Only
» into a table so we can compare the Krog’s total has a digit in the ten thousands
place value of their most significant digits. column. So his vote total is the highest and we
can put it first in a new table.
TTh Th H T 0 TTh Th H T 0
Krog 1 0 4 2 3 Krog 1 0 4 2 3
Moop 5 2 3 4 Moop 5 2 3 4
Jeek 5 BN 2 . vore  Jeek 5 BN 2 B
KR
O Yoon o B
Flug 4 4 4
Zeet 4 5
When we compare second significant digits, =~ We keep comparing digits in the place-
we see Moop and Jeek have the same digitin @ value columns until we have put the whole
the thousands. So, we compare third significant list in order, from largest to smallest numbers.

digits. Moop’s digit is greater than Jeek's.

Krog is the new mayor!
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10423 57,

Votes ; ., Votes

,_\\ f \ ‘e

B
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Ascending and descending order
When we put things in order, sometimes we want to put

the largest number first, and sometimes the smallest.

In a math test,
there were 100
questions. Amira got

94 correct; Bella got 45;

Claudia got 61; Daniel
got 35; Ethan got 98;
Fiona got 31; Greta got
70; and Harry got 81.

When the scores

are listed from
the highest to the
lowest, we call it
descending order.

When we order the

scores from lowest
to highest, we call it
ascending order..

98
94
81
70
61
45
35
31

DESCENDING ORDER

31
35
45
61
70
81
94
98

ASCENDING ORDER

TRY IT OUT

All in order

Practice your ordering skills by putting
this list of ages in ascending order. Why
not make an ordered list based on your
own friends and family? You could
order them by age, height, or the day
of the month of their birthday.

Answer on page 319

NAME AGE
Jake (me!) 2
Mom 37
Gizmo the gerbil f
Dad 40
Grandpa 67
Buster the dog Z
Grandma 68
Uncle Dan 35
Anna (my sister) 13
Bella the cat 3
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| I l l . Estimation is finding

S I O I n g something that is close

to the correct answer.

Sometimes when we're measuring or calculating, we
don’'t need to work out the exact answer—a sensible

guess, called an estimate, is good enough.

Approximately equal

Equal Approximately equal

We've already learned | ' This is the symbol we use for things ~
the symbol to use for ) _ that are nearly the same. In math, we say ~
things that are equal. they are approximately equal.
Quick counting
In everyday life, we offen don’t need to count something exactly. Compare the baskets to
It's enough to have a good idea of how many things there are or estimate which one has
rough'y how b|g Somefhing is. the most strawberries in it

These three baskets of strawberries
all cost the same, but they contain
different numbers of strawberries.

We don’t actually have to count to

see that the third basket contains
more strawberries than the other two.
So the third basket is the best bargain.
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Estimating a total

Sometimes we estimate because it would take too
long to count or calculate the exact answer.

Let's look at this
bed of tulips. We
want to know roughly
how many there are,
without having to
count them, one
by one.

There are nine
horizontal rows

......

The tulips aren’t

in exact rows,
but we can count 11
flowers in the front
row. There are nine
rows, SO we can
say there are about
11 x 9 flowers, which
is 99.

| X
AN

.

There are 11 flowers ... .
in the front row

--------------------------------------------------------------------

Checking a calculation

Sometimes, we work out what we expect an answer
to be by simplifying, or rounding, the numbers.

2,847 +402 =2 3.000 + 4,000 = 7,000

Let's add together 2,847 and

4,102. We make an estimate
first so that if our answer is very
different, we know that we might
have made a mistake.

The first number is slightly

less than 3,000, and the
second is slightly more than
4,000. We can quickly add 3,000
to 4,000, to get 7,000.

The flower bed is
divided roughly

into nine squares......,

Another way to

estimate the total
is to divide the bed
into rough squares.
If we count the flowers
in one square, we can
estimate the number
in the whole bed.

There are 12 tulips

in the bottom right
square. So the total
number is approximately
12 x 9, which is 108.

There are 12 flowers in
the bottom right square

Our two estimates have come up with
answers of 99 and 108. In fact, there are
105 tulips, so both estimates were pretty close!

--------------------------------------------------------------------

We estimate that the answer
will be approximately 7,000

......

2,847 + 4,102 = 6,949

When we do the actual

calculation, the answer we
get is very close to our estimate.
So we can be confident that our
addition is correct.
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Rounding

Rounding means changing a number to another
number that is close to it in value, but is easier

to work with or remmember.

The rounding rule is that for
digits less than 5, we round
down. For digits of 5 or
more, we round up.

N J
Rounding up and rounding down Digits 5 or more are
e e rounded up
s Digits less than 5
r \are rounded down =
20 21 22 23 24}\ 25 26 27 28 29 30
: A
We round ) Look at 24 Now let's look at......- . What about 25?
numbers “up” or £~ on this number 28. It's closer to It's exactly halfway

line. It's closer to
20 than to 30, so we
round it down to 20.

“down,” depending
on where they are on
the number line.

30 than 20, so we
round it up to 30.

between 20 and 30.
The rounding rule is
to round it up to 30.

IO

Rounding using place value

When we round numbers, we use the
place values of a number’s digits.

Rounding to
the nearest ten
We use the ones digit to

The ones digit is
3, so we round
........ down to 80

decide whether to round
up or down to the nearest
ten. Let's round 83 and 89.

Rounding to the
nearest hundred
To round to the nearest 100,
we look at the tens digit and
follow the rounding rule.
Let's round 337 and 572.

83 85

The tens digit is 3,

so we round down

The ones digit is
9, so we round

89 90
The tens digit is........ .
7, so we round
up to 600 m
500 572 600
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Rounding to different place values TRY IT OUT

Rounding to different place values will give us Estimating height
different results. Let's look at what happens to 7,641 : :

. . This robot is 165 cm tall.
when we round it to different place values.

------------------------------------ What is his height rounded
to the nearest 10cm?

x|
7 6 4 O 0 What is his height rounded

to one significant digit?
(See below.)

The rounded number
is very close to the
original

ROUNDED TO THE
NEAREST 10

|
1

165cm

7600 i

7641

ORIGINAL NUMBER

ROUNDED TO THE
NEAREST 100

The higher the place

value we round to, the

more different the ROUNDED TO THE
result could be to the NEAREST 1,000 —'

original number

FEET T T EEF T T T ETTTETT

Answers on page 319

G 880000000800 00000800000000000000000000000000000000000000000000000000000800000800088080080838

ROUﬂdlng fo SlgﬂlflCOnT dlglts In a four-digit number, rounding to the

We can also round numbers to one or most significant digit is the same as
more significant digits. rounding to the nearest 1000 ...,

Let's look at the number 6,346. The

most significant digit is the one with 6 3 4 O m—l 6 000

the highest place value. So, 6 is the most
ROUNDED TO ONE

significant digit. The digit after it is less We round us,,,g_ SIGNIFICANT DIGIT
than 5, so we round down to 6,000. this digit

This is the second
significant digit

The second significant digit is in the

hundreds. The next digit is less 6 3 4 6 ﬁ 6 3 O O

than 5, so when we round to two ROUNDED TG TWO
significant digits, 6,346 becomes 6,300. We use this ; SIGNIFICANT DIGITS
PR This is the third

significant digit

) The third significant digit is in

%' the tens column. If we round our 6 3 4 6 ﬁ 6 3 5 O
number to three significant digits, it A We round with ROUNDED TO THREE
becomes 6,350. ... this digit SIGNIFICANT DIGITS

digit when

rounding
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Factors

A factor is a whole number that divides or shares exactly info another number.
Every number has at least two factors, because it can be divided by itself and 1.

What is a factor?

This chocolate bar is made up of 12 squares. We can use it to find the factors

of 12 by working out how many ways we can share it into equal parts.

12+1=12 12+2=6

If we divide the 12-square bar
by one, it stays whole. So, 1
and 12 are both factors of 12.

12+-4=3

When the bar is divided in

four, we get four groups of
three squares. We already know
that 4 and 3 are factors of 12.

12+6=2

are factors of 12.

-------------------------------------------------------------------------------------

Factor pairs

Factors always come in
pairs. Two numbers that
make a new number
when multiplied together
are called a factor pair.

1x12=12 or 12x1=12
2x6=12 or 6x2=12
3x4=12 or 4x3=12

Let’s look again at the factors of 12 we
found. Each pair can be written in two
different ways.

Dividing the bar in two gives
two groups of six squares.
So, 2 and 6 are also factors of 12.

Dividing the bar by six gives
six groups of two squares.
We've already found that 6 and 2

12+3=4

When we divide the bar in
three, we get three groups of
four. So, 3 and 4 are factors of 12.

1212 =1

Finally, we can divide the

bar in 12 and get 12 groups
of one square. We've now found
all the factors of 12.

---------------------------------------------------

12 ) 2,6

So, the factor pairs of 12, written in
either order, are: 1and 12, 2 and 6,
and 3 and 4.
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Finding all the factors

If you need to find all the factors of a number, here’s a way to
write down your findings to make sure you don’t miss any.

To find all the factors of 30, first write 1
' at the beginning of a line and 30 at the 1x30=30 -
other end, because we know that every
number has 1 and itself as factors. 1 30

@ Next, we test whether 2 is a factor and

4% find that 2 x 15 = 30. So, 2 and 15 are 2 x15 =30

factors of 30. We put 2 just after 1 and 15

at the other end, just before 30. 1 2 15 30

" Next, we check 3 and find that 3 x 10 = 30.
%" So, we can add 3 and 10 to our row of 3 x 10 =30

factors, the 3 after 2 and the 10 before 15.
17 2 3 10 15 30

/N When we check 4, we can’t multiply it by
“" another whole number to make 30. So, 4 4 x ? =30
isn't a factor of 30. It doesn’t go on our line.

17 2 3 10 15 30
= We check 5 and find that 5 x 6 = 30. So we
w add 5 after 3, and 6 before 10. We don't 5x6 =30
need to check 6 because it's already on our list.
So, our row of factors of 30 is complete. 1 2 3 5 6 10 15 30
Common factors The highest
When two or more numbers have the same factors, we call them common factors. fazz';rzog

| Here are the factors of 24 and 32. Both have 1 9 : 9
factors of 1, 2, 4, and 8, so these are their

common factors, in yellow circles. 24 3

24 32 32 4

12

@) The largest of the common factors is 8. 4
&% We call it the highest common factor, 8 6 16 8 &

sometimes shortened to HCF.
FACTORS OF 24 FACTORS OF 32
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I A multiple of a number is

Multiples

any other whole number.

When two whole numbers are multiplied together,
we call the result a multiple of the two numbers.

Findlng mulﬁples ._”16 number 12 isa......... )
multiple of both 3 and 4
274
muttiptes oF 3 () 3 6 0 12 15 18 21
e | e
P | R R
muttiptes of 4 () 4 8 12 16 20
We can use a number line like this to ) Above the line we have marked the first
' work out a number’s multiples. And if &= 16 multiples of 3. To find the muliiples,
you know your multiplication tables, you'll we multiply 3 by 1, then 2, then 3, and so on:
find working with multiples is even easier! 3x1=3,3x2=6,3x3=9

Common multiples

We have found out that some numbers can be multiples of We call the smallest number

more than one number. We call these common multiples. in the overlapping section
_.the lowest common multiple

% This is a Venn diagram. It's another :
J e —

' way of showing the information in i .
the number line above. In the blue / ?\\ 4
circle are multiples of 3 from 1to 50. // 3 : \
The green circle shows all the multiples ~ / 9 \ ]6
of 4 from 1to 50. / ]5 Tz \
27 |8 20
#) There are four numbers [ ]8 2] 36 \
4. in the section where the [
circles overlap: 12, 24, 36, and MULTIPLES OF 3 COMMON F MULTIPLES OF 4
FROM 1 TO 50 MULTIPLES | FROM 1TO 50

48. These are the common
multiples of 3 and 4.

\ 45 24 a4
3 The lowest common multiple of \\ 30 39 ' 48 / 28

« 3and 4 is 12. We dont know their 33 Y 32
highest common multiple, because 42 P 40
numbers can be infinitely large. 6 //
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TRY IT OUT

Multiple mayhem

Which numbers are multiples of 8 and which are multiples
of 9? Can you find any common multiples of 8 and 9?

Answers on page 319

The next number that's a

...... multiple of both 3 and 4 is 24

MULTIPLES

64 32 3 48
16 81 108 5 90

72 144 ,; 18

The arrow means that there are

more multiples of both 3 and 4

31

) Multiples of 4 are marked below the
%' number line. Look at the number 12.
It appears on both lines. So it's a multiple
of both 3 and 4.

Finding the lowest common multiple

Here’s a way of finding the lowest common
multiple of three numbers.

/) Multiples and factors work together—

“" we multiply two factors together to get
a multiple. So 3 and 4 are factors of 12, and
12 is a multiple of 3 and 4.

.Common multiples of 2

" and 4 are shaded blue .

Common muiltiples

of 2, 4, and 6 are

shaded yellow
9 Let's find the lowest common v \’ -
multiple of 2, 4, and 6. First, '
we draw a number line showing Q . Z 1_4 ! 6 { 8 : ]l() [ 12 ! 154 [ 116 ! .Ix8 | ZLO L 2;2 L 2.4
the first ten multiples of 2. —
MULTIPLES OF 2
™ Now we draw a number line :

» showing the multiples of 4.
We find that 4, 8, 12, 16, and 20 (L)J; (I 4 S (R 8| gt ]2 (I | .|>6 f-— Mg 2tOI 1 12:4 4
are common multiples of 2 and 4. - - :

MULTIPLES OF 4 ... The lowest common multiple
I of all three numbers is 12
3 When we draw a number \’

' line of the multiples of 6, we ;

see that the first common multiple Q i 6& o 12 I 118 T s 24 y

of all three numbers is 12. So 12 is
the lowest common multiple of 2,
4, and 6.

MULTIPLES OF 6

Common muiltiples of 2
and 6 are shaded white
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Prime numbers

A prime number is a whole number greater than
1that can’t be divided by another whole number

A prime number has
only two factors—
itself and 1.

except for itself and 1.

Finding prime numbers

To find out whether or not a number is prime, we can try to divide it
exactly by other whole numbers. Let's try this out on a few numbers.

“ Is 2 a prime number?

' We can divide 2 by 1 and also by itself. 2=1=2
But we can’t divide 2 by any other number.
So, we know 2 is a prime number. 2+2=1 YES

2 is a prime
number
) Is 4 a prime number?
{= We can divide 4 by 1 and by itself. Can 4 =-1=2
we divide 4 exactly by any other number?
Let's try dividing by 2: 4 + 2 =2 4+4=1 NO
We can divide 4 by 2, so 4 is not a prime number. 4 -2 =2 4 s nol a ,
: prime number

%) Is 7 a prime number?
%' We can divide 7 by 1 and by itself. Now let's try 7 =1=7
dividing 7 by other numbers. We can’t divide 7 .
exactly by 2, 3, or 4. We can stop checking once we 7+7=1 Y_ES '
get over half of the number we're looking at—in this 7 is a prime
example, once we get to 4. So, 7 is a prime number. number

A Is 9 a prime number?
" We can divide 9 by 1 and by itself. We can‘t 9+1=9
divide 9 exactly by 2, but we can divide it by 3:
9-3=3 9+9=1 NO
This means 9 is not a prime number. 9+-3=3 2is nat-a

prime number
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Prime numbers
up to 100

This table shows all the prime
numbers from 1 1o 100.

1 is not a prime number..~"

because it doesn’t have two
different factors—1 and itself
are the same number!

2 is the only even prime.

All other even numbers
can be divided by 2, so

they are not prime

Prime numbers
are shaded
dark purple

Non-primes
are shaded
pale purple

R T T TR T R R R

Prime or not prime?

=N

2
1=
42
52
62
72
82
92

13
23
33
43
53
63
73
83
93

14
24

34
44
54
64
74
84
94

There’s a simple trick we can use to check whether a number
is prime—just follow the steps on this chart:

PICK A WHOLE NUMBER
FROM 2 TO 100

CAN YOU DIVIDE THIS NUMBER
EXACTLY BY 2, 3, 5, OR 7?

NO

IT’S A PRIME

YES

IT’'S NOT A PRIME

15
25
35
45
55
65
75
85
95

6 &6 (9 10
16 i 18 e 20
26 27 28 29 30
36 37 38 39 40
46 47 48 49 50
56 57 58 59 60
66 6/ 68 69 70
76 77 78 79 80
86 8/ 88 89 90
96 97 98 99 100

The largest prime
The ancient Greek

the largest possible prime

22 million digits long! It's
written like this:

274'207’*‘:281_]

This means "mc.lltiply 2
by itself 74,207,281

times, then subtract 1”

mathematician Euclid worked
out that we can never know

number. The largest prime we
currently know is more than
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Prime factors

A factor of a whole number that is also a prime number is called a prime factor.
One of the special things about prime numbers is that any whole number is either
a prime number or can be found by multiplying two or more prime factors.

Finding prime factors

Prime numbers are like the building blocks of numbers, because

every number that's not a prime can be broken down into

prime factors. Let's find the prime factors of 30.

2 and 15 are factors of 30

We start by seeing if we can divide 30 by 2,

the smallest prime number. We can divide 30
exactly by 2, and 2 is a prime number, so we can
say 2 is one of 30’s prime factors.

3 and 5 are factors of 15

" We can divide 15 exactly by 3 and get 5. Both
% 3 and 5 are prime numbers, so they must also
be prime factors of 30.

Prime factors for internet security

When we send information over the internet, it's turned

Prime factors have a
green circle around them

15+2="7

2 is not a factor of 15

Now let's look at 15, the factor pair of 2 in the
» last step. It's not a prime number, so we have
to break it down more. We can’t divide it exactly by
2, so let’s try another number.

,‘e&.«-v.};% ﬁfﬁ. < % f.r'—' =
- o | (| \
30 =(2)x(3)x(5)

S y — Ny {kf

2, 3, and 5 are prime factors of 30

V: So we can say that 30 is the product of
“° multiplying together three prime factors—

2,3, and 5.

All whole numbers
can be broken down
into fwo or more
prime factors.

into code to keep it secure. These codes are based on
prime factors of very large numbers, which would be
difficult and time-consuming for criminals to work out.
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Factor trees

An easy way to find the prime factors of a number
is to draw a diagram called a factor tree.

72

4

8

e

9

Let's find the prime factors of 72. We know from
our multiplication tables that 8 and 9 are factors
of 72, so we can write the information like this.

72

- Now when we factor ’rhe 4, we get

2 and 2. Both are prime numbers
so we circle them, too.

TRY IT OUT

Different tree, same answer

... We stop f 4

9

" The factors of each
number are written
below it

4

) Neither 8 or 9 are prime numbers, so we
need to break them down some more.
When we factor 8, we get 2 and 4. We put a
circle around 2, because it's a prime number.

72

looking for \</ -/
factors when
we find a
prime number

Now let’s go back to the 9. It can’t be divided
V" by 2, but it can be divided by 3, giving two
factors of 3. Both are prime numbers, so now we
can write all the prime factors of 72 like this:
72=2x2%x2x3x3

. Start by
fmding two

There are often lots of ways to make a factor tree. Here's
another tree for 72, starting by dividing it by 2. Can you finish
it? There’s more than one way—as long as you get the same
list of prime factors as in Step 4, you've done it correctly!

Answer on page 319

NG

./\.

factors

of 36
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Square numbers

When we multiply a whole number by itself, the result
is a square number. Square numbers have a special
symbol, a small “2” after the number, like this: 32.

A square number is
formed when we
multiply a whole
number by itself.

The square measures

2 x 2 small squares.

2x2=4 o 22=4
1 2 G

3 4

We can show the squares of numbers as

actual squares. So to show 22, we can
make a square that's made up of four
smaller squares. So 4 is a square number.

4x4=16 o 42=16

" When we show 42 as a square, it's
" made of 4 x 4 small squares, which
makes a total of 16 squares.

3)(3:9 or 32=9

1 28 B3
4 5 6
I B

) To show 32, our new square is three
squares wide and three squares
deep—a total of nine squares. This
means 9 is also a square number.

5x5=25 o 52=125
1 1 1 1|
68 7 SN Ol B0
n 12 1B 14 15
16 17 18 19 20

21N B228 BZ23N B248 B25

M This is 52 shown as 5 x 5 squares.

'There are 25 squares, which is the

same as 5 multiplied by 5. So, the four
square numbers after 1 are 4, 9, 16, and 25.
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Squares table
This table shows the squares of numbers up The square numbers
to 12 x 12. Let's see how it works by finding the form a diagonal line

square of 7. First, find 7 on the top row. ...~ within the grid

x "1 23 2 56 I 8 sl | e
] . 20 B T e 7 8 9 10 M 12
o 2 . 6 8 10 12 :_.-1:'4 16 18 20 22 24
3 3 6 .12 15 18 21 24 27 30 33 36

4 4 8 1216 20 24 28 32 36 40 44 48

S S BION RIS 50 55 60

o 6 120 N8 60 66 72
/7 7 14 2]
e & 16 24
B O BISE 827
10 10 20 30 .
i T 8228 833 44;55 66

12 12 24 36 48 60 72 84 96

# Now find 7 in the left-hand ) The row and column Squares of odd ISquares of even

column. Follow the row and meet at the square numbers are numbers are
column until you get to the square containing 49. So, the always odd always even

where they meet. This square contains  square of 7 is 49.
the square of that number.
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Square roofs

A square root is a number that you multiply by itself
once to get a particular square number. The symbol
we use for the square root is v/. =2

Square roots are the
opposite, or inverse, of
square numbers.

| Let’s look at 36. Its square root is 6, the
* number that we multiply by itself, or square, \/36 =6

to get 36. We write it like this: /36 = 6 because

6 x6=2360o6%=36

- We square
#) Squares and square roots are siTelte 5 to get
% opposites. So if 25 is the square of 5, 25
then 5 is the square root of 25. The word b
we use in math for this is “inverse.” 4\5 25
5 is the ...
square root
Of 25 SQUQre YOO\
#) We can use this squares table to find square slbibzlaelalstalzl 1eolm] ol e

% roofs. Let's look at the square number 64. To
find its square root, follow its row and column back
to the start. We find 8 at the start of 64’s row and
column, so we know 8 is the square root of 64. 3 3 6 Q812 15 18 21 24 27 30 33 36
4 4 8 12 16 20 24 28 32 36 40 44 48

1 B 20 35| R4S B58 S6 |7 EH N9 RI0N ST N2

2 2[4 6 8 10 12 14 16 18 20 22 24

5 5 10 15 20 /25 30 35 40 45 50 55 60
TRY IT OUT

Find the roots
Use the table on this page to work out the

6 6 12 18 24 30 36-42 48 54 60 66 72
7 7 14 21 28 35 42 [49 56 63 70 77 84

8 8 16 24 32 40 48 56 [64| 72 80 88 96

answers to these questions. A .
9: 9 18 27 36 45 54 63 72 |8l 90 99 108
010 is the square root of which number? 100 10 20 30 40 50 60 70 & 90 [100 10 120

. _ mim 22 33 44 55 66 77 88 99 Mo 121 132
o 4 is the square root of which number? -._ : —
12 112 24 36 48 60 72 84 94 108 120 132 144
0 What is the square root of 81? 3 .
“... Follow the row or “.. The square
column back to find numbers are

Answers on page 319 j
the square root in dark purple
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Cube numbers

A cube number is the result of multiplying a number by itself, and then by itself again.

How to cube a number

2x2x2=" 23_ 8

2x2=4 because
4x2=28 2x2x2=8
Let's find the cube of 2. First, we multiply So, now we know that the cube of 2 is 8.
2 x 2 to get 4. Then we multiply the answer, When we cube numbers, we use a special
4, by 2 again to make 8. symbol—a small “3” after the number, like this: 23.

---------------------------------------------------------------------------------------------------------------------------------------

Cube number sequence

The cube'is .........
Each cube number can be shown by an made up of eight
actual cube, made from cubes of one unit. small cubes
Let’s start with 1: [ Al tl,w . Now let's do the 2
cube’s sides )
1P=1. same with 2:
1 dare one 1
We can show the unit long 2% = 8. We can show
cube number as a 1 1 8 as a cube, too, with 1 ’ 2
single cube, sides that are two 2
like this. IxITx1=1 single-unit cubes long. 2x2x2=8

Next we Next, we
cube 3: calculate
33 =27. that 4% = 64. The
This cube’s new cube has
sides are three sides that are
single-unit four single-cube
cubes long. units long.

“.... The cube is made up
of 27 small cubes

3x3x3=27 4x4x4=64
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Fractions

A fraction is a part of a whole. We write a fraction as one number over another
number. The bottom number tells us how many parts the whole is divided into
and the top number says how many parts we have.

What is a
fraction?

Fractions are really
useful when we need
to divide things into
equal parts. Let's use
this cake to show
what we mean when
we say something

has been divided
info quarters. The cake has been cut up to Each slice of cake is a quarter of
make four equal-sized slices, the whole cake. But what does
called quarters. that mean?

------------------------------------------------------------------------------------------------------------------------------------------------

Unit fractions

A unit fraction has 1 as its numerator. It is one i

part of a whole that is divided into equal parts. 1)

Let’s divide our cake into different unit fractions, _
-

up to one tenth. Can you see that the larger the
denominator, the smaller the slice?

o
A half means “one part out -+ % % %

of a possible two parts” ONE HALF ONE THIRD ONE QUARTER
Non-unit fractions %s of the cupcakes are pink, .~ as -]
A non-unit fraction has a numerator so ¥s of them are blue Q\J Q\, Q\_,
that is more than one. Fractions can Q“-’/ Q"// ' Q“’/
describe parts of a whole, like the There are five cupcakes.
cake above, or parts of a group, as Two of them are pink, so
with these cupcakes. we can say that two fifths of

the cupcakes are pink.

TWO FIFTHS ARE PINK
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This shows the
original cake,
divided into
FOUR parts

------------------------------------------

5

ONE FIFTH ONE SIXTH

------------------------------------------

/7 of the cupcakes are pink,
so %7 of them are blue

This time, there

are seven
cupcakes and five
are pink. So, five
sevenths of the
cupcakes are pink.

. slice of cake

. f one thing,
. A fraction can be part 0
This S,hows the V like half a pizza, or port‘ of a group,
robot’s ONE like half the sfudentsina class.

: The top number, or The dividing line
< numerator, tells us how can be straight
, many parts of the ..or slanted

{‘ whole we have .

/) )
¥ ;
D
. The bottom number,
or denominator,
L shows the number
of parts the whole
is divided into
It means that each slice is ONE We write a fraction as the number
part out of the original cake, of parts we have (the numerator)
which was divided into FOUR parts. over the total number of parts (the

denominator).

------------------------------------------------------------------------------------------------------

1 1 1 1
7 8 10

9
ONE SEVENTH ONE EIGHTH ONE NINTH ONE TENTH

------------------------------------------------------------------------------------------------------

Non-unit fractions

- The Cf/;?cake: has b.een --------
@@ @ divided into thirds % = )/
\\ ,
@@@@mmw
~ \ ] ' ' shows two thirds of 2

a cupcake that's been 1o 13'|-||RDS
FIVE SEVENTHS ARE PINK divided in three. OF A CUPCAKE
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Improper fractions &

/ 3

and mixed numbers | womon

mixed numbers are two
different ways of describing
the same amount.

Fractions aren’t always less than a whole. When we want to
show that the number of parts is greater than a whole, we

can write the result as an improper fraction or mixed number. - /
Improper fractions
In an improper fraction, the numerator is larger than the denominator.
This tells us that the parts make up more than one whole. There are
five parts

5"

o 0| oo |l
Vo A ... 2

Each part is /2

“........of a whole
) Look at these five pieces of pizza. We can see ™) We write this as the fraction 5/2. This means
that each piece is half of a whole pizza, so we . that we have five parts, and each part is one

can say that we have five lots of half a pizza. half (1/2) of a whole.
Mixed numbers ... Whole number
A mixed number v -I
is a whole number 'I 'I 'I 'I 'I
together with a o 2 —
proper fraction. ”~
It's another way 2 2 2 2 2 2 T Propfzr
of writing an fraction
improper fraction.

If we put our pizza halves together, we % We write it like this: 2 1/2.

can make two whole pizzas, with one &% This mixed number is equal

half left over. So, we can also describe the to the improper fraction 5/2:
amount of pizza as “two wholes and one 1 5
half,” or “two and a half.” 27 = 7
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Changing an improper fraction to a mixed number

' What would the improper -} ) . W -

' fraction 19/3 be as a mixed 3 3 3 3 3 10
number? The fraction tells us — ?
that we have 10 lots of one
third (1/3). x B 1 B B

3 3 3 3 3
™) If we put the thirds
4% together, we can make 1
three wholes, with one third | ] : 3 3i
left over. We can write this as — VY3
a mixed number: 3 1/3.

.. Denominator

#) To make an improper fraction a mixed number, ~ Numerator of fhe " of the improper
& divide the numerator by the denominator. Write ~ improper fraction fraction
down the whole number part of the answer. Then -4 v
write a fraction in which the numerator is the E — ]O - 3 — 3l
remainder over the original denominator. 3 * 3

Changing a mixed number to an improper fraction
.......... Three eighths

Let's change 13/s into an improper & | g alé
fraction. First, we divide the whole FNNdb AN\ A7~ — '| 3
info eighths, because the denominator 8 . 2 — '8
of the fraction in our mixed number is 8. % Y
D/ .
8 8 TS One whole
™ If we count the eighths in one 1 1 1 1 1 1
, whole, then add the three eighths 8 8 '8 8 8 8 1]

of our fraction, we have 11 eighths. We — g
write this as the improper fraction 1/s.

Faly P\ ch eh e
8 8 8 8 8
#) To change a mixed number to an Denominator..
w' improper fraction, we multiply the PR Numerator
. Whole number ...+=*"***"*+ - .
whole number by the denominator, | 3 e
then add it to the original numerator 'Ii — 1x8+3 1
to make the new numerator. 8 8 8
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ent fractions

The same fraction can be written in different ways—for example, half a pizza
is exactly the same amount as two quarters. We call these equivalent fractions.

=3

!

This line shows
the amount of the
whole taken up by

one half (/2)

Two quarters
takes up the same

space as one half .

Follow the line
down to see
which other

fractions are the

same as one half .-

©
,-”

To make equivalent
fractions, we
multiply or divide
the numerator and
the denominator by
the same number.

'S =

Look at this table, called

a fraction wall. It shows
different ways to divide a whole
into different unit fractions.

f Look at the second row, which
;2"— shows halves, and compare
it to the row of fourths, or quarters.
We can see that /2 takes up the

#» Now we know that 1/2 and
%' 2/4 are equal and describe
the same fraction of a whole.
So, we call /2 and 2/4 equivalent

same amount of the whole as 2/a. fractions.
................ 'l Whole
e . Al
.............................. 2 | 2
e a e
3 3 3
0 a AN .
4 4 4 4
B B ac a a a
5 5 5 5 5
1 1 1 1 1 1
3 6 e 6 6 6
e e L e e e e e
8 8 8 8 8 8 8 8
e a1 L e e L L e L L
10 10 10 10 10 10 10 10 10 10
BN (NI (U IRII (RR (IR NNSR ENRIN NN DNRIN N SN
12 12 12 12 12 12 12 12 12 12 12 12
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Calculating equivalent fractions

To change a fraction to an equivalent fraction, we multiply or divide the numerator and
denominator by a whole number—making sure we use the same whole number both times!

x 4 Lo Numerator is Numerator is

'I /_\‘ 4 multiplied by 4 8 /_\ 4 divided by 2

3 \/-I 2 Dem?m'inator is ] O \_/ 5 D'efwminator is

R multiplied by 4 $ 2o divided by 2

Multiplying Dividing

We can make /3 into the equivalent fraction 4/2 We can change 8/10 into an equivalent fraction
by multiplying the numerator and the denominator by dividing the numerator and the denominator
by 4. Look at the table opposite to check that the by 2 to make 4/5. Look at the table on the opposite
two fractions are equivalent. page to check that 8/10 and 4/5 are equivalent.

Using a multiplication grid to find equivalent fractions

We usually use this grid to help us multiply numbers, as on page 106, but it's
also a quick and easy way to find equivalent fractions!

Look at the top two rows,

<at e 1t 100t 1t 1v v P rtr verore
beginning 1 and 2. Imagine a e

dividing line between them, making A 2 R 6 708119 0 I 2

the two rows into fractions, like this: T
2 2 4 6 8 10 12 14 16 18 20 .22 24

1 2 3 4 S5

2 4 6 8 10 3 3 6 9 12 15 18 21 Zf} _____ 27 30 33 36
4 4 8 12 16 20Q...- 2428 32 36 40 44 48

) . 1 —
Thef|r§tfract|onwehove|s /g.lfwe ........ 55015 20 25 30 35 40 45 50 55 60
read right along the row, we find that

all the other fractions, up to 12/24, are 6 6 12 18 24 30 36 42 48 54 60 66 72
equivalent to 1/2.
9 2 7 ,\7 14 21 28 35 42 49 56 63 70 77 84
8.8 16 24 32 40 48 56 64 72 80 88 96
This works even for rows that ....., ...
aren’t next to each otherinthe 299 1827 36 45 54 63 72 81 90 99 108
fable. So, if we put rows 7 and 11 10,10 20 30 40 50 60 70 80 90 100 10 120
together, we get a row of fractions kP
that are equivalent to 7/n: 11 1N 22 33 44 55 66 77 88 99 110 121 132

7 14 21 28 35
W 22 33 aa 55 12 12 24 36 48 60 72 84 96 108 120 132 144
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Simplifying a fraction means reducing the size of the numerator and
denominator to make an equivalent fraction that's easier to work with,

/\ /\ /\ L - Unit
8 4 2 -I fractions
can't be
= p— aa— pu— aE— p— aE— simp/if/ed
A VAN T DN K B
+2 +2 +2
' Let's look at 8/24. If we @) Can we simplify #» Now we can /) The numerator and
. divide the numerator & 4/12? If we divide %' simplify 2/6 by “" denominator of /3
and denominator by 2,  both the numerator and  dividing both parts by can’t be divided any
we make an equivalent  denominator by 2 2 again, to get 1/3. more, so our fraction is
fraction: 4/12. again, we get 2/s. now in its simplest form.
Simplifying fractions using the highest common factor
Instead of going through several stages to simplify a fraction, we can do it by
dividing both the numerator and the denominator by their highest common
factor (HCF). Remember, we looked at common factors on page 29.
Let's simplify the fraction 15/21. Using
¥ the method we learned on page 29, 15
we first list all the factors of the 1 3 5 15

numerator, 15. They are 1, 3, 5, and 15.

.- The highest common factor is 3

#» Now we find the factors of the b
4~ denominator, 21. They are 1, 3, 7, and R 21

21. The common factors of the numerator 1 3 7 21
and the denominator are 1 and 3, with 3
being the highest common factor.

) So, if we divide the numerator and the ] -
%' denominator by 3, we get 5/7. We have — — -

worked out that 5/7 is the simplest fraction 2'| 7
we can make from 15/21. \_/
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Finding a fraction oot

by the denominator, then

of an amount gy

Sometimes, we need fo find out exactly what a fraction
of a number or an amount is. Here’s how fo do it.

Look at this herd of XDy
12 cows. How many -y,
cows would two-thirds 2 _ Y
of the herd be? 3 of 12 =7 d\"‘;
M.
First, we find
one-third of 12 3‘\‘

by dividing it by 3, T
the denominator of the 1 _ KB
fraction. The answer is 3 Of 12 4 “
12 + 3 = 4, so one-third g

of the herd is four cows. ' '\7:

We know that ‘

one-third of 12is4, 5 ",‘
so to find two-thirds, we © 3 t-'"
multiply 4 by 2. The 2 ‘\ %
answeris 4 x 2 = 8, so 2 Of 12 =28 I ;w
we know that two-thirds Y :
of 12 s 8. j\,"

TRY IT OUT

Count your chickens

A farmer has a flock of 24 chickens. If he

decided to sell 3/4 of his flock, how many
would he take to the market?

Answer on page 319
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Comparing fractions with
the same denominators

When we need to compare and order fractions, the first thing we
do is look at the denominators. If the denominators are the same,
all we need to do is put the numerators in order.

. Numerator
| Look at these fractions. How can we put ’

them in order, from smallest to largest?

N

D D D
#) All the fractions have the same
4~ denominator, 8. Remember, the 8 8 8 8
denominator is the number at the bottom ~
of a fraction that tells us how many equal .
parts a whole has been divided intfo. +: Denominator

%) Because these denominators are all Smallest .
% the same, all we need to do to compare k
the fractions is look at the numerators.

Largest.

The numerator tells us how many
" parts of the whole we have. A bigger — —
numerator means more parts. So, let's 8 8 8

put the fractions in ascending order (from
smallest to largest).

c—
(@S]

| O
L

o

7= If we show these fractions as QL
] . " 17 1\ 1\ 1 ™\
' peas in a pod, it's easy to see 1 ™\ P, e
which ones are smallest and largest. b4 4 4

When the denominators

/
/ 4’: (f / ?JJ #; r?
ore The some, We con soy thdt !‘f «’-”"/‘ f ,,.;‘f/ [ # P "J’ *ﬁr ee/”JJ"
the larger the numerator, the = e A 'S
greater the fracfion. 1 3 5 .
8 8 8 8
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Comparing unit fractions

Unit fractions are fractions where the numerator is 1.

To compare unit fractions, we compare their different
denominators and put them in order.

eaenes Numerator
Take a look at these jumbled fractions. .

Let's try to put them in ascending order.

(V2
These fractions all have the same
» numerator, —each of these fractions 3 2 7 5
N

is just one part of a whole.

“-.... Denominator
79 We can compare them by looking at the
%' denominators. A bigger denominator Smallest .
means the whole is split into more equal parts. ’

Largest

The more parts we split the whole into, 'I 'l 'I 'I
the smaller the parts will be. So, the larger ;
the denominator, the smaller the fraction. Let's i r— Y
use the denominators to put the fractions in order, 7‘_ 5 3 " 2
from smallest to largest.

If we show these fractions as parts of a whole
carrot, we can see how each portion gets
smaller when the denominator is greater.

Caxg
™

é

When the numerators are
the same, we can say that the
smaller the denominator,
the greater the fraction.

Largest fraction......-* 1
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NUMBERS

non-unit fractions

To compare non-unit fractions, we often have to rewrite them so
they have the same denominator. Remember, a non-unit fraction

has a numerator greater than 1.

| Which of these fractions is larger? If we
change them into fractions with the same
denominators, we can compare the numerators.

) One way to give the fractions the same
4% denominator is to multiply each fraction by
the other’s denominator. First, let's multiply the
numerator and denominator of 2/3 by 5,
because 5 is the denominator of ¥s.

" Next, we change ¥s into an equivalent

' fraction with a denominator of 15 by
multiplying the numerator and denominator by
3, because 3 is the denominator of 4.

/M Now we have two fractions we can easily
" compare. We know that if 1945 is larger than
9%s, then the same is true about their equivalent
fractions. So, we can say that 23 > 35,

Using a number line 0
to compare fractions f
You can also use a number line fo 0

compare fractions, just as with whole
numbers. This number line shows
fractions from 0-1, split into quarters
at the top and fifths at the bottom.

Multiply by 5,
the denominator

of ¥s.

Va
]/5 2)5

COMPARING NON-UNIT FRACTIONS

2 3
3 [ 5
x5
27 _ 10
3 _Al5
x
____________ ereeeee. Multiply by 3,
3\'—". the denominator
x of /3
37_™9
5 a5

This symbol means
"greater than”

SO % > %
2/4 3/4 ]
3)5 4/5 1

Y5 is larger than %4....- :

| Let's compare % and 4. It's easy
to see by looking along the line

that s is larger than %a.

™ You can make a number
» line like this to compare
any fractions.
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Using the lowest
common denominator

When we need to rewrite fractions fo give them the same
denominator, the simplest way is to use something called
the lowest common denominator.

Let's compare the fractions % and 7. To do this, we'll 3 o 7

change them so they have the same denominator. 4 70
") Let's look for the lowest common multiple of 0 4 8 12 16 20
&% the two denominators—we learned about R e e .
common multiples on page 31. We can use MULTIPLES OF 4
number lines to find that 20 is the lowest
common multiple of 4 and 10. Now let’s rewrite QJ I I ,]9, L1 .2.0
the fractions with 20 as their denominator. MULTIPLES OF 10

. x5 x 2
To do this, we work out how The denominator of 3 ~ ] 5 7 ~ A ] 4

iC 4 ] o 34 goes into 20 five
%' many times each fraction’s

times so we multiply — =

original denominator goes into both numbers by 5... 4 20 10 20
20, and multiply both the numerator Tl }5) \xr‘
and denominator by that number. A

The denominator goes into 20 two times ...
so we multiply both numbers by 2

/M Now that both denominators are the same, it's 15 14
" easy to compare the numerators. We see that 20 > 20 SO 4 > 10
40 is greater than %o, so ¥ is greater than 7.

TRY IT OUT

Who's best at the test?

On a math test, 45 of Zeek’s answers were correct.
Wook got % of them correct. Can you work out who
got most answers right? Here’s a handy hint: start »’ :
by finding the lowest common denominator! ‘ S

Answer on page 319
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To add fractions, we
add the numerators
mg ractions e e o
over the common
We add fractions together by adding their numerators, but denominator.
first we have to make sure they have the same denominator.

Adding fractions that have the same denominator  Adding two-fifths o
to one-fifth

To add fractions that already have the same denominator, we just
makes three-fifths

add the numerators. So, if we add 2/s5 to 1/5, we get ¥/5.

Adding fractions that have different denominators

W Let's try the calculation 21/4 + 1/6. First ] 1 9

Y we have to change the mixed number 2 4 + 6 —

into an improper fraction.

) We change 2/4 to an improper fraction 2 1 - 2x4+1 _ 9
= by multiplying 2, the whole number, 4 = 4 - 4

by 4, the fraction’s denominator. Then we
add 1, its numerator, to make 9/4. Now

we can write our calculation as %4 + /. .
Both numerator and denominator

. are multiplied by the same number
A
. Next, we give our two fractions x x 2
) the same denominators. Their Q m27 ] ~ ?

Iowes'r common denominator is 12, —

so we make the fractions into 4 ] 2 6 ] 2
twelfths, as we learned on page 51. \x_s)' \XJ
4 goes into 12 N 6 goes into 12 N
three times, so we twice, so we . ’
multiply by 3 ..~ multiply by 2 ..

) Now we add the

” numerators of the fractions 97 9 29 : : 5
to make 29/12. Finally, we change =L = = £ SO — —_— = =

Y g 7 T 1 12 27 + % 12

our answer to a mixed number. A
The improper fraction 2%z is ......~"
changed to a mixed number
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Subftracting fractions

To subtract fractions, first we check that they have the same
denominators. Then we just subtract one numerator from the other.

Subtracting fractions that have the same denominator Two of the

original three-

To subtract fractions with the same denominator, we simply subtract the
quarters are left

numerators. So, if we subtract V4 from 34, we get %4, or 14.

..........................................................

Subtracting fractions that have different denominators

Let’s try the calculation 312 — 2/5. As with 3 1 2 _ 9
' adding fractions, first we need to change 2 T 5 — .
the mixed number and make the fractions’
denominators the same.
) We change 32 to an improper fraction 1 _ 3x2+1 _ 7
&% by multiplying the whole number by 2, 3 2 - 2 - 9
the fraction’s denominator, then adding 1, its
numerator, to make 7/2.
”. Now we rewrite the fractions so they A A
%' have the same denominator. The lowest 7 _ 35 2 _ 4
common denominator of 7/2 and %/5 is 10, 2 - -IO 5 - -lO
so we change our two fractions into tenths. S S~ N
x5 x 2
2 goes into 10 five times, so the A 5 goes into 10
numerator and denominator are twice, so we
multiplied by 5 . “.. multiply by 2
/) We can now subtract one
“° numerator from the other like this:
- . 35 4 31 1 2 1

35/10 — 4/10 = 31/10. We finish by changin = ——= = SO —-— — == 95—

10— 0 =0 y changing 1010 — 10 37— % 10

31/10 back into a mixed number.
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Mu

or by another fraction.

N\Ul’rlplylng by The answer is larger than
whole numbers the original number ...
and by fractions N

4x2=28

Multiplying by a whole number

What happens when we
multiply by a fraction?
Let's multiply 4 by a
whole number, and

by a proper fraction.
Remember, a proper
fraction is less than 1.

This is what we’d expeci—that
multiplying a number makes it bigger.

Multiplying a fraction by a whole number

When we multiply 4 by 2, we get 8.

fiplying fractions

Let's look at how to multiply a fraction by a whole number

The answer is smaller than

the original number ...,

4 x5 =2

™ Multiplying by a fraction

» Multiplying 4 by /2 makes 2.
When we multiply by a proper
fraction, the answer is always
smaller than the original number.

Let's look at some different calculations to work out what happens when we multiply fractions.

Let's try the calculation
1/2 x 3. This is the same as — —
three groups of one half, so we | .
can add three halves together on O 1/2
a number line to make 11/2.

™ Now let’s work out 3/4 x 3 on

% anumber line. If we add all AL LR I
the quarters in three groups of Loy | B
three quarters, we get 21/ 0 :

/2

) To work out the same 1 _
%' calculations without a 2 X 3 -
number line, we simply multiply

the whole number by the

fraction’s numerator, like this. % X 3

Three groups of one

: half make 12

1% 2 22

Three groups of
3 three quarters
4 make 2 /4

2 2
3x3 _ 9 1
= 2 0r 24
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Multiplying fractions with a fraction wall
When we multiply two fractions together, it can be useful to say that the “x” This section is one half
symbol means “of.” Let's find out how this works with the help of a fraction wall. ... of the original quarter

For the calculation 1/2 x 1/a,

let's say this means “one half
of one quarter.” First, let's divide
a whole into four quarters and
shade in one quarter.

1 1 _
7 X7 =7

------------------------------------------

How to multiply fractions
Let's look at another way we can

multiply fractions, without drawing

a fraction wall.

Look at this calculation.

Can you see that the
numerators and the
denominators have been
multiplied together to make
the answer?

Now let’s try

with two non-unit
fractions. The method is
exactly the same—just
multiply the numerators
and the denominators to
find the answer.

Now, to find one half of the

quarter, we draw a line
through the middle of the four
quarters. By dividing each
quarter in half, we now have
eight equal parts.

The calculation /2 x /4 is the same

as saying “a half of a quarter”...

------------------

i i Itipl
To muliply fractions we mu
merators to make a new numerator.
ply the denominators

nu

Then we multi ‘
to make a new denominator.

........ 2

Let's shade in the top half of
our original quarter. This
part is one half of a quarter, and
also one eighth of the whole. So

we can say that /2 x 1/a=1/s.

1
2

y the

Multiply the
numerators together

N
(@)
N

X

X

(@)}

Multiply the
denominators together

Multiply the
numerators together

SIS
w|N

Multiply the
denominators together
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Dividing fractions

Dividing a whole number by a proper fraction makes it larger. We can divide
fractions using a fraction wall, but there’s also a written way to do it.

D|V|d|ng by Whole numbers DI'VI'dI'ng by a fraction gives a number._,,_
. that's |, t iginal .
and by fractions hat's larger than the original one 5
What happens when we divide . — o 1
a whole number by a proper 8 T 2 - 4 8 e 2 = ]6
fraction, compared to dividing it o o .
by another whole number? Dividing by a whole number ¢} Dividing by a proper fraction
Remember, a proper fraction is When we divide 8 by 2, the &% When we divide 8 by 1/2,
a fraction that's less than 1. answer is 4. This is what we’'d we are finding how many halves
expeci—that dividing a number  there are in 8. The answer is
makes it smaller. 16, which is larger than 8.
Dividing a fraction by a whole number
Why does dividing a fraction by a whole number give a
smaller fraction? We can use a fraction wall to find out.
] ° — l ° —
7+2="7 7 +~3 ="
)
1 whole 1 whole |
| al a2 a2 a2 a2 a2 ’
| 2 I 2 4 4 4 4
K 1 1 1 L T T Y (Y (R
2 2 Y Y 12112 121212 12]12(12 12 |12 |12 |12 |
R — R —
. When a half is divided into two equal One quarter can be divided into
“*-... parts, each part is a quarter of the whole “*-.... three, to make three twelfths
We can think of /2 + 2 as “one half shared ) Now let's try /4 + 3. On the fraction wall,
. between two.” The fraction wall shows that if &% we can see that when one quarter is divided
we share a half into two equal parts, each new into three equal parts, each new part is one twelfth
part is one quarter of the whole. of the whole.

| 1 1T« — 1
7 v 2=7 7 +v3=13
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How to divide a fraction by a whole number

There’s a simple way to divide a fraction by a
whole number—by turning things upside down!

Look at these calculations. Can

you see a pattern? We can make
the denominators of the answers by
multiplying the whole numbers and
the denominators together. We can
use this pattern to divide by fractions
without using a fraction wall.

N

Let's work out 1/2 + 3. First,
we have to make the whole
number into a fraction.

To write the number 3 as

a fraction, we make 3 the
numerator over a denominator
of 1, like this.

% Next, we turn our new The =+ sign

' fraction upside down and
change the division sign into
a multiplication sign. So our

calculation is now 1/2 x 1/3.
The

= Now we just have to multiply
w the two numerators, then
the two denominators, to get

the answer, 1/e.

TRY IT OUT
Division revision

Now it's your turn! Try out your fraction division skills
with these tricky teasers.

Answers on page 319

If we multiply the
original denominator
by the whole number,
we get the new

8 -— l . denominator
= 16 G .
2 - 1
- 6
If we multiply 4 and 3
3 — l . together, we get 12
= 2. '

The whole number
becomes the numerator

When we write a whole number as a
_-fraction, the denominator is always 1

The denominator becomes the numerator

changes to a x sign

3
1

numerator becomes ...
the denominator e .
— 1 1T - 1
3 = 72X3 = 3

O%:2=? Oh:+5="7

Oy+3=? O%h+4="
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Decimal numbers

Decimal numbers are made up of whole numbers and fractions of numbers.
A doft, called a decimal point, separates the two parts of a decimal number.

Decimals are useful when we want to make On the scoreboard, the digits to the left of the
accurate measurements, such as recording decimal point show whole seconds. The digits
the runners’ times in this race. to the right show parts, or fractions, of a second.

Decimals are fractions, too!

The digits after the point in a decimal number are just another way of
showing fractions, or numbers less than one. Let's find out how they work.

Tenths . 0 6 The 7 in the
If we put 2740 into place-value columns, v tenths column
the whole number 2 goes in the ones column Zﬁ = 2 7/ c stands for %o

and the 7 in the tenths column to stand for
7ho. So we can also write 2740 as 2.7.

This 2

Hundredths o 1 N St”"zds

Now let's do the same with 272A00. ° - cfor %00
When we put all the digits into their 712 — 2 7 2<’ """
place-value columns, we can see that 100 :
272A00 is the same as 2.72.

This 1 stands
for Y1000 ...
Thousandths 0 1 il L
' 721
Finally, when we put 27214,000 72 K

info place-value columns, we see that
27214000 is the same as 2.721.

1
N

1,000 7/ 2 ]
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Fractions go to the right : Fraction converter

25A00is 0.25.

Here is a table of some of the most

Decimal

0.001
0.01

------------------------

The 5 in the

tenths column

.. means “five-tenths”

L
100

5

Whole numbers.................. .- of the decimal point
ﬁ;""dto the /Ieﬁ ,ot B : common fractions and their
€ decimal poin “AA a1 : : equivalent decimal fractions.
1ST 4491 SEC
e decima L : Fraction
e decimal.........cccooveeeess” :
point separates 2ND 44 . 9 8 SEC 1
whole numbers 1000
from fractions 1
100
3RD 4 5 o 2 4 SEC .
10
1
5
1
4
1
3
1
2
3
4
Rewriting fractions as decimals
To rewrite a fraction as a decimal, we first turn it into an
equivalent fraction in tenths, hundredths, or thousandths.
We do this by finding a number we can multiply by the
fraction’s denominator to make it 10, 100, or 1,000. The numerator is
........... multiplied by 5
Y2 is the same as 0.5 x 5k
We can change V2 info 30 by 1 7 5 0 W 8
multiplying the numerator and — = e — v
denominator by 5. When we put '|O 0 . 5
5ho into place-value columns, we A
get the decimal fraction 0.5. X Sl-‘ _.The denominator is
e " multiplied by 5
Va is the same as 0.25 x 25 :
We can change Va into 25400 1 F sl 25 0 10
by multiplying it by 25. When we — = e = 2
put the new fraction into place- 4 ]OO . a
value columns, we see that \xES)

2%00 is the

“....same as 0.25
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[ ]
When we compare
omparing an
digits with the highest
dering decimals

place values first.
When we compare or order decimals, we use what we know about

-----

place value, just as we do when we compare whole numbers. )
Comparlng 0 1 1 The 0 a1 1 .5is greater
decimals 10 100 placeholder, O . than 1 so
When we compare O ] zero, tells 2 6 ] 2.65 is the
decimals, we compare \C us there are Y~ larger number
the digits with the 0 0 1 o tenths 2 6 5

highest place value

first to decide which 9 0.1is greater than 0.01 ) 2.65 is greater than 2.61
number is larger. ¢ The digits in the ones column are &% This time we have to compare

the same, so we compare the digitsin ~ the hundredths columns to find
the tenths column to find that 0.1is the  that the greater number of the
greater number. two is 2.65.

We compare the digits .
in order, starting with

Ordering decimals

On page 22, we found out 7 : the most significant
how to put whole numbers ' " .
in ordgr. Ordering decimals July temperatufeosc -_ T 70 .
works in the same way! CITY TEMP
‘ Vork 25.01 Athens 2 09 3 ]
New
7 :
sy >0 W caro 2 9.1 3
\ .
. .. Athens 2 261 ' New York 2 5 O ]
‘ 1
town
| Cg” eo 5913 || Sydney [ |l -
air
‘ Capetown ] 4 6 ]
| Let’s help sun-loving Kloog choose a vacation ) To find the greatest number, we compare each
© hot spot by putting his list of cities in order, with &= number’s most significant digit. If they are
the highest temperature first. As with whole the same, we look at the second digits, and then, if
numbers, we order decimal numbers by necessary, the third and so on. We keep comparing

comparing their significant digits. until we have ordered the numbers.
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Rounding decimals

We round decimals in the same way as we round whole
numbers (see pages 26-27). The easiest way to see how
it works is by looking at a number line.

1.3 is closer to 1 than 2,
so we round it down

.....
.o

Rounding to one

This means that we round a
decimal to the nearest whole
number. So 1.3 is rounded down

The rounding rule for decimals
and whole numbers is the same:
digits less than 5 are rounded
down, and digits of 5 or more
are rounded up.

7

1.7 is closer to 2 than 1,

so it's rounded up ...,

=

13

to 1and 1.7 is rounded up fo 2. J{ i Ji f {
1

Digits 4 or less are
rounded down

eee
. N

Rounding to tenths

This means that we round
a decimal number to one digit
after the decimal point. So

P f f F
{ ’ 2 t i
1.7 2

Digits 5 or more
are rounded up .....

P

1.12 rounds down to 1.1, and
1.15 rounds up to 1.2.

=
-

.....
.o

E [ i
t é t

{ !

{
112 113 114 115 116 117 118 119 12

Rounding to hundredths S el to 12w
Rounding to hundredths .
gives us a number with two
digits after the decimal point.
So 1.114 rounds down to 1.11 _f gf § i f § § § § § E
and 1.116 rounds up to 1.12. 111 1111 1.112 1.113 1114 1.115 1116 1117 1.118 1119 112

TRY IT OUT

Decimal workout

Here's a list of the racers’ times for the slalom skiing
race on Megabyte Mountain. Can you round all their
times to hundredths, so there are two digits after the
decimal point? Who had the fastest time?

Answer on page 319
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Addlng decimals

We add decimals in the same way as we add whole numbers—
turn to page 87 to find out the written way to add decimals.

Let'sadd 4.5 and

7.7.To help us see
how adding decimals
works, we'll show the
calculation using
counting cubes.

First, let's add

the tenths from the
two numbers: 0.5 + 0.7.
This gives us 120, or 1.2.

Now let's add

the two whole
numbers, 4 and 7,
together to make 11.

Now we can

add our two
answers, 1.2 and 11,
together to get the
final answer, 12.2.

We have found that

45+77=122.
When we write the
calculation, it looks like
this—go to page 87 for
more about adding
decimals in this way.

i

NEEE

0

-+
o
7.7

EEEEEEE

... Each light blue block is one tenth

45+7.7="

A dark blue strip is one, made up of ten tenths

We exchange ten tenth

% cubes for a ones strip
: & ¢
-+ 1= f. o 05+07=12
0.3 0.7 12 JRTTITIN We exchange ten one
strips for one ten block
4 7 n
------------------- We hav ten, two
; L | on:s, Zniiot’:Veo te:nths
or 1T+12=12.2
5 { F
o "“'ﬁ‘""“ 1.2 12.2
T ]o 1
4 .5
7.7 so L A5+77=122
I @ . %
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Subftracting decimals

When we subtract decimal numbers, we use the same method
as we do for whole numbers.

.- Eight ones and two tenths make 8.2 We are taking away four

. L e
Let'stry the calculation  HEEEEEEE @ .7 ones and seven tenths from
8.2-4.7.We'll use the L our original number, 8.2
counting cubes to help us
see what happens. m - =7 or 82 - 47 - ?
w
8.2 4.7

First, let's subtract 0.7, One of the ones block is exchanged for ten tenths

o
the decimal part of 5
4.7, from 8.2. We exchange =
a ones strip for ten tenth . — =
cubes so we can take gm
away seven tenths. The L
8.2 0.7 7.5

answer is 7.5. : T e After we remove seven
tenths, we have seven
ones and five tenths left

or 82-07=75

TEEEES

Now let’s subtract 4,
the whole number, :
’ | ]
from 7.5. When we remove EJ — | = g or 75 - 4 - 35
four of the ones strips, we 0 :
have 3.5 left. - -
7.5 A 4 35 T .There are three ones
... Now we take away " and ﬁve tenths Ieft
S082_47=35 four ones from our

number, 7.5

SO 82-47=35

We can write the
calculation in columns, like
this. Find out more about —
column subtraction on
pages 96-97.

w .bpd\‘o
O I DN 3~

Over to you! o 02+39="7 o 456 -21.2="

Find out how much you've learned

by trying out these calculations. e 102 +£216=" o 067 -758="

Answers on page 319
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Percentages

Percent means “per hundred.” It shows an amount
as part of 100. So 25 percent means 25 out of 100.
We use the symbol “%" to represent a percentage.

A percentage is g
special type of fraction.

Parts of 100 By
A percentage is a useful way of comparing ,f
quantities. For example, in this block of e

100 robots, the robots are divided info
different color groups according to
the percentage they represent.

1%

There is only one green robot
out of a total of 100. We can write
this as 1%. This is the same as
1/100 or 0.01.

10%

In the yellow group, there
are 10 robots out of 100. We can
write this as 10%. This is the
same as 10 or 0.1.

50%

There are 50 robots out of
100 in the red group. We can
write this as 50%. This is the
same as /2 or 0.5.

100%

All the robots added
together—green, gray, yellow,
and red—represent 100%.
This is the same as 100/100 or 1.
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TRY IT OUT

Shaded parts

These grids have 100 squares.
What percentage is shaded
dark purple in each grid?

Answers on page 319

NUMBERS » PERCENTAGES
VT 5 O 50 50 O T O O A Y o
EEEEEEEEES ENEEEEEE EEEEEEEEE
EEEER AEEEEEEE EEEEEEEEE
ENEEEEEE EEEEEEEEE
T ) G G A
ANEEEEE EEEEEEEEE
ANEEEEE EEEEEEEEE
ANEEEEE EEEEEEEEE
1150 £ I D i
EEEEEEE EEEEEEEEE

Percentages, decimals,
and fractions

We can use a percentage, decimal,

and fraction to write the same number.
Some of the most common percentages
are listed below, together with the decimal
and fraction equivalents. You can find out
more on pages 74-75.

Percentage Decimal Fraction

1% 0.01 =
5% 0.05 >
10% 0.1 -
20% 0.2 +
25% 0.25 e
50% 0.5 +
75% 0.75 3
100% 1 -




66 NUMBERS ¢ CALCULATING PERCENTAGES

Calculating percentages

We can find a percentage of any total amount, not just 100.
The total can be a number or a quantity, such as the area of
a shape. Sometimes we might also want to write one number
as a percentage of another number.

Finding a percentage
of a shape

On pages 64-65, we looked at

percentages using a square grid
divided into 100 parts. But what if
a shape has 10 parts or even 20?

Take a look at this example.
There are 10 tiles altogether. What
percentage of the tiles have a pattern?

The whole amount of any shape

is 100%. To find the percentage
represented by one part, we divide
100 by the number of parts (10). This
gives us 10, so one tile equals 10%.

#) We multiply the result (10) by

%’ the number of patterned tiles (6).
This gives us the answer 60. So, 60%
of the tiles have a pattern.

TRY IT OUT

Working it out

Here are several shapes.
What percentage of each
shape has been shaded

a dark color?

Answers on page 319

There are 10
e equal parts

--------------- Each tile is
worth 10%

number of tiles

10 x 6 = 60
... 60% have
a pattern

A
\ 4
&

A A»
V @79

13
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Finding a percentage of a number

We can also use percentages to divide a number into parts. There’s
more than one way to do this, but one method is to start by finding 1%.

% Let's find 30% of 300. 30% of 300 =7

% First, we need to find 1% of 300, so . —
£~ we divide the 300 by 100. 300 - ]OQ =3

67

A percentage is
just another way of
writing a fraction.

BT Divide the total
amount by 100

) Next, we multiply the answer by
% the percentage we need to find. 3x30=90

This gives us the answer: 30% Of 300 =90

©" 30% of 300 is 90.

The 10% method

In the example above, we began by finding 1% of the
total. Sometimes we can get to the answer more quickly
by first finding 10%. This is called the 10% method.

9 In this example, we need 0, =7
. to work out 65% of $350. 65 /0 Of $35O o

# We need to find 10% of $350,

&% so we divide the amount 350 +10 =35

by 10. This gives us 35.

@) We know that 10% is 35, so 60% 6 x 35 =210
%" will be 6 groups of 35.

/M We've found 60% of 350. Now we just
“" need another 5% to get 65%. To work .0 _
out 5%, we simply halve the 10% amount. 35+2=17.50

TRY IT OUT

10% challenge

Time yourself and see
how quickly you can
work out the following
percentages:

0 10% of 200
9 10% of 550
0 10% of 800

Answers on page 319

Now add 60% and 5% to find 210 + 17.50 = $22750

65%. So, 65% of $350 is $227.50.
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Percentage changes

We can use a percentage to describe the size of a change in a
number or a measurement. We might also want to work out how
much an actual value has increased or decreased when we
already know how much it has changed as a percentage.

Calculating a percentage increase - Calculating a percentage decrease
e Ul _—p
@ = |@—=]

;1/ P Sira '/‘/ _‘ ;ﬂ | ) - *voar / | /@
—— ] ls gk
- S
| This snack bar used to weigh 60g but it's now  : 8 Here’s another snack bar. It used to contain 8g
" 12g heavier. What is the percentage increase  : © of sugar. To make it healthier, it's now made
in the bar’s weight? - with 2g less sugar. Let's work out how much the
- amount of sugar has decreased as a percentage.
129 = ?% of 60g : 29 =?% of 8g
) First, we divide the increase in weight : @ The first step is to divide the decrease in the
= by the original weight. This is 12 + 60. . &= amount of sugar by the original amount.
The answer is 0.2. : Thisis 2 + 8. The answer is 0.25.

The original e Divide the size of

The amount ... ... amount : the change by the

original amount
of the change < g

12+ 60 =0.2 ; 2+8=0.25
) Then we multiply the result by 100. So we need @) To turn this result info a percentage, we just
% to work out 0.2 x 100. The answer is 20. . & multiply 0.25 by 100, giving us the answer 25.
0.2 x 100 = 20 | 0.25 x 100 = 25
) This means the new bar weighs 20% more i | This means the bar now has 25% less sugar.

= than it did before.

12g = 20% of 60g i 29 = 25% of 8¢
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Turning a percentage increase
into an amount

One year ago, this bike cost $200. Since then,
its price has gone up by 5%. How much more
does it cost now?

5% of $200 =7

) First, we need to find 1% of 200. All we need to
&% dois divide 200 by 100. Remember, we looked

at dividing by 100 on page 136. The answer is 2.

The original 200 + 100 = 2

) We want to find 5%, so we multiply the value
% of 1% by 5. This is 2 x 5, and the answer is 10.

1% of the a0 o 5 — 1)

original price

/) This means the bike now costs $10 more
" than it did a year ago.

5% of $200 = $10

TRY IT OUT

Percentage values

In a sale, these items have

been reduced in price. Can you
work out the new prices? To work
out the new price, calculate the
decrease in price and subtract

it from the original price.

Answers on page 319

A coat priced at
$200 has been
reduced by 50%.

- Turning a percentage decrease
- into an amount

30°/°

/ \ off

| Now take a look aft this bike. It used to cost
- © $250, but its price has been cut by 30%. If we
- buy the bike now, how much money will we save?

30% of $250 = ?

@) Just as in our example with the other bike,
: 4% the first step is to work out 1% of the original
- price. This is 250 + 100. The answer is 2.5.

250 +100=2.5 7o

F~ 250

- @ Now that we know what 1% is, we can find
! 30% like this: 2.5 x 30 = 75

25x30=75

/0 This means the price of the bike has
“" dropped by $75.

30% of $250 = $75

b

This T-shirt has
been reduced
by 10%. It was $15.

These shoes were
$50 but have been
reduced by 30%.
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Ratio tells us how much we
have of one amount
compared 0 another amount.

Ratio

Ratio is the word we use when we compare two
numbers or amounts, to show how much bigger
or smaller one is than the other.

Let's look at these seven

ice-cream cones. Three are
strawberry and four are chocolate,
so we say that the ratio of strawberry
to chocolate cones is 3 to 4.

0 s
.........................................................................................

AABAAA
3:4

The symbol for the ratio between
two amounts is two dots on top
of each other, so we write the ratio of

RATIO OF STRAWBERRY TO CHOCOLATE CONES IS
strawberry to chocolate cones as 3:4.

----------------------------------------------------------------------------------------------------------------------------------------

Simplifying ratios
As with fractions, we always simplify ratios when we can. We do this by

dividing both numbers in the ratio by the same number. Simpliy the rati
by dividing both
........ numbers by 10
40 g puffed rice -
cereal

50 g chocolate

40:50 =

In this recipe, 409 of puffed

rice cereal, plus 509 of
melted chocolate, makes six
mini treats.

For every 409 of cereal

we use, we need 509 of
chocolate. So the ratio of cereal to
chocolate in the recipe is 40:50.

4.5

To simplify the ratio, we

divide both numbers by
10 to make a ratio of cereal to
chocolate of 4:5.
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Proportion tells us how
much we have of
something compared
to the whole amount.

Proportion

Proportion is another way of comparing. Instead of comparing
one amount with another, as with ratio, proportion is
comparing a part of a whole with the whole amount.

Proportion as a fraction

We often write proportion as a fraction. Here are
10 cats. What fraction of them is orange?

Four out of the 10 cats are orange.
So, orange cats make up four tenths
(4/10) of the whole amount.

We simplify the ..-
We simplify fractions if we can, so we fraction by 4 ~ 2 i Four of the
divide the numerator and denominator dividing both — = e— 10 cats are
of 410 by 2 to make it /5. numbers by 2 10 N orange
+2
So, the proportion of orange in the PROPORTION OF ORANGE CATS = 2
5

whole group, written as a fraction, is 2/s.

Proportion as a percentage

Percentages are another way of writing fractions,
so a proportion can be expressed as a percentage,
too. What percentage of the cats is gray?

There is one gray cat out of 10, so the
proportion as a fraction is /0.

To change /10 into a percentage, we We mf{ke an.
rewrite it as equivalent hundredths, equivalent

so 1/10 becomes 10/100. fraction by
multiplying both

numbers by 10

"

We know that “ten out of one hundred

is the same as 10%, so the percentage PROPORTION OF GRAY CATS = 'I Oo/
of gray cats in the group is 10%. Y
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. We can use scaling 1o
SC O | I n change numbers, amounts,
or the sizes of objects
or shapes.
Scaling is making something larger or smaller while .
keeping everything in the same proportion—which means

making all the parts larger or smaller by the same amount.

Scaling down

A photograph, like this robot selfie, is a
perfect example of scaling down.

In the photo, the robot looks the same,
but smaller. Every part of him has been
reduced in size by the same amount.

The robot is 75 cm tall in real life. In E
the photo, he is 15cm tall. So, he is S Width
five times smaller in the photo. ’ 8cm

HEIGHT 75cm

The robot’s body is 40 cm wide. In the p
photo, it's 8 cm wide, which is five v ‘
times smaller than in real life.

A
y

T R R

Scaling up

Scaling up is making every part of a thing larger. We can scale up Ziafir:ivt?t:;eoo\g

amounts as well as objects and measurements. Multiply both of chocolate and
er.Chocolate ¢ amounts by two 80y of puffed rice

U
-
Q
X
N
1

B EE 1009 g,
Puffed 9 ?9 809 “!

rice....,

v ?  40Qgx?2

409 ?9
MAKES 6 CAKES MAKES 12 CAKES
On page 70, we saw a recipe for six We know that 12 is 2 times So, to scale up a
chocolate treats. To make 12, we'll 6. So, if we multiply both recipe, we need to
need more ingredients. But how much ingredients by two, we can multiply all the ingredients

more of each? make twice as many treats. by the same amount.
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Scale on maps

Scaling is useful for drawing maps. We couldn’t use a life-size map—it would
be too big to carry around! We write a map scale as a ratio, which tells us how
many units of distance in real life are equal to one unit on the map.

in the map to
the right

. -
Tkm 2km 3km

1cm:1km

On this map, 1cm represents Tkm in real
life. We can see the whole island, but not in
much detail.

......................................................................

Scale factors

A scale factor is the
number we multiply or
divide by when we
scale up or down.

2.8cm

If we scale something by a factor of 2, we make
it two times larger. So this triangle with sides of
2.8 cm becomes a triangle with sides of 5.6 cm.

TRY IT OUT

How tallisa T. rex?

This scale model of a T. rex has a scale factor
of 40. If the model’s height is 14cm and its
length is 30 cm, can you work out the height
and length of the real dinosaur?

Answers on page 319

.This part of the

" Iisland is shown

SCALE FACTOR: -2

g L
L The scale bar
g ﬂ tells us that
T1cm on the
map stands
for 100 m
SCALE e -..in real life
__ |0 100m m m 300m
1cm:100m

This time, Tcm on the map stands for 100 m.
We can see lots of detail, but only on a very
small part of the island.

..................................................................

All three sides
have doubled
in length

5.6cm

If we scaled the triangle back down to its
original size, we would say is was scaled by
a negative factor of —-2.

\

A

LENGTH 30 cm

HEIGHT 14 cm

SCALE 1:40
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Different ways to

percem‘oges ared
ond we can express one

describe fractions | e

Decimals and percentages are just different ways of
describing fractions. Ratio and proportion can be
written as fractions, too.

Proportion as a fraction, 12 out of 20
a decimal, or a percentage roses are pink
Look at these 20 roses. There are 12 pink and 8 red

roses. Let's describe the proportion of pink roses as
a fraction, a decimal, and a percentage.

@@ As a fraction @ As a decimal @% As a percentage

¥ There are 12 pink roses out &% If we rewrite 35 as equivalent & If we rewrite é40 as

of a total of 20 roses. So, the tenths, we get ¢40, which is the hundredths, we get ¢%00, which
proportion of pink roses is 1%/20 same as 0.6. So, 0.6 of the group  can also be written as 60%.

or, if we simplify it, ¥s. consists of pink roses. So, 60% of the roses are pink.

PROPORTION OF PINK ROSES

ul|w
]
o
o
I

60%

aaaaaaaaaaaaaaaaaaaa . «'44:!«@‘.1-:D~>!4vns@9(~ar7’yiae'vnon-lwf~~>v~rsw9«30!4‘»-n-:»wnt'aeaq‘335&640"6:"»“7“7"-“""

Ratio and fractions

On page 70, we learned how to write ratios using two dots oy ol : &
between the numbers. But we can write ratios as fractions, too. ef 1
*’i'n Now we have three roses We can also write this ratio - iy ?

Il and 12 daisies. We write the aéi« as 312 or Ya, which means i’ ™ &
ratio of roses to daisies as 3:12, that the number of roses is a - A

then simplify it fo 1:4. quarter of the number of daisies. { = =

... The first number in the ratio
becomes the fraction’s numerator

5 \
3 : ]2 or '| : 4 — 'I% or % The second number in the ratio

becomes the fraction’s denominator

RATIO OF ROSES TO DAISIES
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DIFFERENT WAYS TO DESCRIBE FRACTIONS

Common fractions, decimals, and percentages
This table shows the different ways we can show or write the same fraction.

Part of a Part of
whole a group
TRY IT OUT

How much do you know?

Try these baffling brainteasers and
see if you can get 100% right!

Answers on page 319

Fraction
in words

ONE TENTH

ONE EIGHTH

ONE FIFTH

ONE QUARTER

THREE TENTHS

ONE THIRD

TWO FIFTHS

ONE HALF

THREE FIFTHS

THREE QUARTERS

Fraction
in numbers

1
10

1
8

u~.|—-

S|

w|—n

Write 0.35 as a
fraction. Don't

forget to simplify it.

Decimal

0.1

0.125

0.2

0.25

0.3

0.33

0.4

0.5

0.6

0.75

Write 3100 as a
percentage,

then as a decimal.

75

Percentage

10%

12.5%

20%

25%

30%

33%

40%

50%

60%

75%

Write the ratio
4.6 as a fraction.

Now simplify it.
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Addition

When we bring two or more quantities together to make a
larger quantity, it's called addition or adding. There are two

ways to think about how addition works.

It doesn’t matter which
way you add numbers

together. The answer
will be the same.

This symbol means

i
1.
©

What is addition?

Look at these oranges.
When we combine

6 oranges and 3 oranges,
there are 9 oranges all
together. We can say we
have added 6 oranges
and 3 oranges, which
equals 9 oranges.

add or plus

Combining 6 oranges and

3 oranges gives us 9 oranges ..,

i This symbol
means
equivalent to,
or equals

----------------------------------------------------------------------------------------------------------------------------------------

Adding works in any order

It doesn't matter which way we add amounts.
The total will be the same. We say that
addition is commutative.

o -
o o

Look at this
calculation. It says that
if we add 2 to 5, we get 7.

Now let’s switch the

numbers around on the
left-hand side of the equals
sign. It doesn’t matter which
order we add numbers, the
total will be the same.

The ancient calculator

The earliest type of calculator was
the abacus, used in ancient Egypt,
ancient Greece, and other places
around the world. The abacus
helped people calculate amounts,
with beads on different rows used
to represent different numbers, like
ones, tens, and hundreds.
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Adding as counting alll

We can think of addition as combining two or more
amounts into a single amount and then counting
them. This way of adding is called counting alll.

.. 7 balloons
. all together
“. 5 blue

7 balloons
'2 orange
balloons

Look at these balloons. Now the robot has 3 So,2+5=7

The robot has 2 balloons in combined, or added, the
one hand and 5 in the other. balloons by putting them all

together in one hand. We can
work out the total simply by
counting them all. There are 7.

Count on 1 more
. from 5 to get 6

Adding as counting on

There is another way to think about addition.
To add one number to another, we can simply
count on from the larger number in a series of

steps that's equal to the smaller number. This is T o . '
called counting on. First, he counts on by adding the first

red box to get 6.

----- 5 blue
boxes 2 red
boxes ~ Count on 1
) L more from 6
ol
This time the robot is adding 5 blue Then he counts on again by adding
boxes and 2 red boxes. He can do this the second red box to get 7.

by counting on from 5.

5-|-2:? 5+2=7
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Adding with @

You can use number lines fo

n U m b e r I i n e work out both addition and

subtraction calculations.

Doing calculations in your head can be tricky. We can use
a number line to help us with calculations, including addition.
It is most useful for calculations with numbers up to 20.

Let's use a number line to . ,
find out the answer when 4 oI 3 - ? The line does.",t ’.mve
to be neat—it's just

we add 4 and 3. to help you count

First, we draw a line and ﬁ 1 } | —+—

mark it with numbers o) 1 2 3 4 5 6 7 8 9 10

from 0 o 10. Start counting at 4

This calculation starts with | ‘ | P

the number 4., so first find o y 2 3 4 5 6 7 8 9 10
4 on the number line.
3 .- Stop counting

m T at 7
We need to add 3 to 4, | | | ! ] A [ |

so next jump 3 places to
the right. This takes us to 7.

----------------------------------------------------------------------------------------------------------------------------------------

Making leaps Jump 2 groups of 10 ... 0 4 10 - 20
Some calculations involve Jm o
using larger numbers. 1 ; : ‘ ‘ : ; N |

We can still use a number | |
line—we just have to O 10 20 30 40 50 60 70 80 90 100

make bigger jumps to find Let's use a number Starting with the bigger 3 S020+50=70
the answer. line with larger number, we just have to

numbers to find 20 + 50.  jump 2 groups of 10 along our
number line. The answer is 70.
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Adding with @
number grid

To add numbers up to 100, you can also use a number grid,
or 100 square. This shows the numbers from 110 100 in rows
of 10. You can do calculations by jumping from square to square.

“ Look at this number grid. We can use it to
' add numbers in two stages. To add 10,

we simply jump down to the next row,

because there are 10 numbers in each row.

56 + 26 ="

1 s s 7 o
12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 2829730
31 B 33 [ 35 S _._3'7""'..38 39 40
41 42 43 44 45 4(3_.-.-"' 47 48 49 50
51 52 53 54 55,56 5758 59 60
61 62 63 64 65 6(3,..--""87 68 69 70
772 73 74 7576 77 78 79 80.-
81 82, 83..84..85 86 87 88 89 90
91 92 93 94 95 96 97 98 99 100

56 + 26 = 82

81

Number grids are useful for
calculations with numbers
up 10 100 that are 'mcky. to
work outond number line.

e

2

T

) Toadd 1, we jump 1square to the right.
&% When we get to the end of a row, we
move down to the next row and keep
counting from left to right.

™) Let's add 56 and 26 using
%' this number grid.

/) The addition starts with 56,
" so let's mark it on the grid.

I> There are 2 groups of 10
& in 26, so we need to jump
down 2 rows. This takes us to 76.

£ Now we add the 6 ones from
% our 26 by jumping 6 squares

_..to the right. This takes us to 82.

“» 5056 + 26 = 82
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Addition facts

An addition fact is a simple calculation that you remember without having to
work it out. Your teacher might also call this a number bond or an addition
pair. Knowing simple addition facts will help you with harder calculations.

0+10=10 <. 1+1=2
1+9 =10 2+2=24
Compare this
2+8 =10 fact with the 3+3=6 ©
last one
3+7 =10 4+4=8 i
- 4+6 =10 5+5=10 These facts
_ should be easy
- 5+5=10 6+6=12
6+4 =10 This s like 7+7=14 "
_ the first fact— or
7 + 3 = ]o the numbers 8 ar 8 = ]6
are just in a
8 + 2 = 10 different order 9 ar 9 = ]8
9+1 =10 10+10 = 20
10 +0= 10 G
These are called the addition facts for These addition facts are all doubles. We
10, because the answer is always 10. call them the addition doubles to 10 + 10.

This time, the answers are different.

TRY IT OUT

Using addition facts ©60+40=" ©O01+09="

Can you use the addition facts for 10

and the addition doubles to 10 + 10 9 700 +700=" 9 70+30="
to work out the answers to these

calculations?

©20+80=? @ 4000 + 4000 ="

Answers on page 319
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Partitioning for
addition

Adding numbers is often easier if you split them into numbers
that are easier to work with and then add them up in stages.
This is called partitioning. There are a few different ways to do it.

Partitioning means
breaking numbers down
and then adding them
fogether in stages.

‘l Let's add 47 and 35. 47 + 35 _ fP

To help with the tricky numbers, we can

put the numbers on a grid and label the ! © ! 0 ! ©
columns to show their place values. N/ + ElES = | ?
T 0 T 0 T 0

We start by adding the tens together
and writing the answer to the right of 4 0 + 3 0 = / 0
the equals sign: 40 + 30 =70

T 0 T 0 T 0
4 And next, we add the ones together: 7 + 5 =12 7 + 5 = 1 2
: » : T 0
» Now it's easy to recombine our two Recombine the tens - B
answers fo get the total: 70 + 12 = 82 and ones to find the total 8 2
By partitioning the numbers, we‘ve found _
that 47 + 35 = 82 47 + 35 - 82
Parﬂﬂoning Using ] Let's add 80 and 54. 80 + 54
multiples of 10 _ .
. 80 is already a multiple of 10, butwe can — 80 + 50 + 4
Another way fo partition break 54 into two parts like this: 50 + 4
is to split just one
number, so it's easier 3 Now we can add 50 to 80 to make 130. = 130 + 4
to add on. It often helps
fo split one number info Now we just add 4 to 130 to - ] 34

a multtiple of 10 and givetheanswer134. .. .
Onother number .........................
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Expanded
column addition

To add together numbers that have more than two digits, we can use column
addition. There are two ways to do it. The method shown here is called expanded
column addition. The other method, column addition, is shown on pages 86-87.

Let's add 385 and 157 using expanded 3 85 + 'I 57 — ’,)

column addition.

Start by writing the two numbers out el 0 . _
like this, with digits that have the 3 8§ pHE T Write the
same place value lined up one above the ;’:"Zi;rs ;‘.’ »
other. It might help you to label the place + ] | wi?h thz ;gle
values, but you don’t have to. place va/Zen;re
lined up like this
Now we're going to add each of H T 0
the digits in the top row to the 2N 8 N .. Start by adding
digits beneath them in the bottom row, i the ones together
starting with the ones. 4+ ] 5 7
When we do
ded column
First, add 5 ones and 7 ones. The H T 0 O;ﬁ)‘gg it's important
answer is 12 ones. On a new line, o 8 B 0 line ulp the digits by
write 1in the tens column and 2 in the ; lues.
their place valu
ones column. + 1 > 7
Write the 7 1 2

answer below
the answer line :
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When we add together H
the 8 and 5, we're 3
actually adding 80 and 50.
The answer is 130. On a new -+ ]7

Expanded column addition
is just like partitioning—we

line, write 1in the hundreds
column, 3 in the tens column

w — | OV 00 ~
O N IN O o

and zero in the ones column. 1 break fricky numbers info
{ ones, fens, and hundreds.
Add the tens :
together
Next, we're going to add T
the hundreds together. =i 8 B5
We add 100 and 300 to give
400. On a new line, write 4 in S 1 S
the hundreds column, 0 in the
tens column, and 0 in the ; 1 2
ones column. ] 3 0 TRY IT OUT
Add the hundreds ZiC ) Add it up
together Now that you've learned this
useful method for adding difficult
numbers, why don't you give
these calculations a try?
Now that we've added H
the digits in the bottom 3
row to the digits in the top 1
row, we add the three lines +

in our answer together:
12 + 130 + 400 = 542

I
BV

© 547 + 276

€ 948 + 642 =2

lines in the

N O W—|0U1 0~
N | OO N N OCo

1
Add the three :\l- 4
5

answer together ...

© 7256+4715="

8 So 385 + 157 = 542 Answers on page 319

385 + 157 =542
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Column addition

Now we're going to look at another method of column
addition. This is quicker than expanded column addition
(pages 84-85) because instead of writing ones, tens, and
hundreds on separate lines, we put them all on one line.

Once you understand
how to do column
addition, you can use
it for any addition
calculation involving
large numbers.

Let’s use column addition to add
2,795 and 4,368. 4,368 + 2,795 =
Start by writing both numbers on a Th  H T o[- - Ploce the |
place-value grid, with the larger 4 3 6 8"‘ + Place the larger
number above the smaller number. If ::mber:bo"e
you need to, label the columns. + 2 7 9 § ¢ smatier one
Now we're going to add each Th H T 0
number in the bottom row to the
number that sits above it in the top 4 3 6 8
row, starting with the ones. + 2 7 9 54
“ Start by adding
the ones
First, add 5 to 8. The answer is o RGN enl
13. Write the 3 in the ones 4 3 14 8
column. The 1 stands for 1 ten, so we ~ Carry the 1 from
carry it over into the tens column to +~ 2 7 9 § 13 into the tens
add on later. C‘Z":}’)"" tot"‘id on
3 at the next step
Next, we add 9 tens to 6 tens. Th H T 0
The answer is 15 tens. Add on the 1 1
1ten we carried over from the ones 4 3 6 &
addition to make 16 tens. Write the 6 in + 2 7 9 5
the tens column and carry the 1to the Add the carried 1
hundreds column. 6_- 3 ten to 15 tens, to

make 16 tens
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Now we add 7 hundreds to Th
3 hundreds. The answer is
10 hundreds. Add on the 1 hundred we +
carried over to make 11 hundreds. Write
a 1in the hundreds column and carry
the other 1 to the thousands column.

1 hundred to the
10 hundreds to
make 11 hundreds

T 0]
6 8
o Add the carried
6 3

Finally, we can add the thousands. Th
Add 2 thousands to 4 thousands. 14 1
The answer is 6 thousands. Add on
the 1thousand carried over to make + ?2
7

i © The total of the
6 8 numbers in the
thousands column
9 5 is less than 10,
7 thousands. Write the 7 in the
thousands column. 6 3

so we don't carry
. any numbers

850, 4,368 + 2,795 =7,163 4,368 + 2’795 — 7,]63

.........................................................................................................................................

Adding decimals

We add decimals the same way we add whole TRY IT OUT

numbers—we just make sure that digits of the .

same value are lined up underneath each other. Can you do it?

Let's add 38.92 and 5.89. Now that you've seen how to do

column addition, can you use it
for these sums?

First, write the larger
number above the smaller
number, making sure to line
up the decimal points. Add +
another decimal point on the
bottom row. If you need to,
label the columns to show

the place value of each. 07,4]3 + ],78] — ?

IS]
S

©1,639 +6,517 ="

LW -
o1 00 o
o0 O s-

O N

Now we can find the 1 [ . o % 1&)
total just like we do
with whole numbers. 3 8 9 2
+ 5.8 9 ©4536+2648="7
3 So, 38.92 + 5.89 = 44.81 4 4 8 '|

Answers on page 319
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Subtraction

Subtraction is the opposite, or the inverse, of addition.
There are two main ways we can think about subtraction— We can Use a number
as taking away from a number (also called counting back) line for subtraction by

T . counting either forward
or as finding the difference between two numbers. or back along the line.

What is subtraction? This symbol When we subtract
Sometimes we reduce a means subtract 2 oranges from 6 oranges

number by another number. ‘ ‘ or minus we are left with 4 oranges .......

This is called subtraction as

taking away. Look at these ‘ ‘ £ ‘ ‘ = ‘

oranges. When we subtract

2 oranges from 6 oranges, ‘ ‘ * This symbol ‘
means equals

there are 4 oranges left.

Subtracting is the opposite of adding

It's easy to remember how to subtract, because it's just
the opposite of addition. With addition, we add numbers
on, and with subtraction we take numbers away. .. To add, we move
=" from left to right
To subtract ....--+-.... ) -4 +4

we move from '

right to left / v \
| | | | |

L

{

| |
( I | [
O 1 2 3 4 5 6 / 8 9 10

Subtraction Addition

Let's use this number line to subtract Here, the 4 has been added to 5, and
4 from 5. This takes us 4 steps back the answer is 9. We have moved the
along the number line to the number 1. same distance from 5 as we did when

subftracting, just in the other direction.

5-4=1 5+4=9
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Subtracting as counting back

One way to think of subtraction is called counting back.

When we subtract one number from another, we are just

counting back from the first number by a number of steps

that's equal to the second number. _ Start at 8

In total, we have counted back 1 1 R
3 places, bringing us to 5 ...-...... ) >

o 1 2 3 4 5 6 7 8 9 10

Look at the calculation 8 - 3 To subtract 3 from 8, we find 3 So8-3=5
on this number line. 8, then count back 3 places.
This takes us to 5.

........................................................................................................................................

Subtracting as finding the difference

We can also think of subtraction as finding the difference
between two numbers. When we are asked to find the
difference, we are really just finding how many steps it Then we count how many
takes to count from one to the other. places we have to move to
reach the first number.
We start at 3, the
second number in
our calculation ..

To find the difference between All we have to do is find 3 on 3 So0,8-3=5
two numbers, we can count up a the number line and see how

number line. Let's take another look ~ many jumps it takes to get to 8.

at the calculation 8 - 3. It takes 5 jumps.

8—3=? 8—3:5
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" These subtraction
uDIracrion 1acts e e oppode
or inverse of the addifion
There are some simple facts that you can learn for facts we looked at on
subtraction fo make tricky calculations much easier.
When you've learned them, you'll be able to apply

them to other calculations.

page 82.

0-0=10 =~ 2 -1=1
0-1=29 4 -2 =2
]O - 2 — 8 6 — 3 = 3
10-3=7 Compare this 8§ —4=4 -«
)  fact with the
| ]O — 4 = 6 last one ]O -5=275
~10-5=5 12-6=6  Thefus
P _ This is similar are the inverses
]O — 6 = 4 to the first fact— ]4 — 7 = 7 of the doubles
. they are part we looked at
]O — 7 = 3 of the same ]6 — 8 = 8 on page 82
family of facts
10-8=2 18-9=9
10-9=1 20-10=10
.’O - ]O = o e -
These are the subtraction facts for 10. As the Here's another set of subtraction facts.
number we subtract gets larger, the difference This time, the second number in each
between the two numbers gets smaller. calculation is half of the first number.
TRY IT OUT

Using subtraction facts € 1000-200=7? @100-30="

Can you use the subtraction facts
above to work out the answers to 0 120-60=" 6 01-0.08="7

these calculations?

©140-70=? @04-02="?

Answers on page 319
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Partitioning for
subtraction

Subtracting numbers is often simpler if you split them into
numbers that are easier to work with and then subtract them
in stages. This is called partitioning. We usually partition just
the number being subtracted.

Let’s subtract 25 from 81 by — 7
partitioning the number 25. 8] o 25 -
To help with the tricky numbers, we can T 0 T 0 T 0
put the numbers on a grid and label the 8 ] _ 2 5 _ 5 N
columns to show their place values. -
First, we subtract the tens i o 7 o i o
from 81: 81 - 20 = 61 8 2 0 _ 5
Next, we subtract the ones from T 0 - 0 T 0
the remaining 61: 61 - 5 = 56
6 1 - 5 = BN 6

By splitting the calculation into two easy _
steps, we've found that: 81 - 25 = 56 8] - 25 — 56

TRY IT OUT

L ] To work out the There were 463 Try partitioning
Pa r’rl’ﬂonlng pI'CICTICG answer, we can flowers and 86 the number 86
There were 463 flowers in the doa suptracﬁon were taken 'awoy, o) into tens ond.o'nes,
. . calculation. the calculation you and subtract it in
field, and Taylor picked 86 of need fo dois: 463 — 86  stages from 463.

the flowers. How many were
left in the field?

Answer on page 319
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Subftracting with
a number line

We have already seen that a number line can help us
with simple subtraction. If we use what we know about
partitioning, we can also use a number line to tackle

When you use @ number \Ene
for subtraction, it doesn't
matter if you count down

from the first number or
up from the second number,
the answer will be the same.

. _p

more difficult calculations. T
.- In all we move 54 places Start at 132,
_|2 + 10 + 10 + 10 + 10 + 10 + 2 = 54

78 ‘ | . || 132

70 80 90 100 110 120 130 140
Counting back
Let's use a number line for
132 - 54. To make it easy to move
along the line, we're going to
partition 54 into three parts.

132 -54="

Starting from 132, we count
back 2 to 130. Next, we
move 50 by making 5 jumps of
10 each, taking us to 80. Finally,

we move another 2 places.

In all, we’ve moved
54 places, and we've
arrived at 78. S0 132 - 54 =78

132 -54=17/8

_Start at 54 and count to the right Stop counting at 132

;"'6+1o + 10 + 10 + 10 + 10 + 10

+ 10 +2 = 78
3 g
o
. Wm |
50 60 70 80 90 100 MO 120 130 140
Counting up This time, we're going to First, we count up 6 places

Remember, we can also start at 54, the second to 60. Then we take 7 jumps

subtract by counting up. This is
called finding the difference.
Let's look again at 132 — 54,

number in our subtraction
calculation, and count up until

we get to the first number, 132.

of 10, and finally another jump
of 2. In all, we've moved 78
places. So, 132 - 54 =78
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Shopkeeper’s addition

People who work in stores often need to work out quickly how much
change to give a customer. They often count up in their heads to
help them work out the correct change. This method of subtracting

is called shopkeeper’s addition.

Peter’s groceries cost $7.35,
¢ and he pays with a $10 bill.
How much change is he due?
We can write this as $10.00 - $7.35

) First, let's add 5 cents to get
ds $7.40.

%) Next, we add 60 cents to
%' take usto $8.

/) Now, we can add $2 to
" take us up to $10.

I Finally, we combine the amounts
« we've added to find the total
difference:

$0.05 + $0.60 + $2.00 = $2.65

4. So Peter is due $2.65 change from
& his $10 bill.

TRY IT OUT

Be the shopkeeper

Can you use the method we've
learned to work out the change for
these bags of groceries?

Answers on page 319

$7.35

$7.40

$8.00

$7.35

$10.00 - $7.35="

+ %005 = $740
+ $0.60 = $8.00
+ %200 = $10.00
+ $%$265 = $10.00

$10.00 — $7.35 = $2.65

ity Y W
Cost $3.24 Cost $17.12 Cost $59.98
Paid for with Paid for with Paid for with
a $10 bill. a $20 bill. two $50 bills.

93
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Expanded
column subtraction

To find the difference between numbers with more than two digits, we
can use column subtraction. The method shown here, called expanded
column subftraction, is useful if you find the ordinary column subtraction
(shown on pages 96-97) difficult.

Let's think of the calculation 324 - 178 as
finding the difference between 324 and 178. 3 24 - ]78 — ?
Start by writing the two numbers out H T 0
like this, with digits that have the same 2 QL .. Write the
place value lined up one above the other. numbers so
It might help you to label the place values, — /] 8 that digits with
but you don’t have to. the same place
value are lined
up like this
Now we're going to add numbers H T 0
that are easy to work with to 178 until 2 4
we getto324. = = .
_ 'l 7 8 L . We are going to
add numbers
to 178 until
we reach 324
First, we add on ones that will take H T 0
178 up to the nearest multiple of 2 4
ten. Adding 2 to 178 makes 180. Write 2 .
in the ones column. Keep track of the — 1 7 8 ,-"/7(7"5 ': Wi/':re :;,e
total, by writing 180 on the right. v t:fg ; Sr:Cfarof ¢
? 180
Next, we add tens. Adding 20 H T 0
to 180 makes 200, the nearest 2 4
multiple of 100. Write the 2 in the tens ..Adding 20 to
column and the 0 in the ones column. — 1 7 8 180 takes the
Write the new total on the right. total up to 200
? 180
2 0 200
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Now we add hundreds. Adding 100 H T 0
takes us from 200 up to 300. Write 3 2 4
the 1in the hundreds column and the
zeros in the tens and ones columns. — 1 / 8
Write the new total on the right. 2 180
2 0O 200
IO oo
e, Adding 100 to
Now we just need to add the 24 H T 0 fo(:;/) :ak:os ;igo
that will take the total from 300 to 2 A 4 p
324. Write the 2 in the tens column
and the 4 in the ones column. — '] B 8
? 180
2 0O 200
1T 0 O 300
+ 2 4 304
~
“e.....Adding 24 to
Finally, we need to find the total of H T 0 300 takes the
all the numbers that we added on: 3 2 4 total up to 324
2+20+100 + 24 =146
— 'l B 8
? 180
2 0O 200
1 O O 300 Find the total of
+ 2 4 324 the numbers
e've added on
1 4 6
S TS
Q >ooximiem e 324 - 178 = 146
TRYITOUT We arrived at our answer
Find the difference @ 283-76=" by adding ones, tens,
and hundreds in steps,
Can you use expanded like shopkeeper’s
column subtraction to find 9 817 =394 =7 addition (page 93)-

the difference between
these numbers?

® 9425-5832="

Answers on page 319
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Column subftraction

Using column subtraction is an even quicker way of subtracting large
numbers than expanded column subtraction (see pages 94-95). It
looks tricky to subtract as we go, but we can exchange numbers with
other columns to help us.

Let's subtract 767 from 932 using
column subftraction. 932 - 767 — ?

Start by writing the two numbers out H T O e, _

like this, with digits that have the 9 3 2"‘ ~ Write the ,
same place value lined up one above the ::mj,”,isso ,:hat
other. It might help you to label the place — /] KN / ch S;i'qe ”;;“
values, but you don’t have to. value are ’;.ne y

up like this

Now we're going to subtract each H T 0

of the digits on the bottom row from o BoN
the digit above it on the top row, starting et we .
with the ones. — 7 6 Je to,r.ssu ;Vterztg;I:g

ones

We can't subtract 7 ones from 2 ones H T 0 ‘We can't subtract

here, so let's exchange 1ten from the 9 3 1 2 i7 ones from 2 ones
tens column for 10 ones. Write a litfle 1 < so we exchange 1 t;n
next to the 2 in the ones column to show = 7 6 T¢ for 10 ones
that we now have 12 ones.

Change the 3 in the tens column H T 0

info a 2 to show that we have 2 1
exchanged a ten. 9 S\P 2

/ 6 7 Change this from

"""""" 3 tens to 2 tens
because we exchanged
1 ten for 10 ones
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Now we can subtract 7 ones from
12 ones instead. The answer is
5 ones. Write the 5 in the ones column.

Next, we subtract the tens.

We can't subtract 6 tens from
2 tens, so we need to exchange one
of the hundreds for 10 tens. Write a 1
next to the 2 in the tens column to
show that we now have 12 tens.

Change the 9 in the hundreds

column into an 8 to show that we
have just exchanged one of the
hundreds for 10 tens.

Now we can subtract 6 tens from
12 tens. The answer is 6 tens.
Write the 6 in the tens column.

'l 0 Finally, we need to subtract

7 hundreds from 8 hundreds,
leaving 1 hundred. Write the 1in the
hundreds column.

]] 932-767 =165
932 - 767 =165

(0]
1
2 .Now we can
subtract 7 ones
7(‘ ------ " from 12 ones

0]
1 2 _We can't subtract
£ 6 tens from 2 tens, so

7] .+ we need to exchange
""""" . one of the hundreds
5 for 10 tens

0]
2

/

oo}

................ Change this from
5 9 hundreds to
8 hundreds because

we exchanged one

of the hundreds for

0]

2 10 tens

7 Now we can
subtract 6 tens

5 ............. from 12 tens

. Now we can

subtract 7 hundreds
from 8 hundreds

-

~ )

When we need to subtract a larger
amount from a smaller amount,
we exchange 1ten, hundred, or

" thousand from the column to the left.

_J
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Multiplication

There are two main ways to think about how multiplication
works. We can think of it as putting together, or adding, lots of
quantities of the same size. We can also think of it as changing
the scale of something—we'll look at this on page 100.

What is multiplication?

Look at these oranges. There are 3 groups of 4 oranges.
Let's find out how many there are all together.

To make them easier for us to count, let's arrange oranges
the 3 groups of 4 oranges into 3 rows of 4.
We call this arrangement an array. Now it's easier 3 rows of
for us to count them up. 4 oranges
If we count up the oranges, we can see that
there are 12 all together. We can write this as
a multiplication calculation like this: 4 x 3 =12
.................. This symbol
means multiply
or times
Now let's line up some oranges into 4 rows
of 3 instead. How many are there in total? Is it
a different number of oranges from when we had 4 rows of
3 rows of 4 oranges? 3 oranges

If we count the oranges up, we can see that
there are still 12 all together. We can write this 4 - ]
as a multiplication calculation too: 3 x 4 =12 o

... The result of
a multiplication
is called
the product

So 4 x 3 and 3 x 4 both give us the same total.

It doesn’t matter which order you multiply
numbers in, the total will be the same. This means
we can say that multiplication is commutative.
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Multiplication as repeated addition

We can think of multiplication as adding together more than
one quantity of the same size. We call this repeated addition.

To multiply two numbers, we just have to add one number in the
calculation to itself the number of times of the other number.

v & & & @ ¢ @ @ @ @
L 4 4 4 C 4 (4 0 4 W W (4 4
P P P O g & & & &
¢ @ @ @ @ ¢ @& o @ &

Let's work out the answer to the calculation To work out how many apples there
5 x 4 using some apples. We want to = are in fotal, we just have to add
multiply 5 by 4, so let's look at 4 rows of 4 groupsof 5:5+5+5+5=20

5 apples to help us find the answer.

So, using repeated addition, we can

5 )(4:? see that 5 x 4 =20

5x4=20

TRY IT OUT

Multiplication ©Q6+6+6+6="7

challenge
Here are some examples It doesn't matter

of repeated addition. 9 6+8+8+8+8+8+8="7 which order you

[ ltiply numbers in,
Can you write them mu :
tal will be
as a multiplication the fo

calculation and
work out the answer? 99+9+9+9+9+9=?

the same.

O1B+13+13+13+13="7

Answers on page 319
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Multiplication : N
as scaling e

objects and to multiply
Repeated addition is not the only way to think about with fractions.
multiplication. When we change the size of an object,
we carry out a kind of multiplication called scaling.

We also use scaling when we multiply with fractions. A

The third building is
four times taller than
the first. It has been
scaled up by a factor of
4. We can write this as:
.10x4=40

Look at these three buildings.
They are all different heights.

The second building is twice ..o | _
as tall as the first, so its
height has been scaled up by a
factor of 2. We can write this as: .
10 x 2 =20 e We could also see
each building as
..................................................... Ill III being scaled down. The
------ ‘ second building is half
the height of the third
second, so we can say it's been III III building. We can write
scaled up by a factor of 2. We ‘ this using a fraction:
can write this as: 20 x 2 = 40 inm 40 x V2 = 20

40 M~

The third building is two .
times taller than the

---------------------------------------------------------------------------------------------------------------------------------------

SCO"ng Gnd Look at this calculation. We want to
fractions multiply Ya by Ya.

As we've just seen, ] Look at this shape. It's a quarter of a
we can also scale with circle. To multiply a quarter by a half,
fractions. Multiplying we simply take away half of the quarter.

with proper fractions,

which are fractions You can see that half of the quarter is .. Half of %

] .
less than one, makes one-eighth of a circle. ) =" of a circle
numbers smaller,

not bigger.

Y4 of a circle

SoVaxVe="Y 1 1 1
£ 4 X7 = 3
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Factor pairs

Two whole numbers that are multiplied together to
make a third number are called factor pairs of that
number. Every whole number has a factor pair,

even if it's only itself multiplied by 1.

\_p
Coo
[

Factor pairs for 110 12

Learning factor pairs is the
same as learning the number
facts for multiplication.
Knowing these basic pairs will
help you with multiplication
calculations. This table shows
all the factor pairs of the
numbers from 1to 12. Each
pair has also been drawn

as an array, like the arrays
we saw on pages 98-99.

TRY IT OUT

Finding pairs

Can you find all the factor
pairs for each of these
numbers? Draw them
out as arrays if you find

it helpful.

014
@ 60
©18
035
024

Answers on page 319

Number

1

10

11

12

Factor pairs

1,
[
1,
1

’

N

]

2
3
4
,2
1,5
1,6
2,3

1,7
1,8

2,4
1,9

3,3

1,10
2,5

1,11
1,12

2,6

3.4

Array

®

@®
000
0000

o0
e

00
000

0000000
00000000

@ee®
e06®

000000000

L 3 3

000

000
0000000000

00000
0000 e

00000000000
000000000000
QO

®e

000 00

Sl®)
o0
@0
e
e

000 00
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Counting in multiples

When a whole number is multiplied by another whole number,
the result is called a multiple—we looked at multiples on
pages 30-31. When we're doing multiplication calculations,

it helps to know how to count in multiples.

Counting in 2s

Look at this number line. It shows the
numbers we get when we count up in twos
from zero. Each number in the sequence is
a multiple of 2. For example, the fourth jump
takesust08,s02x4 =8

Counting in 3s

This number line shows the numbers
we get when we start to count in multiples
of three from zero. The fifth jump takes us
to15,s03x5=15

Counting in 6s

Now look at this number line. It shows us
the first few multiples of six. The third jump
takes us to 18, so we can say that 6 x 3 =18

Counting in 8s

This number line shows us the first three
multiples of 8 when we count up from zero.
The second jump takes usto 16, so 8 x 2 =16

These number lines show us the first

few multiples of 2, 3, 6, and 8. Learning
to count in multiples will help us with other
multiplication tables, which we’ll look at on
pages 104-105.

... Add 2 each

+2 time +2

Y .Add 6 each

time

)  TmEeR

1
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TRY IT OUT
The multiplication grid , .
on page 106 shows Find the multiples ©7.14 21..
all the multiples Now that you've seen the first few multiples
up to 12 x 12. of the numbers 2, 3, 6, and 8, can you use a
number line, or count in your head, to find 0 9,18, 27 ...
the next three multiples for 7, 9, and 11?
©n, 22 33..
Answers on page 319
+2 +2 +2
W:W
) | \ | ‘ | ‘
{ i { | { a !
4 5 6 / 8 9 10
e Add 3 each
+3 +3 +3 +3 time +3
3x4=12 3x5=15 3x6=18 3x7=21

I AR AR A R A TN |
t_ ( | ! t ( | | | 4 i z | |
8 9 10 11 12 13 14 15 16 17 18 19 20 21

+6 +6 +6

Ji% i§§fi M R N N B |

| ot T T S
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

L. Add 8 each time We can keep counting
+8 +8 in multiples forever

/8x2 16\ /8x3—24\

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
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Multiplication tables

The multiplication tables are really just a list of the multiplication facts
about a particular number. You need to learn them——but once you know
them, you'll find them very useful when you're doing other calculations.

1x table 2x table 3x table
1 x 0 = 0 2 x 0 = 0 3 x 0 =
1T x 1 1 2 x 1 = 2 3 x 1
1 x 2 2 2 x 2 4 3 x 2
1 x 3 3 2 x 3 = 6 3 x 3
1 x 4 4 2 x 4 8 3 x 4 =
1 x 5 5 2 x 5 10 3 x 5
1 x 6 = 6 2 x 6 12 3 x 6 =
1 x 7 7 2 x 7 14 3 x 7
1 x 8 = 8 2 x 8 16 3 x 8
1 x 9 = 9 2 x 9 18 3 x 9 =
1 x 10 10 2 x 10 20 3 x 10
1 x 11 = 1)) 2 x 1 = 22 3 x 11 =
1 x 12 = 12 2 x 12 = 24 3 x 12 =
4x table 5x table 6x table
4 x 0 = 0 5 x 0 = 0 6 x 0 =
4 x 1 4 5 x 1 = 5 6 x 1 =
4 x 2 = 8 5 x 2 10 6 x 2
4 x 3 12 5 x 3 15 6 x 3
4 x 4 = 16 5 x 4 = 20 6 x 4
4 x 5 20 5 x 5 25 6 x 5
4 x 6 24 5 x 6 = 30 6 x 6
4 x 7 28 5 x 7 35 6 x 7
4 x 8 32 5 x 8 40 6 x 8
4 x 9 36 5 x 9 45 6 x 9
4 x 10 40 5 x 10 50 6 x 10
4 x T 44 5 x 11 = 55 6 x 1
4 x 12 = 48 5 x 12 = 60 6 x 12 =

o O

12

18

24
30
36
42
48
54
60
66
72
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TRY IT OUT

13 x 1 = 13
The 13x table 1B x 2 - 2
You should knpw your.multiplico'rion tables up to 12. 3 x 3 = 39
Here are the first four lines of the 13x table. Can you
work out the rest? 13 x 4 = ?
Answerson page 319 e
7x table 8x table 9x table
7 x 0 = 0 8 x 0 = 0 9 x 0 = 0
7 x 1 7 8 x 1 = 8 9 x 1 9
/7 x 2 14 8 X 2 = 16 9 x 2 18
7 x 3 21 8 x 3 = 24 9 x 3 27
7 x 4 28 8 x 4 = 32 9 x 4 36
/7 x 5 = 35 8 x 5 40 9 x 5 45
7 x 6 = 42 8 x 6 48 9 x 6 54
7 x 7 49 8 x 7 56 9 x 7 63
7 x 8 = 56 8 x 8 64 9 x 8 72
/7 x 9 = 63 8 x 9 72 9 x 9 81
7 x 10 70 8 x 10 80 9 x 10 = 90
7 x 11 = 77 8 x 11 = 88 9 x 11 = 99
7 x 12 = 84 8 x 12 = 96 9 x 12 = 108
10x table 11x table 12x table
10 x 0 = 0 N x 0 = 0 12 x 0 = 0
100 x 1 10 n x 1 1)) 12 x 1 12
100 x 2 20 N x 2 = 22 12 X 2 = 24
100 x 3 30 N x 3 = 33 12 x 3 = 36
100 x 4 40 N x 4 = 44 12 x 4 = 48
10 x 5 50 N x 5 = 55 12 x 5 60
100 x 6 60 M x 6 66 12 x 6 = 72
100 x 7 70 n x 7 = 77 12 x /7 = 84
100 x 8 80 N x 8 88 12 x 8 = 96
100 x 9 90 N x 9 = 99 12 x 9 = 108
10 x 10 100 N x 10 = 1o 12 x 10 = 120
100 x 11 10 n x 1 = 121 12 x 1 132
100 x 12 = 120 n x 12 = 132 12 x 12 = 144
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The multiplication grid

We can arrange all the numbers in the multiplication tables in a
grid called a multiplication grid. The factors appear along the top
of the grid and down one side. The answers are in the middle.

9 Let's use the grid to

' find 3 x7. Ol I 28 N AN sl (NON W7 RGN oM INON i (12
=1 2 @M 4 5 6 (7 8 9 10 1 12
Ix/="? .
28 2 4 BN 8 10 12 14 16 18 20 22 24
3 3 6 9 12 15 18 21 24 27 30 33 36
4 4 8 12 16 20 24 28 32 36 40 44 48
) Allweneedto : 5 5 10 BI5% 20 25 30 35 40 45 50 55 60
£=» dois find the
first factor along the 6 6 12 18 24 30 36 42 48 54 60 66 72
top of the grid. _
This is 3. BN 7 |14 Bl 28 35 42 49 56 63 70 77 84
E - P 524 32 40 48 56 64 72 80 88 96
3 fhesecond . g 9 18 27 36 45 54 63 72 81 90 99 108
%" factoris 7, :

so next we look
for 7 down the

10 10 20 30 40 50 60 70 80 90 100 MO 120

side of the grid. i
J 1N 1N 22 3,3 44 55 66 77 88 99 110 121 132
- 12 12 24 36 48 60 72 84 96 108 120 132 144
O "
a e
4 ;
o M Finally, move = Ourtwo & So3x7=21
Remember, multiplication can along and & factors. 3 '@
be done in any order, Soyou down from the two and 7, meet at
can look for a factor either . .
along the fop or down the side. factors until the row the box in the 3 X 7 _ 2-|
and column meet. grid for 21. -

R .




To multiply

X 2

x4

x5

x 9

x11

x12
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Multiplication patterns
and strategies

There are lots of patterns and simple strategies that will help you
learn your multiplication tables and even go beyond them. Some of
the easiest fo remember are shown in the table on this page.

How to do it

Double the number—that is, add it to itself.

Double the number, then double again.

The ones digit of multiples of 5 follow the
pattern 5,0, 5,0 ...

Multiply by 10, then halve the result.

Multiply the number by 10, then subtract the
number.

For calculations up fo 9 x 10, you can use a
method that involves counting your fingers.

To multiply the numbers 1to 9 by 11, write the
digit twice, once in the tens place and once in
the ones place.

Multiply the original number by 10, then multiply

it by 2, then add the two answers.

Examples

2x1M=1N+11=22

8 x 4 = 32, because double 8 is 16 and
double 16 is 32.

The first four answers in the 5x table are
5,10, 15, and 20.

16 x 5 = 80, because 16 x 10 = 160, then
halve 160 to make 80.

9x7=(10x7)-7=063

To work out 3 x 9, hold your hands up
with your palms facing you. Then hold
down your third finger from the left.
There are 2 fingers to its left and 7 to
its right, so the answer is 27.

4x11=44

12x3=(10x3)+(2x3)=30+6=36
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Multiplying by 10, ‘
100, and 1,000

place to the left.

Multiplying by 10, 100, and 1,000 is straightforward. To multiply
a number by 10, for example, all you have to do is shift each
of its digits one place to the left on a place-value grid.

Multiplying by 10 Th H T 0 -
Let's multiply 3.2 by 10. To work 3.2
out the answer, we just move each /A
digit one place to the left on the 3~é 2 »
place-value grid. So 3.2 becomes - Move each
32, ten times bigger than 3.2. digit one place
to the left
Multiplying by 100 Th H T 0 L Move each
Let's try multiplying 3.2 by 100 3 2 digit two places
this time. To multiply a number by _ ’r to the left
100, we shift each digit two places 3 L2 "O T
to the left. So 3.2 becomes 320, AddaOasa
100 times bigger than 3.2. R placeholder in
the ones column
Multiplying by 1,000 Th H T 0 = Move each digit

Now let’s multiply 3.2 by

three places to

1000. To do this, we move each - - the left
digit three places to the left. So 3‘2 - O 0
3.2 becomes 3,200, 1,000 times - Add two Os as
bigger than 3.2. e placeholders in the
tens and ones columns
We can keep going like TRY IT OUT
fhis for 10,000, 100,000, Step to the left 679%x100="

and even 1,000,000.
Can you use the method we

have shown you to work out the 9 48 x 10,000 ="
answers to these calculations?
€ 0.072x1,000="

Answers on page 319
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Multiplying by

o a multiple of 10, break
l l ' the multiple into 10 and
U I p eS O its other factor and do
the calculation in steps.

To make multiplication calculations involving multiples
of 10 easier, you can combine what you know about the
multiplication tables with what you know about multiplying by 10. =

Look at this calculation. We want to
multiply 126 by 20. It looks tricky, but ] 2 6 X 20 = r‘)

it's simple if you know your multiples of 10.

) Let's write 20 as 2 x 10, because ] 2 6 X 2 X ] O
4= multiplying by 2 and 10
is easier than multiplying by 20.

@) Now we can multiply 126 by 2. ]26 X 2 = 252

We know that 26 x 2 = 52, so we
can work out that 126 x 2 = 252

M Finally, we just have to multiply 252 2 5 2 X ] O = 2 , 5 2 O

by 10. The answer is 2,520.

550126x20=2,520 ]26 X 2():2,520

TRY IT OUT

Trickier tens ©25x50=" ©®43x70="
Look at these calculations. Can

you break down the multiples of 10 9 05x60=" 9 003x90="

to make each calculation simpler
and work out the answer?

©231x30=? 0 824x20="

Answers on page 319
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Partitioning for
multiplication

Just like we do for addition, subtraction, and division, we can
partition numbers in a multiplication calculation to make it easier
to find the answer.

Partitioning on a number line

We can use a number line to break up one of
the numbers in a calculation into two smaller
numbers that are easier to work with.

 msssessss sessesse I]T’ e aaasee  anesaenes aaeneen

Let’s use partitioning on a To find the answer, we need We can partition either

number line to answer this to multiply the length of the number in the calculation.
question: a truck is 12m long, truck, which is 12m, by 15. Let's partition the number 15 into
and a train is 15 times longer. 10 and 5.
How long is the train?

12x15="7
The first jump
.. starts from zero

120 + 60 = 180

12 x 10

il I | i ‘ ‘ . ‘ ; 5 ; .f ; a . 1 E i
O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180

First, multiply 12 by 10. The Next, we multiply 12 by the 6 The train is 180 m long.
answer is 120. So we jump remaining 5. The answer is
up the number line from 0 t0 120.  60. So we jump up the number
line 60 from 120 to 180.

12 x 15 =180
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Partitioning on a grid t* L

We can also use a grid to help us to partition for -1

multiplication. A grid like this is called an open array. =g~ 7 'tdoesn't matter which
number in g calculation

yqu choose to partition—
[Ust pick whichever is

Let's take another look at 12 x 15, d S g
]2 X ]5 - simpler to work with,

this time using a grid. As before,
we can partition 15 into 10 and 5.

First, draw a rectangle, like this

one, where each side represents
a number in the calculation. We can
draw the grid roughly, without using
a ruler or measuring the sides.

o
.
.
.

We are partitioning 15 into 10 .~

and 5, so we draw a line through 12
the rectangle to show that it has been
partitioned. Label the sides with 12 on
one side, and 5 and 10 on the other.

Now we multiply the sides ...
of each section of the grid.

First, multiply 12 by 10 to get 120.

Write 12 x 10 = 120 in the grid.

ee®
esc”
.....
......
.......
.......
......

Next, multiply 12 by 5 to get 60. TRY IT OUT

Write 12 x 5 = 60 in the grid. L ]
Parfitioning practice

Try using the number line and grid
Finally, we just add the two methods to work out the answers to these
answers together: 120 + 60 = 180 multiplication calculations. Which method
do you prefer?

7 S012 x 15 =180
D35x22=? E)26x12="

12 x 15 =180

We can also partition this calculation without
drawing a grid. We can write it like this:
12x15=(12x10) + (12 x 5) =120 + 60 =180

D17x14=? 16x120="

| Answers on page 319
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The grid method

Knowing your multiplication

: : : iples of 10
We can also use a slightly different version of the open ch!ﬁsho‘f;dy';‘j‘;‘glizser

. . will he
array we saw on page 111. We call it the grid method. ot using the grid method.

As you practice, the grid can become simpler and you
can find the answers to fricky multiplication
calculations faster.

'I Let’s use the grid method to work out 37 x 18. 37 X '| 8 -7
Ry R
First, draw a rectangle and label the sides " Label the
with the numbers in the calculation: sides of a

rectangle with
the numbers
in the
calculation

37 and 18. We can draw the grid roughly, 18
without using a ruler or measuring the sides.

37

Next, we partition 37 and 18 into :

smaller numbers that are easier to 10
calculate with. Let’s split 18 into 10 and 8, 18
and draw a line across the rectangle D
between the two numbers. - 8

Split 18 into;':
10 and 8
......................... 87 T Split 37 into

: 10, 10, 10,
10 10 10 7 g 7

Now we partition 37 into 10, 10, 10,

and 7. Draw lines down the rectangle 10
between each number. Our rectangle now 18
looks like a grid.
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37
10 10 10 7

Next, multiply the number atthetopof 7

each column by the number at the start 10/ 100 | 100 | 100 |70
of each row, and write the product in each 18
box in the grid. :

3| 80 | 80 | 80 156

Multiply the number at the topi:
of the column by the number

at the start of the row Find the total

37 of each row .
10 10 10 7

Finally, we simply add up all the numbers
in the grid row by row and write the total 10l 100 ;_ 100 + 100 470 | = 1370
at the end of each row. We get 370 and 296. 18
Then we can add these numbers together L
using column addition to find the total: 8| 80 + 80 + 80 11 56 | = 296 +
370 + 296 = 666
666

Use column addition to.....-:
add the two numbers together

75037x18=666 37 x18 = 666

----------------------------------------------------------------------------------------------------------------------------------------

Faster grid methods

When we get more confident with multiplication calculations, we can use faster
forms of the grid method. They're like the one we just used, but they have fewer

steps and a simpler grid. Here are two shorter grid methods to work out 37 x18. Draw a
T # simpler grid
30 v 7 " Partition the numbers N simprer g
into fewer chunks
X 30 7
1
10 300 70 =370 1
10 300 70 =370
8 240 56| = 296 + 8 240 56 =296+
666 666
If we partition the numbers in a Once we understand what we're doing,
calculation into fewer, larger chunks, we can draw a quick and simple grid

we don't have to do so many calculations. instead of a box.
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Expanded short
multiplication

When one of the numbers in a multiplication calculation has more than
one digit, it can help to write the numbers out in columns. There's more
than one way to do this. The method shown here, called expanded short

multiplication, is useful when you're multiplying a number with more than
one digit by a single-digit number.

Let’s multiply 423 by 8 using expanded — p)
short multiplication. 423 X 8 ]

Start by writing the two numbers out Th H T PR Write the

like this, with digits that have the 4 9 3v numbers so that
same place values lined up one above the digits with
the other. It might help you to label the X 8 the same place
place values, but you don‘t have to. values are lined

up like this

Now we're going to multiply each Th H T 0 . We're going to

of the digits on the top row by the 4 BN 3 multiply each
number 8 in the bottom row, starting " digit in the top
with the ones. X 8 & row by 8

First, multiply 3 ones by 8 ones. The Th H T o)

answer is 24 ones. Write 24 in the 4 2 3

first answer row.

Write the answer

~" on a line below
2 4 & .
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Next, we multiply the 2 tens by 8 ones. Th H T 0
The answer is 16 tens. This is the same as 4 BB 3
160, so we write 160 on the line beneath 24. <
.. Multiply the
2 4 tens digit by 8
IMRCHE®
Now we multiply the 4 hundreds by Th H T 0
8 ones. The answer is 32 hundreds. 4 3
This is the same as 3,200, so we write T
3,200 on the line below 160. X 8
2 4
N o Pl
Multiply the :
hundreds digit by 8 : SRIZARUNE0
Finally, we just need to add together our Th H T 0
three answers to get the final answer: 4 BN 3
24 +160 + 3,200 = 3,384
X 8
2 4
Add the three ] 6 O
lines in the
answer together. . 5 4+ 3 2 0 O
SRIESER3NI
S0 423 x 8 = 3,384
8 423 x 8 = 3,384
TRY IT OUT
We can use expanded short
Sireteh yoursell
If a single spider has 8 legs, how multiply 8 by 384, with more digits, you'll

many legs do 384 spiders have? need fo add extra rows
to your answer.

All we need to do is multiply
each digit of 384 by 8, then
add the answers together.

Answer on page 319
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Short mu

fiplication

Now we're going to look at another method of short multiplication.
This is quicker than expanded short multiplication (which we looked
at on pages 114-15) because instead of writing the ones, tens, and
hundreds in our answer on separate lines and then adding them

up, we put them all on one line.

Let’s use short multiplication to multiply
736 by 4.

Start by writing the two numbers out

like this, with digits that have the
same place values lined up one above
the other. It might help you to label the
place values, but you don’t have to.

Now we're going to multiply each of the
digits on the top row by the number 4
on the bottom row.

First, multiply 6 ones by 4 ones. The

answer is 24 ones. Write the 4 in the
ones column. The 2 stands for 2 tens, so
we carry it over into the tens column to
add on at the next stage.

736 x4 ="

Th H T 0 .-
7 El6
4
Th H T (0]
/ 3 6\’
4
Th H 2T (0]
1
4 ........

Write the
numbers so that
the digits with
the same place
values are lined
up like this

.. We're going to

multiply each
digit on the top
row by 4

. Multiply 6 ones

by 4 ones

2 tens are carried
into the tens
column
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Next, we multiply 3 tens by 4 ones. Th H T 0
The answer is 12 tens. Add on the 2 tens 1 23 Lo )7 . Multiply 3 tens
we carried over from the ones multiplication / by 4 ones
to make 14 tens. Write the 4 in the tens column, X 4
and carry the 1 to the hundreds column.
4 4 The 2 tens carried
. =" over are added to
"""""" the number in
this column
Now we multiply 7 hundreds by 4 ones. Oy P :
The answer is 28 hundreds. Add on the 5 [ = Multiply
. 7 3 6 7 hundreds
1 hundred we carried over from the tens by 4 ones
multiplication to make 29 hundreds. Write the X 4 4
9 in the hundreds column and the 2 in the
thousands column. B NN 4
A

The 1 hundred carried
is added to the

number in this column........+~ ’

7So736x4=2,944 /36 x4 =2,944

TRY IT OUT

Test your skills @ 295%x8="

Can you use short multiplication

to work out the answers to these

calculations? For the numbers 0 81/ x5="
that have four digits, just add an

extra column to your answer

for the thousands. e 27730x3="7

Once you understand
how to do short
multiplication, ygu can
use it for multiplying any
number with more than
one digit by @ numper
with just oné digit.

O4176 x4="

3

06943 x9=" C

-
Answers on page 319 T

3
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Expanded long
multiplication

When we need to multiply two numbers that both have two or more digits,
we can use a method called long multiplication. There are two main

ways to do it. The method shown here is called expanded long multiplication.
The other method, called long multiplication, is shown on pages 120-23.

Let’s multiply 37 by 16 using expanded

long multiplication. 37 X ] 6 = ?

Start by writing the two numbers out H R O Writ; the o
like this, with digits that have the gy /- numpers so tha

the digits with

same place values lined up one above the same
X place
the other. It might help y0l’J to label the X I e values are lined
place values, but you don’t have fo. up like this
. ; : H T 0
Now we're going to multiply each of We're going to
the digits on the top row by each of 3 7 £ multiply each digit
the c.hgl'(s on the boﬁom.row. We'll start by x i . TP o vow by 6
multiplying all of the digits on the top row
by 6 ones.
First, multiply 7 ones by 6 ones. A OL:" ----------- Multiply 7 ones
The answer is 42 ones. On a new 3 ¥ by 6 ones
line, write 4 in the tens column and 2 1 6
in the ones column. X . Write the answer
4 2( on a line below
Next, multiply 3 tens by 6 ones. H ©
The answer is 18 tens, or 180. <7
On a new line, write 1in the hundreds 6 ------ :
column, 8 in the tens column, and X

Multiply 3 tens

=
3
]

0 in the ones column. 4 by 6 ones
3
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Now we're going to multiply all the H L Y
digits on the top row by 1ten and & ...
continue to write the answers below. '
X i 6
: We're going to
4 9 multiply each
digit in the top
] 8 O row by 1 ten
First, multiply 7 ones by 1 ten. H e 0
The answer is 7 tens, or 70. 3 7<
On another new line, write 7 in the IR ¢ -
tens column and 0 in the ones column. X .
. Multiply 7 ones
4 9 by 1 ten
1 8 0
/7 0
Next, multiply 3 tens by 1 ten. H Y

The answer is 30 tens, or 300, because

.
wel 1 3¢../
we are multiplying 30 by 10. On a new line, =
write 3 in the hundreds column, 0 in the X ] 6 Multioh 3
tens column, and 0 in the ones column. ~. Muitiply 3 tens
4 9 by 1 ten
1 8 O
/7 0
SRS
Now we have multiplied all the digits H T Y
on the top line by all the digits on the 3 7
second line, we add all four lines in our
answer together: X L .. 6 ..........
42 +180 + 70 + 300 = 592 TS ™ ..When we add
4 4 tens, 8 tens,
7 tens, and
So, 37 x 16 = 592 Add the four ] O tens, we get
]0 answers together_ 19 tens, so carry

the 1 into the
hundreds column

N O O ON

8

7

37 x 16 = 592 >+ 810
9
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Long multiplication

Now we're going to look at another method of long

multiplication (which we also looked at on pages 118-19).
It's another way to multiply numbers that have two or more

digits, but this method is faster.

Once you understand how
to do long multiplication,
you can use it for
multiplying two numbers

with any number of digits.

Let’s multiply 86 by 43 using
long multiplication.

Start by writing the two numbers out

like this, with digits that have the
same place values lined up one above
the other. It might help you to label the
place values, but you don’t have to.

Now we're going to multiply each of

the digits on the top row by each of
the digits on the bottom row. Start by
multiplying all the numbers on the top
row by 3 ones.

First, multiply 6 ones by 3 ones.

The answer is 18 ones. On a new line,
write 8 in the ones column. The 1 stands
for 1ten, so we carry it over into the tens
column to add on at the next stage.

Next, multiply 8 tens by 3 ones.

The answer is 24 tens. Add the 1ten
that we carried over from the ones
multiplication to make 25 tens, or 250.
Write the 2 in the hundreds column and
the 5 in the tens column.

86 x 43 ="

Th H T 0 e . Write the
8 6\, numbers so that
the digits with
A . the same place
value are lined
up like this
Th H T 0]
. We're going
8 6\? to muh?ip'ly
A § each digit on
the top row
by 3 ones
Th H T O e Multiply
1 O 6 ones by
A8 6 3 ones
LS 1 carried into
_ 8 the tens
e AT column
- ! T _ -
L Multiply
8 6 8 tens by
4 3 3 ones
2 5 8 . The 1 carried is

" added to the

number put in
this column
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Now we're going to multiply all the Th H : T O e . Multiply 8 tens
digits on the top row by 4 tens and 8 6 E and 6 ones
write the answers on a new line. by 4 tens
X 4
2 B
When we mgl’ﬂp}y by this 4, we're Th H ] o This 4 means
actually multiplying by 40, which is 10 8\’ 6 4t 4
. . . ens or 40
times 4. So first we put a 0 in the ones :
column on a new line as a placeholder. X 4 3
eeree. Puta O on a
2 5 8 \’ new line in the
O ones column
Now multiply 6 ones by 4 tens. N e B 3 - 2’1“’“?’/)’
The answer is 24 tens. Write the 4 r 8 6 b oge;ns
in the tens column and carry the 2 into X N 3 4
the hundreds column to add on at the N .
_______________________ 2 carried into the
next stage. 2 5 8 hundreds column
Next, multiply 8 tens by 4 tens. Th H T o .
The answer is 32 hundreds. B 8(- """"""""""" .. Multiply 8 tens
Add the 2 hundreds that we carried over “ by 4 tens
to make 34 hundreds. Write the 4 X i 3
in the hundreds column and the The 2 carried is
3 in the thousands column. 2 5 8 added to the
number put in
3 4 r 4 o . this column
'lo Now that we’'ve multiplied all the L
digits on the top row by all the

digits on the bottom row, we add the two
lines on our answer together: X
258 + 3,440 = 3,698

The final stage of our
calculation involves

column addition.
Add the two lines in + 3 We looked at this

the answer together. "\ 3 on pages 86-87.

"] S0 86 x 43 = 3,698

86 x 43 = 3,698
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More long
multiplication

When we need to multiply a number that has more than two digits by a
two-digit number, we can also use long multiplication. It may look trickier
with such a large number, but all we need to do is use more steps.

] Let's multiply 7,242 by 23. 7 242 X 23 -

Start by writing the fwo numbers out Hth TTh Th H T 0 We're going to

like this, with digits that have the same 0 B @ multiply each
place values lined up one above the other. p~  digit on the top
Now we're going to multiply each of the X ? 3 .rowby 3 ones

digits on the top row by each of the digits
on the bottom row, starting with the ones.

First, multiply the 2 ones by 3 ones. gin’ Tmh CTh H T o .Multiply
The answer is 6 ones. On a new line, 2 ones by
write 6 in the ones column. 7 2 4 24 3 ones
X 728 =
T — 1 carried into
Next, multiply 4 tens by 3 ones. HTh Tth  Th “H T 0 the hundreds
The answer is 12 tens, or 120. Write 7 1 2 4 2 column
2 in the tens column. The 1 stands for e Multio]
1 hundred, so we carry it over into the X ZF 4 t” tip i’
hundreds column to add on at the 3 ens by
ones
next stage. 2 6
Multiply
. 2 hundreds
Now multiply 2 hundreds by 3 ones. HTh TTh  Th H i 0 by 3
The answer is 6 hundreds. Add the 7 1 2 L4 """"" y 2 ones
1 hundred that we carried over from the The 1 carried
tens multiplication to make 7 hundreds. X 2 is added to

Write the 7 in the hundreds column. the number

3
2 6 put in this

..................... column
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Next, multiply 7 thousands by 3 ones. N i i T """"" e
The answer is 21 thousands. Write 1 L " Multiply
in the thousands column and 2 in the ten /7 2 4 2 7 thousands
thousands column. 2 3 by 3 ones
BB / B2 6
Now we’re going to multiply all the HTh TTh  Th H T 0 This 2 means
digits on the top row by 2 tens and 7 12 o o .2 tens, or 20
write the answers on a new line. When :
we multiply by the 2 tens, we're actually ? < 3 b
multiplying by 20, which is 10 times 2. uta Oona
. . new line in the
So first we put a 0 in the ones column 2880 7/ Bl 6
o e R L e/ . O ones column
on the new line as a placeholder. o)
0
Next, we multiply each of the digits in HTh Tth  Th H T 0
the top row by the 2 tens, in the same 1
’ 6'-
way that we did when we multiplied the 2 QB € Multin] "
top row by 3. The answer on the bottom 2 3 Vuupyeac
L digit on the
line is 144,840.
top row by
2 ] 7 2 6 2 tens
N & T & = @
Now that we've multiplied all the HTh TTh  Th H T 0
digits on the top row by all the digits 7
on the bottom row, we use column
addition to add the two lines in our 2 3
answer together:
21,726 + 144,840 = 166,566 2 ] e & E
Add the
two answers 'I 4 4 8 4 O
together., .
N e B 8 B &

"0 507,242 x 23 = 166,566

7,242 x 23 =166,566
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MU

fiplying decima

We can use long multiplication to multiply decimals.

It might look tricky, but really it's just as simple as
multiplying any other number. All we have to do is
make sure we carefully line up the decimal point in
the answer line with the decimal point in the question.

S

When multiplying with
decimals, it helps to
estimate the answer first,
SO you can see af The end
if you've made a mistake.

'I Let’s multiply 6.3 by 52.

First, write the number with the

decimal number above the whole
number. We don’t need to line up the
numbers according to their place values.
Write a decimal point on a new line,
below the decimal point in the question.

Now we’re going to multiply each of

the digits on the top row by each digit
on the bottom row. Start by multiplying all
the digits by 2.

First, multiply 3 by 2. The answer is 6.
Write 6 in the first column.

Next, multiply 6 by 2. The answer

is 12. Write 2 in the next column to
the left of the decimal point, and 1in the
next column.

We don’t need

oo
6 3 to line up the
5 2 numbers by
place value
. . Line up this
| TR " decimal point
with the one in
the question
6 3 We'll multipl
- We'll multiply
5 2 <" each digit on the
top row by 2
6 3 L. Multiply 3 by 2
ON
6' . Write the 6 here
Lo )
6 . 3 . Multiply 6 by 2
oN =
I . 6
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Now we're going to multiply all the . - Welll "?‘{It'Pl)’
digits on the top row by 5 and write 6\’ 3 each d'g'; og the
the answers on a new line. Write a X 5 ? fop row by
decimal point on this new line, in line
with the other decimal points. ] ? 6

........... Write a
decimal point
on a new line

When we multiply by this 5, we're 6 3 """" .. This 5 means
actually multiplying by 50, which is B 5 tens or 50
10 times 5. So we put a 0 in the first X 5 2

column on the new line as a placeholder.
e, Puta O

6\, on a new line
0 as a placeholder

1 .1 carried into

Now multiply 3 by 5. The answer

is 15. Write the 5 in the column to
the left of the decimal point. Carry the X
1into the next column to add on at the

6
5
next stage. ] 2
5

the next column

... Multiply 3 by 5

Next, multiply 6 by 5. The answer 1 6 L 3 Multiply 6 by 5
is 30. Add the 1 ten carried over )
from the previous step to make 31. Write X S 2
1in the next available column and the 3
in the next column to the left. ] 2 6 L.
. The 1 carried is
R 1 5 . 0 . added to the

................... " number put in

o this column
'l Now that we’ve multiplied each 1

of the digits on the top row by all
of the digits on the bottom row, we add X
the two lines in our answer together:

6 .3
5 2
12.6 + 315.0 = 327.6 I . 6
&, O
//

>+

Add the two lines in
the answer together .....- 3

|| R 6.3 x52=327.6
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The laftice method

There are several ways to do multiplication calculations,
as you have seen. The lattice method, shown here, is very

similar to long multiplication, but we write the numbers out
in a grid instead of columns. We can use the laftice method

for large whole numbers, and numbers with decimals.

The lattice method
can be used for
whole numbers

and decimals.

Let’s multiply 78 by 64 using
the lattice method.

The numbers in our calculation are

both two digits long, so we draw a grid,
or lattice, that is two boxes long and two
boxes tall. Write the numbers in the
calculation along the edges of the lattice.

Now draw a diagonal line through each
box from the top right to the bottom left.
The numbers that we are going to write along

each diagonal will have the same place value.

Next, multiply the digit at the top of
each column by the digit at the end
of each row. When we multiply 7 by 6, the
answer is 42. Write 4 in the top of the box
and 2 in the bottom of the box. We are
separating the product into its tens and ones.

Continue multiplying the numbers at the
top of each column and the end of each
row until all the boxes are filled.

Extend the
diagonal beyond
the edge of the

lattice .

Write the tens

above the line .

Write the ones
below the line

Write the product

in each box .
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7 8 X
Starting from the bottom right
4 /14 ,
corner, add the numbers along 6
each diagonal. The first diagonal has A Write the
just the number 2, so we write 2 at the SN2 3 2 4 Ftotal of the
edge of the diagonal. S 8 2 " diagonal at
, f 2 & the edge
7 8 X
Now add the numbers in the
second diagonal: 8 + 3 + 8 =19. 4 2 4 6
Write 9 at the end of the diagonal and /8 N
carry the 1ten into the next diagonal to yd @00 ] 4
add on ot the nex stage. ]F‘/ 8» . The carried 1
9 ST ten goes here
Keep adding the numbers across each / 8 X
diagonal, until we reach the top left 4 4
corner. We are left with the numbers 412,78
4,9,9, and 2. So, the answer is 4,992. '\ 0 e
Read the answer ...~ 9 ] 8 |/ 2 4

from the top left
to the bottom right S 9 /2

9 So, 78 x 64 = 4,992 /8 x 64 =4,992

........................................................................................................................................

Multiplying decimals using the lattice method

We can use the lattice method to multiply decimals, too.

We just need to find where the decimal points meet. Find where the
...-decimal points meet

Let's multiply 3.59 by 2.8. First, write the 3 .5 9 X Follow the diagonal
two numbers along the edges of the line from this point

lattice, including the decimal points. Work ¥ s 11 I 2 down to the bottom of
through the steps in the same way that we 7 0 8 the lattice and write the
did with the whole numbers above. — o B decimal point between the
y Ay two numbers at the end.
ol /2| 8
Next, look down from the decimal point
at the top and along from the decimal / 2 3.59 x 2.8 =10.052
point at the side and find where they meet 4

T Write the decimal
point here

inside the laffice.
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Division
Division is splitting a number into equal parts, or finding out how

many times one number fits info another number. It doesn't
always work out exactly. Sometimes there's a bit left over.

Division is sharing
something out
equally.

.

==
Division is sharing
‘ ‘ When we divide something, like a number of
‘ ‘ apples, we share it out equally. Each part of a
‘ division calculation has its own special name.
‘ ‘ ‘ There are four
apples in
each basket ...
- ( X
Is means__' | ‘ .
“divide by” ™. ;
v
12 - 3 = 4
Dividend Divisor Quotient
What we divide How many parts How much is in
we divide it into each part
Three robots have come to pick the 12 If we divide, or share out, the 12
ripe apples on this tree. How many apples equally between the 3 robots,
will each robot get? We need to divide! each robot gets 4 apples. S0 12 + 3 =4
® ¢
One more apple ¢ ¢ ©
What happens if there are 13 :.‘ «¢e 6

apples, rather than 12? The 3

robots still get 4 apples each, &

but now there’s 1 left over. We call 00 @
the extra apple the remainder,

and we put an “r” in front of it. ] 3 - 3 - 4 I’]
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Division is the opposite of multiplication 12 apples in

If we know a multiplication fact, we can use it to find a division the barn.....

fact. This is because division is the opposite, or inverse, of
multiplication. We can show this with our robots and apples.

3 robots

The 3 robots are storing 4 apples in :

their apples. Each robot ..a basket &
takes a basket of 4 apples '
and empties it into the barn.
The total number of apples
in the barn is 12, because

4 multiplied by 3 is 12. 4 X 3

0@

The multiplication to store the apples
(4 x 3 =12) is the inverse of the division
we did to share them out (12 + 3 = 4).

The 3 stays where it is, but the other

numbers change places. So if you know

the multiplication, you just rearrange the .

numbers to find the division, and vice versa. 4 X 3 - ] 2 ] 2 o 3 - 4

Division is repeated subtraction

Division is also like taking away one nhumber from
another number again and again. We call this repeated
subtraction. Let's see what happens when our robots
start removing their apples from the barn.

Repeated subtraction is
the inverse of repeate ;
addition, which we looke

at on page 99.

12 12-4=8 8 8§-4=4 4 4 -4
| » ) i | & & | {
e & | &Y | .
s 3T s
EXIXTE | | | |
One robot Takes...--": The second...." The third........ The barn is
her 4 apples out robot removes robot takes now empty.
of the barn. There his 4 apples, leaving the last 4 apples This shows us

are 8 apples left. 4 apples in the barn. out of the barn. that12 +3 =4
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Dividing with multiples
We've already used number lines to add, subtract, and multiply. We can also use

them to see how many times one number (the divisor) fits into another (the dividend).
The division is easier if you jump forward in multiples of the divisor.

2 groups + 2 groups + 2 groups + 2 groups 4+ lgroup = 9 groups

of 3 of 3 of 3 of 3 of of3 ~~

Add up .+
‘ ‘ all the 3s

- | IR N O B I
(@) 6 12 18 24 27 30

Let's calculate 27 + 3. We'll

start at 0 and make jumps
of 2 groups of 3 each time.
Each jump moves us 6 places.

P eSS e PRI R IR ERNNERRERRERER R

What about remainders?

Sometimes our jumps don’t quite reach the target. In cases
like this, we're left with a remainder. Let's see what happens
when we use a number line to divide 44 by 3.

10 groups of 3

R R

If we made bigger jumps,
we could get to the answer
with fewer steps.

Four jumps gets us to 24.

A last jump of 3 takes us to
27. We've jumped 9 groups of 3
in total, so that's the answer.

esscessssessnsne

The bigger the ,, .(.9
multiples, the fewer i

steps you need. -‘
+ 4 groups of 3 =14 groups

ol

10 x3 =30

of 3
4x3 =12

0] 5 10

A first big jump of 10 groups of 3
moves us 30 places. Then a jump of
4 groups of 3 moves us on another 12.

44 -3 =7

15

|
44

20 25 30 35 40 42
Our two jumps have taken us
to 42, but we're 2 places short

of 44. So our remainder is 2.

44 + 3 =14r2

We can't add another .-
group of 3 without
going past our target,

so our remainder is 2
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The division grid
We can take the multiplication grid (see page 106) and use it as a division grid.

The numbers in the middle are the dividends—the numbers we want to divide.
Those along the top and down one side are the divisors and the quotients.

M Let’s use our

J division grid to X 1 ? O JRREL 4 Ep 4 - 7 3 9 10 T 12

calculate 56 +7. e

1 1 2 3 4 5 6 7 8 OBl BION (NN B2
0+7=7 "2 2 4 6 8 10 1214 16 1B 20 22 24
) First, we find 3 3 6 9 12 15 18 pam 24 27 30 33 36
{» the number we
want to divide by. 4 4 8 12 16 20 24 28 32 36 40 44 48
We go along the
top blue row fo 7. 5 5 10 15 20 25 30 35 40 45 50 55 60

............ 6 6 12 18 24730 36 (42| 48 54 60 66 72

" Next, we move ...
% down the 7 column 7
until we find the

7 14 21 28 35 4249 56 63 70 77 84
rumperwewantlo 58 8 16 24 32 40 48 |56/ 64 72 80 88 96
9

divide, which is 56.
18 27 36 45 54 63 72 81 90 99 108

N Finally, we move5:
“" along the row
from 56 until we reach

10 10 20 30 40 50 60 70 80 90 100 7110 120

8 in the blue column 11 N 22 33 44 55 66 77 88 99 110 121 132
on the left. This is the
answer (quotient) to 12 12 24 36 48 60 72 84 96 108 120 132 144

our division calculation.

TRY IT OUT
divisor ) A $72 competition prize
= S0 56 + 7 = 8. Lok for Gridlock! is shared between
o e . either along the top 8 winners. How much does
w" This is the inverse or down the side. Use the grid to each pers.on win?
of 7 x 8 = 56. find the answers '
to these division A bag of 54 marbles is
calculations. shared between 9 children.

56 +7=28

How many does each child get?

Answers on page 319
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Division tables

We can list division facts in tables just like we list multiplication facts in multiplication

CALCULATING » DIVISION TABLES

tables. Division tables are the opposite, or inverse, of multiplication tables. You

can use these tables to help you with division calculations.

O 00 N O G D WON o

d—ld
N oD O

12
16
20
24
28
32
36
40
44
48

1+ table

— e e e e e e e e e e

N N S . T I ~ S ~ S - - -

VO 0O NOUG P WODN

-l
N =0

OV 0O NGOG P ON

-l
N =0

o o BN

10
12
14
16
18
20
22
24

10
15
20
25
30
35
40
45
50
55
60

2= table

N

N NN N DNNNDNDNDNDNDN

OO O 00 O 0 O O OO O OO Oh O

O 0O N O BT & ON o

pe—)
N =0

VO 0O NO UGB &P ON o

-l
N =20

12
15
18
2]
24
27
30
33
36

12
18
24
30
36
42
48
54
60
66
72

|
W W W W W WwWWwWwWwWwwowow
I

3= table

|
w
Il

o OO O OO OOV O~ O~ O O O

OV 0O NO BT &P ON o

pe— )
N =20

VW 0O NOUBT P ODN

pe—
N =0



TRY IT OUT

Tea-party teaser

Use the division tables to help
you answer these tricky

questions.

Answers on page 319

14
21
28
35
42
49
56
63
70
77
34

10
20
30
40
50
60
70
80
90
100
110
120

7= table

~N
]

|
NN N NN N N N NN
I

O 0O NO BT & ON o

)
N =0

0V O NGBV P ON -

-l
N =0
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Imagine you have made 24 sandwiches for a tea party. How many

sandwiches will each person get if there are:

o 2 guests?
o 6 guests?

16
24
32
40
48
56
64
72
30
88
96

1
22
33
44
55
66
77
88
99
10
121
132

8= table

o

O 0O 00 OO0 OO O 0O O 00 00 ©

9 3 guests?
9 8 guests?

0V 0O NP ON o

-l
N =0

O 0O N O B D ODN

-l
N =20

18
27
36
45
54
63
72
81
90
99
108

12
24
36
48
60
72
84
96
108
120
132
144

|
O
Il

|
O O O O O O OV VOV VOV VOV O
1

12+ table

+ 12 =
= 12 =
+ 12 =
=+ 12 =
+ 12 =
=+ 12 =
= 12 =
+ 12 =
=+ 12 =
+ 12 =
+ 12 =
= 12 =

VO 0O NO B P ON o

-l
N =0

OV 0O NG P ODN

-l
N =0

133
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Dividing with factor pairs
You'll remember that a factor pair is two numbers that we multiply together

to get another number (see pages 28 and 101). Factor pairs are just as
useful in division as they are in multiplication.

FACTOR PAIRS OF 12 DIVISION FACTS OF 12
e .. This is the o
1%x12=12 muliplier 1212 =1 The muliplier of
. each factor pair
2 X 6 =-|2 ]2 = 6 =2 is now the divisor
3x4=12 12+4 =3
4x3=12 12+3 =4
6x2=12 12+2 =6
12x1=12 12+1 =12
9 These are all the factor pairs of 12. The If we divide 12 by one of the numbers from a
inverse of each multiplication fact is a 4% factor pair, then the answer will be the other
division fact of 12. The multiplier of the factor number in the pair. For example, 12 + 3 must be 4,
pair becomes the divisor in the division fact. because 3 and 4 are a factor pair of 12.
Factor pairs and multiples of 10 A i
You can also use factor pairs when you're dividing with numbers
that are multiples of 10. The only thing that's different is the zeros—
all the other digits are the same. Here are some examples. )
30
120+ 30 =" 120+ 60 =" 150 +50="
| Lef'slook at 120 + 30. The answer g% What about 120 + 607? Since #) This is also true of other multiples
is 4. You know that 3 and 4 are a 4 6 and 2 are a factor pair of %' of 10. For example, 5 and 3 are a
factor pair of 12, so 30 and 4 must 12, 60 and 2 must be a factor pair factor pair of 15, because 5 x 3 = 15.

be a factor pair of 120. of 120. So the answer is 2. So the answer to 150 + 50 must be 3.
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Checking for divisibi

135

11

A simple calculation or an observation about a number will often tell you
whether or not it can be divided exactly (without a remainder) by a whole
number. The checks in the table below will help you with your division.

A number is
divisible by

2

v 600 o0 O» b W

10
12

If...

If the last digit is an even number

If the sum of all its digits is divisible by 3

If the number formed by the last two digits
is divisible by 4

If the last digit is 0 or 5

If the number is even and the sum of all its
digits is divisible by 3

If the number formed by the last three
digits is divisible by 8

If the sum of the digits is divisible by 9

If the last digit is 0

If the number is divisible by 3 and 4

Examples

8,12, 56,134, 5,000 are all
divisible by 2

18
1+8=9 (9+3=23)

732
32 + 4 = 8 (we can divide 32 by 4 without
a remainder, so 732 is divisible by 4)

10, 25, 90, 835, 1,260 are all
divisible by 5

3,426
3+4+2+6=15 (15+3=5)

75,160
160 + 8 = 20 (we can divide 160 by 8 without
a remainder, so 75,160 is divisible by 8)

6,831
6+8+3+1=18 (18+9=2)

10, 30, 150, 490, 10,000 are all
divisible by 10

156
156 + 3 =52 and 156 + 4 = 39 (since 156 is
divisible by 3 and 4, it's also divisible by 12)
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Dividing by 10, 100,
and 1,000

Dividing by 10 is simple: you just shift the digits one place to
the right on a place-value grid. By shifting the digits farther
to the right, you can also divide by 100 and 1,000.

We can divide a
number by 10, 100,
or 1,000 just by
changing the place

value of its digits.

Dividing by 10 Th H T 0 T
To test this method, let’s divide 6,452 6 4 5 9
by 10. When we divide by 10, each digit \\% R L
becomes 10 times smaller. To show this, 6 1%4 %5 %2
we move each digit one place to the right. Each digit
This shows that 6,452 + 10 = 645.2 F.. shifts one place
............... to the right
Dividing by 100 i H i 0 e
Now let’s try dividing 6,452 by 100. 2 B 2
When we divide by 100, each digit N
becomes 100 times smaller. To show this, SR O NA SNA S
we move each digit two places to the right. 6 4.5 2
S0 6,452 + 100 = 64.52 S Each digit shifts
two places right
Dividing by 1000 Th H T o — e
Finally, we'll divide 6,452 by 1,000. When 6 4 2
we divide by 1,000, each digit becomes 1,000 ~— = M
times smaller. To show this, we move each T~—a o b
digit three places to the right. This means 6 .4 5 2
that 6,452 + 1,000 = 6.452. R Each digit shifts
three places right
TRY IT OUT
o A factory owner shares $182,540 among 1,000
FCICTOI’y work workers. How much does each worker get? EEEEE
Can you use the “shift to the
right” method to find the 9 The factory made 455,700 cars this year.
answers to these questions? That's 100 times more cors‘fh.on it made =
50 years ago. How many cars did it make then? . -Tw -

Answers on page 319
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Dividing by mu
of 10

If your divisor (the number you're dividing by) is a multiple of 10,
you can split the calculation into two easier steps. For example,
instead of dividing by 50, you divide first by 10 and then by 5.

137

fipl

I p eS To split up a multiple
of 10 for this kind of
division, break 1he'
multiple info 10 and its

other factor.

/

0@
=
o

| This calculation asks how many times 30
fits into 6,900. Although we're dividing a
big number, it's not as difficult as it looks.

# Since 30 is a multiple of 10, we can split
&% the division. Dividing in stages by 10 and
3 is easier than dividing by 30 all at once.

@) First we divide 6,900 by 10. See page
¥ 136 (opposite) if you need help with this.
The answer is 690.

M Next, we divide 690 by 3.
® The answer is 230.

5 506,900 + 30 = 230

TRY IT OUT

Mind-boggling multiples
The divisors in these questions

are multiples of 10. Split up the
multiples, then find the answers.

A class of 20 children has to deliver 860 leaflets &8
to advertise the school craft fair. If they share the
work equally, how many leaflets should each child take?

Answers on page 319

The children also make some bead bracelets to
sell at the fair. Each bracelet contains 40 beads.
How many bracelets do they make with 1,800 beads?

6,900 + 30 ="

6,900 + 10 + 3

“....Stage "'-...Stage

one two

6,900 + 10 = 690

690 =+ 3 = 230

6,900 + 30 =230
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Partitioning for division

When you're dividing a number with two or more digits, it helps to
break that number down, or partition it, info smaller numbers that
are easier to work with.

How to partition ‘
The first step in partitioning for division is fo break the number we're dividing  Break up 147__,.--"'

(the dividend) into two smaller numbers. It's often a good idea to break the into easy-to-
dividend into a multiple of 10 and another number. Then we divide each divide parts
of these two numbers by the number we're dividing by (the divisor).
Finally, we add our two answers (or quotients) to get the final answer.
Let’s divide 147 by 7 using . -7
partitioning. ]47 . 7 -
147
We're going to partton. & &
147 into 140 and 7. 7 Divide the two
-I 40 7 - parts separately
First, we divide 140 by 7. We
know from the multiplication
table for 7 that 7 x 10 = 70, so
7 x 20 = 140. This tells us that . _
Now we divide 7 by 7. That's 7 =7 =1

easy! The answer is 1.

Now we simply add up
the answers we got

from dividing the parts _ L
separately: 20 + 1= 21 20+ 1=21

""""" .. Add up the two
quotients to give
you the answer

650,147+7=21 ]47+7:2'|
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Including remainders

Sometimes, dividing by partitioning leaves us with
remainders. But the method we've just seen still
works—we simply have to include the remainders
when we add up our answers (or quotients) at the end.

Imagine you're going on vacation in 291 days 29] . 7 S
and you want to know how many weeks you . -
have to wait until the vacation begins. You know

there are 7 days in a week, so you need to divide 29]
291 by 7 to find out the number of weeks. I I

Since we know from the multiplication 280 11
table for 7 that 7 x 4 = 28, we also know

that 7 x 40 = 280, which is very close to, but not

more than, the dividend (291). Let’s partition 291

info 280 and 11.

Since we know that 7 x 40 = 280, we also 280 - 7 = 40
know that 280 = 7 = 40

Now we divide 11 by 7. The answer N=7=1r4
is 1 remainder 4.

Adding up our quotients and

including the remainder gives 40+ 1rd =41r4
the final answer 41 r4.

650291+7=41r4 201 =7 =41r4

Remember, we're counting in
weeks, so we can also write the
answer as 41 weeks and 4 days.
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Expanded short division

Short division is a method we use when the number we are dividing by (the
divisor) has only one digit. To make the calculation easier, we use expanded
short division. In this method, we subtract multiples, or “chunks,” of the divisor.

To try out expanded short division, . —_
let's divide 156 by 7. ] 5 6 . 7 - ?
First, we write the number we want H T 0. - :0;’ may Iﬁ Za; 'th
to divide (the dividend). In this case, \, """ Li : f/(;/:ese the
it's 156. We draw a division bracket (like a 7 1 5 6 . P
tipped-over “L”) around it. We put the divisor, ..
7, outside the bracket, to the left of 156. : ZZZ{'::

We write down

Now we're ready to begin dividing. H i © how many 7s
Expanded short division is just like . we've taken away

repeated subtraction, but instead of I ] :

p 7[v75 6

taking away 7 repeatedly, we subtract

much bigger chunks of the number each - 7 O (7 X ]O)

time. To start, we'll take away 70, which is

10 groups of 7. So, we subtract 70 from 8 6

156, which leaves 86. Draw a line and write

it ,

e " what's left over here,
making sure you keep
the place values lined up

H T 0

We have 86 left over, so we can
subtract another chunk of 70 from

it. That leaves 16. We've now subtracted
20 groups of 7 from 156. / I ] 5 6
B /7 0 (7x10)
fxpanded short division u§eS 8 6
repeated <ubtraction, which
we looked at on page 129. — i (o (7 X ]O)
L A
] 6 “.. Record another

_ =
86 -70=16. ten groups of 7
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o

Now we have only 16 left from our H
original dividend of 156. That number
is too small to subtract another 70, so we I
need to find the largest number of 7s we / ]

can take away from 16. The answer is 2,
of course, since 7 x2 =14

6
0 (7x10)

Next, we take away 14 from 16. That —

~N OO0 |~ On

6
0 (7x10)

leaves us with 2. We can’t take any
more 7s away from 2, so we’ve come to
the end of our subtractions. The left-over
2 is the remainder. —

—

This is the

remainder

The last step is to add up how many
7s we've taken away. That's why we

AN
2 . Keep writing
down the
number of 7s
0 e . Put the total
) number o
2 12 '

7s here

wrote them down beside our calculation
as we went along. S0 10 + 10 + 2 = 22 /
groups of 7. Write 22 above the bracket,
then put “r2” beside it to show that 7

0 (7x10)

doesn’t go into 156 exactly.

N OO ~d O I N0 =

6
0 (7x10)

8 S0,156 +7=22r2

6
4 (7x2_)

2 29

156 + 7 =22r2

A

Add up how many 7s we've subtracted

TRY IT OUT
Stretch yourself D19 +6="
Try using expanded short division ?oogr% ;:kc’:f“;.c“r‘g

to do these division calculations.
€ 234 -5="

Answers on page 319

v er
If you work with bigge
ch\{mks, you'll be able to
do the division with fewer

ions,
subtractions; |
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Short division

Short division is another method for working out division
calculations on paper when the divisor is a single-digit number.
Compared with expanded short division (see pages 140-41), you
have to do more calculation in your head and less writing down.

Let’s divide 156 by 7 using . _
short division. ]5 6 -~ 7 — ?

Write out the calculation

like this. Use place value
columns if it
7 | '| 5 6 helps you
Now we're going to divide H | O
each of the digits in the T — Begin by
dividend, 156, by 7. We'll start | = dividing the
with the first digit, which is 1. / F 5B 6 first digit
of 156 by 7
Since 1 can’t be divided by 7, we H . O
write nothing over the 1 above the e, _Carry the
division bracket. We carry over this 1 | TE 1 hundred
into the tens column. This carried over / ] 5 6 over to the
1 stands for 1 hundred, which is the tens column

same as 10 fens.

Remember, the number
being divided is the '
dividend, and the number if n)

is divided by is the divisor. T

.
~»

>
o=l
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the answer

Because we carried over the 1 from H T 0

the hundreds column, we don't divide 2 ------------------------- _The 10 tens
5 by 7—instead, we divide 15 by 7. We TE— carried over, plus
know that 7 x 2 = 14, so there are two 7s 7 -I 5 6 5 tens, gives you
in 15 with 1 left over. Write the 2 above the 15 tens
division bracket in the tens column, and
carry over the remaining 1to the ones
column. This 1 stands for 1 ten, or 10 ones.

Now look at the ones column. G I L

Because we carried over the 1 from 2B + White the
the tens column, we divide 16 by 7. ] 1 remainder
There are two 7s in 16 with 2 left over. / | 1 '5 76 as part of

Write the 2 above the division bracket
in the ones column, and write the

remainder next to it.
. The 10 ones carried

over, plus 6 ones, gives
you 16 ones, or 16

7156+7=22r2. 156 =7 =227r2

TRY IT OUT

. In the pink group, there
Test your skills are 279 screws, and Glob

Glob has been busy sorting out screws into piles of different colors. needs fo divide these info

Now she needs to divide each pile into groups, ready for use. Can groups of 9.
you use short division to help her work out how many groups she
can make with each pile? There are 286 blue
screws, and she needs
groups of 4.

There are 584 yellow
screws, and she needs
groups of 6.

There are 193 green
screws, and she needs
groups of 7.

Answers on page 319
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Expanded long division

When the number we are dividing by (the divisor) has more than one digit, we use
a method of calculation called long division. Here, we look at expanded long
division. There’s also a shorter version just called long division (see pages 146-47).

To see what expanded long division

is like, we'll divide 4,728 by 34. 4728 ~34="

Th H T o)

™ Before we begin dividing, we write r
down the number we want to - You may find it
divide, the dividend, which is 4,728. useful to label
Then we draw a division bracket 34 I & / B 8 the columns to
around it. We put the divisor, 34, show place values

outside the bracket, to the left of 4,728.

We write down

iz a U e how many 34s

# Now we're all set to start dividing.

Just as we did with expanded short we subtracted
division, we’'ll take away big chunks of the
number each time. The easiest big chunk 34 I ‘RN R v
to take away is 100 groups of 34, which is
3,400. When we subtract 3,400 from - 3 4 0 0 (34x100)
4,728, we're left with 1,328. We write the . .
number of 34s on the right. ] 3 2 8,- Draw a line and write

what's left over here,
keeping digits with
the same place values

lined

We can’t subtract another 3,400 Uf H ! © e

from 1,328, so we’ll need to use a
smaller chunk. Fifty groups of 34 would
be 1,700. Forty groups would be 1,360. 34 | gy / . S
Both numbers are too large. What _
about 30 groups of 34? That gives us 3400 (34 X ]OO)
1,020. Let’s subtract 1,020 from 1,328, ] 8 P2 B
which leaves us with 308.

= k2 i (3{!\ x 30)
1,328 - 1,020 = 308 -1 3 O 8 .."'--..Record another

......................... 30 groups of 34
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We have 308 left from our original

dividend of 4,728. That's not quite
enough to take away a chunk of 10
34s, which would be 340. But we can
subtract nine 34s, which is 306.

When we take away 306 from 308,

we're left with 2. We can’t take any
more 34s away, so that's the end of our
subtractions. The 2 is our remainder.

There is a remainder of 2.

Finally, let's add up how many 34s

we took away, which we listed
beside our calculation as we went along.
So, 100 + 30 + 9 =139 groups of 34. Write
139 above the bracket, then put “r2”
beside it to show that 34 goes into 4,728
139 times with a remainder of 2.

The bigger the chunks
you work with, the
subtractions 'fhe:e orpe.

fewer

8 S04,728 + 34 =139r2

TRY IT OUT

A fishy problem!

A fisherman catches 6,495 fish. He sells them
to 43 fish shops, giving each shop the same
amount. Any fish left over he gives to his cats.

Answers on page 319

Th

o

34 | 4

F.

W WO Wb |—rT

OCOINN ON|W-

ON OO |O 00O 00 |vo

N

Add up how many 34s we've subtracted

Keep writing down
the number of 34s
we've subtracted

(34 x 100)
(34 x 30)

(34 x 9] o

" Write the
total number
r2 of 34s here

(34 x 100)
(34 x 30)

(34 x 9) +

4,728 + 34 =139 12

o Can you use expanded long division to
work out how many fish each shop gets?

9 How many are left for the cats?

-
b,
]

=
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Long division

In expanded long division (see pages 144-45), we divide by subtracting
multiples of the divisor in chunks. Long division is a different method, in which
we divide each digit of the number we're dividing (the dividend) in turn.

To see how long division works,
we’'ll divide 4,728 by 34.

We start by writing the number we

want to divide, which is 4,728. Then
we draw a division bracket around it. We
put the divisor, 34, outside the bracket,
immediately to the left of 4,728.

Now we try to divide the first digit of

the dividend by 34. 34 won't go into 4,
so we look to the next digit and divide 47
by 34. The answer is 1. Write 1 above the
bracket, over the 7. Write 34 beneath 47.
Subtract 34 from 47 to find the remainder,
which is 13. Write this in at the bottom.

We now bring down the next digit

in the dividend to sit next fo the 13
we just wrote down, to change the
number 13 into 132.

sion calculations follow
tern: divide, subtract,
carry dOWnﬂ.

Long divi
this pat

4,728 + 34 ="

Th H T OI“
3414 7 2 8
I
]
3414 7 2 8
-8 a
i E R
Th H T (0]
]
3414 7 2 8
-Hl1 B
N 3 G

You may find it
useful to label the
columns to show
the place values

.. Write down

how many 34s
go into 47 here

.Draw a line and

write the total of
the subtraction
beneath it

.When bringing
';"down the next
7 digit, keep it in

its place-value
column
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Now divide 132 by 34. Let’s split 34
into tens and ones (30 and 4) to
make this easier. We know that 30 x 3
is90,and 4 x 3is 12, so 3 x 34 =102.
Write a 3 on the bracket above the
2. Write 102 beneath 132. Subtract
102 from 132 to find the remainder,
which is 30.

Once again, bring down the next

digit in the dividend to sit next to
the 30 we just wrote down, to change
the number 30 into 308.

Now divide 308 by 34. We know

that 3 x 9 = 27, so 30 x 9 must be
270. We also know 9 x 4 = 36. And 270
+ 36 = 306. S0, 9 x 34 is 306. Write the
9 above the bracket, over the 8. This
represents 9 x 34. Write 306 beneath
308, then subtract 306 from 308. The
remainder is 2. Write the remainder into
the answer on the bracket.

8 S04,728 + 34 =139 r2

" B2
-l 3 L .. Write down how
many 34s go into
3414 7 2 8  iizhe
-El1 N
'I 3 2 E_ ------------ --.'... Subtract 102
rom 132
= k1 f
3 O e .. Write the answer
of the subtraction
at the bottom
Th H T (0]
1 3
3414 7 2 8
Bring down the 8
B 3 4 L I to sit next to the
result of the
] 3 2 l : subtraction
= [ '
3 0 8¢«
Th H T (0]
1 3 9 r2«
34(a 7 2 8 »
Write the
- 3 4 l I remainder into
the answer
] 3 2 above the
_ '| O 2 division bracket
o R
— § B ©
2

4,728 = 34 =139 r2
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Converting remainders

We can convert the remainder in the answer to a division
calculation into either a decimal or a fraction.

When you write your
answer above the
division bracket, line
up the decimal poirﬁ
with the decimal point

Converting remainders into decimals

If the answer to a division calculation has a remainder, we can convert
that into a decimal by simply adding a decimal point to the dividend

and continuing with the calculation.

Let’s divide 75 by 6 using expanded
short division and convert the
remainder into a decimal.

Start by writing out the
calculation like this.

First, divide the first digit in the dividend,

7, by 6. Since 6 can go into 7 only once,
write 1 above the 7 on the division bracket,
in the tens column. Write the 6 beneath the
7, then subtract this 6 from 7 to get your
remainder, which is 1.

Now we move on to the second digit

in the dividend which is 5. Bring this
down to sit next to the 1 at the bottom of
the calculation. Divide 15 by 6. We know
6 x 2 =12, so write 2 on the division
bracket in the ones column. Write 12
beneath 15 and subtract 12 from 15. The
answer is 3. This is the remainder.

below the bracket.

-----

Label the

columns to
show place
values

Write down how

many 6s you've
subtracted from 7

. Draw a line and write
* what's left over here,

keeping the place
values lined up

. Bring down the 5
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To turn this remainder 3 into a decimal, T 0 - .
continue calculating. Place a decimal point ] 2 § quce a decimal
at the end of the dividend and put a zero next to e o Zomt hm}’,
it. Add another decimal point above the division 6 | 7 5 - O Ore,:e:: dt t;e
bracket, with a tenths column to the right. Bring - 6 tenths columns
down the new zero in the dividend to sit by the
remainder 3. Now divide 30 by 6. We know that 1 5
6 x 5 = 30, so the answer is 5. Write this on the
division bracket in the tenths column. ] 2

Since there’s no remainder, we can end . _
our calculation here. So 75 + 6 =12.5 75 . 6 ] 25

---------------------------------------------------------------------------------------------------------------

. . . . is the
Converting remainders into fractions The numerator is
. N o fop number in @
It's simple to convert remainders into fractions. First, we fraction. The
carry out the division calculation. To turn the remainder into denominator is the
a fraction, we simply write the remainder as the numerator one below.

X

3

in the fraction and the divisor as the denominator.

Here, expanded short division has
been used to divide 20 by 8. The 2 r4d

answer is 2 r4. Ii P
PR > 8 2 O e Use the

remainder as
- ] 6 the numerator
in the fraction

Use the divisor as the' 4

denominator in the fraction

So, the remainder is 4/s. We know that rd — 4 _ 2 _ 1
4/g is the same as 2/4, which is the same - 8 T 4 T 2

as 1/2, so we can use the fraction 1/2 instead.
So 20 + 8 = 21/2. We can tell that our 20 - 8 — 2 %

remainder is correct, because we know
that half of 8 is 4, so a remainder of 4 can be
written as /2.
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Dividing with decimals

Dividing a number by a decimal number or dividing a decimal number is
simple if you know how to divide whole numbers and how to multiply
numbers by multiples of 10 (see pages 108-109).

. widend and
. . qs . ltioly both the divi :
Dividing by a decimal '\gf‘ivis‘;:’by 10 until the decimal
When a divisor (the number you're dividing by) is a decimal number you're working with
number, first multiply it by 10 as many times as it takes to give becomes @ whole number.

you a whole number. You also have to multiply the dividend (the
number being divided) by 10 the same number of times. Then . b
do the division calculation and the answer will be the same =t )
as it would if you did the calculation without multiplying first.

.‘\ f.

H Let's divide 536 by 0.8 53 6 - O 8 — ’P

) First, multiply both the divisor and the 536 X '|O — 5360
4% dividend by 10. So 536 becomes 5,360

and 0.8 becomes 8.

08 x 10 = 8
#3 Now carry out a division Th 3 [ 9
% calculation. We can see from the 6 7 O
completed calculation shown here that ~
5,360 < 8 = 670 815 3 6 0 "~ You'
........ ou'll need four
- 8 place-value
i columns for this
5 6 calculation

4 soneanswerte 536 = (0.8 =670 and 5,360 + 8 =670

5,360 + 8is 670.
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Dividing a decimal

If it is the dividend (the number being divided) that is the decimal number,
simply carry out the calculation as you would if there were no decimal
point there. Make sure you write the decimal point into the answer in the
correct place—directly above the one in the dividend.

1 Let's divide 1.24 by 4. 124 - 4 =7

3al—
5]
IS)

Because the divisor (the number we are dividing You'll need place

by) is greater than the dividend, we know the m "".value b
answer will be less than 1. Write out the calculation for decimal
with a division bracket. Now we can begin calculating. 4 | ] 2 4 places

Since 4 won't go into 1, write a zero on the 0 v o

division bracket above the 1 and a decimal point O 3
next to it. Now we look to the next digit in the dividend Keep the decimal
and divide 12 by 4. We know that 4 x 3 =12, so we 4 I ] ' i oi:ts lined u
write the 3 on the bracket above the 2, after the - B r2 ---------------- ' Zetween the 0’:'65
decimal point. Write the 1.2 beneath the 1.2 in the - and tenths
dividend. Subtract 1.2 from 1.2, which gives us 0. 0 columns

(=]

Now carry down the final digit in
the dividend, which is 4, to sit next
to the 0 at the bottom of the calculation. 4 |

.Bring down the
74 to the bottom
of the calculation

—_— OO

OIN DN |Wa-

Next, divide 4 by 4. The answer is 1. Write

1 on the division bracket above the 4 in
the hundredths column. There’s no remainder,
so the calculation ends at this point. 4 l

.Divide 4 by 4

— — | O o

OIN DN |Wa-
D
3

6 S01.24 + 4 = 0.3] 124 = 4 =(0.3]
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The order of operations

Some calculations are more complex than just two numbers with one
operation. Sometimes we need to do calculations that include several
different operations. It's very important that we know which order to do

them in so that we get the answer right.

PEMDAS

We can remember the order in which we should do calculations by learning the word “PEMDAS”
(or the phrase “Please excuse my dear Aunt Sally”). It stands for parentheses, exponents,
multiplication, division, addition, and subtraction. We should always perform calculations

in this order, even if they are ordered differently when the calculation is written down.

 4x(2+3)=20
Parentheses
Look at this calculation. Two of the numbers
are inside a pair of parentheses. Parentheses
tell us that we must work out that part first.
So, first we must find the sum of 2 + 3, then
multiply 4 by that sum to find the total.

6+4x2=14

Multiplication

We work out multiplication and division
calculations next. In this example, even
though the multiplication is written after
the addition, we multiply first. So, 4 x 2 = 8
andthen 6 + 8 =14

Addition

Finally, we do any addition and
subtraction calculations. Look at this
calculation. We know that we do division
before addition, s0: 9 =3 +12=3+12=15

54+42x32=23

Exponents

Powers or square roots are known
as exponents. We looked at these types of
numbers on pages 36-39. We work these out
after parentheses. Here, we first work out 32 is
9,then 2 x 9 =18, and finally add 5 to get 23.

3x8+2=12
Division
Division and multiplication are of
equal importance, so we work them out
from left to right through a calculation.

Look at this example. We multiply first,
then divide: 3 x 8 +2=24+2=12

Subtraction

Addition and subtraction are of equal
importance, like multiplication and division.
In this example, first we subtract, then we
add:10-3+4=7+4=11
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Using PEMDAS

If you can remember PEMDAS, even
calculations that look really tough are
straightforward.

'l Let's try this tricky calculation.

We know that we need to work out the
parentheses first, so we need to add
4 and 3, which equals 7. We can now write
the calculation as: 17 -7 x 2 + 36

There are no exponents in this calculation,
so we multiply next: 7 x 2 = 14. So, now we
can write the calculation as: 17 - 14 + 36

Now we can work from left to right and
work out the addition and subtraction
calculations one by one. Subtracting 14 from 17

gives 3. Finally we add 36 to 3 to give 39.

5 S0,17-(4+3)x2+36=239

TRY IT OUT

Follow the order ©12+16-4+3x7)=?

Now it's up to you.
Use the order of
operations and see

if you can work out 042—5—(12+4)+9=?

the correct answers
to these calculations.

O6x9+13-22+1="?

Answers on page 319

U724 +3)x 2536 ="

17-7%x2+36="

17-14+36="

3+36=239

17-4+3)x2+36=239

PEMDAS stands for:
Parentheses
Exponents
Multiplication
Division
Addition

Subtraction

-----
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Arithmetic laws

Whenever we're calculating, it helps to remember three basic T

rules called the arithmetic laws. These are especially useful
when we're working on a calculation with several parts.

The commutative law

When we add or multiply two numbers,

it doesn’t matter which order we do it

in—the answer will be the same. This

. . +
is called the commutative law.

7 Addition

Look at these fish. Adding 6 to 5 _
gives 11 fish. Adding 5 to 6 also gives S+6=1
11 fish. We can add numbers in any
order and still get the same total.

I
+

6+5=11

3 fish 2 times, 2 fish 3 times, Y. ol S,
or3x2..... or2 x3 Caa e (‘\/C;Q

# Multiplication ¥ B n N '
4% Here we have 3 fish 2 times, giving oD oBae oPas eDal» oDl
a total of 6 fish. If we have 2 fish 3 times, i i N
we also have a total of 6 fish. It doesn't Cf_ Cf\c\ r\:@ [o CSQ_“-‘» C(\
matter what order we multiply the g ‘ ”
numbers, the product is the same. I3x2=6 2%3 =6
The associative law = addition
When we add or multiply ¢ The associative law helps us add 136 + 47
three or more numbers, together tricky numbers, like 136 + 47.
the way we group the
numbers doe.sr‘ﬁ affect We can parﬁ'rion.47 into 4Q +7. 136 + (40 + 7) =183
the result. This is the &% If we work out this calculation,
associative law. the answer is 183.

#) We can move the brackets to make
%' the calculation simpler. Adding 136
and 40 first, then the 7, also gives 183.

(136 + 40) + 7 =183
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The distributive law

Multiplying a number by some numbers ‘At/)he”ko' caleulation has numbers in
added together will give the same answer br. Orci;e:f’ work out the part in the
as mulfiplying each number separately. s first. We looked at the order

of i
We call this the distributive law. Operations on pages 152-53.

Let's see how the distributive law _"
' can help us to find 3 x 14. 3 X ]4 -

It's quite a hard calculation if we don't -9
X =
know our multiplication tables for 3 all the 3 (]O + 4)
way to 14, so let’s split 14 into 10 + 4, which is
easier to work with.

Next, we can make the calculation simpler -7
' to work out by distributing the number 3 (3 X ]O) + (3 X 4) )

to each of the numbers in the brackets.

Now we can solve the two brackets before -
adding them together: 30 +12 =42
(3x10)+(83x4)=30+12=42

So, by breaking 14 into simpler numbers -
and distributing the 3 between them, 3x14=42
we've found that 3 x 14 = 42

Multiplication
The associative law is also helpful when we 6x15="7
need to multiply by a tricky number, like 6 x 15.

We can break 15 into its factors 5 and 3. If we —
then work out this calculation, the answer is 90. 6 X (5 X 3) - 90

The associative law allows us to move the —
brackets to make it easier. If we find 6 x 5 (6 X 5) X 3 - 90
before multiplying by 3, the answer is still 90.
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Using a calculator

Always double-check

A calculator is a machine that can help us work out the your answer wher‘\ zou

i Qi are using a calculator,
answers to calculations. It's important that we know how  orauseifs easy fo make
to do calculations in our heads and with written methods, o mistake by accidentally

i i : i wrong keys.
but sometimes using a calculator can make calculating pressing fhe

quicker and easier.

Calculator keys

Most calculators have the same basic keys,
just like this one. To use a calculator, we simply
type in the calculation we want to work out,
then press the [=] key.

The display shows
the numbers that
have been typed

in or the answer

ON and CLEAR key
This is the key we press to turn the
calculator on or to clear the display,

taking the value displayed back to zero. ... e ‘ - v
2 \MC) [ MR) (M- Mt

Number keys . v Wi
The main part of the calculator’s . D ' | X J~

keypad are the numbers 0 t0 9.

We use these keys to enter the ) \/\)
numbers in a calculation.... | o ¢

| ) (0
Decimal point key ' ' ' . AD(
+

........
cen
e

We press this key if we are calculating with ... | e,
a decimal number. To enter 4.9, we press [4], l.(.l. A -
\ —— ..

then the decimal point [.], followed by [9]. .. sl e RN
Negative key Arithmetic keys ..
This key changes a positive number - All calculators have keys for adding [+],
info a negative number, or a negative subtracting [-], multiplying [x], and dividing [+].
number into a positive number. If we wanted to calculate 14 x 27, we would

press (1], [4], [x], (2], [7], then [=].
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TRY IT OUT

Calculator questions

Now that you know all of the important

keys on the calculator and how to use them,
see if you can work out the answers to these
questions using a calculator.

Answers on page 319

? Memory keys

. & Sometimes it can be useful to get a
calculator to remember an answer, so that we

can come back to it later. [M+] adds a number
to the calculator’s memory and [M-] removes
that number. [MR] uses the number that is
stored in the memory without us needing

to key it in, and [MC] clears the memory.

' Square root key

. & This key tells us the square root
of a number. We use this in more

advanced mathematics.

) Percentage key
%" The [%] key can be used to work

" out percentages. It works a little

differently on some calculators
compared with others.

() Equals key
¢ This key is the “equals” key. When we

'. have entered a calculation on the keypad—

for example, 14 x 27—we press [=] to reveal
the answer on the calculator’s display.

@ 983+528=" )39x64="
€)761-492=" @) 697 -41="7

© -53+21="

Estimating answers

When you use a calculator, it's easy to make
mistakes by pressing the wrong keys. One way
you can make sure your answer is right is to
estimate what the answer should be. We looked
at estimating on pages 24-25.

307 x49 ="

Let’s estimate the answer to 307 x 49

300 x 50 ="

) It's quite tricky to work out in our heads so we
4% can round the numbers up or down. Round
307 down to 300, and round 49 up to 50.

300 x 50 =15,000

2 300 x 50 gives the answer 15,000, so the
%' answer to 307 x 49 will be close to 15,000.

7 If we used the calculator to find 307 x 49
“" and got the answer 1,813, then we would
know it's incorrect and that we missed a number
when keying it in. This is because estimating told
us that the answer should be close to 15,000.

0 40% of 600 =

157
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Length T

Length is the distance between two points. We can measure
distances in metric units called millimeters (mm), centimeters (cm),

meters (m), and kilometers (km).

Meters and kilometers
We can use lots of different

words to describe lengths,
but they all mean the distance

between two points.
EEEEEREEREN
EENEEEEREAER
EENEEEEEEER
EEEEEEEEEN
Height means how ==========
far something is

from the ground. But EEERRREEER

it's really no different
from length, so we
measure it in the same
units. This tall building
has a height of 700 m.

EEEEREREER

EREEEEEEER

EEERREREEER
The width of SNNENENEER

L EEEEEEEEEN

something is @ 1|

measure of how far it = .-I-

is from side to side. It's Ll

also a type of length.

The width of this

building is 250 m.

HEIGHT -

T 5 WIDTH

Another unit of
length is the
kilometer. There are
1,000 m in Tkm.
The helicopter is flying
at a height of 1Tkm.

We can convert the

height of the
helicopter info meters
by multiplying by 1000.
So, the helicopter is
1,000 m off the ground.

Another word we

use for length is
“distance,” which
means how far one
place is from another.
Long distances are
measured in kilometers.
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Length, width, height,
and distance are
all measured using
the same units.

Centimeters and millimeters There are 100cm in 1Tm

Meters and kilometers are great for and 10mm in Tcm.
measuring big things but less useful for

measuring things that are much smaller. _

We can use units called centimeters and Take a look at this dog.
millimeters to measure shorter lengths. It's 60.cm tall.

70 - We can easily change
g this height infto m, by
60 _ dividing it by 100. So, the dog
. is 0.6 m tall.
50 -
_ We can even change
§ 410 N this height info mm,
e by multiplying it by 10. This
o 30 means the dog is 600 mm tall.
w )
20 | We usually use mm to
measure much smaller
10 - things, like the bumblebee
buzzing beside the dog. The
o . bumblebee is 15mm long.

----------------------------------------------------------------------------------------------------------------------------------------

Converting units of length

Length units are easy to convert. All we need
to do is multiply or divide by 10, 100, or 1000.

smeters to mijjy; ers 10 centim aometers to mea
e 0 Mere, W 00 Crers O Y000 < Ters
44/‘//-
. (S Copys:
"Meters 1o centimet® Nlimeters to mete’® Meters fo kilometer®
+10 + 100 + 1000
To convert mm to cm, we To convert cm to m, we To convert m to km, we divide
divide by 10. To convert cm divide by 100. To convert m by 1,000. To convert km to m,

to mm, we multiply by 10. to cm, we multiply by 100. we multiply by 1,000.
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Calculating with length

Calculations with length measurements work just like
other calculations. You simply add, subtract, multiply, and divide

the numbers as you usually would.

Calculating with the same units

This tree is 16.6 m tall. Four years
ago, it was 15.4m tall. How much
has it grown?

To find the difference in height,

we need to subtract the
smaller number from the larger
number: 16.6 —15.4 =1.2

This means that the tree has

B /)l
a1

L JL

g OREER Y

J L jL JL |

grown 1.2m in four years. 4 years
ago

Let's try a trickier problem.

We know the tree has
grown 1.2 m over four years,
but how much is that per year?

TRY IT OUT

To solve this problem, all

we need to do is divide the
amount it has grown by the
number of years: 1.2 =+ 4 =0.3

2 years 1 year Now
ago ago

So, the tree grew
0.3m each year.

200m

Share the distance

This running track is e
200m long. If the four 2
robots each ran the same
distance in a relay race,
how far will each robot
need to run to cover the
whole track?

To figure out the answer,
allyou needtodois a
simple division calculation.

Answer on page 319

'HO)
5

.’t\ﬂ

o=
L)

Just divide the length of
the track by the number of
robots sharing the distance.
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Calculating with mixed units

We already know we can use different units
to record length. If you are calculating with
lengths, it is important to make sure the
values are all in the same unit before you

start calculating.

The robot in this picture is

going to leave his house and
travel 760 m to the toy store,
1.2km to the playground, and
then 630 m to the zoo. How far
is the whole trip?

760m

First, we have to put all the

measurements into the
same units. So we need to
change the distance between

the toy store and the playground

from kilometers to meters.

1.2 km

ing Wi
When calculating
make sure the measurem

agre all in the same unit.

th distances,
ents

L
==

o

Remember, to convert
kilometres to metres,
we just multiply the number
of kilometers by 1,000, because
1km is the same as 1,000 m:
1.2 x 1,000 = 1,200

630m

Now we can add all the
distances together because
they are all in meters:
760 + 1,200 + 630 = 2,590

2,590 is quite a large
number, so converting it
back into kilometers will make it
a more sensible number. To do
this, we just need to divide by

1,000: 2,590 + 1,000 = 2.59

So the robot will travel a total
distance of 2.59km.
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The perimeter ofa

shape is the sum of

the lengths of allits
sides.

Perimeter

Perimeter means the distance around the edge of a closed

T
shape. If you imagine the shape is a field surrounded by a YC
fence, the perimeter is the length of the fence. _T.

24m

24m
To find the perimeter of a shape, we Look at this tennis court. We can
need to measure the length of each find the perimeter by adding up
side and add them all together. the length of each side:
M+24+N+24=70
We measure perimeter using the same units
as we use to measure length. It is important This means that the perimeter of
that the sides are in the same unit when we add the tennis court is 70m.

them all together.

TRY IT OUT

9 10cm

Unusual shapes

We measure the perimeter of an
unusual shape in the same way
as a rectangle—just find the sum
of all the sides. Can you add up
the sides of these two shapes to
find their perimeter?

13¢cm
25cm

5cm

30cm

Answers on page 319
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12m

What if we don’t know
the lengths of all the sides?

Sometimes we don‘t know the lengths of all the sides of
a shape. If a shape made up of one or more rectangles
has a measurement missing, we can still figure out the

the missing length and the perimeter.

6m

9m

Mm

Look at this field. We need to
find the perimeter but the length
of one side is missing.

The field’s corners are right

angles, so its opposite sides are
parallel to each other. That means
if we know the length of one side,
we can work out the length of the
unknown part of the opposite side.

Let's find the missing length.

The opposite side is 12m long,
so the two sides facing it must also
have a total length of 12m.

To find the missing length, we

just need to subtract 9 from 12:
12 - 9 = 3. So, the length of the
missing side is 3m.

Now we can work out the

total perimeter by adding
up the lengths of all the sides:
12+6+9+5+3+11=46

This means that the perimeter
of the field is 46 m.

5m
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Using formulas to find
perimeter

If we remember some basic facts about 2-D shapes, we can use
formulas to find their perimeters. These formulas use letters to
represent the lengths of the sides. This makes it easier for us to
remember how to calculate the perimeters of lots of different shapes.

Square : Rectangle : Parallelogram

"f "/
b 4 b
. ;A :
a : a : a
We know that all four sides A rectangle has two pairs Just like a rectangle, a
of a square are the same : § of opposite sides that are : ¥ parallelogram has two
length. We can find the : parallel and equal in length. Let's : pairs of opposite sides that
perimeter by adding those four  : call the length in one pair “a” and  : are parallel and equal in length.
sides together. : the length in the other pair “b”.  :
Look at this red square. For a rectangle, we can add  : So, we can use the same
If we call the length of each  : up the two lengths that are  : formula for a parallelogram
side “a,” we can say : different then multiply by two, : as for a rectangle, adding the
Perimeter=a+a+a+a. : because there are two sides of  : two adjacent side lengths

A simpler way of writing thisis:  : each length. We use the formula: : together then multiplying by two:

Perimeter of _ a Perimeter of _ 2 (a+b) Perimeter of _ 2 (a+b)
a square : a rectangle ~ :  aparallelogram ~
Let's imagine that the So, if the rectangle’s sides This means that if the sides
square’s four sides were : were 2cm and 4cm long, : were 3cm and 5c¢m, the
each 2cm long. The perimeter : the perimeter would be 12 cm, : perimeter would be 16 cm,

would be 8cm, because 4 x 2 =8 : because 2 (4 + 2) =12 : because 2 (5+3)=16
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Using perimeter
to find a missing
measurement

If we know the
perimeter of a shape
and all of its side
lengths except one, we
can work out the length
of the missing side with
a simple subtraction
calculation.

12m

oes Perimeter = 57 m Look at this triangle. We know its

perimeter and the lengths of two sides.
Let’s find the length of the unknown side.

We can find the length of the unknown side
by simply subtracting the lengths that we
know from the perimeter: 57 — 23 =12 = 22

3 So, the unknown side is 22m long.

Equilateral triangle

a

We know that an equilateral
triangle has three sides that
are all the same length.

Like we do with a square,
we just need to multiply the

length of one side by the number

of sides. If we call the length “a,”
the formula we can use is:

Perimeter of
an equilateral = 3a
triangle

Let's imagine the three sides

were each 4cm long. The
perimeter would be 12 cm,
because 3 x 4 =12

: Isosceles triangle

: Scalene triangle

C

An isosceles triangle has : | Ascalene friangle has
: ¥ two sides that are equal : ¥ three sides that are all
: in length and one side that : different lengths.
¢ is different. 3
Let's call each of the two If we call the three sides
sides that are the same “a,” b,” and “c,” we can
“a.” To find the perimeter, we : find the perimeter by adding
multiply “a” by two then add the ! the three lengths together. We
: length of the other side, “b": : can use the formula:
Perimeter of : Perimeter of
an isosceles =2a + b : ascalene =a+b+c
: triangle
So, if the two sides that are So, if the triangle’s sides
equal in length were 4cm were 4cm, 5cm, and 6 cm,

: and the different side was 3cm, : then the perimeter would be
: the perimeter would be 11cm.  : 15cm, because 4 + 5 + 6 =15
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We can find the area of
a rectangle by dividing it into
squares and counting the

Ared

The amount of space enclosed by any 2-D shape is called
ifs area. We measure area using units called square units,
which are based on the units we use for length.

number of squares.

Look at this patch of

......

As the garden fills

grass. ltis Tm long up, we can see o & o
and 1m wide. We call it that two squares will fit P =,
a square meter, and we along its width and
write it like this: Tm?2. three along its length. ke

|

<@

Take a look at this In total, we can fit
: b
garden. We can exactly six Tm? i 3
work out its area by patches into the W &
filling it with Tm? garden. We can say it
patches of grass has an area of 6 m2. ki -
and then counting et A
the patches. Lo
A%
o -
Ak s

TRY IT OUT

Unusual areas

We can also use square units to
work out the areas of more
complicated shapes. Can you
work out the areas of these
shapes by counting the number of
square centimeters in each one?

Answers on page 319

1
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Estimating area

Finding the areas of shapes that are not squares or rectangles
may seem fricky. But we can combine the number of completely
full squares and partly full squares to estimate the area.

. e Count the 8% ===
\ 7-/ \\M
\/ squares that are \/ s ‘\\
E J\ partially filled ..... J /
G’ o~ am
R = Lo
Look at this pond. Its unusual Next, we count the squares that
shape makes it difficult to work are only partially filled by water.
out its area. There are 26 partially filled squares.
.......... Each
. square is
r v 1m alon Most of the partial squares cover
-y = B == g . .
il e each side just over or just under half a
\\ \ square. So, to estimate the number
— / of squares they cover in total, we can
( pr— divide the number by 2: 26 + 2 =13
AT e
b
We can estimate its area if we Finally, we add together the
draw a square grid over the pond, areas of the full squares and
where each square represents Tm2. the partially filled squares to get an
estimate of the total area: 18 + 13 = 31
e! = PUSREIE Count the
> | | \\______\ squares that are So, the area of the pond is
\ B completely filled approximately 31m2.
) P‘ with water
( ——— . Ignore the squares )
\ // ii that aren't Drawing a square grid over an

completely filled unusual shape can help us
find its estimated area.

First, we count all the squares

that are completely filled with
water by coloring them in. There
are 18 full squares.
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Working out area
with a formulo S

length x width

Using a formula is a much easier way to find a shape’s area
than having to count squares. Calculating with a formula means
you can find the area of large shapes more quickly.

Look at this playground. We know that it has
a width of 6m and a length of 8m.

If we put a square grid over the playground,
we would see eight rows of six 1m? units,
making a total area of 48 m2.

There is a quicker way to find the T
area than counting squares. We can OE
Z o

use a formula. -

If we multiply 6 by 8, we get 48. This is the
same number as the number of meter
squares we can fit into the playground.

We can write this as a formula that will work ' . ‘ A
for any rectangle, including squares: A 4 |

Area = length x width WIDTH
6m
TRY IT OUT I
See for yourself |

The sandbox in the playground is 4m long and 2 m wide.
Can you use the formula to find the area of the sandbox?

Answer on page 319 4m
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Area and missing
measurements 5m
Sometimes we know the length of F - ' \

one side of a rectangle and its area, | — |

but the length of the other side is
unknown. To find the missing length,
we simply need to use the numbers |
that we know in a division calculation. |
To find a missing side length ‘
when we know the area, we }
just need to divide the area by i
the side length we do know. o |
This bedroom has an area ,
of 30 m2, and we know

LENGTH

that it is 5m wide. Let’s figure
out the length of the room.

To find the length, we
divide the area by the
width: 30 + 5=6

This means that the room
has a length of 6 m.

.
— = — — —

Area = 30m? ..

TRY IT OUT ' Q

Mystery length

Now that you know how
to find a missing length,
see if you can do it
yourself. This rug has
an area of 6m?, and it
is 2m wide. How long

is the rug?

ho
.

When you know the area of
arectangle and the length
of one side, you can find the
length of the other side by
dividing the areq by the
length you know.

Answer on page 319 ) \ J
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e S The area of any triangle is:

2 base x height

Areas of friang

Squares and rectangles aren’t the only shapes with a
handy formula to help us work out their area. We can also use
formulas to find the areas of other shapes, including friangles.

Right-angled triangles : Other triangles

Look at this right-angled triangle. We're going This scalene triangle looks a little trickier
to use a formula to work out its area. : § foturninto arectangle.

Make the
triangle into
a rectangle

HEIGHT OF
TRIANGLE

: BASE
BASE OF TRIANGLE First, draw a straight line down from the top
We can turn the triangle into a rectangle by : vertex to the base to make it into two right-

adding a second identical triangle. So, the : angled triangles.
triangle takes up exactly half the rectangle's area.  :

We already know that the area of a rectangle
is: width x length. Here, the width of the
rectangle is equal o the base of the triangle, and

the length is equal to its height.

We also know the triangle has half the area Now, it's easy to turn these two triangles into
of the rectangle, so we can write a formula rectangles like we did before. This triangle takes
for the area of a triangle like this: : up half the areq, too. So, the formula is the same:

Area of a triangle = /2 base x height Area of a triangle = /2 base x height
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Areas of
paral

elograms

Parallelograms aren’t too different from rectangles—they're
quadrilaterals with opposite sides that are parallel and equal

in length. Because parallelograms are so like rectangles, we
can use the same formula to work out their areas.

The area of g
parallelogram is:
base x height

Look at this parallelogram. Let's see
why its area formula is the same as
that of a rectangle.

First, let's draw a line straight down

from the top corner of the
parallelogram to its base. It creates a
right-angled triangle.

Imagine you could chop this triangle
off and carry it over to the other end
of the parallelogram.

When you stick the triangle on the
other end, it fits perfectly and makes
the parallelogram into a rectangle.

This means that we can find the area by
multiplying the height of the parallelogram
by the length of the base, just like we did with

the rectangle:

Area of a parallelogram = base x height

y

y

4
Draw a straight ..--...
line to make a <
triangle / _
I
O
/ [}
/ T
BASE
i y
| y /
| y / |
f B
| |
|
’ |
o
Moving the ...~

triangle turns the
parallelogram into
a rectangle
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Areas of complex
shapes

Sometimes you will be asked to find areas of shapes that look very
complicated. Breaking these shapes into more familiar ones, like
rectangles, makes finding the area much easier.

18 m

Look at this swimming pool.

Finding the area looks tricky at
first, but all we have to do is break
it down into simple steps.

10m

% The sides are straight
and all the angles are
right angles—this will
make it easy to find
the area

22m

. Divide the pool into
three rectangles 18 m

To find the area ofa
complex shape, divide it
into sections, find the area
of each section, then add
the areas together.

If we split the shape into Let's work out the area
rectangles, like this, we of the first rectangle by
can work out the area of each multiplying the lengths of

rectangle, then add them up. the sides: 18 x 4 = 72m?
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Add two
measurements Now we know the
together to find area of all three
this length e parts of the pool
18m ]

22m
To find the area of the For the final section, we All we need to do now is
second rectangle, we first simply multiply the lengths add together the three areas
need to work out its length by of its sides to find its area: to get the pool’s total area:
adding 4 and 18 to get 22. 22 x 7 =154 m?2 72 +132 + 154 = 358
Then we can multiply the
lengths of the sides:
22 x 6 =132m?2 So the area of the
swimming pool is 358 m2.
TRY IT OUT
Begin by
How blg is breaking 9m
this room? up the floor into £
rectangles. Tm
Now that you know There’s more
how to work out the than one way
area of a complex to do this. c
shape, can you find v
the total area of the
floor of this room? £
Once °
you've
broken the
shape up, you'll
need to do
some addition
or subtraction to m 3m
find some of the
measurements = S
you'll need. o o

Answer on page 319
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Comparing area
and perimeter P

same perimeter. Also, shapes
We know how to find the area and perimeter of shapes, S ith fhe same perimeter r:Oy
but how are they related? If two shapes have the same not have the same area.
areq, they don't always have the same perimeter. This is

true the other way around, too.

Same area but
different perimeter

Look at these three zoo enclosures.
They all have the same area—240m?2.

Does this mean they all have the ST

same perimeter? S ! Perimeter = 62m
S <
= g Area = 240 m?

X i\\ %
A\ \
-

If we look at the zebra
enclosure, we can see that
it has a perimeter of 62 m.

16 m

The perimeter of the
penguin enclosure is 64 m. i
This is greater than the perimeter ’

of the zebra enclosure, even E P o
though the area is the same. - -
The tortoise enclosure has 20m

an even greater perimeter.
Its perimeter is 68 m.

Perimeter = 68 m

It's important to remember Area = 240 m?

that even if shapes have
the same areq, they may not
have the same perimeter.

10m

24 m
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Same perimeter but
different area
Now look at these two enclosures. They

both have a perimeter of 80 m. Does this
mean they have the same area?

15m

If we multiply the lengths of the sides
of the leopard enclosure, we can see
that its area is 375m?2.

The area of the crocodile enclosure
is 400 m2. This is greater than the
leopard enclosure, even though they both

have the same perimeter.

20m

So we can see that shapes with the
same perimeter don’t always have
the same area.

-------------------------------------------------------------------------------------------------------

Why aren’t They Take a look at this rectangle.
the same? If we keep the perimeter the

same, but make it Tcm longerand €
When we change the take 1cm off the width, you might <

measurements of a shape,  think the area would stay the same.
why don’t the perimeter
and area change by the

same amount? Perimeter Perimeter = 28cm .~

Perimeter = 80 m
Area = 375 m?

Perimeter = 80 m

Area = 400 m?

10cm

Perimeter = 28cm
Area = 33 cm’

Hcm:-"

H _ 2
is a measure of the length What happened fo the Area = 40cm
around the gdge ofa area and the perimeter?

shape. Area is a measure When we changed the shape,

of the space enclosed by we removed 10 cm? from the

the perimeter. This means bottom, but replaced it with

that when we change only 3cm? on the side.

one, the other isn‘t .
affected in the same way. So the perimeter has stayed I

the same, but the area is

now smaller. 10em? .

removed

3em? -7

added
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The amount of space inside a container is called its capacity. It is often used

to describe how much liquid can be held in a container such as a water bottle.
The capacity of a container is the maximum amount it can hold.

50 . —— . . Volume
. ' is 501
40 -
- N
£ 304
=
Q
< 20 |
<
(@]
10
o) J /
Capacity can be Milliliters are used Liters are used to Look at this fish
measured in units to measure the size measure the sizes tank. It has a
called milliliters (ml) and  of small containers like  of larger containers like  capacity of 50 L.
liters (l). There are a teacup (250 ml) or a large juice carton (11)
1,000mlin 1L. teaspoon (5 ml). or a bathtub (801).

Converting liters and milliliters

Converting between liters and milliliters is easy.
To convert liters to milliliters, we multiply by 1,000. sers 1o millilite
To go from milliliters to liters, we divide by 1,000. 1,000 S

To convert 5 [ to milliliters, we
multiply 5 by 1,000. This gives
the answer 5,000 ml. 5,000 ml 51

¢} To convert the other way, from

&= milliliters to liters, we divide

5,000ml by 1,000, to give 51. Milliliters 10 \iters
+ 1,000
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Volume

Volume is a measure of how big something is in three dimensions.
Liquid volume is similar to capacity and is also measured in milliliters and
liters. Adding and subtracting liquid volumes works just like other calculations.

Look at the fish tank Volume is 10L..__ . o Y.
again. We know that it
has a capacity of 501, but it is 50
now holding some water. The g 40 |
volume of the water is 10 . =
< 30
2
If a robot pours another S 20
301 of water info the 10
tank, what will the volume of h
the water be now? O-
Volume is 401
To work out this sum, we 50
simply have to add the 1
two amounts together: 40 |
10 +30 =40

30

This means that the
volume of the water in
the tank is now 40 (.

VOLUME (liters)
N
@]

10+

----------------------------------------------------------------------------------------------------------------------------------------

Let's change the bottle’s /-

This bottle of juice has

Calculating with

. . a volume of 1.5 1. If you = volume to milliliters:
mixed units drink 300ml of the juice, | 75 15X 1,000 = 1,500 15007
Sometimes you will how much will be left in 1 5e ‘ e |
have to do calculations e bottle? — . 22071 |

. . 1 ‘ Now the calculation 1 el
using a mixture of 1e is simpler. ,000 2
different units. The Changing the units of 075E  1500-300=1200 750- 'g‘
easiest way to do this one of the amounts ; =
is fo convert the units makes the calculation 0.5+ . 500+=
so that they are alll easier. Remember, to 0.25- S0, 1,200 ml is 250
the same change liters to milliliters \\M// left in the bottle.

' we multiply by 1,000. / Py
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The volumes of solids

The volumes of 3-D shapes are usually measured using units called
cubic units. Cubic units are based on units of length, and they include

cubic centimeters and cubic meters.

Look at this sugar cube.

It's a cube with each
side 1cm long, so we call it

a cubic centimeter or 1Tcm3.

&, this layer.
If each side were
Tmm long, the : 5
volume would be Tmmé. ”}Zf)hr,\, xfc\fég\ e
If the sides were Tm 8em3.
long, it would be Tm3.
If we keep
Now look going until
at this > the box is full,
box. We can i we find the box
work out its holds 24 cubic
volume by g g centimeters.
filling it m & In other words,
with cubic its volume is
centimeters. = 24cm3.
“ng
(g
Yen, \N}fzﬁ\ 24cm3.

TRY IT OUT

Unusual shapes

You can use the method we've just

First, let's fill

the bottom
of the box. We
can fit 8 cubic
centimeters into

learned to find the volume of all

sorts of shapes, not just regular

ones. Count the cubic centimeters | |
to work out the volume of each of
these three shapes.

Answers on page 319
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Working oL
with a formr

t volume
ulo

There is an easier way to work out the volumes of simple shapes
like cuboids without having to count cubes. Instead, we can use a
formula, calculating the number of units rather than counting them.

B

The volume of
a cube or cuboid js:
length x width x height

The volume of a cuboid can
be written like this:

Volume of a cuboid =
length x width x height

Let’s work out the volume of
this cereal box.

First, we multiply the length by
the width: 24 x 8 =192

Next, we multiply the result by
the height: 192 x 30 = 5760

This means that the volume
of the box is 5,760 cm3.

TRY IT OUT

Small things in big packages

This robot is going to cram a cardboard box
full of 1cm?3 dice. The box has a volume of
Tm3. Can you work out how many dice will
fit in the box using the formula? You might
be surprised! Before you start your
calculation, remember to change the
dimensions of the box info centimeters.

~ -
\\H~.

PP

Answer on page 319
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4 mefric tons N\ O S S

Mass is the amount of matter, or material, contained within
an object. We can measure mass using metric units called
milligrams (mg), grams (g), kilograms (kg), and metric tons.

Milligrams ne
We measure very light 7mg
things in milligrams. The
mass of this ant is 7mg.

Grams

This frog has a mass
of 5g. There are 1,000mg
in1g. 1g is about the
mass of a paper clip.

Metric tons Kilograms
Metric tons are used to measure very heavy The mass of this
things. This whale has a mass of 4 metric tons. big cat is 8kg. There
1 metric ton is the same as 1,000kg. are 1,000g in 1kg.
Converting units of mass
Units of mass are easy to convert. We just have to
multiply or divide by 1,000 to switch between units.
ms to milligr Aograms to grg i tons to kilo
o™ 1,000 s west 000 w1000 0 s
Mig; 4 E Gr S Kito s
igrams to grom™ ams to kilogra™ 9rams to metric 100
+1,000 +1,000 +1,000
To convert mg to g, we divide To convert g to kg, we also To convert kg to metric tons, we
by 1,000. To convert back the divide by 1,000. To convert the divide by 1,000, too. To convert

other way, we multiply by 1,000. other way, we multiply by 1,000. back to kg, we multiply by 1,000.
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[ ]
N\O SS O nd Wel hT N\cssis'rheomountof
matter something is
made up of. Weight is
We often use the word weight when we mean mass, but he amount of gravity

they’re not actually the same. Weight is how hard the force
of gravity attracts an object and is measured in a special
unit called newtons (N).

acting on something.

If you were to travel around the universe, Even though your weight would be different,
your weight would change depending on your mass would stay the same. This is
where you were. This is because the gravity that because your mass is the amount of matter you
acts on you is different in different places. are made up of, so it doesn’t change.
ON EARTH
& MASS 120 KG
: 11§ WEIGHT 1,200N Your mass and weight are almost the same
y \,\ everywhere on Earth. This astronaut’s weight
; \\ .on Earth is 1,200N. Her mass is 120kg.
fj |
i , S ON THE MOON
\ _ _ | ~ 7. MASS 120KG
\ & / ~ " .. WEIGHT 200N
ON JUPITER \ R /

On the moon, the astronaut
weighs about one-sixth of
what she weighs on Earth
because the moon’s gravity is
- one-sixth of Earth’s gravity.

MASS 120 KG - y/
WEIGHT 2,700N 'S 2

S\
&

@ INSPACE
/5 MASS 120KG
~ U WEIGHTON

In outer space, there is no gravity, so
even though our astronaut has no
weight, she still has the same mass as she

would have on Earth.

The astronaut would weigh more than
twice as much on Jupiter compared to
Earth because Jupiter’s gravity is much
3 stronger than Earth’s. She would feel very
s heavy, but her mass would remain the same.
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Calculating Jroki-Sa

When you're tackling a

" problem that involves mass,
WI I I I O S S : it'simportant to pay attention
: fothe units. If the masses are
We can do calculations with mass in the same way not allin the same unit, you'l

_ ¢ need to start by doing some

that we do with lengths and other measurements. i conversion. We looked at
: , : rl

As long as the masses are in the same units, we can converting Masses

on page 182.
simply add, subtract, multiply, or divide them.

Calculating mass with the same units

Look at these three parrots. If we add
their masses together, what is their :
total mass? : Look at these three animals.
: Can you put them in order,
from the heaviest to the lightest?
To work this out, we simply need to
add the three masses together:
85 + 73 + 94 = 252 It might seem tricky af first
: because their masses are
: not in the same unit. To make it
So, the parrots have a total mass : easier, we're going to do a
of 2529. i conversion.

Let's change the parrot's

mass into kilograms so that
all the masses are in the same
unit — kilograms.

TRY IT OUT

874...
Weighing it up
Subtracting with mass is just as easy as adding.
Can you calculate how much heavier the yellow
toucan is than the green toucan? All you need to do
is subtract the smaller mass from the larger mass.

Answer on page 319 80g ..~
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Remember, there are
1,000g in 1kg and
1,000kgin’1 metric fon.

To change 85g to Now it's much clearer which The tiger has the largest mass at
kilograms, we just order the animals go in, and 130kg, the snake has the next
divide by 1,000: we can order the numbers from largest at 35kg, and the parrot is the
85 + 1,000 = 0.085kg largest to smallest. smallest at just 0.085kg.
TRY IT OUT
First, you should C— o »
Convert and convert the 7 \ |
f the gibb A 5
CO'CU'OTe masses o e gibbons

into the same unit. h |
Can you work out the iy
total mass of this group &)

of gibbons? Remember [ X ' ‘

Then, you

to take a careful look at simply add YA i
the units. up their masses. 820g---": ] 940g.
/ | 6.4kg
52kg.... S 'y

Answer on page 319
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Temperature

Temperature is a measure of how hot or cold something is.

We measure it using a thermometer and can record it in units
called degrees Celsius (°C) or degrees Fahrenheit (°F). You might
also hear degrees Celsius called degrees centigrade.

Look at this 100°C  .» 100°C (212°F) is the
thermometer. The Boiling water temperature at which
markings on the side of “.water boils.
the thermometer tell us
what the temperature
is, a little like a ruler or
a number line. ..

This thermometer says

the temperature is 20°C
(68°F). This is a comfortable
temperature that we often call
room temperature.

Absolute zero

William Lord Kelvin, an
engineer and physicist,
thought that zero should not
represent the freezing point
of water but instead should
represent the coldest possible
temperature in the entire
universe. He called this
temperature absolute zero,
or OK (Kelvin), and it is equal
to —273.15°C (-459.67°F).

—d .‘Eh

0°C (32°F) is the
temperature at
which water freezes.

.....

20°C

If the temperature Room .-

gets colder than temperature
0°C or 0°F we put a “-"
(minus sign) in front of
the number and count
back from zero. These
are called negative
numbers (see pages
18-19). ..

o°C |
Freezing water -

.....
.....
.......
........
....................................

The Fahrenheit and
Celsius scales meet
at —40°C (-40°F).

2

et
. .
. .
........
------------
...............
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Calculating with
femperature

We can do addition and subtraction with temperatures
measured in degrees Celsius and Fahrenheit, although
we can’t do multiplication or division.

The temperature at the base of this We can also work out the —40°C
mountain is 30°C. It's 40°C colder at the temperature change by drawing
top of the mountain. Let's work out what the a number line just like this one. . —30°C
temperature is at the top. e ;
-20°C_
To find the answer, we simply need to
do a subtraction calculation. We know o
that the result will be a negative number ~10°C S
because 40 is a larger number than 30. . Counting back four
groups of 10 on the o°C _
number line from 30°C
Let's subtract 40 from 30: C gives the answer —-10°C.
30 -40 = -10 - +10°C -
So the temperature /> St‘;r:;i:uon ; +20%Cq
at the fop of back in 10s ..
the mountain is “2N +30°C
-10°C.
+40°C
TRY IT OUT

World weather

In Sweden, the average temperature
in February is =3°C. If it's 29°C hotter
in India, what is the temperature?

Answer on page 319
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Imperial units

We've looked at the units we use to measure things in the metric
system. In some countries, a different system is used to measure.
It's called the imperial system, and it's useful to be aware of the
different units that make up the system.

The |mper|al sysfem Mass In the imperial system,
Each unit in the imperial Just as with the metric we use units called
system is very different system, there is a range of pounds to weigh things like
from the next, because they different units we can use this dog.

have been inspired by in the imperial system to

different things over measure mass, such as

thousands of years. ounces, pounds, and tons.

The dog has a mass
of 55 pounds.

If we were weighing

the dog in metric units,
we would measure it in
kilograms. The dog has
a mass of about 25 kilograms.

Mars mix-up

In 1999, NASA made a very expensive mistake

with units. Their $125 million Mars Climate Orbiter
was lost because someone didn‘t do the right
conversions! One team had been working in metric
units, while the other worked in imperial units.

As a result, the probe flew too close to Mars.

It was lost, and probably destroyed, as it entered
the planet's atmosphere.
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Length
The imperial units for length and distance
are called inches, feet, yards, and miles.

This tall building is 760 yards tall and
is 1 mile away from the dog. ...

.A

Measuring in metric units, we can say
the building is about 690 meters tall
and is 1.6 kilometers away from the dog.

Volume and capacity

There are two imperial units commonly
used for volume and capacity: pints and
gallons. This pond has a volume of 480
pints or 60 gallons. This is roughly the
same as 227 liters.

4 = =g
!\
Pkl P T
. P 1 meter by its value in feet. We call 2 FEET
metric systems this value the conversion factor. '
We have learned about
converting measurements Im is equal fo 3.3ft, so the 2 6 m = ? ﬁ
within the metric system, conversion factor we use to :
but we can also convert change meters to feet is 3.3.
between imperial and metric
units. It works both ways, Now we multiply 26 by the 2 6 X 3 . 3 = 8 5 . 8

and all we need is a humber conversion factor: 26 x 3.3 = 85.8

called a conversion factor.
45026misthesome0585.8ﬂ. 26m — 85 8ﬁ
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Imperial units of length,

VO

ume, and mass

Just like the metric system, the imperial system has many different units that
we can use to measure length, volume and capacity, and mass. We looked
at how this system compares with the metfric system on pages 188-89.

Length

Length can be measured in imperial units
called inches, feet, yards, and miles.

15
14
E
j—12
- 11
L-10
- 9
-8
7
-6
-5
- 4
-3
- 2
- 1

-0

HEIGHT (IN)

Look at this cat. We can measure its
height in inches. The cat is 12 inches tall.

There are 12 inches in 1 foot, so we
can also say that the cat is 1 foot tall.

Yards are used to measure longer
distances. There are 3 feet in 1 yard,
so the cat is /3 yard tall.

Miles are usually used to measure even
longer distances, like the distance between
two towns. There are 1,760 yards in 1 mile.

Volume and capacity

Volume and capacity can be measured in

imperial units called pints and gallons. We
can also use cubic imperial units, such as cubic
inches and cubic feet. We looked at cubic units
on pages 180-181.

Look at this fish tank. We can measure
its capacity in pints. The capacity is 88 pints.

We can also measure capacity in an imperial

unit called gallons. There are 8 pints in 1 gallon,
so we usually use this unit to measure larger
containers or volumes of liquid.

We could say the fish tank has a capacity
of 11 gallons.
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Mass

We can measure the mass
of very light things in an
imperial unit called ounces. This
bird has a mass of 3 ounces.

We can also use pounds to

measure mass. This big cat
has a mass of 18 pounds.
There are 16 ounces in 1 pound.

The imperial ton is used to

..
ce
ey
.....
.......
...............

measure very heavy things.

There are 160 stone or 2,240

pounds in 1 imperial ton. This
elephant has a mass of 3 imperial
tons. A very similar unit is used in
the metric system—it’s called a

metric ton. It has a slightly different

o

mass than an imperial fon. ... e

.e®
X
.e®
....
......
.......

----------------------------------------------------------------------------------------------------------------------------------------

Converting
imperial units

Imperial units are very
different to metric units,
because they aren’t
based on powers of 10.
This table shows you
how some of the most
common imperial units
relate to each other.

LENGTH

1inch =142 foot
1 foot = 1/3 yard

1yard = 14,760 mile

1foot =12 inches
1yard = 3 feet
1 mile =1,760 yards

VOLUME AND CAPACITY

1 pint =1/8 gallon

1 cup =1/2 pint

1 pint =1/2 quart

1 quart =1/4 gallon

1 gallon = 8 pints

1 pint = 2 cups

1 quart = 2 pints

1 gallon = 4 quarts

MASS

1 ounce = 116 pound

1 pound = /2,000 fon

1 pound =16 ounces

1ton = 2,000 pounds
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Telling time

We measure the passage of fime to organize our
everyday lives. Sometimes we need to know how long
something takes, or we need to be in a certain place at

If we're writing the time using
the 12-hour clock, we write
a.m. or p.m. to show whether

a particular time. We use seconds, minutes, hours, days, it's morning or afternoon,
weeks, months, and years to measure fime. \
Clocks ... The hands
Look at this clock. The numbers around ....... rotate in this
. direction, called
the edge help us measure which hour of /// clockwise
the day it is. There are 24 hours in a day— < //
12 in the morning and 12 in the evening. kY
o 2 7
S~ -
— —
The shortest hand on the clock = 9 _ —
is the hour hand. It points to which — 3 -
hour of the day itis. ... Y 4 /S -
.......................... /-' 4 '-._,’.'-....
................. = ~
” ~
The marks around the edge of the < : ~
: s, N
clock fell us the minutes of an hour. W/ \\\
There are 60 minutesinone hour. ... .~ " ]
There are no numbers to tell us precisely..- There are 60 seconds in a minute. :
which minute it is. Instead, we use the hour Some clocks have a long, thin second
numbers to help us count up in fives to work it out. hand that moves quickly around the clock
The longer hand points to the minutes. face—one full turn takes one minute.
Sometimes the -
Types of clocks N number 4 s
Not all clocks look like \ written “I11I" | Hours_ _.Minutes
the one above. Some [ I
clocks don't have \ i —
hands at all. Others ‘ ' [.I 5 . 27]
show all 24 hours in | I -
the day, instead of just Some clocks use Roman 24-hour clocks have extra Digital clocks have no
using the numbers ] numerals to mark the hours. numbers to count up from hands. They tell us the
110 12. We looked at Roman numerals 12 to 24, because there are time with digits. They often

on pages 10-11. 24 hours in a day. use the 24-hour clock.
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Reading the time

We describe the time by saying which hour of the day it is and how many
minutes of that hour have passed. We can describe the number of minutes
past the hour that's just gone, or how many minutes it is to the next hour.

Wiy

f .

N R Ti}e minute \\\\\" 12 ]’//,/
>0 9\ hand is halfway [0 2%
=9 3=/ around the clock, | Zg =
= = so it is half \Z ... =
.8 43 T | =
,’/,/ 7 & 5 \\\"\ past the hour .-~ ,’/,/ 7 5 \\‘\

s amine
On the hour Half past an hour

When the minute hand is

pointing to 12, the time is on the
hour. We use the word “o’clock.”

This clock is showing 8 o’clock.

When the minute hand
points to 6, the time is halfway

through an hour. The time on
this clock is half past two.

There are
i 15 minutes =1
X / ) " 7
QN left until the N 12,
N e & 2
=0 7< next hour.... >0 2%
’/,/8 4§ ://8 4§
/// /7 6 5\ \\\ 7 ,/l;l' 6 f\ \\\

Quarter past an hour

We can split hours into
quarters. When the minute
hand points to 3, we say it's
quarter past the hour. This clock
is showing quarter past ten.

Ly

Quarter to an hour

Here the minute hand is
pointing to 9. Instead of saying it
is three quarters past, we say it's
quarter to the next hour. The time
on this clock is quarter to seven.

5 minutes
have gone by
since 4 o'clock__

WAL g, 3
\\\\]1 18y .

N 7
o0 2%
=9 3=
-8 <
s ~
s N

/

,,7, ’ J?\ \ \5\’\\\

Minutes past an hour

We usually describe other
times in multiples of 5, instead
of being very precise. The time on
this clock is 5 past 4. That means
it's 5 minutes after 4 o’clock.

\
> \1] 12 1/ .
by 2%
=9 3=
7 //,7 6 5\\\\

Minutes to an hour

When the minute hand goes
past the number 6, we say how
many minutes it is until the next
hour. This clock is showing
10 to 5.

----------------------------------------------------------------------------------------------------------------------------------------

Converting
seconds, minutes,
hours, and days

There are 60 seconds in a
minute, 60 minutes in an
hour, and 24 hours in a
day. So converting time is
harder than for other units
where we can multiply or
divide by 10, 100, or 1,000.

vies 1o sec
X

€conds 1o minute®

To convert 21,600 seconds

to minutes, we divide by
60, which gives 360 minutes.
To convert minutes to
seconds, we multiply by 60.

60 °Nds

+ 60 + 60

we multiply by 60.

(s 10 min
wouts G ginutes

M/”Ufes to houts

To convert 360 minutes
to hours, we divide by
60, which gives 6 hours.
To convert hours to minutes,

ays to hoy
D Yx 24 rs

Hours to days
+ 24

To convert 6 hours

to days, we divide
by 24, which gives 0.25
days. To convert days to
hours, we multiply by 24.
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Dates

As well as seconds, minutes, and hours, we can measure time
in units called days, weeks, months, and years. We use these
units to measure periods of time that are longer than 24 hours.

One week is one-quarter of the time.__'

One day e between one full moon and the next
one full spin
of Earth . . ‘
Days Weeks
There are 24 hours in a day. A day is the length Days are grouped into a unit of time called
of time it takes for Earth to spin once on its axis. weeks. There are 7 days in a week. This might
be because it's a quarter of the cycle of the moon.
One month )
is based on e One )./ear is how
the cycle of -->§ long it takes .for
the moon C > Earth to orbit
the sun
Months Years
There are between 28 and 31 daysina There are 365 days in a year. This is the same
month. Months may have come from the lunar as 52 weeks or 12 months. A year is the length of
calendar at first, but have changed over time. time it takes for Earth to orbit the sun once.

Not all months have the same number of days.

........................................................................................................................................

['d
H >
How long is a month? - 05,08 The months that
. . Lxw 8>3 c sit on a knuckle are
To help us calculate with time, it's 25 g 082 g ;_: 83 3% 31 days long: January,
useful to know how many days ®» o5 8832 587 58 March, May, July,
. ~ om fu.
there are in each month. § 5870 > 558€5 Augtg" OCTgbe“
=303 = A 8508 and December.
Most of the months of the year §=22 gg 5= .(k_\\-»\‘ - Ty 238 36
have 30 or 31 days. February &)—J N . 2 _
uslually has 28hdaysk; except in A 'T | All the months,
a leap year, when there are 29. except February,
A that sit in a dip between
Look at these knuckles. RO ‘ two knuckles are

The first 7 knuckles and the \ ‘ 30 days long: April,
dips between themare .. - ‘r - June, September, and
labeled with a month. .....e==="" | | P J November.
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Calendars

We use calendars to arrange all the days in a year
info months and weeks. They help us measure and
keep track of the passing of fime.

This January begins on a
Friday and ends on a Sunday .

Il Il Il Il It i il

January
M T w T
4 5 6 7
m 12 13 14
18 19 20 21
25 26 27 28
1Feb‘l"ucxlh'y
February will -
begin on a )\ 2
Monday....... -"8 9

R Y | I | S

\

F s s
1 2 | 3
3 9 10

15 16 17

22 23 24

29 | 30 | 31

Look at this calendar showing the month
of January.

The 365 days in a year don't fit neatly into a

perfect number of weeks or months, so the
day of the week that a month begins and ends on
changes each year.

Here, January starts on a Friday and ends on

a Sunday. This means that the previous month,
December, ended on a Thursday and the next
month, February, will begin on a Monday.

In following years, January will begin and end
on different days of the week.

When we want to refer to a specific day in the
year, or date, we say the day of the week,
followed by the month and the number of the day.

So we can refer to the last day in January on
this calendar as Sunday, January 31.

----------------------------------------------------------------------------------------------------------------------------------------

Converting days,
weeks, months,
and years

There are 7 days in a week
and 12 months in 1year, so
converting these units of time
can be quite tricky. Converting
days or weeks to months is
much harder, because the
number of days and weeks

in each month varies.

\Neeks TO des
x 7

POV YVIY
42 days
L]

Days to weeks

+7

To convert 42 days to weeks, we divide

by 7, to give 6 weeks. To convert back
again, from weeks to days, we just multiply
by 7. This takes us back to 42.

years to montp
x12

IO ) OOV OOVY
6 weeks 48 months 4 years
[ 7] 4

Months to years
=12

To convert 48 months to years, we

divide by 12, which gives 4 years.
To convert back the other way, we just
multiply by 12. This takes us back to
48 months.
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When calculating with

Calculati
. . l I I time, make sure you
W I 1- T | e convert the times SO that
they are all in the same

unit before you
It's simple to add, subtract, multiply, or divide an amount calculate.
of time. As with other measurements, we just need to

make sure the numbers are in the same units.

al

Calculating time

; . lt's 2:50 p.m. A robot is going First, we need to add up the
with the same units to go on the Ferris wheel, time for each part of the trip.
If times are measured in the same  then walk to the exit of the The line for the big wheel is
units, it's easy to add and subtract  fairground. Let's calculate what 8 minutes long, the ride lasts
them. But when we count on from  time it will be when the robot 6 minutes, and it takes
a start time, we have to remember  gets to the exit. 2 minutes to walk to the
to count up to the nearest minute, fairground exit. Let's add these
hour, or day and then add on any timesup:8+6 +2=16

remaining time.

Next, we add on minutes to Finally, we add on the So, the robot reaches
2:50 p.m. to take us to the 6 minutes that are left the exit of the fairground
next hour. Adding 10 minutesto  over, taking the time to at 3:06 p.m.

2:50 p.m. takes it to 3 p.m. 6 minutes past 3.
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Compqring time with Look at the times of these It's difficult to see which
mixed units three flights from New is shortest when the time for

. , York. Let's compare the each trip is in a different unit.
Sometimes we're asked to calculate . . ) .
. . ) . duration of each trip Let's convert them all into hours
times that are in a mixture of units. L -

and work out which is to make it simpler to work out.

We need to be careful to make sure

the shortest flight.

the numbers are in the same unit
before we start calculating.

New York
New York to Paris to Dubai

480 minutes ..... 0.5 days

New York to
Buenos Aires

11 hours

The flight to Buenos Aires is Next, we convert the time We have worked out
already in hours, so we start taken for the Paris flight that it takes 8 hours
by converting the duration of the into hours. We work this out to reach Paris, 11 hours to
flight to Dubai. There are 24 by dividing by 60, because reach Buenos Aires, and
hours in a day, so we multiply there are 60 minutes in an 12 hours to reach Dubai
0.5 days by 24: 0.5 x 24 =12. hour: 480 + 60 = 8. So it takes ~ from New York. So the trip
So the trip from New York to 8 hours to fly from New York to Paris is shortest.
Dubai takes 12 hours. to Paris.
TRY IT OUT
Working with time First, convert the length

of the movie into

These robots are watching a minutes. THE END

movie that is two and a half
hours long. They have watched
80 minutes. How many
minutes of the movie are left?

Now all you need to do

is subtract the number
of minutes watched from the
total length of the movie.

Answer on page 319




198 MEASUREMENT o MONEY

Money

Understanding money helps us to work out how expensive
things are and check our change when we go shopping.

Lots of systems of money (called currencies) are used around
the world. In the US, we use currency called dollars and cents.

Let's look at the items in this store and
see how the prices have been written.

We write a “$” sign in front of an amount in
dollars or a “¢” after amounts in cents

.........................

$1is equal to 100¢. We call dollars
a decimal currency, and we can think
of amounts as decimal fractions.

We don’t write $ and ¢ together. If an

amount is more than 99¢, we just write
the amount in dollars. The cents can be
written as a decimal fraction of a dollar.

So, one dollar and forty-six cents .-~ An amount less than one dollar .+~
IS WHHTEN $1.46 . voveeveceweaeeemeeee is written with the symbol “¢” for cents.
So, fifty-nine cents is written 59¢.

----------------------------------------------------------------------------------------------------------------------------------------

Converting units oo\\ofslgoocenrs
X
of money
Converting between dollars 2 2
and cents is simple, because 275¢ $2.75

there are 100¢ in $1. To convert
cents to dollars, we divide

by 100. To convert dollars

to cents, we multiply by 100.

Cents to dollars
+ 100

To convert 275¢ to dollars, To convert the other way, from
we divide 275 by 100. This dollars to cents, we multiply
gives the answer $2.75. 2.75 by 100 to give 275¢.
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Using money

In the US, our money is made up of six different coins
(1¢, 5¢, 10¢, 25¢, 50¢, and $1) and four different notes
($1, $5, $10, $20, $50, and $100). We can mix them and
swap them to make any amount of money we like.

Here are all the coins we can use to
make different amounts. Let's see how /\
we can combine these coins in different @ v Q @ o5 e s
ways to make a total of $1.87. e 3> o Cound ¢ pov DoV
We use the least number of coins if /\ /\
we combine the largest coin amounts w & k U @
possible: $1, 50¢, 25¢, 10¢, 1¢, and 1¢. D0 Npox” Nloust =
We could combine other amounts /\
to get the same total: $1, 25¢, 25¢, w @ @ @ @ @
25¢, 5¢, 5¢, 1¢, and 1¢. DoV oun ouns) \& g 2 ot ¢ oo
We could even make $1.87 out

of 187 1¢ coins! There are many
different combinations we can use.

%
7ER

If we were in a store, we could also

pay with more than $1.87 and receive
change. For example, we could pay with
two $1 bills and receive 13¢ change.

We can combine
bills with coins

. to make different

Ancient money amounts.

Throughout history, people have used all sorts of
things as money—like cowrie shells, elephant tail
hairs, feathers, and whale teeth—because they
were considered to be valuable.
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Calculating with money

We calculate with money in the same way as we calculate with
decimal numbers. We can learn to do this in our heads, using what
we know about numbers, or use written methods, like column
addition (see pages 86-87) and column subtraction (see pages 96-97).

Adding amounts of money

Let's add $26.49 and $34.63 using $2 6 49 + $34 63 — ’,)

column addition. We looked at how
to do column addition on pages 86-87.

First, we write one number above the other number. ; 5 : ¢
Line up the decimal points, and put another RGN, '4 O
decimal point lined up below in the answer line. + 3 4 4l 2
Next, we work from right to left, adding g \ - [y = 5;:;”65 an .

each of the digits. The answer is $61.12

4So$26.49+$34.63=$61.12 $2649 + $3463 — $6'|'|2

........................................................................................................................................

Round it up Let's add $39.98 and $45.99 by $39 98 + $45 99 — @

Another way we can ' rounding both numbers up to

) the nearest whole dollar.
calculate with money

is by rounding up or 7 First, we add 2¢ to $39.98 fo

] . : get =7
down. Prices are often $40 and add 1¢ to $45.99 to get $46. $4O + $46 :
close to a whole number  So, we’ve added a total of 3¢.

of dollars, so it's simpler

to round the amount Next, we add the two amounts $4O + $46 — $86
up to work out the rough together: $40 + $46 = $86

total. Then we just have

to adjust the answer /) Finally, we just have to subtract _ _
at 'Ihel end. Remember " the 3¢ that we added on at the $86 3¢ - $8597

$1is equal to 100¢ start: $86 — 3¢ = $85.97

5 S0 $39.98 + $45.99 = $85.97 $39.98 + $45.99 = $85.97
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Giving change

When we're paying for things, it's useful to be able to work out
how much change we’re owed. All we need to do is find the
difference between the price of the items and the amount we
paid. We do this by counting up. If the amounts aren’t all in
the same unit, we'll need to start by doing a conversion.

Look at these animals. Let's work out how

much change we would get if we paid for &/%O;
three hamsters and one rabbit with a $10 bill. o3 3
First, we need to find the total cost of the =

animals in dollars. We know 80¢ is the same as
$0.80, so (0.80 x 3) + 2.70 = 2.40 + 2.70 = 5.10.
The animals cost $5.10 in total.

Now we can work out the change from $10.
First, add on cents to take us to the nearest
dollar. Adding 90¢ to $5.10 takes us to $6.

Next, we add on dollars to take us up
to $10. Adding $4 takes the total to $10.

Now we add these two amounts together:
$4 + 90¢ = $4.90

So the change we get from buying
the animals with a $10 bill is $4.90.

TRY IT OUT

Calculate the cost

Can you work out the total cost

in dollars of all these items?
Remember to convert the amounts
so they are all in the same unit.

50¢ gqey N L 510 o 80¢ g

Answer on page 319
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[} [}
? We call lines
aris ailine: e manoncl.
They have length but
A line joins two points together. In geometry, lines can no thickness.

be either straight or curved. A line has a length that
you can measure, but it has no thickness.

Look at the straight line

between A and B. It shows
us the shortest distance
between the two points.

The curved line bends

around the trees, making
the line between A and B
longer than the straight line.

----------------------------------------------------------------------------------------------------------------------------------------

Prove it!

This map shows three possible Route 2, B v = s
routes between points A and B. O = = "
Here is an easy way to prove that 5 = =" .

the straight line between the A L=

two is the shortest route. 7 S e, e

. Route 3

Route 1is a straight path. Stretch Now do the same for Route 2, Now put the string along Route 3,
a piece of string from Point A to and mark where the string the river. The mark you make this
Point B along the path. Make a mark  reaches Point B. The new mark is time will be the farthest along the
on the string where it reaches Point B.  farther along the string, so Route 2 string. So, Route 3 is the longest route.

must be longer than Route 1.
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Horizontal and
vertical lines

We give lines different names to describe things about them, such as
their direction or how they relate to other lines. Horizontal lines are level
and go from side to side, while vertical lines go straight up and down.

A horizontal line goes from
side to side, like the wings -
of this plane. It is parallel The struts that join the
(level) with the horizon. wings are vertical. They go
up and down, and they're at
right angles to the horizon.

There are more vertical and
horizontal lines in the picture.
See how many you can spot.

Horizontal or not?

A horizontal line is completely level. Some things
need to be horizontal, such as bookshelves or
the layers of bricks in the wall of a house. If a
road has even a very gentle slope, a car would
roll down to the bottom, unless we remembered
to put the parking brake on!
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Diagonal lines

horizontal, vertical,
A straight line that slants is called a diagonal line. or diagonal.
A diagonal line is not vertical or horizontal. Another
name for a diagonal line is an oblique line.

Look at this picture of a

zipline. It is made of
horizontal, vertical, and
diagonal lines.

Diagonals inside shapes

In geometry, the word diagonal has
another, more exact meaning.

A diagonal is a straight line inside a
shape. It joins two corners that are
not next to each other.

Diagonal

Here are some examples of a
diagonal inside a shape. We have
shown one diagonal on each shape.

Diagonal ...~

Diagonal
The more sides a shape has, the
more diagonals it will have.
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Diagonal lines ...
can slope gently,
like the zipline in Diagonal lines
the picture. can also slope
: a lot, like the ladder
s up to the zipline.

Diagonal lines can
slope in either
direction, like the zipline

and the ladder.

Can you find any
other diagonal
lines in this picture?

‘.

TRY IT OUT

Make a pattern with diagonals

Draw a regular hexagon (six-sided shape)
or trace this one. Then use a ruler and
pencil to draw diagonals from each corner
to the other corners. This picture has three
diagonals drawn for you, in white. When
you have drawn all the lines, how many
diagonals can you count inside the shape?
Turn to page 320 to check your finished
picture, then color it in to make a pattern.

..... Draw diagonals
from each corner
of the hexagon.

Answer on page 320
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Parallel li
arallel lines

| i line. They always come in sets
When two or more lines are exactly the same distance o or more.

from each other all along their lengths, they are called
parallel lines.

Parallel lines

These ski tracks are ... Parallel lines would never meet,

even if the lines continued forever

parallel. No matter how v
long you make the ——
lines, they will never
meet, or infersect. —
—

Non-parallel lines

These tracks are not parallel. You can “...._ At this end, the non-parallel
see that they are not the same distance from lines get farther apart the
each other all along their length. If the tracks longer they continue
continued, they would meet at one end.

B

Curved parallel lines

Parallel lines can be wavy
like these tracks, or zigzag. What
matters is that they are always

the same distance apart, or /
equidistant, and never meet.

When lines are

\

parallel, we mark 4
them with small .
arrowheads, like this: 7
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TRY IT OUT
Are they parallel? — / &
Look at this scene. It's made

up of several sets of parallel
and non-parallel lines. Can

you spot them all?

Answers on page 320

@\

@\ @/ The meeting
< point is where

the two non-

parallel lines
> r would meet if

they continued

........

Parallel lines don't just come in Lines that connect

pairs—more than two lines to make circles can
can be parallel to each other. also be parallel, like
Parallel lines don‘t have to be the 7< these circles with the

same length either. same center, called
concentric circles.
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2-D shapes

2-D shapes are flat, like the shapes we draw on
paper or on a computer screen. 2-D is short for two-
dimensional, because the shapes have length and
height, or length and width, but no thickness.

Polygons and non-polygons

. Side

Polygons Non-polygons

Polygons are straight-sided shapes Other 2-D shapes can be made
made of three or more sides and angles. from curved lines, like this circle, or by
Angles are made by two lines meeting at a combination of straight and curved
a point called a vertex. lines, like the shape next to it.

----------------------------------------------------------------------------------------------------------------------------------------

........
........
. .
.o *e
.
o
.
o

The sides with
one dash are the
same length

Describing a
polygon

We can mark the sides of
a polygon with dashes
to show which sides are
the same length as each
other. Two sides, angles,
or shapes that are
exactly the same are
called congruent.

The sides with
two dashes are .
the same length...~

R To show that all the sides This hexagon has three sefs of sides
All sides are marked .~ are the same length, each of the same length. The first pair is
with one dash to side of this six-sided shape marked with one dash, the second pair
show they are equal (hexagon) is marked with a with two dashes, and the third pair with

single dash. three dashes.
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Regular and irregular
polygons

A polygon is a 2-D shape made of straight sides. Regular polygons have
sides that are all the same length and angles of equal size. Irregular polygons
have sides of different lengths and different-sized angles.

Triangle

A regular triangle has a special
name—it’s called an equilateral
triangle. Different irregular triangles
also have special names. Find out
more on page 215.

All three sides are different ....... )
lengths, and the angles are )
different sizes

Regular triangle Irregular triangle

The sides can be.......

Quadrilateral different lengths

Quadrilaterals are four-
sided shapes. A regular
quadrilateral is called a square.

Regular quadrilateral Irregular quadrilateral

Hexagon
A six-sided polygon
is called a hexagon.

All six sides are the
same length, and the .
angles are equal ...~

Regular hexagon Irregular hexagon
TRY IT OUT

Odd one out

Only one of these five-sided
polygons is a regular polygon, with
sides of the same length and equal-
sized angles. Can you spot it?

Answer on page 320 o
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Atriangleis a polygon
with three straight sides
and three angles.

Triangles

A triangle is a type of polygon. It has three sides,
three vertices, and three angles.

Parts of a triangle . Apex

In geometry, we give special names
to different parts of a triangle.

Side

The three straight lines
that make up the triangle
are called sides.

.
cee,
..

Base and apex

The base is the side
that the triangle “rests”
on. The apex is the vertex
at the top of the triangle,
opposite the base.

Vertex

A corner of a
triangle, where two
lines meet, is a
vertex. The word for
more than one
vertex is vertices.

e The base is at
the bottom

Congruent triangles

Two or more friangles that have sides
the same length and angles the same
size are called congruent triangles.
These three triangles face different

directions but are still congruent. All the triangles are the

same size and shape
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Types of tfriangles

We give triangles different names depending on the lengths of their
sides and the sizes of their angles. On pages 240-41, you'll find out
more about the angles in triangles.

Dashes Equilateral triangle Right-angled
show sides All sides are congruent triangle
are equal (the same length) and alll Two of the sides meet to

angles are congruent
(the same size).

make a right angle (90°).
. Learn more about right
) angles on page 232.
Corner
symbol shows

right angle

Isosceles triangle Scalene triangle

Two sides of the The three sides are
triangle are the same all different lengths, and
length, and the two none of the angles are
angles opposite the the same.
equal sides are the
same size.

--------
*e
.

Curved lines
(arcs) mark
equal angles

Triangle test

This picture contains
different kinds of
triangles. Can you spot
an equilateral, an
isosceles, a scalene, and
a right-angled triangle?

Answers on page 320




216 GEOMETRY » QUADRILATERALS

Quadrilaterals

A quadrilateral is a polygon with four straight
sides, four vertices, and four angles. “Quad”
comes from the Latin word for “four.”

ctangles, but

rere
All squares @ uares!

not all rectangles are sq

-}

ol

Types of quadrilaterals
Here are some of the most common quadrilaterals.

Sides that are parallel

Opposite sides are marked with dashes = are marked with the
to show that they are the same length same arrow symbols
] « O
—I : | I_
N
Parallelogram Rectangle
A parallelogram has two sets of parallel The opposite sides of a rectangle are the
sides. Its opposite sides and opposite angles same length and are parallel to each other.
are equal. Each of its four angles is a right angle.
] STEaE
Angles that
are equal are
marked with 3 -
curved lines, Y ¥
called arcs
<=| r
N
Rhombus Square
A rhombus has four sides of equal length. A square has four sides of equal length.
lts opposite sides are parallel, and its opposite Each of its four angles is a right angle. The

angles are equal. opposite sides of a square are parallel.
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The parallel
sides are not
the same length

Trapezoid
A trapezoid has one pair of parallel
sides. It is also called a trapezium.

One pair of /= . e .
opposite The adjacent
angles is sides are the
equal same length

-

The other pair

Kite of opposite
A kite has angles is not
two pairs of equal, equci{

adjacent sides.
Adjacent means that
the sides are next to

The non-parallel
sides are the
same length

Isosceles trapezoid

This shape is like a normal trapezoid,
except that the non-parallel sides are the
same length.

Skewed shapes

Look at the square and the rhombus below.

The rhombus looks like a skewed version of the
square, as if it has been pushed sideways. Now
look at the rectangle. If you skewed it in the
same way, what shape would you get?

Rhombus

Square

B ?
V|

Rectangle

Answer on page 320

each other.
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Naming
polygons

Polygons are named for the number of sides and
angles they have. Most polygons’ names come
from the Greek words for different numbers. Here
are some of the most common polygons.

ﬁln a polygon, the w
number of sides is

always the same as the
number of angles.

3 sides and
~ 3angles

Irregular
Regular triangle triangle

Irregular Irregular
Regular hexagon hexagon Regular heptagon heptagon

Honey in hexagons

To store the honey they
make, some bees build
honeycombs from wax
made inside their bodies.
Honeycomb cells are
regular hexagons that fit
together perfectly to make
a strong, space-saving
storage unit for the honey.

Irregular
Regular decagon decagon
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All the sides
and angles of a
regular polygon
are congruent

(equal)

€.

Irregular . Irregular
Regular quadrilateral quadrilateral Regular pentagon pentagon

An irregular &
polygon has
sides and angles
that are not
equal

Irregular Irregular
Regular octagon octagon Regular nonagon nonagon

12 sides and
12 angles

Irregular Irregular
Regular dodecagon dodecagon Regular icosagon icosagon
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e

(
The distance from the

[ ]
Circles

circle’s circumference is

i i ; always th
A circle is a 2-D shape, made from a curved line that goes all ysihe same.

the way around a point af the center. Every point on the line g—t—‘-\ £
is the same distance from the center. .-

Parts of a circle

This drawing shows the most important parts of a circle.
Some of these parts have special names that we don’t
use for other 2-D shapes. Arc

Circumference

ce,
.

Radius T, Tangent
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Circumference

The distance all the way
around the circle. It's the circle’s
perimeter.

Arc
Any part of the circle’s
circumference is called an arc.

™~

Chord
A line between two points

on the circle’s circumference that

doesn’t go through the center.

TRY IT OUT

Measure the circumference
A ruler won't help us measure a circle’s

The diameter ..« " .

divides a circle

Radius

A straight line from the
center of the circle fo the
circumference. The plural
of “radius” is “radii.”

Sector
A slice of the circle formed
by two radii and an arc.

Segment
The space between a
chord and an arc.

in half

Diameter

A straight line from one side
of the circle to the other, going
through the center. The diameter
is twice the length of the radius.

Area
The amount of space inside
the circle’s circumference.

Tangent
A straight line that touches
the circumference at one point.

Use a ruler to

measure the diameter .

First, measure the diameter
of this wheel, then multiply

the diameter by 3.14 to work
out the circumference.

circumference—it can’t measure curves!
But we can find the circumference of any

circle if we multiply its diameter by 3.14.

Answer on page 320

the circumference, then
measure the string with a ruler.
Do you get the same answer?

Now put some string around
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Al 3-D shapes have three
dimensions: length, width, and
height. A2-D shape only has l.ength

and width or length and height.

3-D shapes

Three-dimensional or 3-D shapes are shapes that
have length, width, and height. A 3-D object can be

solid, like a lump of rock, or hollow, like a basketball. N )
Look at this picture of a greenhouse. An edge is
It's made up of flat surfaces, seams, formed where

and corners. In geometry, these are " faces meet

called faces, edges, and vertices.

Avertex is......

formed where
edges meet

HEIGHT

s A face is made
a\e of a 2-D shape
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........ This shape
has seven
faces

Face

The surface of a 3-D object is made
of 2-D shapes called faces. Faces can be
flat or curved.

This shape
N has15
edges

Edge
An edge is formed when two or
more faces of a 3-D shape meet.

This shape
has 10
® vertices
& .
OCo”
¢ <
8
®
&
®
Vertex

The point where two or more edges
meet is called a vertex. The plural of
“vertex” is “vertices”.

TRY IT OUT

Find the faces

Can you count the number of faces, edges, and
vertices on this 3-D shape?

Answers on page 320

lt's a 3-D world

Anything that has length, width, and height is
3-D. Even a thin object, like a sheet of paper
that's less than Tmm thick, has some height, so
it's 3-D, too. A complicated obiject, like this plant
in a pot, is also 3-D, even though it's tricky to
measure its different dimensions.
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Types of 3-D shapes

3-D objects can be any shape or size, but there are some that you
will come across often in geometry. Let's take a closer look at some
of the most common 3-D shapes.

Th it
The flat faces of two e opposite

' faces are
hemispheres can be put identical
together to make a sphere . rectangles

Sphere Hemisphere Rectangular prism

A sphere is a round solid. It A hemisphere is the name A rectangular prism is a
has one surface and no edges for half a sphere. It has one flat boxlike shape with six faces,
or vertices. Every point on the surface and one curved face. eight vertices, and 12 edges. Its
surface is the same distance opposite faces are identical.

from the sphere’s center. ... Circular

face

Triangular-based pyramid Cone Cylinder

A triangular-based pyramid A cone has a circular base A cylinder has two identical
is also called a tetrahedron. It and a curved surface, which circular ends joined by one
has four faces, four vertices, and  ends at a point directly above curved surface.

six edges. It's unusual to see this  the center of its base.
kind of pyramid in the real world.
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e All the faces
are squares

Cube

A cube is a special kind of cuboid.
It also has six faces, eight vertices, and
12 edges, but all its edges are the same

A

length and all its faces are square.

oo

cey
*e

the apex

Square-based pyramid

A square-based pyramid sits on a
square face. The other faces are triangles.
It has five vertices and eight edges.

: 4
i W

The triangular
faces meet at
the highest
vertex, called

Regular polyhedrons

A regular polyhedron is a 3-D shape with faces that are

regular polygons of the same shape and size. In geometry,
there are only five regular polyhedrons. They are called the
Platonic solids, after the ancient Greek mathematician Plato.

y

esee
. .
.o .y

GCC

. Faces are

Tetrahedron
4 faces

4 vertices

6 edges

equilateral triangles

. Faces are

squares

. Faces are
equilateral triangles

" Faces are
regular pentagons

“.Faces are
equilateral triangles

Cube

6 faces

8 vertices
12 edges

Octahedron
8 faces

6 vertices

12 edges

Dodecahedron
12 faces

20 vertices

30 edges

Icosahedron
20 faces

12 vertices
30 edges
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Prisms

A prism is a special kind of 3-D shape. It is a polyhedron, which
means that all its faces are flat. Its two ends are also the same
shape and size, and they are parallel o each other.

A prism is the same size
and shape all the way
along its length.

Finding prisms

Look at this picture of a ends are parallel
compgrounq. We've pointed triangles, so we call
out some prisms, but can it a triangular prism .

you spot them all? You
should be able to find eight.

The tent shape’s

The marshmallow
is a prism—its
parallel ends

are squares.......

Cross sections All cross sections..._.

will be the same

If you cut through a prism size and shape

parallel to one of its ends,
the new face you make is
called a cross section. It
will be the same shape
and size as the original
flat face.
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Types of prisms
There are many prisms in geometry.

Here are some of the most common. ...~ The sides of a
prism are made of
parallelograms
Rectangular prism Triangular prism
The opposite ends of this prism A triangular prism, like the
are rectangles, so we call it a tent, has ends that are triangles.

rectangular prism.

Pentagonal prism Hexagonal prism
A pentagonal prism has a A hexagonal prism’s parallel ends
pentagon at each end and five are hexagons—six-sided polygons.

rectangular sides.

Spot the non-prism @b 2
Which of these shapes is

not a prism? Check to see

if it has parallel faces at

either end. Also, if you

sliced through the shape,
parallel to the end faces,
would all the cross
sections be the same?

Answer on page 320
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N eTS A net is what a 3-D
shape looks like when

it's opened out flat.

A netis a 2-D shape that can be cut out, folded, and stuck
together to make a 3-D shape. Some 3-D shapes, such as the
cube on this page, can be made from many different nets.

Net of a cube ~ TRYITOUT

Find more nets

Here are three more nets of
a cube. There are actually

11 different nets for a cube—
can you work out any others?

This shape, made of six
squares, can be folded
to make a cube. In

geometry, we say the o
shape is a net of a cube.

Sharp creases help
form the shape -+***- B

The shape is

creased along the
lines dividing the squares.
When the lines are folded,
they will form the edges
of the cube.

The end square forms
the lid .....---.....
The squares around
the central square
will be the cube’s sides.
The square farthest
from the center square
5 will be the lid.

The flat net has
now been turned
into a cube.

Answer on page 320
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Nets for other 3-D shapes ., Circles form the ends
' of the cylinder

Rectangular prism Cylinder
The net of a rectangular prism is made A cylinder’s net is formed from
of six rectangles of three different sizes. just two circles and a rectangle.

Square-based pyramid Triangular prism
One square and four triangles form A triangular prism is made from a net
the net of a square-based pyramid. of three rectangles and two triangles.

(REALWORLOMATH R The tab sticks side panel

Boxes need tabs A to back panel B

When we draw a net for a real 3-D
shape, we usually include tabs. Tabs
are flaps added to some of the shape’s
sides so that we can stick the box ~ TN
together more easily. If you take an ‘ Ll
empty cereal box apart, you'll see the
tabs that have been glued to some of
the panels to form the box.
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An angle is a measure
of the amount that
something has turned
around a fixed point.

Angles

An angle is a measure of an amount of turn, or rotation,
from one direction to another. It is also the difference in

direction between two lines meeting at a point.

Let's look at some

lines turning around a
center point. As they turn,
they create angles.

- Lines begin turning
from here

One end of the

green line has
stayed still at the
center, while the

. other end has
* started to turn.

If the purple

line turns to
here, it has turned
one quarter of
the way from
where it started.

Center .

. Wecall this a
: .. quarter turn.
If we keep
turning the
line around the
center, it will arrive - The blue line has

back where it started
from, like the red line.
This is a full turn.

turned halfway around
from where it started, making
......................... a straight line. We call this a
half turn.

----------------------------------------------------------------------------------------------------------------------------------------

Describing angles

An angle is made of three parts:
two lines, called arms, and a
vertex, where the arms meet.
We show the angle by drawing
a curved line, or arc, between
the arms. The size of the angle is
written inside or next to the arc.

Vertex
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Degrees

We use units called degrees to precisely describe an amount of
turn, which is how we measure the size of an angle. The symbol
for degrees is a small circle, like this: °.

Here is a full

turn divided
into degrees. A
full turn always
has 360 degrees.

This is one

degree (1°).
It's equal to 360
of afull turn. ..

e,
........

This shows ten

degrees (10°). We
can see that the angle
made by this turn is
ten times larger than
the 1° angle.

This shows ¢
an angle of
100 degrees (100°).

o
.o .
. .
-----
................

There are Why 360 degrees?
360 degrees
in a full turn.

One theory to explain why there are 360°
in a full turn is that ancient Babylonian
astronomers divided a full turn into 360 b
parts, because their year was 360 days long. %
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Right angles

When you draw the right
angle symbol on an
angle, you don’t neefi to
write “90°" next to it.

Right angles are important angles in geomeiry. In fact, they

are so important they get their own special symbol!

OO

symbol

270° 90°

180°

A quarter turn like this is 90°. We call it a

right angle. When we mark a right angle,
we make a corner symbol, like this: b.. We
don't have to write "90°" next to the symbol.

270° l_—] 90°

180°

A three-quarter turn is 270°. It's made up
of three right angles.

Right angle

270° 90°

L]

180°

A half turn is 180°. It's also called a
straight angle, because it makes a
straight line. You can also think of a straight

angle as two right angles.

Turns can be

clockwise, like this, 360°
or counterclockwise
270° 90°
180°

A full turn is all the way around to where
the line started, which is 360°. A full turn
is made up of four right angles.
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Types of angles

As well as the right angle, there are other important kinds
of angles that we name according to their size.

Acute angle

When an angle is less
than 90°, we call it an
acute angle.

Right angle

A quarter turn is
exactly 90°. We call it
a right angle.

Obtuse angle

An angle that’s more
than 90° but less than 180°
is an obtuse angle.

Straight angle

An angle of
exactly 180° is called
a straight angle.

Reflex angle

An angle that’s
between 180° and 360°
is called a reflex angle.

The arm turns

counterclockwise

make a 45° angle

Right angle (90°)

180°

to

90°

180°

90°

OO

OO

OO

Z &

T T W W W W W U -

o

I T W W W W e W N4

N

T T PSP P NP N
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Angles on a ——
straight line i

Sometimes, simple rules can help us work out unknown angles.
One of these rules is about the angles that make up a straight line.

180° :
120° /60
B
If we rotated a line halfway around Imagine that your line made a stop
from where it started, the line would on the way to the half turn, creating
turn 180° and it would make a straight line. an extra line. The two angles made by
the new line add up to 180°
70° \/60° a \b
No matter how many angles you If the angles on a straight line are
create on a straight line, they will called a and b, we can write this rule
add up to 180°, as long as all the lines as a formula:
start from the same point. a+b=180°
Finding a missing angle on a straight line We know that one angle Is
45° and the other is 55°.
Let's use the rule we've just Let's add the angles together:
learned to find the missing 45° + 55°=100°
angle on this straight line.
Now let's subtract that total
We know that the three from 180°:
angleson the straightline ~— /N22 N\ 180° - 100° = 80°
add up t0 180°.. 45° ?&

5 So the missing angle is 80°.
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Angles atf a point

) ) always add up o 360°.
Another rule of geometry is that angles that meet at a point
: . \__p
always add up to 360°. This rule helps us work out missing o
angles when they surround a point. =
145°|100°
360°
115°
We know that if we turn a line all the Imagine that the line stops on its way
way around to where it started, it to making a full turn, creating new
makes a full turn, which is 360°. lines that meet at the same point. The

angles formed all add up to 360°.

; b
a
This time, there are four lines meeting If the angles that meet at a point are
at a point. But it doesn’t matter how called a, b, and ¢, we can write this
many lines there are—the angles will rule as a formula:
always add up to 360°. a+b+c=360°
Finding the missing angle around a point We also know that one angle

is 160° and the other is 130°.
Let's add these angles together:

Let's use the rule we've just 160° + 130° = 290°

learned to find the missing

angle at this point. Now let’s subtract that total

from 360°: 360° — 290° = 70°

We know that the three
angles around this point . This means that the missing
add up 10 360°.. e angle is 70°.
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Opposite angles e,

directly opposite each
When two straight lines cross, or intersect, they create two other are always equal,

pairs of matching angles called opposite angles. We can
use this information to work out angles we don't know.

The opposite angles

are colored the same
blue to show that ...
they are equal .~

Use a protractor to
measure the angle

Let's look at what's special about When we measure the top angle, we
opposite angles. First, we draw two find it's the same as the bottom one.
intersecting straight lines, then measure The angles opposite each other are equal.

the bottom angle.

The second pair of
opposite, equal angles a

is colored green

Now let's look at the other pair If we call the angles a, b, ¢, and d,
of opposite angles. When we we can write what we know about
measure them, we find that they are opposite angles like this:

also equal — they are both 110°. a=c¢ b=d
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Finding missing angles
When two lines intersect, if we know the size of one
angle, we can work out the sizes of all the others.

Angles b and d
are opposite
.. and equal

These two lines intersect, creating Angles b and d are opposite
two pairs of opposite angles. We each other, so we know that
know that angle d is 30°. angle b must be 30°, too.
Angles a and b are on 150°.......... )

o

"a straight line

We can use what we know about Angles a and c are opposite,
angles on a straight line to work out so we know that means they
angle a. We know that a + b =180°, so are equal. So cis 150°.

a must be 180° — 30°. So a = 150°.

TRY IT OUT

Remember,
d+e=180°

Angles brainteaser Add a and b
to make d's

Can you work out these missing opposite angle

angles? Use what you know about
the size of a right angle, the angles
on a straight line, and that
opposite angles are equal.

Answers on page 320



238 GEOMETRY « USING A PROTRACTOR

Using a protractor

We use a profractor to draw and measure angles accurately.
Some protfractors measure angles up to 180°, while others
can measure angles up to 360°.

Each small Use the outer scale to
mark represents measure angles clockwise

one degree (10)..,,... \\\\\ \\\\\H“ ””I”/I
N

.....
..

b

PROTRACTOR

360°
PROTRACTOR  TRIANGLE

180° Q
PROTRACTOR

...........

)
g

measure angles
counter-
_—— clockwise

\\\\\\\

T

----------------------------------------------------------------------------------------------------------------------------------------

Drawing angles

A protractor is essential if you need Make a D
raw a
to draw an angle accurately. second mark traiaht li
at 75°...... S ralg ine

between the

Mark a point r 4

on the line.. /

N7

I \_IHWHI L ‘H\I‘HM‘\ LU LU AL L \,\‘IH.\HH‘ L IHHI‘\I T ‘\I L L |
Here’s how to draw a 75° angle. Put the protractor’s center on the Use a ruler and pencil to draw a
Draw a straight line with a pencil marked point. Read up from 0°, line between the two points, then

and ruler, and mark a point on it. and make a second mark at 75°. label the angle.
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Measuring angles up to 180°

You can use a protractor to measure
the angle formed by any two lines.

/ Put the center of
the protractor
I’ over the vertex . /
Make the arms longer | L
if they're not long :
enough to read.

.'ﬂ, o)

———

Use the inner
scale to measure
the smaller angle

Use the outer
scale to measure
... the larger angle

0° —

Use a ruler and pencil to
extend the angle's arms if
you need to. This makes it easier

to read the angle.

Put the protractor along one

arm of the angle. Take a
reading from where the other
arm crosses the protractor.

------------------------------------------------------------------------------------------

Measuring reflex angles

Reflex angles are angles larger than 180°. We can use a
semicircular protractor to measure a reflex angle if we combine
our measurements with what we know about calculating angles.

a
8o l S _—
\ | B
SiE N b ==
= A by
a\ 2 IS
= \\_\‘_ o \‘Q S
! S
N /g
“\ a N S
3N \Q S
¢ 0‘9 / 0‘:” & v b = 60°
% 09 N
0 \ &
Br~2% 09 oo & ad
0, L X
4l 00} 06 083 3 \

We know there are 360° in
a full turn. So, angle a must
be 360° - 60°.

To find angle a, put the
protractor along one arm, facing
downward.

When we measure angle b,

4 So, the answer is a = 300°.
we find that it's 60°.

To measure the larger angle,
read up from zero on the
other side of the protractor.

----------------------------------------------

TRY IT OUT

Measure the angles

Practice your protractor skills

by measuring these angles. It
helps to estimate angles before
measuring them—that way,
you'll make sure you read from
the correct scale.

Place the

protractor's

center over
_this point

Make sure you
_ read from the
“.....correct scale

Answer on page 320
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Angles inside
friangles

We give names fo friangles according to the lengths
of their sides and the sizes of their angles. We which work together to carry

learned about the sides of a triangle on page 214, weight evenly. This makes the
so now lef's take a closer look at its angles.

Strong shapes

Triangles are useful shapes for
engineers because they are
stable and hard to pull out of
shape. This geodesic dome is
made from triangular panels,

structure light, but very strong.

Types of tfriangles (

Here are the triangles we see
most often in geometry.

Equal angles
are marked
with arcs ..

ALAETN
.

There are four kinds of
friangle: equilateral,
right-angled, isosceles,
and scalene,

“. Equal sides are
marked with a dash

™)

The two angles that .= ..
are not right angles can
be the same or different

(]
I
Equilateral triangle
An equilateral triangle is sometimes
called a regular triangle. Its three angles
are all 60°. Its three sides are always the
same length, too. Angles or sides that are
exactly the same are called congruent.

Right-angled triangle

A right-angled triangle contains one right
angle, which is exactly 90°. The other two angles
can be the same, or different, like this one. It can
have two sides of the same length, or all three
can be different.
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Isosceles triangle The third angle
An isosceles . can be acute
triangle has two angles &= """ (less than 90°)

of equal size and two
sides of the same
length. The third angle
can be any size.

The third angle can
be a right angle

.
0ot

Arcs mark the
two equal
angles

Scalene triangle Obtuse .- > Scalene

A scalene triangle has angle
no equal sides, and all its
angles are different. It can
contain one right angle, or
it can be made up of a
combination of acute and
obtuse angles.

triangles can
be right-angled

.....

Acute .-

angle
TRY IT OUT

This is an isosceles triangle, so

Work out the angles we know that a and b are equal.
If you know what type of
triangle you're looking at, you We know that @ + b + ¢ = 180°.
can sometimes work out all its Angle ¢ is 40°, so if we fake 40°
angles, even if you only know away from 180°, the answer will be
one of them. See if you can the same as a + b.

work out the two missing
angles here. The steps will

help you if you get stuck. Now, if we divide that

answer by two, we find
the size of angles a and b.

Answer on page 320
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Calculating angles
inside friangles

The special thing about the angles
inside a triangle is that they always add
up to 180°. It doesn’t matter whether
the lengths of the sides and angles
are the same or different—when
we add the angles up, we always
get the same answer.

In this triangle, two
of the angles are the
same. When we add all
three angles, we get:
70° + 70° + 40° = 180°

The third triangle is

different again, but we
still get the same answer:
...... 40° + 50° + 90° =180°

Look at the three sails

on this boat. Each one
is a triangle, but all three
triangles are different.

This triangle has
angles of 60°,

30°, and 90°. Let's

add them up:

60° + 30° + 90° =180°

----------------------------------------------------------------------------------------------------------------------------------------

Prove it!

One way to test that the angles inside a triangle add up to 180° is
to take the three corners from a triangle and see how perfectly they
fit along a straight line. We already know a straight line is 180°.

Look at the
Tear each straight line .
= corner off fi; @ | - 3
Cut a triangle out of paper. The Rotate the three corners so that Make all three corners touch.
sides and angles can be any size. you can bring them together. Look how they form a straight

Now tear off the three corners. line, which we know is 180°.
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Finding a missing angle in a triangle
The rule we've just learned can be really useful,

because if we know the size of two of the angles
inside a triangle, we can work out the third.

Let's add these
............... two angles together:
55° +75°=130°

] What's this missing angle?

We know that one
angle is 55° and
another is 75°.

Now let’s subtract this
total from 180°:
180° — 130° = 50°

This means the

The angles inside a
triangle always add
up 0 180°.

Find the

mystery angles
Now use the method
we've just learned to

find the missing angles
in these triangles.

Answers on page 320




244 GEOMETRY ¢ ANGLES INSIDE QUADRILATERALS

Angles inside
quadrilaterals

four angles, four sides,
Quadrilaterals have different names, depending on the properties e

of their sides and angles. We looked at a quadrilateral's sides on
pages 216-17. Now let's take a closer look at its angles.

Types of quadrilaterals

Quadrilaterals are polygons with four sides and
four angles. Here are some of the quadrilaterals

. All four sides
we see most often in geometry.

are equal

......... Opposite sides are

v equal lengths Rhombus

The opposite angles of a rhombus
are equal. Another name for a rhombus

is a diamond.

Dashes mark ] I [
sides of equal
length

Parallelogram B B

A parallelogram has two pairs of

equal angles, opposite each other.
q g PP ] | [
................. All four angles Square
are right angles A square is special kind of rectangle,

with four right angles and four equal sides.

Non-parallel
sides can be
the same or
different lengths

Rectangle Trapezoid
A rectangle has four right angles Two of a trapezoid’s angles are
and two pairs of equal, parallel sides. greater than 90°. It has one pair of

parallel sides.
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Calculating angles
inside quadrilaterals

The angles inside a quadrilateral always add up to 360°.
There are two ways we can prove that this is true.

The angles inside @
quodri\oterol always
add up to 360°.

Make triangles

A quadrilateral can be split into
two triangles, like this. We know
that the angles in a triangle add up
to 180°. That means the angles in a
quadrilateral add up to 2 x 180°,
which is 360°.

Draw a dividing
line between
opposite vertices

. Tear off the Rearrange the
Put the angles around a point four corners .. corners to fit

L
.

You can tear the corners off
a quadrilateral and arrange them
around a point, like this. We know
that angles around a point add up
to 360°, so the quadrilateral's
angles must add up to 360°, too.

around a point

e S

----------------------------------------------------------------------------------------------------------------------------------------

Find the missing angle

So, now we know that the angles in a quadrilateral add up to 360°.
We can use this fact to work out missing angles in quadrilaterals.

Now let's take 300°
away from 360°:
360° - 300° = 60°

4 So the missing
angle is 60°.

cee®

Look at this shape. What's
the missing angle?

We know that three of the

angles are 75°, 95°, and
130°. Let's add them together:
75° + 95° +130° = 300°
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Angles inside polygons

Polygons get their names from the number of their sides
and angles. We learned about polygons' sides on pages
218-19. Now we're going fo focus on their angles.

The sum of the angles

More sides means bigger angles inside a polygon
depends on how many
All the angles in a regular polygon are the same size. So, if you know one sides it has.

angle, you know them all. Look at these polygons. You can see that the
more sides a regular polygon has, the larger its angles become.

.108° .120° 135°

| 5 sides and
5 angles

Pentagon Hexagon Octagon
Angles inside regular and irregular polygons
The angles inside polygons with the same number of sides always add up
to the same amount. Let's look at the angles inside two different hexagons. 1520 1130
.. All angles Y
..... i 97...
128°,.....0"

Regular hexagon Irregular hexagon

The angles inside this regular hexagon are In this irregular hexagon, each angle is
all the same size. The six angles of 120° add different. But when you add them up, the total is

up to a total of 720°. 720°, the same as for the regular hexagon.
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Calculating the
angles in a polygon

To find the sum of all the angles inside a polygon, we can either
count the triangles it contains, or use a special formula.

Counting triangles

Look at this pentagon. You

can see that we can divide
the five-sided shape into three
triangles.

We know that the angles in
a triangle add up to 180°.
The pentagon is made of three
triangles, so the angles add up
to 3 x 180°, which is 540°.
A pentagon can be split
into three triangles

----------------------------------------------------------------------------------------------------------------------------------------

Using a formula

So we can write the sum of the
angles in a pentagon like this:
(5 -2) x 180°= 3 x 180° = 540°

Here's a rule about the angles
in polygons: the number of
triangles a polygon can be divided

into is always two fewer than the
number of its sides.

There's a formula that works
for all polygons. If we call
Let's look at the pentagon again. the number of sides n, then:
It has five sides, which means it

can be divided into three triangles.

SUM OF ANGLES IN A POLYGON
= (n-2) x 180°

TRY IT OUT

Polygon poser

Combine what you've learned about angles inside a
polygon to work out the seventh angle in this irregular
heptagon. Remember, if you know how many sides a
polygon has, you can work out the sum of its angles.

65°..

Answer on page 320 950 .
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Coordinates

Coordinates help us describe or find the position of a point or

place on a map or grid. Coordinates come in pairs, fo tell
us how far along and up or down the point is.

In a pair of coordinates,
the x coordinate always
comes before the'y
coordinate.

The y axis is
vertical

Coordinate grids

Y

This grid is called a coordinate 4
grid. It's made up of horizontal
and vertical lines that cross, or

intersect, to make squares.

“y

The two most important lines

on the grid are the x axis and
the y axis. We use them to help
us describe the coordinates of
points on the grid.

The x axis is always
horizontal, and the
y axis is vertical.

The point on the
grid where the
x and y axes intersect
is called the origin.

... The x axis is

horizontal

---------------------------------------------------------------------------------------------

Finding the coordinates of a point
The position of any point on a grid can be described by its coordinates.

The x coordinate of A is 2,
which is two squares along .

The y coordinate of A is 3,
which is three squares up

Y Yy
6 A 6 A
5 5
3 A.( ------- 3 A.( --------
2 2
1 1
0 > X 0 > X
1 2 3 4 5 6 12 3 4 5 6

Now we read up the y axis to

count how many squares up it
is to the point. It is three squares up
from the origin, so we say that the
y coordinate is 3.

To find the coordinates of A,
first we count how many
squares it is along the x axis. It
is two squares along from the
origin, so the x coordinate is 2.

-------------------------------------------

Coordinates are
always in parentheses

> X
1 2 3 4 5 6

We write the point's coordinates
as (2, 3), which means two
squares along and three up.
We put coordinates in parentheses.




GEOMETRY « PLOTTING POINTS USING COORDINATES 249

Plotting points using
coordinates penagds

We can also use coordinates to place, or plot,
points accurately onto a grid.

We sometimes write the

The origin's coordinates
coordinates next to the point

.are (O, O) :
y y y
6 A 6 A 6 4 1
5 5 5
4 4 4
3 3 3 (4 2)
2 2 A 2 ok
1| - 1 1
oe > X 0 ' > X 0 > X
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
To plot the coordinates (4, 2), Next, we count two squares Now we mark the point we
we first count four squares up the y axis. have reached with a dot.

along the x axis.

rev i our Ceeawomomam

Find the 94 Grids and maps
coordinates 8 One of the most common ways
Can you write down B we use coordinates on a grid is
the coordinates of 7 & to find locations on a map. Most
points A, B, C, and D? 6 D maps are drawn with a
Remember that the ¢+ coordinate grid.
x coordinate is 5
written first, then C 5P
the y coordinate. 4 A ¢ "-F
3 ° 4
q
2 3 b "h
L 2 T g .20
g
0 > 1
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7

Answers on page 320
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Positive and
negative coordinates

The x and y axes on a grid can go on either side of

. . . Yy
zero, just as they do on a number line. On this 6k
kind of grid, a point's position is described with j
positive and negative coordinates. 2nd quadrant 3|  1st quadrant
2
1
QUOdrOnTS Ofd graph 7 i P ] 01 2 3 4 5 %%
When we extend the x and y axes of a grid ~ Coordinates can be . . : :2
beyond the origin, we create four different  positive or negative, " _3
sections. These are called the first, second, depending on the ~ 3rd quadrant o |l
third, and fourth quadrants. quadrant they are
located in e
_6v
Plotting positive and negative coordinates _
Points on a grid can have positive or negative coordinates, Both Z‘::rdg:ﬁ:
or a mixture of both, depending on which quadrant they are in. P :
In the first quadrant, both coordinates The x coordinate is negative and

are made of positive numbers. Point A is the y coordinate is positive
two squares along the x axis and 4 squares :

Y
*

up the y axis, so its coordinates are (2, 4). 6
5.
4 ® L
In the second quadrant, point B is 2 e ] > e 3 AR 4)
squares behind the origin (0, 0), so the 8| (2 B) ;
x coordinate is -2. It's 3 squares up on the .
y axis, so point B's coordinates are (-2, 3). L
&5 4 52 o1 2z 3 4 5 8%
® =
In the third quadrant, point C is behind e AC o, L0, D (6, -3) <.
the origin on the x axis and below it on -3 f o
the y axis, so both coordinates are negative -4 K
numbers. The coordinates are (-5, -1). -5
] -6y
In the fourth quadrant, point D is 6 Both coordinates The x coordinate is :
squares along the x axis and 3 down on are negative positive and the

the y axis. So its coordinates are (6, -3). y coordinate is negative



Using coordinates
fo draw a polygon \

We can draw a polygon on a grid by plotting its
coordinates, then joining the points with straight lines.

Remember, positive or
negative numbers in
coordinates fell us in which
quadrant we will find a point.

e >
How to plot and draw a polygon on a grid
Y Y Y
A A f
5 5 5
("2, 4) * 4 L4 (2, 4) o 4 o
& 8 <)
2 & o
1 1 1
< P < - X < - X
-5 -4 -3 -2 -1_1 01 2 3 4 5 -4 -3 -2 -1_1 01 2 3 4 5 -5 -4 £3 -2 -1_1 01 2 4 5
=2 -2 -2
=== (49 - &
° ~4. @ ° ~4. 2 ® 4 ®
-5 -5 -5
Y Y Y

We start by plotting these four
coordinates on the grid:
(2, 4); (-2, 4); (-4, -4); (4, -4).

TRY IT OUT

Plotting puzzlers

o Can you work out the coordinates
that make the points of this six-
sided shape, called a hexagon?

If you plotted these coordinates

on a grid and connected the points
in order with straight lines, what shape
would you draw?
(1,01 (0, -2) (-2, -2) (-3, 0) (-1, 2)

Answers on page 320

points we plotted.

Now we use a pencil and
ruler to connect the first two

We keep connecting the
points until we have made

a shape called a trapezoid.
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Position
and direction

We can use a grid and coordinates to
describe the positions of places on a map.

How to use coordinates on a map

Maps are often divided up by a square grid, so we
can pinpoint the position of a place by giving its
square's coordinates.

Every square on the map has a unique pair
of coordinates that describe its position.

The first coordinate tells us how far along the
grid to count horizontally. The second coordinate
tells how many squares to count up vertically.

The vertical [S= =
. . AL L LT T T T
grid is marked e i =
with numbers . 4 i
. |IEEEEEEEEER ﬁ

This square's

coordinates
are B2 A
s
jnmil A
C D
We count along or & “...The horizontal grid is

up from the origin marked with letters

This map uses letters for the horizontal

coordinates and numbers for the vertical
coordinates. Often, maps use numbers for both
the horizontal and vertical coordinates.
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253

|||||||

We can use map

coordinates to find our
way around Cybertown's
theme park, Astro World.
The sheep in the petting
zoo is two squares along
and 10 squares up. Its
coordinates are B10.

The ducks in the pond

are four squares
along and three squares
up. So, their coordinates
are D3.

To find what's in

square A9, we count
one square to the right
and nine squares up. The
square contains the ice-
cream cart.

TRY IT OUT

Find the spot

See if you can navigate
around the map by
finding these things:

What can you find
at square GI10?

Now find H3. What's
in the square?

Can you give the

coordinates of the
table with two robots
sitting at it?

Answers on page 320
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Compass directions

A compass is a tool we use for finding a location or to help us
move in a particular direction. It has a pointer that always

The four cardinal
compass points are:

north (N), south (S),
east (E), and west (W).

shows the direction of north.

Points on a compass

Compass points show directions as angles measured clockwise

from the direction north. We call these directions bearings.

\; ............. . NOrth has a

The bearing bearing of O°
of west is
2709

.
South has
a bearing
of 180°

The main compass points are: north (N),
south (S), east (E), and west (W). We call
them the cardinal points.

---------------------------------------------------------

Northwest is halfway

between north and west

...-.Northeast

East’s bearing
is 90°
clockwise
from north

Southwest :

: Southeast

Halfway between the cardinal points are the
ordinal points: northeast (NE), southeast (SE),
southwest (SW), and northwest (NW).

-------------------------------------------------------------------------------

Using a compass
with a map

Most maps are printed

with a north arrow. If we
align north on the
compass with north
marked on a map, we

can find the directions

: - Read off
N_T_ - NN N_T_ " where
| 3% »:»m . ' the line
A" & L eeiidecienn meets the
’ . . ’ compass

to other locations on the
map. We can then use
our compass to get from
one place to the other.

1

Let’s find the direction from Point A
to Point B. First, we turn the map
so that its north arrow aligns with

the compass’s north arrow.

Now we put the compass over point A.

We can see that Point B is southeast of
Point A. This means we could get from A to B
by using the compass to guide us southeast.
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Using a compass
to navigate n

Let’s practice using

compass bearings by
navigating our way 1
around this map of the
Android Islands in
Cyberland. 9

The motorboat

could get to the café
via this course: three 7
squares north, then four
squares east. We write
this as 3N, 4E. 6

(8}

The canoe can
reach the cave by
following this course:

2E, 25, TW. 4
One way for the 3
yacht to get to the

harbor would be to sail

6N, 3W, IN, TW. 2

Get b . The lighthouse keeper wants If the yacht sailed a course
€1 your bearings an ice-cream cone. Can you of TW, 2N, 2W, 1S, TW, where
Now it's your turn to navigate give directions to steer his boat to would it reach?

your way around the Android = the ice-cream cart?
Islands. Can you write If the canoe were paddled 3E,

directions for these trips? Can you direct the motorboat 65, where would it end up?
to the puffins on Puffin Island?

Answers on page 320
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Reflective symmetry [ o

is also called an axis

A shape has reflective symmetry if you can draw a line of ;m;?‘i:\e’ or

through it, dividing it into two identical halves that would fit
exactly onto each other.

Each line of symmetry
_is numbered

How many lines of
symmetry?

A symmetrical shape can have
one, two, or lots of lines of

symmetry. A circle has an
unlimited number!

Ak ek

One vertical line of symmetry

This butterfly shape has only one line
of symmetry. The shape is exactly the
same on each side of the line. If you
drew a line anywhere else on the shape,
the two sides wouldn’t be the same.

Veertical line

Horizontal line of Lines of symmetry

can be diagonal .,

o
o
o
oo’
.o
oo

.. symmetry of symmetry
1
I

2 Horizontal line of symmetry Two lines of symmetry Four lines of symmetry
On this shape, the top and This shape has both a This clover shape has one
bottom halves are mirrorimages  horizontal and a vertical line vertical, one horizontal, and two

of each other. of symmetry. diagonal lines of symmetry.
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Lines of symmetry in 2-D shapes
Here are the lines of symmetry in some common 2-D shapes.

1

Isosceles triangle Rectangle

Equilateral triangle
One line of symmetry Two lines of symmetry

Three lines of symmetry

Every straight
line that
divides a circle
through its
center is a
line of
symmetry

/
Regular pentagon Regular hexagon Circle
Five lines of symmetry Six lines of symmetry Unlimited lines of symmetry

----------------------------------------------------------------------------------------------------------------------------------------

Asym mefry TRY IT OUT

Some shapes are asymmetrical, which means they Number symmetry
don’t have any lines of symmetry. You can’t draw a
: oo Look at each of these numbers. How
line anywhere on them to make a mirror image. .

many lines of symmetry does each one
have? The answer will either be one,
two, or none.

This shell shape
has no lines of
symmetry

oo
o

This seahorse
shape also has
no lines of

. o
. .
.........

Answers on page 320
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Rotational symmetry

We say that an object or shape has rotational symmetry if it can be
turned, or rotated, around a point until it fits exactly into its original outline.

Center of rotational symmetry We can rotate the
The point around which an object is rotated object so it fits into
is called its center of rotational symmetry. its original outline............

Center of rotational
symmetry -

e Draw pencil lines
from opposite corners
to find the center

Let's take a rectangular piece of paper and put If we rotate the rectangle around the pin, after

a pin through its center, which is the point half a turn it will fit exactly over the outline
where the rectangle’s two diagonals meet. Now we drew. This means it has rotational symmetry.
let's draw around the outline of the rectangle. Another half-turn will bring the rectangle back to

its starting position.

TRY IT OUT

Symmetrical
or not?

Three of these
flower shapes have
rotational symmetry.
Can you spot the
one that doesn‘t?

Answer on page 320
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Order of rotational symmetry

The number of times a shape can fit into its
outline during a full turn is called its order of
rotational symmetry.

................ Follow the
Y colored tip

Center of
rotational
symmetry

......
ceu,

rotates

Let's see how many times this three-pointed
shape can fit into its outline. First, we rotate it
until the yellow tip reaches the next point.

Center of
rotational
symmetry

......
ceu,

o T

Now we rotate the shape again so the
yellow tip moves to the next point.

Center of
rotational

........
0t
o

One more rotation and the yellow tip is back

where it started. This shape can fit onto itself

three times, so it has an order of rotational
symmetry of 3.

as the shape

Order of rotational symmetry
in 2-D shapes

Here are the orders of rotational
symmetry for some common 2-D shapes.

Equilateral triangle
Rotational order: 3

Square
Rotational order: 4

Circle
Infinite number of
orders of rotation

Hexagon
Rotational order: 6

Symmetrical decoration

We often use rotational symmetry to make
decorative patterns. In Islamic art, reflective
and rotational symmetry are used to create
infricate patterns on tiles for mosques and
other buildings.
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Reflection means
flipping an object or
shape over an
imaginary line.

Reflection

In math, we call a change in the size or position of an object
a transformation. Reflection is a kind of transformation in
which we make a mirror image of an object.

I,

What is reflection?

A reflection shows an object or
shape flipped so it becomes its mirror
image across a line of reflection.

The original objectis ..o DY
called the pre-image. -~

A reflection takes place over  --=====-== =

a line of reflection, like this
one. If's also called the axis of .-
reflection or mirror line. ...

The reflected version of
the original shapeor T -7
object is called the image. ..........c.ooee™"

----------------------------------------------------------------------------------------------------------------------------------------

Lines of reflection Line of ..w-The line of reflection
A shape and its reflected ;" reflection ;" can be diagonal

opposite sides of the

image are always on < E - :

|

I ’ ~
line of reflection. Every ! 4 ~)
point on the image is : / “al
the same distance from | _ // i
the line of reflection as i .
the pre-image. The line i R e
of reflection can be BT 5 : — : . .
horizontal, vertical, In Thls.reflechon, fhe Th|§ reerchqn is across In this reflection, n'o

. long sides of the image a diagonal line. The part of the shape is

or diagonal. and pre-image are parallel  sides of the shapes sit parallel fo or touching

to the line of reflection. along the line of reflection.  the line of reflection.
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Drawing reflections t

It's easier to draw reflections i;‘JCh point on the

using graph or dot paper, ' . o age is the same

which will help you place Vertical The line between the ofonce fr.om the line

the reflection accurately. line of two points crosses r eﬂeC‘l‘lon as the
... reflection the line of reflection pre-image.

at a right angle

Let's try ! Count the )
reflecting a Al squares from Al A
e e 1L S N (] (P e s ;P rtes .

triangle. First, draw 4 A to the line of /\ :

a triangle on graph \ : reflection. Now F |

or dot paper. Label € \ : count the same C |

. | -

the vertices A, B, ¥ , number of squares \ |

and C. Now draw q | on the other side | :

a vertical line of B ! of the line and B!

reflection. : mark the point A'. !

| 1

Do the same Finally, draw !

for the other lines to Al | A

two vertices of the connect points A, / :

triangle, mquing ¢ B.andC. Yog now  ~ \ ! c’
the new points B' S *+ have a new triangle < | il
and C'. that is a reflection :
of triangle ABC. i
B ' B

I

I

I

TRY IT OUT

Make a reflection pattern

You can use reflection to make symmetrical
patterns. Draw a horizontal and a vertical
line on graph paper to make four
quadrants, then copy this design into the
first quadrant. Then reflect it horizontally
and vertically into each quadrant to
complete the pattern.

Answer on page 320
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Rotfation

Rotation is a kind of transformation, in which an object or shape
turns around a point called the center of rotation. The amount we
rotate the shape is called the angle of rotation.

Center of rotation

The center of rotation is a fixed point, which means it doesn’t move. Let’s look at what
happens when we rotate the same shape clockwise around different centers of rotation.

Center of
_.rotation

" B A

N A

Center of  Center of

... rotation rotation

First, let’s rotate triangle A When we rotate A around When A rotates around

around one of its vertices to the center of its longest its center, a different part
make a new triangle. We call the  side, half of the new triangle of the new triangle overlaps
new friangle A'. overlaps the old one. the middle of the old one.
Ang|e of rotation Angle of rotation is 180° .
The angle of rotation 75 S :
is the di_stonce that Original..... y <A Angle of Angle of
something rotates position ‘ g ] rotation rotation is
around a point, of sail is 90° 270°
measured in il
degrees. Let's see B Center of A
what happens to :“ ] | -enter o
this windmill sail . rotation
when we rotate it by This windmill This time, the sail Now the sail has
different amounts. sail has rotated has rotated 180°, rotated through

through 90° (a right or two right angles. 270°, or three right

angle). angles in total.
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Rotation patterns
We can make patterns by rotating a shape lots

Starting shape

for all three

of times around the same center of rotation. This patterns _,1 ‘I
T shape makes different patterns depending on B
the center and angle of rotation we choose. .
The center of
Corter o i Corterf
rotation Angle of : P Angle of .. rotation
’ .- rotation .. rotation
N
1 s
-
1 s
~ A
\
Angle of
rotation
Seven rotations Four rotations Eight rotations
45° Angle of rotation 72° Angle of rotation 40° Angle of rotation
e FessssSEEY
. . l bl ‘
Make a rotation creation
All you need to make your own rotation pattern is some
posterboard and paper, a pin, a pair of scissors, and a pencil.
Draw a shape Put a pin through the Pin the shape to Rotate the shape a little
onto poster- shape to make the some paper and and draw around it
board and cut it out.  center of rotation. draw around the outline. again. Repeat until you have

a pattern you like!
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Translation s

transformation, along with
A translation moves an object or shape into a new o oction and rofation.

position by sliding it up, down, or sideways.
Translation doesn’t change its shape or size.

What is translation?

Translation is a kind of transformation, like reflection or rotation. With translation, the
object and its image still look the same, because the original is not reflected, rotated,
or resized—it just slides info a new position. (Sometimes a translation is called a slide.)

The original object or shape The translated object or
....... is called the pre-image shape is called the image...

.- = .

Look at the robot in this This time, the robot has In this translation, the robot
maze. It has moved vertically moved three squares has moved one square up
down by five squares. horizontally to the right. and two squares to the right.

Translation for tessellation

Translation is often used to make patterns
called tessellations, which are identical
shapes arranged together without leaving
any gaps. This tessellation has been made
by translating purple and orange cat
shapes diagonally so that they interlock.
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Using a grid to tfranslate a shape

When we use a grid to translate a shape, we use the word “units” to describe
the number of squares the shape is translated by. Let’s translate a triangle!

triangle is
exactly the &
same size

and shape

Py CI '-,'._.... as the . CI

original

B\ " Mark a new /\
/ \\ point six units |
Ad up from each A < \

N \ original vertex W
< <
K LC

1 Let's move the triangle up by six units. ™ Now use a ruler and pencil to connect
o First, we label the vertices A, B, and C. &% the points you made to draw the new
Then we count up six units from each vertex triangle AB'C'.

and label the new points A, B, and C'.

B’ TRY IT OUT
.................................. +
Triangle translations
Lot Al How many different translations of the
: triangle are possible on this geoboard?
! We've shown one to get to you
: oC "
started—now it's your turn!
gl 4| bl ]
: /\ T 1T T - . Count six °
\ L units up and
A¢\/ \ four units
" along from °
\\\\ each vertex
C
[ ] @ @ o
» To make a diagonal translation, count
% six units up, then four units to the . . . .

right from each vertex. Plot the three new

points and draw the new triangle AB'C'. Answer on page 320
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Data handling

Statistics is often called data handling. “Data” just means information.
Statistics involves collecting, organizing, and presenting (displaying) data.
It also involves interpreting the data—trying to understand what it can tell us.

We can collect data by carrying out @ / @
a survey. In a survey, we ask a group P

of people questions and record their N

answers. These two survey robots are o A &

asking a class of schoolchildren which
fruit they prefer.

Survey questions are often written

on a form called a questionnaire.
This is the robots’ questionnaire. It asks
children to choose between five fruits. .

...

Which fruit do you prefer?

) This check
If there are several possible answers

[

C] shows one
to a question, these may be listed U’ Gropes [zr child likes
on the questionnaire. There will be a v
check box beside each answer so that it Q Watermelon (]
is quick and easy to record a response.

[

grapes best

.
........

Banana

The answers the children give, before the
data is organized, are called raw data.

----------------------------------------------------------------------------------------------------------------------------------------

Voting Nuts or bolts?
Another way to collect data is to
hold a vote about something. You Nuts 6
ask a question, and people give
their answers—for example, by Bolts 2
raising a hand. Then you count the
number of raised hands. These
robots are voting on whether they
prefer nuts or bolts.
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What do we do with data?

Once data has been collected, it needs to

be organized and presented. Tables, charts,

and graphs are quick ways of making data
easy to read and understand.

Most popular fruit
Type of fruit Number of
children
Orange 3
Apple 6
Grapes 8
Watermelon 2
Banana 5

This table, called a frequency table,
shows the number of children that
preferred each type of fruit.

NUMBER OF CHILDREN

The number of children is
JREES shown on the vertical scale

v Most popular fruit
A
8 4
The higher the
7+ bar, the more
children like
Gy . that fruit
5 P ’
4 ]
3 4
2 J
15
0
Orange Apple Grapes Watermelon Banana

TYPE OF FRUIT

A bar chart, also called a bar graph, is a
diagram that shows data without the
need for lots of words or lists of numbers.

----------------------------------------------------------------------------------------------------------------------------------------

Data sets

A set is a collection of data. It can be a group of numbers, words, people,
events, or things. Sets can be divided into smaller groups called subsets.

The class of children that the

robots asked about their favorite
fruit is a set. The class contains
24 children, a mixture of boys and girls.

The eight boys (shown in red) are

a subset of the class. The 16 girls
(green) are also a subset. Together,
they form the set of the whole class.

00000000 Subse
222443 s BREES
:: Set
- (whole
class)
| Subset

of girls
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Tally marks

We can use tally marks to count things quickly when we're
collecting data, such as answers to a survey question. A tally
mark is a vertical line that represents one thing counted.

You make g tally mark
for each thing that
YOu count.

Draw a tally mark to show
each result you record. For
every fifth tally mark, draw a line
across the previous four. This is
how the numbers one to five ] 2 3 4 5

look when written as tally marks.

Arranging tally marks into
groups of five helps you
work out the total quickly. First,

count all the groups of five, then
add any remaining tallies. This is
how 18 looks in tally marks.

A tally chart, such as the Each tally
one below, uses tally mark represents
marks to show the results one child ., Other tally marks
of a survey. Tally marks vary across the world. In some

Asian countries, they are based on a
Chinese symbol made up of five strokes.

| Howdo you travel to school? — —l— —F —F -1—
| 1 2 3 4 5

% wak MM «

Q Car LH1 LH1
I {'3‘ &% Bicycle 1 |Il]

In parts of South America, four lines are
drawn to make a square, then a diagonal
line is drawn across it for the fifth mark.

Nine | |
chll";;ren Q Bus ”l I I_ I_I N
go by ‘) g Train | : ) 3 A p

bicycle }
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Frequency tables ('%u

A frequency table is a way of summarizing a set of data.
The table shows you exactly how many times each
number, event, or item occurs in the set of data.

W =t

You can create a frequency How we traveled to school
table by counting the tally

marks in a tally chart and writing UCREEEAEUIL LE.Y) Frequency
the totals in a separate column. * Walk MM MIN | 18
G Car I L 10

This frequency table is 7 Bicycle L 9

based on the survey of how
children traveled to school. The Q Bus 1| 3
frequency column shows you
how many children used each Q Train I| 2
type of transportation. — =

“......Count the tally
marks and put the

Frequency tables don‘t Troveling to school totals in this column
always look the same. The Transportation | Frequency
table here uses the same data )
as the one above, but it doesn't Walk 18 ; Frequency is shown
include the tally marks. This Car 10 & only as numbers
makes the table simpler and Bicycle 9 L
easier to understand. BU? SRR SR ' The museum is
Train 2 glosed on Mondays
Some frequency fables ﬂ‘ Day Adultt;"_,- Children | Total
split up data so it reveals Monday o €0 0
more information. This table Dinosaur Tuesday 30] 326 627
fells you how many adults and Museum  Wednesday | 146 | 348 494
children visited a dinosaur visitor
museum each day during one nombers Thursday 312 253 565
week. It also tells you the total Friday 458 374 832
number of visitors there were saturday 576 698 1274

(adults + children) each day. sunday 741 639 1380
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Carroll diagrams

A Carroll diagram shows how a set of data, such as a group of
people or numbers, has been sorted. Carroll diagrams sort data
using conditions called criteria (the singular is criterion).

carroll diagrams sort
data into boxes.

A criterion is like a yes/no question.
Let's use a simple criterion to sort
the group of 12 animals below. This is
the criterion we'll use: “Is the animal
a bird or not?”

Penguin
Pigeon Cat Swan
Bee
Bat
Butterfly
Ostrich Duck
Horse Eagle Dog
To further sort our group Bird
of animals using the .
Carroll diagram, we can add Pigeon
a new criterion: “is it a flying Flying Eagle
animal or not?” To fit info any Swan
box, an animal must now Duck
meet two criteria. Penguin
Not flying Ostrich
Animals that are .,
birds but can't fly e

________ By

This Carroll diagram uses our

bird/not a bird criterion to sort
the animals into two boxes. We
put all the birds into the box on
the left. Those animals that aren’t
birds go in the box on the right.

Bird Not a bird
Pigeon Butterfly
Duck Cat
Penguin Bat

Eagle Bee

Swan Dog
Ostrich Horse

A

"+ All the animals fit into
one box or the other

Animals that are
birds and can fly

Not a bird

. Animals that
Butterfly .+ are not birds
Bat but can fly
Bee
Dog . Animals that
Horse | O " are not birds
Cat

and can't fly
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Sorting numbers

Carroll diagrams can sort numbers and show

relationships between them. This diagram

sorts the set of the numbers from 1to 20 into

even, odd, prime, and not prime numbers.

If we read down the

first column (yellow), we
see all the prime numbers.
The second column (green)
shows all the non-primes.

When we read across

the first row (blue) we
see all the even numbers.
The second row (red) lists
the odd numbers.

All the even numbers that

are not primes are in the
box in the top right corner
(orange). Odd numbers that
are not primes are in the box
beneath (pink).

Even
number

Odd
number

Even
number

Odd
number

Even
number

Odd
number

Subset of even prime

numbers from 1 to 20

The only even prime

number, 2, is shown in
the box in the top left corner
(yellow). The box beneath
(green) shows all the odd
prime numbers.

Even
number

Odd
number

... Subset of prime numbers
" from1to 20

%

Prime number

2
3571
13 17 19

Prime number

2
3571
13 17 19

Prime number

2
3571
13 17 19

~.. Prime number

2
3571
13 17 19

Not a prime
number

4 6 8 10 12
14 16 18 20

19 15

Not a prime
number

4 6 8 10 12
14 16 18 20

1915

Not a prime
number

4 6 8 10 12
14 16 18 20

Not a prime
number

4 6 8 10 12
14 16 18 20

" Subset of
numbers from
1 to 20 that
are not prime
numbers

Subset of
even numbers
.from 1 to 20

&
Subset of
odd numbers
. from 1 to 20

Subset of
even numbers
from 1 to 20
that are not

. primes

“. Subset of
odd numbers
from 1 to 20
that are not
primes

Subset of odd

prime numbers

. from 1to 20
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Venn diagrams
show sets of data

Venn diagrams

A Venn diagram shows the relationships between different
sets of data. It sorts the data into overlapping circles.
The overlaps show what the sets have in common.

as overlapping circles.

Remember, a set is a collection of

things or numbers, or a group of
people. For example, a set might be
the foods you like or the dates of
your family’s birthdays. This group of
eight friends forms a set. Most of
them do activities after school.

Sara Tessa Lorenzo Owen Peter Mabel Shahid Rona

Each thing or person in the

set is called a member or
element of the set. Sets are often
shown with a circle drawn around
them. Here is the set of friends.

Shahid

Tessa \ .o Set of friends

Rona

Mabel

L Each friend is a
member of the set

There are three after-school

activities that the friends do:
music lessons, art classes, and soccer
practice. We can put the friends into
smaller sets, according to which
after-school activities they do.

Lorenzo

Vit N

Lorenzo Lorenzo
Sara
= Sara  Mabel Rona Tessa
ona / Owen
\_ lorenzo / e Peter
Music lesson Art class Soccer practice No activities
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Let’s join the music and soccer

sets together so that their
circles overlap. When we join two
sets, it's called a union of sets.
We've now made a Venn diagram.

Music lesson

An overlap between two sets is

an intersection. It shows when
something belongs to more than
one set. This intersection shows that
Rona and Lorenzo do both activities.

Intersection

Now let’s join the art set to the

other two sets, so that all three
sets overlap. If we look at the
intersections, we can see which
friends do more than one activity.

Music lesson

Our three-set Venn diagram
includes only seven of the
eight friends. Owen doesn’t do any
after-school activities, so he doesn’t

belong to any of those sets.

Sara does
art and

music ..+

----------------------------------------------------------------------

(overlap) ......

Shahid Soccer practice

Rona

|

% Rona and
Lorenzo

belong to
both sets

.. Rona does
soccer

Shahid

and music

——

Soccer practice

_Tessa does art
and soccer

. Owen does
" no activities

..................................................................

The universal set

The universal set is the set that
contains everybody or everything
that is being sorted, including
those not in the overlapping sets.

To show the universal set, we Music lesson

draw a box around all the
intersecting circles in our diagram.

The box must include Owen.

Even though he is not in any of
the after-school activity sets, he is
still part of the group being sorted.

Soccer practice

Owen
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Averages

that's most typical of
a set of data.

An average is a kind of “middle” value used fo represent a set
of data. Averages help you compare different sefs of data, and
make sense of individual values within a data set.

aa

The average age of the Reds soccer
team is 10. Not all the players are 10 ' ' ' ' ' '
years old—some are 9 and some are 11. Average
But 10 is the age that is typical of the age =10
team as a whole.
Player's age
The average age of the Blues soccer
team is 12. Comparing the two ' ' ' ' ' '
Average

averages, we can see that the Blues age = 12

team is, typically, older than the Reds. ' ' '

An average can also tell

us if an individual value
is typical of the data set or
unusual. For example, the
Reds’ average age of 10 can
tell us if these three players
of ages 9, 10, and 11 are

fypical of the team or not. Not typical of team Typical of team Not typical of team

----------------------------------------------------------------------------------------------------------------------------------------

Types of averages e 3. 7m

We can use three different MEDIAN
types of averages to describe a

set of data, such as the heights [ Mope
of a group of giraffes. They are A
called the mean, the median, :
and the mode. Each one tells
us something different about
the group. But they all use a ‘
single value to represent the | ZJ W\
group as a whole. To find out S
more, see pages 277-79. 3
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The mean

of all values divided by the
number of values.

When people talk about the average, they are usually talking
about the mean. We work it out by adding up the individual
values in a group and dividing the total by the number of values.

Let’s find the mean

height of this group 5m- e 44m
of five giraffes.
— b 38m ...
4 37m
First, we add up all the M M
heights of the giraffes: i _
37+44+28+28+3.8=17.5 28m... 2.8m. %~
_ 3m- v o w
g
Now divide the total e -
height by the number
of giraffes: 17.5 + 5= 3.5 2m-—
So, the mean height of 1mel
these giraffes is 3.5m.
0 PP
TRY IT OUT
. First, add up all the
Is it hot TOdCIY? individual temperatures. . 72°
Or just average? Ce " Q2
Weo'lher forecasts offen Then count the number N\onidoy Tuesday Wednesday
mention average or mean of temperatures.
temperatures. Here are
the high temperatures for 73° 70°
a week. Let’s work out the To find the mean,
mean temperature. divide the total —§ ; N4
of the temperatures S Thursday Friday \
by the number of (68 S -7AN

temperatures. — R
Answer on page 320 Saturday Sunday



278 STATISTICS » THE MEDIAN

The median

value when all the values
are arranged in order.

The median is simply the middle value in a set of data
when all the values are arranged in order, from
smallest to largest or from largest to smallest.

N

Take another look at our
group of giraffes. This

time, let's work out the 5m—
median height. o 44m
7 = 38m...
.37 "
Write down the 4m- < " v
heights in order, MEDIAN
starting with the shortest: il
28,28,37, 38, 44 - 28m.. 28m-.
= "4 A
T
O
Now find the middle +
height. This is 3.7, 2m-
because there are two
heights that are shorter i
and two that are taller.
Tm—
So the median ]
height is 3.7m. 0 Haien.
. 37m.~ 38m., oot dm Extra giraffe
Add one giraffe v A2 m
. g v
What happens if gnother 28m. 28m. %
giraffe, with a height of
4.2m, joins the group to vV | +
make six giraffes? With
an even number of
giraffes, there’s no one
middle height. We can
still find the median by i ) ; ]
working out the mean of & First, let's arrange #) The two middle heights #) Adding one
the middle two heights. © the heights of our &% are 3.7 and 3.8. Now % more giraffe has
six giraffes in order: let's work out their mean: changed the median

28,28,3.7,38,42,44 (3.7+38 +2=375 height to 3.75m.
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The mode -

The mode is the value that occurs most often in o find
. 0 1ind the mod
a set of data. It is also called the modal value. occurs ot o0k for the value that
‘ en. It often helps to
Sometimes a set of data has more than one mode. arrange the values in order

We've worked out the

mean and median
heights of the giraffes. 5m—
Now let's find the mode.
- ’ e 38m

It's easier to see the 4m-

most frequent value if
we put the heights in order,
from shortest to tallest:
2.8,28,37,38,44

HEIGHT

Then we look at the list of 2m-
heights to find the height
that occurs most often. This is 1

2.8, which occurs twice.
Tm-—

So the mode of the
heights is 2.8 m.

........................................................................................................................................

Multiple modes

When there are two or v A R L -~ Extra giraffe
more values that are a4 ‘
equally common and
occur more often than
the other values, then
each of them is a mode.
Let's see what happens
when we add an extra | V1 i N 4
giraffe, with a height of List the giraffes’ We can see from the list So, this group

4.4m, to our group. heights in order again, that 2.8 and 4.4 both of heights now
from shortest to tallest: occur twice, while the other has two modes:

2.8,2.8,3.7,38,44,44 heights occur only once. 2.8mand 4.4m.
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The range

The spread of values in a set of data is known as the range.

It's the difference between the smallest and largest values in the

set. Like averages, the range can be used to compare sets of data.

Let's find the range of our
giraffes” heights. First,
we'll write down their heights
in order, from shortest to

tallest. This gives us:
28,28,37,38,44

Now let's find the shortest
and tallest heights.
These are 2.8 m and 4.4 m.

HEIGHT

Next, subtract the shortest
height from the tallest.
This gives 4.4 -28=1.6

So the range of the
giraffes’ heights is 1.6 m.

TRY IT OUT

Roll the dice, find
the average

Don’t worry if you
don’t have a group

of giraffes handy to
help you understand
averages; you can use
dice instead. For these
investigations, all you
need is two dice.

2]

4/

total number of dots.

5m-—

4m-

3m-—

2m—

Tm—

Roll both dice.
Write down the

ju

Do this 10 times.

Calculate the mean and find the mode,
median, and range for the dice rolls.

What if you roll the dice 20 times? Do you get
the same mean, mode, median, and range?

To find the range,
subtract the smallest
value from the largest.
The result is the range.
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Avoid the mean if one
value is a lot higher or
lower than the others.

Using averages

Whether it's best to use the mean, median, or mode depends on
the values in your data and the type of data involved. The range
is helpful if the mean, median, and mode are all the same. =

o«

Use the mean if the values in a set of data are

fairly evenly spread. Here, you can see the ;'?n"y
savings of five children. The mean (total savings A i
+ number of children) is $66.00 + 5 = $13.20 [\_ Josh

Og,

Daniela
\ Leroy $14.50
The mean can be misleading if one value is Total $66.00

. e There are
much higher or lower than the rest. L / ; no very
high or very
low values
For example, let's see what happens if Leroy -
saves $98.50, not $14.50. Now the mean is: Emily $11.75
$150 + 5 = $30.00, which makes it seem like the o 12 50
others are saving much more than they really ‘ Josh 13.25 Lo
are. In this case, it's better to use the median B Daniela $14.00 | Median
(middle value) of $13.25. This is much closer to ~ leroy $98.50 ) (middle
the amount that most of the children save. ~ Total $150.00 value) is
/ -‘ ' $13.25
The mode (most common value) can Lo
be used with data that isn't numbers. ﬁ & " Blue cars
For example, in a survey of the colors of were seen
cars spotted, the mode might be blue. O O ﬁ C ° most often
Usmg the range The median (middle value) for Bodlsadies
The range (the spread of values) can each team is also 4 goals. So is Reds Blues
be useful for showing a difference the mode (most common value), since 8 6
between data sets when their mean, both teams scored 4 goals twice. 4 5
median, and mode are the same. 4 4
The range is different. [t's 8 - 1=7 ? ;‘r
Two soccer teams each scored 20 goals goals for the Reds. For the Blues,
in five games. The mean goals scored it's 6 — 1 =5 goals. So, the Reds’ data Total: 20 Total: 20

per match for both teams is 4 (20 + 5 = 4). has a wider spread of values.
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Pictograms

stand for numbers.

In a pictogram, or pictograph, small pictures or symbols are
used to represent data. To divide the data into groups, the
pictures are usually placed in columns or rows.

Always give your pictogram a title ---..._ There are six
Ry, symbols, so

) children saw
Birds spotted by students at Math Town Elementary School

.. six pigeons
S I
G Children saw
.. more starlings
™. than robins
E Choose an
appropriate
symbol to
represent
* * ; your data
KEY
Robin Sparrow Crow Pigeon Starling Seagull * 1 bird
spotted
Let’s look at this simple pictogram. A pictogram must have a key
It shows the results of a survey of to explain what one symbol or
the types and numbers of birds seen picture stands for. Here, the key shows
by children at an elementary school. that one symbol means 1 bird spotted.
The set of data shown in the Count the symbols in a column to
pictogram is all the birds seen. find out how many birds of that
Each type of bird is a subset of this type the children saw. This is the
larger set. For example, there is one frequency of the subset. For example,

subset for robins. the frequency of crows is three.
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Using large numbers
When a pictogram needs to show large numbers, each

picture or symbol can represent more than one. In this Ky
pictogram, each symbol stands for two people who S 2 people
visited a library. Half a symbol represents one person. '
Visitors to Math Town Library
Age Number of people
Over 60 O i & i &) @
ver 60 years ' ' ' '
19-60 years
11-18 years

5-10 years i i i i i
Under 5 years i i i i i '

To find the number of visitors in a

particular age group, count the full
symbols in that row, multiply by two,
and add one if there’s a half symbol.

visited? There are four full

TRY IT OUT

i Desi bol or d
Make a pictogram esign a symbol or draw

How many people age 1110 18

symbols plus one half symbol. So
the calculationis: (4 x2) +1=9

a picture to use on your

Use this frequency chart = pictogram. It must be suitable Day
to make a pictogram and easy o understand.
showing how much time Monday
Lgroy spends ploylng How many minutes will Tuesday
video games during your symbol represent?
the school week. Will you use half symbols as
well as full ones? Wednesday
Thursday
Will you arrange your
symbols in vertical Friday

columns or horizontal rows?

16 people over
60 visited
the library

P

d

: A half symbol
represents
one person

Leroy’s gaming

Gaming time

30 minutes
60 minutes
15 minutes
45 minutes

75 minutes
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B

A block graph is a kind of graph in which one block, usually
a square, is used to represent one member of a group or
set of data. The blocks are stacked in columns.

ock graphs

data as stacks of
square blocks.

This tally chart shows the results . .
Which fruit do you prefer?
of a survey that asked children L Tally marks re;"rj
which fruit they liked best. Let's use ¢© Orange [T . frequency of the data
the data to make a block graph.
Apple lm | Q ........
Each tally mark shows that * Grapes Il »Six ‘h”‘;re” /
one child chose that fruit. preferred apples
‘ Watermelon ||
Banana M
We draw a square block Most popular fruit
on our graph for every A ’
tally mark on the chart. All the Grapes were the ..., " Give your block
blocks must be the same size. most popular fruit graph a title

We stack the blocks on
top of each other in

columns. Leave gaps between Five children ...,

the columns. The number of zg‘zeiap s preferred A
blocks in a column shows how bananas
. ) columns ...,
many times that fruit was
chosen (the frequency). h
P -3
Each block tells you that - .
one child chose that fruit

HEEEEEEN

Orange Apple Grapes Watermelon Banana
TYPE OF FRUIT
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Bar charts N

of a bar shows
the frequency.

A bar chart uses bars or columns to represent groups or sets
of data. The size of each bar shows the frequency of the data.
Bar charts are also called bar graphs and column graphs.

Let’s look at this bar chart. It

uses data from a survey of 4 Car colors
car colors. The bars are all the 8 _< Vertical
same width, separated by gaps. axis
7 The frequency of
white cars is 5.
The chart is framed on two e P
sides by lines called axes. | - BN | B || h ¢
The bars for car colors sit on the %
horizontal axis. A scale on the S 4
vertical axis shows the number )
of cars seen (the frequency). % 3
5
z 72—
To find out how many white
cars were seen, look across Lo
from the top of the White bar to
the vertical axis. Then read the 0 _ ) _
number (5) off the scale. Silver Red Blue White Black
Horizontal axis .. COLOR OF CAR
We can redraw the same
chart so that the bars are Car colors
horizontal, going across the Silver
chart, rather than vertical.
Red
[a'4
The car colors are now § Blue Look along the
along the vertical axis, o horizontal axis to
while the number of cars § White ; find the frequency
(the frequency) can be read 3] A\
off the horizontal axis. Black :
T T T T ; T T T >
The scale is now along 0 1 <141 o—— 8

the horizontal axis . NUMBER OF CARS SEEN
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Drawing bar charts

To draw a bar chart you need a pencil, a ruler, an eraser,
colored pens, pencils, or crayons, and graph paper.
Most importantly, you need some data!

Draw your bar charts
on graph paper.

\_p
(IO
==

o

Let’s use the data in this
frequency table. It shows the
results of a survey of instruments Instrument Children

What instrument do you play?

Numbers in
this column

played by a group of children. * Guitar . ;:'e:v:j;
It's best to draw our bar f) g 2 .
chart on paper marked ey '
w Trum eT 3 ........
with small squares. This P S
makes it easier to mark a —— Eliife 4
scale and draw the bars. Graph
* Piano 5 paper .....
First, we draw a horizontal N
line for the x axis and
a vertical line for the y axis. 8 5
oo
7 .
Next we draw marks on “Vertical axi
the x axis to show the width 4= i el o
of the bars that represent the
different instruments. All the bars ===t
must be of the same width. Let's e Draw marks to Eqth baris
make ours 2 small squares wide. =14 show where > smaill
™ each bar will . squares wide
o3 . begin and end
Now let's add a scale to the g I 3
y axis to represent the 2 1 ¢ Hori ,

E tal
number of children. We need a 1 - N} prgonranaxs
scale that covers the range of | ’ ‘ | ‘ ‘
numbers on the table but doesn’t 0 N
make our chart look sfretched or Guitar Violin Trumpet Flute Piano

squashed. A scale from 0 to 8
works well here.

INSTRUMENT
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Now let’s start drawing the

bars for our instruments.
The first frequency in the table is
7, which represents the number
of children who play guitar.

We find 7 on the vertical

scale of the y axis. Next,
we draw a short horizontal line
level with 7. It must be exactly
above the marks we made for
the guitar bar on the x axis.
We'll make the line 2 small
squares long, the same as the
distance between the markers.

Then we do the same for
all the other instruments.

The two vertical lines meet the
horizontal line to form a bar............. )

To complete the guitar bar,

we draw two vertical lines
up from its markers on the x
axis. The lines connect with the
ends of the horizontal line we
drew earlier.

'l Then we do the same for
all the other instruments.

]'l Finally, let’s color in the
bars. The bars can be all
the same color if you want. But
if we make the bars different
colors, it may make the chart
easier to understand.

NUMBER OF CHILDREN

NUMBER OF CHILDREN

L “..Line must be directly above
the bar it represents

Length must be the
same as the distance
between the markers ...-:-. .

LIl

Guitar Violin Trumpet

INSTRUMENT

Flute Piano

Use a ruler to make sure

your lines are straight Give your bar

_-Chart a title

v
Musical instruments we play

Color in
. the bars
o ]
Guitar Violin - Trumpet Flute Piano

INSTRUMENT
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Line graphs

: . showing datd OVer
On aline graph, frequencies or measurements are plotted as 4 length of time.
'\

points. Each point is connected to its neighbors by straight lines.
A line graph is a useful way to present data collected over fime.

Average (mean) temperatures over a year

A
B e July was the
% y axis marked with warmest month
30 temperature scale
N
vd
25 | &, f"‘*}
@) * Markings on the axes Se X V"“"““*-w--ﬁ,%
s - are evenly spaced X~ TErH
o 20 gttt /SR . May was cooler N
)  imEmEma EnmmE wadds w Lo N
= Hi than August
P aaa e Fo Jeway Vg ARH
B.J yo— 5 iEAdR l?’\{i—m._’
§ ___F_«-v’?m N bi“'*m, |
o=tat 18 e w,ﬂ&;gﬂ“"’) X
Wﬂl‘ F x axis marked with
5 - 528208 98 '_/anuary was the months of the Year ..vcttiiea
coldest month
O | I I.\ I I I I | I V I |
o\ O ) ) N RN W e o ot ot o2
30“‘) ((eb“) I\ I » ! PO SQQ\?/‘“ oc® \Aoﬂe«\ Oe@«\
MONTH
Let’s look at this line graph. The months of the year The average temperature for
It shows the average monthly are listed on the horizontal each month is plotted with
temperatures recorded in Math x axis, and a temperature scale  an “x.” All the x-marks are linked
Town over one year. runs up the vertical y axis. to form a continuous line.

Counting the beats

A heart monitor is a machine
that records how fast your heart
is beating. It shows the data as
a line graph like a wiggly line
on a screen or prinfout.

The graph makes it easy to
see which were the warmest
and coldest months of the year.
It also lets us compare the
temperatures in different months.
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Reading line graphs

This graph tells us how Jacob grew 1 Jacob’s height
between the ages of 2 and 12. We 170
can see how tall he was at any
age by going up from the x axis to 160 ;
the line, then across to the y axis. J a,c ob-grew 22cnt in
We can also estimate his height b S
between yearly measurements. 1404
IS A G R S S e i
190+ Read v
Let's see how tall Jacob was E off y
at age 6. We find 6 on the = 120 axis ‘ 5
; ; €T : '
xaisandthen gostraghtup. (gl W E L Ten Bl
= K x axis in a i
When we meet the green i S
line, we go straight across to 90 - < .
the y axis. This shows us that ) 3 i ; Age 9/
Jacob was 110cm tall at age 6. 80 - is midway
E f between
70 A ; . ..9and 10
We can also work out Jacob’s 5 l\v
height at age 91/2. Going up 60 T T T f T . Siiicaee T >
and across, the y axis tells us he 2..3i4 09 L6 o 80 90 10 T 2
was probably 132 cm tall. AGE (years)

Conversion ngphS Kilometers/miles conversion graph

A conversion graph uses a A
straight line to show how two 70 - ;
units of measurement are related. - ff"d the mile
60 equivalent, read up
to the line and along........ |
This graph has kilometers 50 —V :
on the x axis and miles on N A : P
. . i 828 ERaE 80km is the same i
the y axis. The line lets us convert = 40 : :
. = as 50 miles .
from one unit to the other. i
30 B !
To change 80 km into miles, 10 1 .
we go along the x axis until et ; £
e :_e"‘:h 8d°- Then we 20 U fo 0 10 20 30 40 50 60 70 80 90
the line and across to the y axis, KILOMETERS

where we read off 50 miles.
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DRAWING LINE GRAPHS

Drawing line graphs
A pencil, ruler, graph paper, and some data are all that's needed to

draw a line graph. We plot data on the graph, usually as crosses.
Then we connect the crosses to create a continuous line.

A class of schoolchildren

recorded the outside
temperature every hour as part
of a science experiment. Let’s
use the data from this table to
draw a line graph.

We'll use special graph

paper marked with small
squares. It will help us plot data
and draw lines accurately.

First, we need to draw our x

and y axes. Time always
goes along the horizontal x axis
of a line graph. We mark and
write the hours of the day along
this axis, starting with 8:00.

Temperature goes along the

vertical y axis. We need to
add a scale that covers the
highest and lowest values in the
table (the range). A scale from
0 to 18°C works well. Let's mark
every two degrees, otherwise
the scale will look too crowded.

We'll label the horizontal
X axis “Time” and the
vertical y axis “Temperature (°C).”

Time

8:00
9:00
10:00
11:00
12:00
1.00
2:00
3:00
4:00

TEMPERATURE (°C)

The numbers in this

Hourly temperatures column show the
Temperature (°C) ; temperature at each hour
6
8
2R SRR .
1
12
15
16
15
13 Graph paper...
4
/
18
The y axis is marked
16 with temperature in
. degrees Celsius (°C)
14 - :
&
12 10 small squares
. represent a rise of 2°C
10
&t
8 Hour marks
are 10 small
6 - S squares apart
4] marked with the
... hours of the day
o S
0 T | T | | T T IL 53
%_90 Q'.QQ \Q'-QO \\..QQ \(L"QQ \.90 (L"QQ %_'QQ N-QQ

TIME
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Now we can plot the data

on our graph. Let's take
each temperature in order and
find its position on the graph.

The first temperature is 6°C

at 8:00. We go up the y
axis from the 8:00 marker on
the x axis until we get to 6. We
mark the position by drawing a
small “x” with a pencil.

Now we plot the next

temperature, 8°C at 9:00.
We move along the x axis to the
9:00 marker and go up until
we're level with 8 on the y axis.
Then we draw another “x.”

When we've plotted all the

temperatures, we use a
ruler to draw a straight line to
link each pair of x-marks. We
do this between all the x-marks
on the graph, so that they're
connected in an unbroken line.

'l Let’s finish by giving
our graph a title, so

anyone looking at it will know

immediately what it's about.

Our line shows how the
temperature rose during the
morning and then started
falling in the afternoon

A
18-
16+ A temperature X
is plotted for X 3 X
14— each hour....
S 2 V X
o X “. Points on a line
2 10- graph are usually
g % :
o marked with
< Prepaees >§ G ‘ small x-marks
i 6 3k i % Mark the point
i where the line from
A | the 9:00 marker is
i level with 8°C
24 |
0 i Q| T Q| | T T e
2 o o (P 9P (P L LR P
TIME
A Temperature during the day
18 A
16- A title tells you. X 4
what the graph p o y
14 - is showing /
SEE - :
w Straight lines t
g 10 / link the x-marks //”/7,/
(2’4 > g
-
2 ruler helps
6"\*)‘(// make the lines
more accurate
4
......... 2 -
0 T (|) T Q| | | | e
PEN q-.QQ .\Q'.Q \\-90 \q;.g \-90 q;.QQ ,5.90 D(.QQ
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Pie charts

A pie chart presents information visually. It's a diagram that
shows data as “slices,” or sectors, of a circle. Pie charts are a

The bigger the slice,
the more data it
represents.

5

good way of comparing the relative sizes of groups of data. -T-
Favorite types of movies
Let's look at this pie chart. It The labels on this Comedies

shows the types of movies
that a group of schoolchildren
said they most liked to watch.

Even though there are no

numbers on the chart, we
can still understand it. The bigger
the sector, the more children
chose that type of movie.

We can compare the movie

types just by looking at the
chart. It's clear that comedies
are most popular and science
fiction movies are liked the least.

chart show what each

sector represents ...«

Thrillers are :
less popular than
dction movies

......
*e

dare most

popular

Y

.o .o

.......
*e

Science
fiction

... Largest
sector

Labeling sectors

There are two other ways of
labeling pie charts: using a
key or using labels.

KEY

Science fiction

Comedy

Thriller

. Action

Key

We use the colors in the key
to find out what type of movie
each sector represents.

Science
fiction

Annotation

We can also write our
labels beside the chart or write
them on the chart like here.
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Pie-chart sectors Because it is a circle,
The circle, or “pie,” is the whole set of data. a pie chart is a round
Each of the sectors, or slices, is a subset. If we angle of 360°. Each
add up all the slices, we get the whole pie. sector that makes up the
We can express the size of a slice as an angle, chgrt _"ers up part of
a proper fraction, or a percentage. this bigger angle.
18° Y20 = 5%
180° /2 50%
18 + 72 + 90 + 180 = 360° V0+ 15+ 1/4a+1/2=1 5+20+ 25+ 50=100%
Angles Fractions Percentages
The angle of a sector is Each sector is also a Sectors may also be shown
measured from the center in fraction of the chart. For as percentages of the whole
degrees (°). Together, the example, a sector with an chart. A sector with an angle of
angles of the sectors always angle of 90° represents a 90° is 25%. Together, the
add up to 360°. quarter. Together, all the percentages add up to 100%.
fractions add up fo 1.
TRY IT OUT
Pie-chart puzzles . -
Here are two problems
to solve. Remember ' ‘
that the angles of a
pie chart's sectors .
always add up to 360°,
and when expressed
as percentages the \ ;
sectors always come X '
to a total of 100%. g
Can you work out the 9 What's the percentage
mystery angle of the of the missing sector
third sector on this pie chart? on this pie chart?

Answers on page 320
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Making pie charts [ e

add up fo 360°.

We can make a pie chart from a frequency table of data using
a compass and a protractor. There’s a formula to help us to work
out the angle of each sector, or “slice,” on the chart.

Calculating the angles Ice-cream cone sales Frequency

) ) ) ) . (number of each
The first step in drawing a pie c'hor’r is Flavor Number sold flavor sold)
to calculate the angles of the slices.

Lemon 45
Mango 25 G Total frequency
Let's use the data in this frequency Strawberry 20 (total number
table to draw a pie chart. The sectors ~ Mint 10 of ice-cream

will represent the different flavors. Total 100 . cones sold)

To find the angles, we take the frequency .

frequency for each flavor and put Angle = total frequency x 360 -
it into the formula on the right.

Lemon
ice-cream Angle of

The table shows that out of 100 cones sold .lemon sector

ice-cream cones sold, 45 were (frequency)....
lemon. We can use these numbers in o J
the formula to find the angle of the Lemon = 35 x 360° = 162°
lemon sector: 45 + 100 x 360 = 162° 100 A

Total number . . Angle of \ N/
of ice-cream whole chart T L 162°
Now we do the same for the cones sold in degrees (°)
9
other sectors. Then we add up (total

all the angles to check that they come frequency)

t0 360°: 162 + 90 + 72 + 36 = 360°
36°...

72°..

90°...-

Mango = 23 x 360° = 90° Strawberry = 20 x 360° = 72° Mint = 10, 360° = 36°
100 100 100
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Drawing the chart We'll draw a circle using a
compass so that it's accurate.

We need to make our circle big
enough so it's easy to color in
and put labels on.

Once we've found all the
angles for the pie sectors,
we're ready to make our
chart. We'll need a protractor

and a compass. Draw the outline ..

(circumference) of the circle

e, Center

o° Draw a line to o° Draw a line
® . the circle’s edge back to
i | the center

\

Mark
the angle ® °
T T 162
Let’s draw a line from the Next, we put our protractor Then we draw a line from
center to the circle’s edge. on our 0° line and use its the 162° angle back to the
We'll mark this as 0° and use it scale to measure an angle of center. The lemon sector is now
to measure our first angle. 162° for the lemon sector. complete. Let’s color it in.
Flavors of ice cream sold
Our completed

lemon sector

Measure the
second angle
from here

Mark the angle, then draw
a line back to the center

Now we align the protractor

with the lower edge of the
lemon sector and measure a 90° =9 We draw the remaining sectors
angle for the mango sector. We { 4 in the same way. To finish off our

complete and color in this sector. chart, we add labels and a heading.
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Probability

Probability is a measure of how likely something is to happen.
It's often called chance. If something has a high probability, it's
likely to happen. If something has a low probability, it's unlikely &=
to happen. Probabilities are usually written as fractions. ‘;

Probability is the '
likelihood that something
will happen.

&

With a coin,
there are two
. possible results

Let's think about flipping a coin.
There are only two possible results:
it will land either heads-up or tails-up.

So what's the probability of throwing Heads Tails

heads? Since you're just as likely
to get heads as tails, there’s an equal,
or "even," chance of throwing heads.

With dice,
there are six

When you roll a dice, there are six . possible results

possible results. So the probability of
rolling a particular number, such as 3, is

lower than getting heads in a coin toss. A smaller

fraction means a
lower probability
We usually write probabilities as
fractions. We say there’sa 1in 2
chance of throwing heads in a coin toss, so
we write it as /2. We have a 1in 6 chance of
rolling a 3 on a dice, so we write it as /6. Tossing heads Rolling a 3

Should | take my raincoat?

When meteorologists (weather scientists) make
their forecasts, they include probability in their
calculations. To predict whether or not it will rain,
they look at previous days with similar conditions,
such as air pressure and temperature. They work
out on how many of those days it rained, and then
they calculate the chance of rain today.
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Probability scale

All probabilities can be shown on a line called a
probability scale. The scale runs from 1t0 0. An
event that's certain is 1. Something that’s impossible
is 0. Everything else is in between these values.

We can be certain that the sun
will rise tomorrow morning.

Sunrise scores 1 and sits at the very

top of the probability scale.

At this moment, it's very likely
that somewhere around the
world a plane is flying in the sky.

It's likely that at least one

person among the students
and staff at your school will have
a birthday this week.

There is an equal chance of
getting heads or tails when
you flip a coin. Equal chance
is the scale’s halfway point.

It's unlikely that if you roll two

dice you will throw a double
six. As you'll know from board
games, it doesn’t happen often!

There's little chance of your

being struck by a bolt of
lightning. Although it's possible,
it's very unlikely.

Flying elephants score 0 on

the scale. Elephants don‘t
have wings, so it's impossible
to see a flying elephant.

Anything that

scores 1 is sure

Likelihood
increases
5c/oser to 1
=
Q
~
Q
LIKELY 5
1 Lo .
2 % An event with a
EQUAL CHANCE probability of /2

is just as likely to
happen as not

\ - -
'\---

s 3
U
= 2
7)) Likelihood
% decreases

. closer to O

. An event with a
. probability of O
" can't happen
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Calculating probability

We can use a simple formula to help us work out the probability that
something will happen. The formula expresses the probability as a fraction.
We can also change probability fractions into decimals and percentages.

Here’s a box of 12 pieces of fruit. It

contains six apples and six oranges,
randomly arranged. What's the chance of
picking out an apple if we close our eyes?

Let's use the formula below to find
the probability of choosing an apple:

number of results we’re interested in

number of all possible results

-------- There are six apples in the box

We can picture the formula like this.

The top part of the formula means O O . O @ . 6 ]
how many apples it's possible to take out —
of the box (6). The bottom part is the total . . .
number of fruits that could be chosen (12). . . . ] 2 2

@O.@ f

So, we have a 6 in 12 chance of picking

an apple. We show this as the In all, there are ... The probability **
fraction 6412, which can be simplified to 3/2. 1> fruits in the box of picking an apple

You can write
probobl\mes as

fractions, decimals,
or percemoges

p T

Unexpected results

Probability doesn’t always tell us exactly what's
going to happen. There’s a 1in 6 chance that
this spinner will land on red. If we spin it 6
times, we’d expect to get a red at least once.
But we might get 6 reds—or none.
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Decimals and percentages

Probabilities are most often written as
fractions, but they can also be shown
as decimals or percentages.

This box of 12 cupcakes contains three
chocolate cupcakes and nine vanilla
cupcakes. With our eyes closed, we
have a 3 in 12 chance of choosing a
chocolate cupcake.

Written as a fraction, the probability

is 3/12. We can simplify this to /2. Now
we divide 1 by 4 to find the probability as
a decimal: 1+ 4 = 0.25. To change our
decimal to a percentage, we simply
multiply it by 100. So 0.25 x 100 = 25%

Let's see what happens if the box
contains nine chocolate cupcakes
and three vanilla cupcakes.

Now the probability of picking
a chocolate cupcake is 942, or 3/a.
This is the same as 0.75 or 75%.

TRY IT OUT

A J\J“\q\ J

A TR A A

“..... Three chocolate and nine vanilla cupcakes

e Nine chocolate and three vanilla cupcakes

Probability dice

Throwing dice is a great way to
investigate probability. Dice
throws are often important

in board games, so if you know
the probability that certain
combinations will occur, you
might be able to improve

your gameplay!

Answers on page 320

What is the most likely total

to occur when you roll two dice
together? Start by writing down all
the possible scores, and adding the
numbers together.

What are the two least likely
totals to occur?

What are the probabilities
of getting the most likely
and the least likely totals?







In algebra, we replace numbers with letters or
other symbols. This makes it easier to study
numbers and the connections between them—
for example, to look at how they form patterns
such as number sequences. By using algebra, we
can also write helpful rules, called formulas, in a
way that makes it easier to solve math problems.

<
a4
o0
L
O
'
<
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Equations

An equation is a mathematical statement that contains an equals
sign. We can write equations using numbers, or with letters or other
symbols to represent numbers. This type of math is called algebra.

Both sides of this

Balancing equations equation balance—

An equation must always A e they are equal ...
balance—whatever is to the left \“ y k7 —

of the equals sign has the same 14 +16 L —

value as whatever is to the right & Ml Ll S

of the equals sign. We can see
how this works when we look
at this addition equation.

Lh'ﬂ'\'ln‘ -I'II'H:I

The three laws of arithmetic The commutative law

An equation must always follow the This law tells us that numbers can be added or
three laws of arithmetic. We looked at multiplied in any order and the answer will always
how these rules work with real numbers be the same. We can see how the commutative law
on pages 154-55. We can also write the works with this addition calculation, and then write
same laws using algebra if we replace the law using algebra.

the numbers with letters.

Switching the numbers
produces the same result ....... )

% ) WRITING WITH NGMBERS

a+b = b+a

The rules of arithmetic
help make sure that R |
an equation balances. r//‘/ x

— =

Eemeer ]

WRITING WITH ALGEBRA
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WRITING EQUATIONS WITH ALGEBRA

In algebra, we use some special words and phrases. We also write
equations slightly differently compared with when we’re using numbers.

In algebra, a number that we do not know yet can
be represented by a letter. This is called a variable. b

Instead of writing a x b, we simply write ab. We leave
out the multiplication sign because it looks too much ab
like the letter x.

When we multiply numbers and letters, we write 4ab
the number first.

303

A number, a lefter, or a combination of both is

called a term.

Two or more terms separated by a math sign is
called an expression.

The associative law

Remember, brackets tell us which part of a
calculation to do first. This law tells us that when
we’re adding or multiplying, it doesn’t matter
where we put the brackets—the answer won't
change. Take a look at this addition calculation.

Add the numbers within the
brackets, then add 6 to get 13

.
B+4)+6 = 3+(4+6

TN 5 fr
AN

WRITING WITH NUMBERS

(q+ b) + C =

WRITING WITH ALGEBRA

a+(b +__c_)_

2b

4+c

The distributive law

This is a law about multiplication. It says that
adding a group of numbers together and then
multiplying them by another number is the same as
doing each multiplication separately and then adding
them. Here’s an example of how this law works.

Add the numbers within the
brackets, then multiply the

Multiply the numbers
within the brackets,

answer by 5..... ..... then add the answers
Sx(2+4)=5x72)+(5x4)
2N

WRITING WITH NUMBERS

o_(b+_c)=ob+ac

WRITING WITH ALGEBRA
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° ° b O
Solving equations p G
. s
An equation can be rearranged to find the value t (IC j
of an unknown number, or variable.

Simple equations

In algebra, a letter or a symbol represents the variable.
We already know that the two sides of an equation
must always balance. So, if the variable is on its own
on one side of the equals sign, we can find its value by
simply carrying out the calculation on the other side.

The shape represents
the unknown value

Equations with symbols \_

Here we have two equations A= ‘|2 % 7 = 72 - 9
with a shape representing the )
unknown values. To find the answers A= 84 =28

we simply multiply or divide.

The letter represents
the unknown value

Equations with letters

In these examples, letters are a= — _
used to represent the unknown values. 36 +15 b 21 13
The equations are solved in the same a=>5] b =8

way. We just follow the math signs.

Everyday algebra gty

We use algebra every = |

day without realizing it. /h\

For example, if we want

to buy three bottles of

juice, two boxes of ‘ 6

cereal, and six apples, L )
we can calculate the ' %= $ c=$.50
. a=9%2 g
amount using an
algebraic equation 9 Now replace the letters

as shown here. o We write the equation as: with the prices as follows:
3a + 2b + 6¢ = total cost. (3 x $2) + (2 x $1) + (6 x $0.50) = $1
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Rearranging equations

Finding the value of a variable is harder if
the variable is mixed with other terms on one
side of an equation. When this happens, we
need to rearrange the equation so that the
variable is by itself on one side of the equals
sign. The key to solving the equation is to
make sure it always balances.

Let's look at this equation. We can
solve it in simple stages so that we
can isolate the letter b and find its value.

Start by subtracting 25 from both sides

and rewrite the equation. We know
that 25 minus 25 equals zero. We say that
the two 25s cancel each other out.

We are left with the letter b on one

side of the equals sign. We can now
find its value by working out the calculation
on the right of the equals sign.

When we work out 46 — 25, we are
left with 21. So the value of b is 21.

We can check our answer by substituting
21 for the letter in the original equation.

TRY IT OUT

Missing values

Can you simplify these equations
to find the missing values?

D 42=6x0

Answers on page 320

o73+b=105

Whatever we do to one side
of the equation, we must do
the same on the other side.

Variable @)

b+25=46

25 and -25 cancel
each other out

b+25-25=46 -25

.......... The variable is now the
subject of the equation

b=46 - 25

b =21

eeeeeea, Both sides of the
equation balance

.
21 + 25 =46

©i-34=19

O7=A+3
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Formulas and sequences

A sequence is a list of numbers that follows a pattern (see pages 14-17).
By using a formula to write a rule for a sequence, we can work out the
value of any term in the sequence without having to write out the whole list.

Number patterns

A number sequence follows a particular pattern, or rule.

Each number in a sequence is called a term. The first number
in a sequence is called the first term, the second number is
called the second term, and so on.

In this sequence,
each term is 2 more
........ than the previous term

+2 +2 +2 +2 +2
2 4 6 8 10 12

\ 5
PR, T e — o e e —— —

1st term 2nd term 3rd term 4th term 5th term 6th term

The nth term

In algebra, the value of an unknown term in a sequence is
known as the nth term—the “n” stands for the unknown
value. We can write a formula called a general term of

the sequence to work out the value of any term. The unknown term is
.. called the nth term

The dots show
that the sequence
. goes on forever

1st term 2nd term 3rd term 4th term 5th term nth term Jo )
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Simple sequences

To find the formula for any sequence, we
need to look at the pattern. Some sequences

have an obvious pattern, so we can easily find The rule is multiply
the rule and write it as a formula. the term by 4
+4 +4 +4 +4 '
1st term 2nd term 3rd term 4th term 5th term .
n=1 n=2 n=3 n=4 n=>5 L
4n=4 4n =8 4n =12 4n =16 4n = 20
This sequence is made up of So to find the value of the 30th term
the multiples of 4. So, we can say for example, we simply replace n
the nth termis 4 x n. In algebra, we in the formula with 30 and perform the
write this as 4n. calculation 4 x 30 = 120.

Two-step formulas

Some sequences will follow two steps

such as multiplying and subtracting, The rule is multiply

the term by 5, then

or multiplying and adding. subtract 1,
+5 +5 +5 +5 :

Ist term 2nd term 3rd term 4th term 5th term

n=1 n=2 n=3 n=4 n=35 L
5n-1=4 5n-1=9 5n-1=14 5n-1=19 5n-1=24

The formula for this sequence is 5n - 1. To find the 50th term in the sequence,

So, to find any term in the sequence, we for example, we replace n in the formula
have to perform a multiplication followed with 50. Then we can write 5 x 50 — 1 = 249.
by a subtraction. So the 50th term is 249.

TRY IT OUT

Finding terms /_\mmmm

The formula to work out the nth 8, 20 26 32 38

term in this sequence is 6n + 2.

Can you continue the sequence Write the next Calculate Calculate

and apply the formula®? five numbers the value of the value of
in this sequence. the 40th term. the 100th term.

Answers on page 320
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Formulas

letters instead of writing
A formula is a rule for finding out the value of something. out all the Woids'
We write a formula using a combination of mathematical
signs and lefters to represent numbers or quantities.

[.

Writing a formula
A formula is like a recipe, except that

in a formula we use signs and letters The subject of ~ An equals sign shows The recipe
instead of words. A formula usually the formula the formula balances (I xw)
has three parts: a subject, an equals |

sign, and a combination of letters L L -

and numbers containing the recipe’s
instructions. Let's look at one of the
simplest formulas, for finding the
area of a rectangle. The formula is
Area = length x width. Using algebra,
we can write this as A = Iw.

Using letters
Formulas use letters instead of words, A= are
so we need to know what the different q
letters stand for. Here are the letters we P _
use to solve mathematical problems = Per/}n et
that involve measurement. v €
=
€hgth
Wh - W=
en we write a formulg, Width
we leave out the
multiplication sign. b =
baSe
""" h=, .
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Using a formula

We use formulas in math to
find actual values. We can find
the value of a formula’s subject
if we know the values of the
variables on the other side of
the equals sign.

WIDTH 3 m

The area is the
space occupied by

the swimming pool ... . LENGTH 5m
We start by replacing The length when multiplied
the letters (A = Iw) with by the width gives us 15.
the actual measurements. So the area of this rectangular
So, we have A =5 x 3. swimming pool is 15m2.

---------------------------------------------------------------------------------------------------------------------------------------

Common formulas

Here are some formulas
you will need to know for
finding the areaq, perimeter,
and volume of some

WV

common shapes. ) b
Are.a ofa = Vsbh Area of a - bh
triangle parallelogram
The perimeter is The volume is the
the distance around amount of space
the outside of a shape ... within a 3-D shape ..
v
| | : |
Perimeter of Perimeter Volume
=2(|.|.w) =4 ., =Ilwh

a rectangle of a square of a cuboid
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Glossary

acute angle An angle that
is less than 90 degrees.

adjacent Next to each other,
such as two angles or sides
of a shape.

algebra The use of letters or
other symbols to stand for
unknown numbers when
making calculations.

angle The amount of turn
from one direction to another.
You can also think of it as the
difference in direction between
two lines meeting at a point.
Angles are measured in
degrees. See degree.

apex The tip or pointed top
of any shape.

arc A curved line that forms
a part of the circumference
of a circle.

area The amount of space
inside any 2-D shape. Area is
measured in square units,
such as square meters.

associative law A law saying
that if you add, for example,
1+ 2 + 3, it doesn't matter
whether you add the 1 + 2 first
or the 2 + 3 first. The law works
for addition and multiplication,
but not subtraction or division.

asymmetrical A shape with
no reflective or rotational
symmetry is asymmetrical.

average The typical or
middle value of a set of data.
There are different kinds of
averages—see mean,
median, and mode.

axis (plural axes) (1) One of the
lines on a grid used to measure
the position of points and
shapes. See x axis, y axis. (2)
An axis of symmetry is another
name for a line of symmetry.

bar chart A diagram showing
data as rectangular bars of
different lengths or heights.

base The bottom edge of a
shape, if you imagine it sitting
on a surface.

block graph A diagram
that shows data as stacks
of square blocks.

brackets Symbols such as [],
used to surround numbers.
They help show which
calculations to do first.

capacity The amount of
space inside a container.

Carroll diagram A diagram
that is used to sort data into
different boxes.

Celsius scale A scale of
temperature. Water boils at
100 degrees on this scale.

centigrade scale Another
name for the Celsius scale.

chord A straight line that cuts
across a circle but doesn’t go
through the center.

circumference The distance
all the way around the outside

clockwise Going around in
the same direction as a
clock’s hands.

common denominator
A term used when two or
more fractions have the
same lower number. See
denominator.

common factor A factor
that two or more numbers
share. See factor.

common multiple A
number that is a multiple
of two or more different
numbers. For example, 24
is a multiple of 3 as well as
of 4, and so is a common
multiple of these numbers.
See multiple.

commutative law A law
that says that, for example,
1+ 2isthesameas 2 +1,
and the order the numbers
are in doesn't matter. It
works for addition and
multiplication, but not
subtraction or division.

compass (1) An instrument
that shows the direction of
north, as well as other
directions. (2) An instrument
used fo draw circles and
parts of circles.

cone A 3-D shape with a
circular base and a side
that narrows upward to its
apex. See apex

congruent Geometrical
shapes that have the same
size and shape.

conversion factor A number
you multiply or divide by to
change a measurement
from one kind of unit fo
another. For example, if
you've measured a length

in meters and need to

know it in feet, you have

to multiply by 3.3.

coordinates Pairs of numbers
that describe the position of a
point, line, or shape on a grid
or the position of something
on a map.

counterclockwise Going
around in the opposite
direction of a clock's hands.

cross section A new face
made by cutting a shape
parallel to one of its ends.
See face.

cube number When you
multiply a number by itself,
and then by itself again, the
result is called a cube number.

cubic unit Any unit, such
as a cubic centimeter, for
measuring the volume of
a 3-D shape. See unit.

cylinder A 3-D shape with
two identical circular ends
joined by one curved surface.
A beverage canis an
example.

data Any information that
has been collected and can
be compared.

decimal Relating to the
number 10 (and to tenths,
hundredths, and so on). A
decimal fraction (also called a
decimal is written using a dot
called a decimal point. The
numbers to the right of the dot
are tenths, hundredths, and so
on. For example, a quarter (Va)
as a decimal is 0.25, which
means 0 ones, 2 tenths, and
5 hundredths.

degree (symbol °) (1) A
measure of the size of a turn
or angle. A full turn is 360
degrees. (2) A uniton a
temperature scale.
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denominator The lower
number in a fraction, such
as the 4in %a.

diagonal (1) A straight line
that isn‘t vertical or horizontal.
(2) Inside a shape, a
diagonal is any line joining
two corners, or vertices, that
aren’t adjacent.

diameter A straight line from
one side of a circle or sphere
to the other that goes through
the center.

digit A single number from
010 9. Digits also make up
larger numbers. For example,
58 is made up of the digits 5
and 8.

distributive law The law that
says, for example, 2 x (3 + 4] is
the same as (2 x 3) + (2 x 4).

dividend The number to be
divided in a division calculation.

divisor The number you are
dividing by in a division
calculation.

equation A statement in
math that something equals
something else—for example,
2+2=4

equilateral triangle A triangle
with all three sides and alll
three angles the same.

equivalent fraction A
fraction that is the same as
another fraction though it's
written in a different way. For
example, % is equal to V2.

estimating Finding an
answer that's close to the
correct answer, often by
rounding one or more
numbers up or down.

face Any flat surface of a 3-D
shape.

factor A whole number that
divides exactly into another
number. For example, 4 and 6
are factors of 12.

factor pair Any two numbers
that make a larger number
when multiplied together.

Fahrenheit scale A scale of
temperature. Water boils at
212 degrees on this scale.

formula A rule or statement
written with math symbols.

fraction A number that is not
a whole number, for example
Vo, Va, or %,

frequency (1) How often
something happens. (2) How
many individuals or things
have a feature in common.

gram (g) A unit of mass, a
thousandth of a kilogram.

greatest common factor
Another name for highest
common factor.

grid method A way of
multiplying using a grid
drawn on paper.

highest common factor
(HCF) The highest factor that
two or more numbers have in
common. For example, 8 is
the highest common factor of
24 and 32.

horizontal Level and going
from one side fo the other,
rather than up and down.

image A shape that's the
mirror-image reflection of
another, called the pre-image.

imperial units Traditional
measuring units such as the
foot, mile, gallon, and ounce.
In science and math, they
have been replaced by metric
units such as meters and
grams, which are easier to
calculate with.

improper fraction A
fraction that is greater than
1—for example, %, which
can also be written as the
mixed number 2. See
mixed number.

intersect To meet or cross over
(used of lines and shapes).

isosceles triangle A triangle
with two sides the same length
and two angles the same size.

kilogram (kg) The main unit
of mass in the metric system,
equal to 1,000 grams.

kilometer (km) A metric unit of
length, equal to 1,000 meters.

lattice method A method of
multiplying using a grid with
diagonal lines on it.

line graph A diagram that
shows data as points joined
by straight lines. It's good for
showing how measurements
such as temperature can
change over time.

line of reflection Also called
the mirror line, a line exactly
midway between an object
and its reflection.

line of symmetry An
imaginary line through a
2-D shape that divides it into
two identical halves. Some
shapes have no line of
symmetry, while others
have several.

liter () A metric unit for
measuring capacity.

long division A way of
dividing by larger numbers
that involves doing the
calculation in stages.

long multiplication A written
method for multiplying
numbers with two or more
digits. It involves doing the
calculation in stages.

lowest common
denominator The lowest
common multiple of the
denominators of different
fractions. See denominator.

lowest common multiple
The lowest number that is a
common multiple of other given
numbers. For example, 24 is

a common multiple of 2, 4,
and 6, but 12 is their lowest
common multiple. See multiple
and common multiple.

mass The amount of matter
in an object. See weight.

mean An average found by
adding up the values in a set
of data and dividing by the
number of values.

median The middle value of a
set of data, when the values are
ordered from lowest to highest.

meter (m) The main unit of
length in the metric system,
equal to 100 centimeters.

metric system A system of
standard measuring units
including the meter (for
measuring length) and the
kilogram (for measuring mass).
Different measurements can be
compared easily by multiplying
or dividing by 10, 100, or 1,000.
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milligram (mg) A metric
unit of mass that is equal to
a thousandth of a gram.

milliliter (ml) A metric unit
of capacity that equals a
thousandth of a liter.

millimeter (mm) A metric
unit of length that equals
one-thousandth of a meter.

mixed number A number
that is made up partly a
whole number and partly of
a fraction, such as 2.

mode The value that occurs
most often in a set of data.

multiple Any number that's
the result of multiplying two
whole numbers together.

negative number A number
that is less than zero: for
example, -1, -2, -3, and
soon.

net A flat shape that can be
folded up to make a particular
3-D shape.

non-unit fraction A fraction
with a numerator greater than
one, for example ¥a.

number A value used for
counting and calculating.
Numbers can be positive or
negative, and include whole
numbers and fractions. See
negative number, positive
number.

number line A horizontal
line which has numbers
written on it, and is used for
counting and calculating.
The lowest numbers are
written on the left, and the
highest ones are written

on the right.

numeral One of the ten
symbols from 0 to 9 that are
used to make up all numbers.
Roman numerals are different,
and use capital letters such as
[, V, and X.

numerator The upper
number in a fraction, such as
the 3in %a.

obtuse angle An angle
between 90 and 180 degrees.

operator A symbol that
represents something you do
to numbers—for example +
(add) or x (multiply).

opposite angles The angles
on opposite sides where two
lines intersect, or cross over.
Opposite angles are equal.

origin The point where the x
and y axes of a grid intersect.

parallel Running side by
side without getting closer
or further apart.

parallelogram A type of
quadrilateral whose opposite
sides are parallel and equal
to each other.

partitioning Breaking
numbers down info others
that are easier to work with.
For example, 36 can be
partitioned into 30 + 6.

percentage (%) A proportion
expressed as a fraction of
100—for example, 25 percent
(25%) is the same as 2%oo.

perimeter The distance
around the edge of a shape.

perpendicular Something is
perpendicular when it is at
right angles to something else.

pictogram A diagram that
shows data as rows or
columns of small pictures.

pie chart A diagram that
shows data as “slices” (sectors)
of a circle.

place-value system Our way
of writing numbers, where the
value of each digit in the
number depends on its
position within that number.
For example, the 2 in 120 has
a place value of twenty, but in
210 it stands for two hundred.

polygon Any 2-D shape
with three or more straight
sides, such as a triangle or
a parallelogram.

polyhedron Any 3-D shape
whose faces are polygons.

positive number A number
greater than zero.

prime factor A factor that is
a prime number. See factor.

prime number A whole
number greater than 1that
can‘t be divided by any whole
number except itself and 1.

prism A 3-D shape whose
ends are two identical
polygons. It is the same size
and shape all along its length.

probability The chance of an
event happening or being true.

product The number you get
when you multiply other
numbers together.

proper fraction A fraction
whose value is less than 1,
where the numerator is less
than the denominator—for
example, %.

proportion The relative size
of part of something,
compared with the whole.

protractor A tool, usually made
of clear plastic, for measuring
and drawing angles.

quadrant A quarter of a grid
when the grid is divided by x
and y axes.

quadrilateral A 2-D shape
with four straight sides.

quotient The answer you get
when you divide one number
by another.

radius Any straight line from
the center of a circle to its
circumference.

range The spread of values in
a set of data, from the lowest
to the highest.

ratio Ratio compares one
number or amount with
another. It's written as two
numbers, separated by a
colon (:).

rectangle A four-sided 2-D
shape where opposite sides
are the same length and all
the angles are 90 degrees.

rectangular prism A box-like
shape with six faces, where
opposite faces are identical
rectangles.

reflection A type of
transformation that produces
a mirror image of the original
object. See transformation.

reflective symmetry A shape
has reflective symmetry if you
can draw a line through it fo
make two halves that are
mirror images of each other.
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reflex angle An angle
between 180 and 360 degrees.

remainder The number
that is left over when one
number doesn't divide info
another exactly.

rhombus A quadrilateral
with all four sides the same
length. A rhombus is a
special kind of parallelogram,
in which all the sides are of
equal length. See also
parallelogram.

right angle An angle of 90
degrees (a quarter turn), such
as the angle between vertical
and horizontal lines.

right-angled triangle
A triangle where one of the
angles is a right angle.

rotation Turning around a
central point or line.

rotational symmetry A shape
has rotational symmetry if it
can be turned around a point
until it fits exactly into its
original outline.

rounding Changing a number
to a number, such as a
multiple of 10 or 100, that's
close to it in value and makes
it easier to work with.

scalene triangle A triangle
where none of the sides or
angles are the same size.

sector A slice of a circle similar
in shape to a slice of cake. lts
edges are made up of two
radii and an arc.

segment (1) Part of a line.
(2) In a circle, the area
between a chord and the
circumference.

sequence An arrangement of

numbers one after the other
that follows a set pattern,
called a rule.

set A collection or group
of things, such as words,
numbers, or objects.

significant digits The digits
of a number that affect its
value the most.

simplify (a fraction) To put a
fraction intfo its simplest form.
For example, you can simplify
ARKS

solid In geometry, a term for
any 3-D shape, including a
hollow one.

sphere A round, ball-shaped
3-D shape, where every point
on its surface is the same
distance from the center.

square A four-sided 2-D
shape where all the sides
are the same length and all
the angles are 90 degrees.
A square is a special kind of
rectangle. See rectangle.

square number If you multiply
a number by itself, the result is

called a square number, for
example 4 x 4 =16

square unit Any unit for
measuring the size of a flat

area. See unit.

straight angle An angle of
exactly 180 degrees.

subset A set that is part of
a larger set. See set.

symmetry A shape or object

has symmetry if it looks exactly

the same after a reflection
or rotation.

tally marks Lines drawn to
help record how many things
you've counted.

tangent A straight line that
just fouches a curve or the
circumference of a circle at
a single point.

three-dimensional (3-D)
Having length, width, and
depth. All solid objects are
three-dimensional.

ton A mefric fon is a unit of
mass equal to a thousand
kilograms. Atonis also a
traditional imperial unit,
smaller than a metric ton.

transformation Changing

the size or position of a shape
or object by reflection, rotation,
or translation.

translation Changing the
position of a shape or object
without rotating it or changing
its size or shape.

trapezoid A quadrilateral with
one pair of sides parallel, also
called a trapezium.

triangle A 2-D shape with three
straight sides and three angles.

turn To move round a fixed
point, such as hands moving
on a clock.

two-dimensional (2-D)
Having length and width (or
height), but no thickness.

unit A standard size used for
measuring, such as the meter
(for length) or the gram (for
mass).

unit fraction A fraction in
which the numerator is 1, for
example 4.

universal set The sef that
includes all the data you're
investigating. See set.

value The amount or size
of something.

variable An unknown number
in an equation. In algebra, a
variable is usually represented
by a lefter or a shape.

Venn diagram A diagram that
shows sets of data as
overlapping circles. The
overlaps show what the

sefs have in common.

vertex (plural vertices)
An angled corner of a 2-D
or 3-D shape.

vertical Going in a straight up
and down direction.

volume The three-dimensional
size of an object.

weight A measurement of the
force of gravity acting on an
object. See mass.

whole number Any number
such as 8, 36 or 5971that is
not a fraction.

x axis The horizontal line that
is used to measure the
position of points plotted on a
grid or graph.

y axis The vertical line that is
used to measure the position
of points on a grid or graph.
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A

abacus 78
absolute zero 186
acute angles 233
in triangles 241
addition (adding) 78-87
associative law 154
column 86-7
commutative law 15
complimentary 95
decimals 62
expanded column 84-5
facts (pairs) 82
fractions 52
mass 184
order of operations 152, 153
partitioning for 83
positive and negative
numbers 18, 19
repeated 99
shopkeeper’s 93, 95
temperature 187
using a number grid 81
using a number line 80
algebra 301-09
equations 302-05
formulas 306-07, 308-09
sequences 306-07
ancient Egyptian numerals 10-11
angle of rotation 262, 263
angles 230, 231
acute 233
around a point 235
compass directions 254
drawing 238
inside triangles 214, 215,
240-43
measuring 238, 239
obtuse 233
on a straight line 234, 237
opposite 236-37
polygons 212, 213, 218, 246,
247
quadrilaterals 216, 217, 218,
219, 244-45
reflex 233, 239
right 232, 233
straight 232, 233
apex
pyramid 225
triangle 214
approximately equal symbol 24
arcs 216
circles 220, 221
angles 230

area 168-77
complex shapes 174-75
estimating 169
circles 220, 221
formulas for 170-71, 309
parallelograms 173
perimeter and 176-77
triangles 172
arithmetic laws 154-55
and equations 302
arms of angles 230
array 98, 101
open 111, 112
ascending order 23
associative law 154, 303
asymmetry 257
averages 276, 277, 281
axis (axes)
bar charts 286, 287
coordinates 248, 249, 250
line graphs 288, 289,
290, 291
of reflection 260
of symmetry 256

Babylonian numerals 10-11
balancing equations 302
bar charts (graphs) 269, 285,
286-87
base of a triangle 214
bearings (compass) 254, 255
block graphs 284
BODMAS (BIDMAS) 152, 153
brackets
associative law 303
coordinates 248
equations 303
negative numbers 18
order of operations 152,
153,155

C

calculation 77-157
addition 78-87
arithmetic laws 152-55
checking 25
division 128-151
length 162-63
mass 184-85
money 200-01
multiplication 98-127
order of operations for

152-53
subtraction 88-97
temperature 187

calculation (continued)
time 196-97
using a calculator 156-57
calculator
abacus 78
using a 156-57
calendars 195
capacity 178
imperial units 190
cardinal compass points 254
Carroll diagrams 272-73
carrying over 867
Celsius (°C) 186, 187
centigrade 186
centimeters (cm) 160, 161
center of a circle 220
center of rotation 262, 263
center of rotational symmetry
258, 259
cents 198
chance (probability) 296
change (money) 201
charts 269
bar 285, 286-87
pie 292-93, 294-95
tally 284
chord of a circle 220, 221
circles 220-21
concentric 209
lines of symmetry 256, 257
non-polygons 212
order of rotational symmetry
259
pie charts 292, 293
Venn diagrams 274
circumference 220, 221
measurement of 221
clocks 11, 192
coins 199
collecting data 268, 270
column addition 86-7
expanded 84-5
column subtraction 96-7
expanded 94-5
common denominator 51
common factors 29
highest 46
common multiples 30, 51
commutative calculations
addition 78
multiplication 98
commutative law 154, 302
comparing decimals 60
comparing numbers 20-1
comparison symbols 20, 21
compass directions 254-55
compass points 254
compasses (for drawing circles)
294, 295
concentric circles 209

cones 224
congruent triangles 214
conversion factor (imperial units
to metric units) 189
conversion graph 289
converting units
of currency 198, 201
of length 161, 163
of mass 182, 184-85
of time 193, 195
of volume 178, 179
coordinates 248, 249
drawing a polygon 251
position and direction 252,
253
positive and negative 250,
251
counting
with multiples 102-03
quick 24
counting all (adding) 79
counting back (subtraction) 88,
89, 92
counting on (adding) 79
counting up (subtraction) 92
criteria (Carroll diagrams) 272
cross sections of prisms 226
cube numbers 39
cubes (3-D shapes) 225
volume 180, 181
nets of 228
cubic units 180
cuboids 224, 225
nets of 229
prisms 227
volume of 181, 309
currencies 198
curved lines 204
circles 220
cylinder 224
net of 229

D

data

averages 276

Carroll diagrams 272-73

charts 269

graphs 269

pictograms 282

tables 269

tally marks 270, 271

Venn diagrams 274-75
data collection 268, 270
data handling 268-69
data presentation 269, 271

bar charts 285

block graphs 284

line graphs 288-89

pie charts 292-93, 294

pictograms 284
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dates 194-95
Roman numerals for 11
days 194, 195
decagon 218
decimal currency 198
decimal numbers 58-9
adding 62, 87
comparing 60
dividing 150-51
fractions 74
multiplying 124-25, 127
ordering 60
percentages 65
probability 298, 299
remainders 148, 149
rounding 61
subtracting 63
decimal point 13, 58, 59
degrees (angles) 231
measuring 238
degrees Celsius (°C) 186, 187
degrees centigrade 186
degrees Fahrenheit (°F) 186, 187
denominator 41, 149
common 51
comparing fractions 48
equivalent fractions 44, 45
finding fractions 47
simplifying fractions 46
unit fractions 49
descending order 23
diagonal lines 206-07, 210, 211
diameter of a circle 220, 221
dice 299
difference (subtraction) 88,
89, 92
digits 10
place value 12, 13
rounding up and down 27
significant 27
direction
compass 254-55
lines of 205
position and 252-53
distance 160, 161
calculations with length 162,
163
distributive law 155, 303
dividend 130, 131
dividing by 10, 100, and 1000
136
divisibility,
checking for 135
division 128-29, 136
decimals 150-51
equivalent fractions 45
expanded long 144-45
expanded short 140-41, 148
factor pairs 134
fractions 56-7

division (continued)
long division 146-47
by multiples of 10 137
with multiples 130
order of operations 152, 153
partitioning for 138-39
short division 142-43
division grid 131
division tables 132-33
divisor 130, 131
dodecagon 219
dodecahedron 225
dollars 198

edge (3-D shapes) 222, 223,
224, 225
Egyptian numerals 10-11
elements of sets 274
equals 20
equations 302
formulas 308, 309
symbol for 21, 24, 78, 88
equations 302-03
equilateral triangles 213, 215,
240
finding the perimeter of 167
lines of symmetry 257
polyhedrons 225
rotational symmetry 259
equivalent fractions 44-5, 46
estimating 24-5
angles 239
area 169
using a calculator 157
Euclid 33
expanded column addition
84-5
expanded column subtraction
94-5
expanded long division 144-45
expanded long multiplication
118-19
expanded short division 140-41,
148
expanded short multiplication
114-15
expression (algebra) 303

F

faces
prism 226
three-dimensional (3-D)
shapes
222, 223, 224, 225
factor pairs 28, 101
dividing with 134
factor trees 35
factors 28-9, 31
highest common 46

factors (continued)
multiplication grid 106
prime 34-5
scale 73
Fahrenheit scale 186
feet 189, 190
Fibonacci sequence 17
finding fractions 47
finding the difference
(subtraction) 88, 89, 92
expanded column
subtraction 94, 95
formulas 306-09
angles inside polygons 247
area 170-71
areas of parallelograms 173
areas of triangles 172
perimeter 166-67
volume 181
pie charts 294
probability 298
fraction wall 44
fractions 40-1
adding 52
comparing 48
comparing units 49
decimals 59, 74, 75
dividing 56-7
equivalent 44-5, 46
finding 47
improper 42-3
multiplying 54-5
non-unit 40-1, 50, 55
percentages 64, 65, 67,
74,75
pie charts 293
probability 296, 298, 299
proportion 70, 74
ratio 74
remainders 148, 149
scaling 100
simplifying 46
subtracting 53
unit 40-1
frequency chart 283
frequency tables 269, 271,

286, 294
G

gallons 189, 190
general terms (sequences) 306
geoboard 265
geodesic dome 240
geometry 203-65
angles 230-47
circles 220-21
coordinates 247-53
compass points 254-55
lines 204-11
nets 228-29

geometry (continued)
polygons 213, 218-19,
246-47, 251
prisms 226-27
quadrilaterals 216-17,
244, 245
reflection 260-61
rotation 262-63
symmetry 256-59
three-dimensional (3-D)
shapes 222-29
translation 264-65
triangles 214-15, 240-41,
242-43
two-dimensional (2-D) shapes
212-21
using a protractor 238-39
grams (g) 182
graphs
axes 288, 289, 290, 291
bar (charts) 269, 285, 286-87
block 284
conversion 289
line 288-89, 290-91
quadrants of 250, 251
weight 183
greater than symbol 20, 21
grid
adding 81, 86
column addition 86
coordinates 248, 249, 250,
251
division 131
equivalent fractions 45
multiplication 45, 106, 112-13,
131
number 81
partitioning 111
place value 86
position and direction 252
translation 265

H

height
measuring 160, 161
three-dimensional (3-D)
shapes 222
two-dimensional (2-D) shapes
212
hemispheres 224
heptagons 218
angles inside 246, 247
hexagonal prism 227
hexagons 212, 213
angles inside 246
diagonals 207
lines of symmetry 257
naming 218
order of rotational symmetry
259
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highest common factor 46
Hindu-Arabic numerals 10-11
honeycomb cells 218
horizon 205
horizontal lines 205, 206, 210
of a grid 248
hours 192, 193
hundreds
place value 12, 13
Roman numerals 10

icosagon 219
icosahedron 225
image 260, 261
imperial units 188-91
converting to metric units 189
improper fractions 42-3
inches 189, 190
indices 152
infersection 275
lines 211, 236, 237
invention of numbers 10
inverse squares 38
irregular decagon 218
irregular dodecagon 219
irregular heptagon 218
irregular hexagon 218
irregular icosagon 219
irregular nonagon 219
irregular octagon 219
irregular pentagon 219
irregular quadrilateral 219
irregular triangle 218
isosceles trapezoid 217
isosceles triangles 215, 241
finding the perimeter of 167
lines of symmetry in 257

K

Kelvin scale 186

kilogram (kg) units 182

kilometer (km) units 160, 161, 163
graph to convert to miles 289

kite shape 217

L

lattice method of multiplication
126-27
laws of arithmetic 154-55
for equations 302
length 160-61
calculations with 162-63
imperial units of 189, 190-91
lines 204
perimeter 164, 165
three-dimensional (3-D)
shapes 222
two-dimensional (2-D) shapes
212

less than symbol 21
letters in formulas 308
line graphs 288-89, 290-91
line of reflection 260, 261
line of symmetry 256, 257
lines 204
curved 220
diagonal (oblique) 206-07,
210
horizontal 205, 210, 211
intersecting 236, 237
parallel 208-09
perpendicular 210-11
polygons 212
vertical 205, 210, 21
liter (I) units 178, 179
long division 146-47
expanded 144-45
long multiplication 120-23
expanded 118-19
of decimals 124-25
lowest common multiples 31

M

maps
compass directions 254
coordinates 248, 249
position and direction 252,
253
mass 182
calculating 184-85
imperial units of 188, 190-91
weight and 183
matter (material) 182, 183
mean 276, 277, 278, 280, 281
measuring angles 238, 239
measuring area 168
measuring length 160-67
calculations with 162
perimeters 164-67
measuring mass 182
median 276, 278, 280, 281
members of sets 274
meter (m) units 160, 161, 163
metric units
converting to imperial units
189
equivalent measures 191
of length 160
of mass 182
miles 189, 190
miles to kilometers conversion
graph 289
milligram (mg) units 182
milliliter (ml) units 178, 179
millimeter (mm) units 160, 161
minus symbol 88
minutes 192, 193
mirror line 256, 260
mixed numbers 42-3

mode (modal value) 276, 279,
280, 281
money 198, 199
calculating with 200-01
months 194, 195
multiples 30-1
counting in 102-03
dividing with 130
rewriting fractions with 51
multiplication 98-127
associative law 154, 155
by 1010, 108
by 10, 100, and 1000 108
commutative law 154
with decimals 124-25, 127
distributive law 155, 303
division and 129
equivalent fractions 45
expanded long 118-19
expanded short 114-15
fractions 54-5
grid method of 11213
lattice method of 126-27
long multiplication 120-23,
124-25
order of operations 152, 153
partitioning for 110-11
patterns in 107
scaling 100
short multiplication 11617
strategies for 107
tables 104-05, 106
multiplication grid 106, 112-13
for division 131
equivalent fractions 45

N

navigation
compass directions 255
coordinates 253

negative coordinates 250, 251

negative numbers 18-9
temperature 186

nets 228-29

Newtons (N) 183

nonagon 219

non-polygons 212

non-unit fractions 40-1
comparison of 50
multiplication of 55

notes (money) 199

nth term 306

number bonds 82

number grid 81

number lines 18
for addition 80, 88
for dividing 130
for subtraction 88, 89, 92
for multiples 30, 31, 102-03
for partitioning 110

number lines (continued)
positive and negative
numbers 18, 19
for rounding up and
rounding down 26
temperature 186, 187
number symbols 10-11
numbers 11-23
comparing 20-21
cube roofs of 38-9
cubes of 39
decimal 56-63
estimating 24-5
factors of 28-9, 34-5
fractions of 40-55, 74-5
mixed 42-3
multiples of 30-1
negative 18-9
ordering 22-3
patterns of 14-5
percentages of 62-7
place value 12-3
positive 18-9
prime 32-3, 34, 35
prime factors of 34-5
proportion 70-1
ratio 68-9
rounding 25, 26-7
scaling 72-3
sequences of 14-7
shapes of 16-7
simplifying 25
square 36-7, 38
square roots of 38-9
symbols for 10-11
numerals 10
numerator 41, 149
comparing fractions 48
equivalent fractions 44, 45
finding fractions 47
simplifying fractions 46
unit fractions 49

O

oblique lines 206
obtuse angles 233

in triangles 241
octagon 219

angles inside an 246
octahedron 225
one-dimensional lines 204
ones

place value 12, 13

Roman numerals for 10
open array 111, 112
opposite angles 236-37
order of operations 152-53
order of rotational symmetry

259

ordering decimals 60
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ordering numbers 22-3
ordinal compass points 254
origin 248, 249

ounces 188, 191

P

parallel lines 205, 208-09
parallelograms 216
angles inside 244
area 173, 309
perimeter 166
partitioning for addition 83, 85
partitioning for division 138-39
partitioning for multiplication
110-11
partitioning for subtraction 91,
92
patterns
multiplication 107
number 14-5
tessellation 264
pentagonal number sequence
17
pentagonal prism 227
pentagons 219
angles inside 246, 247
dodecahedron 225
lines of symmetry 257
percentage change 68-9
percentages 64-5
finding 66-7
fractions 74
pie charts 293
probability 298, 299
proportion and 70
perimeter 164-65
area and 176-77
circles 221
formulas for 166—67, 309
perpendicular lines 210-11
pictograms (pictographs)
282-83
pie charts 292-93, 294-95
pints 189, 190
place holder (zero) 11, 13
place-value grid 86
place value 12-3
column addition 86
division 136
expanded column addition
84-5
multiplying by 10, 100, and
1000 108
ordering numbers 22
rounding decimals 61
rounding up and down 26,
27
significant digits 21
Plato 225
Platonic solids 225

plofting points using
coordinates 249,
250, 251
plus sign 78
points
angles around 235
cardinal 254
polygons 212
angles inside 246, 247
irregular 213
naming 218-19
polyhedrons 225
prisms 227
quadrilaterals 216-17, 244
regular 213
triangle 214-15
using coordinates to draw
251
polyhedrons 225
prisms 226-27
position and direction 252-53
positive coordinates 250, 251
positive numbers 18-9
pounds 188, 191
powers (indices) 152
pre-image 260, 261
prime factors 34-5
prime numbers 32-3, 34,
35
prisms 226-27
triangular 229
probability 267, 296-99
product 98
proportion 71
fractions 74
scaling 72
protractor 236, 294, 295
using a 238-39
pyramids
square-based 225, 229
triangular-based 224

Q

quadrants of a graph 250,
251
quadrilateral polygon 213
quadrilaterals 216-17,
219
angles inside 244-45
areas 173
quick counting 24
quotient 131

R

radius (radii) 220, 221
range of values 280, 281
ratio 70
fractions and 74
scaling 73
raw data 268

rectangles 216, 217
angles inside 244
area 168, 170, 171
lines of symmetry in 257
nets of 229
perimeter 164, 165, 166, 309
rectangular prisms 224, 225
nets of 229
prisms 227
volume of 181, 309
reflection 260-61
reflective symmetry 256-57, 259
reflex angles 233
measuring 239
regular decagon 218
regular dodecagon 219
regular heptagon 218
regular hexagon 218
regular icosagon 219
regular nonagon 219
regular octagon 219
regular pentagon 219
regular polyhedron 225
regular quadrilateral 219
regular friangle 218, 240
remainders
converting 148-49
division 128, 130
partitioning 139
repeated addition 99
repeated subtraction 129
expanded short division 140
rhombus 216, 217
right-angled triangles 215, 240
area 172
right angles 232, 233
in squares 216
in triangles 241
perpendicular lines and
210, 21
Roman numerals 10-11
on clocks 192
rotation 262-63
angles of 230
rotational symmetry 258-59
rounding up and down 26-7
decimals 61
money 200
numbers 25
rules for sequences 14,
15

S

scale
Celsius 186
Fahrenheit 186
Kelvin 186
probability 297
scale drawings 73
scale factors 73

scalene triangles 215, 241
area 172
perimeter 167
scaling up and down 72-3
seconds (fime) 192
sectors,
circles 220, 221
pie charts 293, 294, 295
segment 220, 221
sequences 306-07
cube numbers 39
Fibonacci 17
number 14-7
pentagonal numbers 17
series 14
sets of data 269, 272
averages 276
bar charts 285
block graphs 284
median 278
mode 279
numbers 273
pictograms 282
pie charts 293
range 280
Venn diagrams 274, 275
shapes
circles 220
number sequences 16-7
perimeters of 164
three-dimensional (3-D)
222-25
two-dimensional (2-D) 212,
213, 220
sharing 128
shopkeeper’s addition 93,
95
short division 142-43
expanded 140-41, 148
short multiplication 116-17
expanded 114-15
sides
missing lengths 171
perimeters 164, 165
polygons 212, 213, 218
quadrilaterals 216, 217,
218, 219
triangles 214, 215
significant digits 21
ordering decimals 60
ordering numbers 22
rounding up and rounding
down 27
simplifying fractions 46
simplifying numbers 25
slopes 205, 207
spheres 224
spiral shapes 17
square-based pyramid 225
net of 229
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square numbers 36-7, 38 symbols transformations vertex (vertices),
sequence of 16 addition 78 reflection 260 angles 230

square roofs 38
order of operations 152
square units 168, 169
squares 213, 216, 217
area 170
cubes and 225
perimeter 166, 309
nets of 228, 229
order of rotational symmetry
259
statistics 267-99
averages 276, 281
bar charts 269, 285-87
block graphs 284
Carroll diagrams 272-73
data collection and
presentation 268-69
frequency tables 269, 271
line graphs 288-91
mean 277
median 276
mode 277
pictograms 282-83
pie charts 292-95
probability 296-99
range 280
tally marks 270
Venn diagrams 274-75
straight angle 232
straight lines 204, 206
subsets
data 269
numbers 273
pie charts 293
subtraction 88-97
column 96-7
decimals 63
division 129
expanded column 94-5
expanded short division
140
facts 90
fractions 53
mass 184
order of operations 152,
153
partitioning for 91, 92
positive and negative
numbers
18,19
repeated 129, 140
shopkeeper’s addition
93
temperature 187
using a number line for
92
subtraction facts 90
survey 268, 282, 284

approximately equal 24

comparison 20, 21

degrees (angles) 231

equals 21, 24, 78, 88

equations 302

equivalent to 78

greater than 21

less than 21

minus 88

multiplication 98

numbers 10-11

parallel lines 208

percent 64

pictograms 282, 283

plus 78

ratio 70

reflective symmetry 256-57,
259

right angle 215, 232

rotational symmetry 258-59

T

tables 269
division 132-33
frequency 271, 294
multiplication 104-05, 106
square numbers 37
tabs 229
taking away (subtraction) 88
tally chart 284
tally marks 270, 271
tangent of a circle 220
temperature 186-87
fens
place value 12, 13
Roman numerals 10
tenths 13
term (algebra) 303
sequences 14, 15, 16, 17,
306
tessellation 264
tetrahedron 224, 225
thermometer 186, 187
thousands
place value 12, 13
Roman numerals 10
three-dimensional (3-D) shapes
222-25
nets of 228-29
prisms 226-27
volume 179, 180
time 192-97
calculating with 196-97
clocks 192-93
measuring 192-95
reading the 193
tons 182
tons 188, 191

rotation 262
translation 264
translation 264-65
trapezoid (trapezium) 217
angles inside 244
drawing using coordinates
251
triangles 213, 214-15
angles inside 240-43
area 172, 309
equilateral 257, 259
perimeter 167
inside quadrilaterals 245
isosceles 257
lines of symmetry 257
naming 218
nets of 229
order of rotational symmetry
259
prisms 226, 227, 229
polyhedrons 225
pyramids 225
translations 265
triangular-based pyramid 224
triangular number sequence
16
triangular prisms 226, 227
nets of 229
two-dimensional (2-D) shapes
212
area 168
circles 220
faces 223
perimeter 166
nets of 228-29

U

union of sets 275
unit fractions 40-1
comparing 49
units
angles 231
capacity 178
imperial 188-91
length 160, 162, 163
mass 184-85
metric 188-91
money 198, 201
femperature 186
time 192, 196, 197
translation 265
universal set 275

\Y

variable (algebra) 303,
309

Venn diagrams 274-75
common multiples 30

measuring angles 238, 239
pentagonal number
sequence 17

polygons 212
quadrilaterals 216
three-dimensional (3-D)
shapes 222, 223, 224, 225
triangles 214

vertical lines 205, 207, 210
grid 248

volume 179
formulas for 181, 309
imperial units of 189, 190-91
of solids 180

W

weather 187

weeks 194, 195

weight 183

width
measuring 160, 161
three-dimensional (3-D)
shapes 222
two-dimensional (2-D)
shapes

212
X

X axis
bar charts 286, 287
coordinates 248, 249, 250
line graphs 288, 289, 290,

291
Y

y axis
bar charts 286, 287
coordinates 248, 249, 250
line graphs 288, 289, 290,

291

yards 189, 190

years 194, 195
Roman numerals 11

VA

zero
absolute 186
coordinates 250
place holder 11, 13
place value 12
positive and negative
numbers

18, 19

symbol 10, 11
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Answers

Numbers

pl

p15

p19

p21

p23

p27

p31

p35

p38
pa7

p51

p57

p61

1) 1998 2) MDCLXVI and MMXV

1) 67,76 2) 24,28 3)92,90
4)15,0

110 2)-53)-2 4)5

1) 5,123 < 10,221
2)-2<3

3) 71,399 > 71,000
4)20-5=T1+4

Gizmo 1, Bella 3, Buster 7, Jake 9,
Anna 13, Uncle Dan 35, Mom 37,
Dad 40, Grandpa 67, Grandma 68

1)170cm 2) 200cm

multiples of 8: 16, 32, 48, 56,
64,72,144

multiples of 9: 18, 27, 36, 72,
81,90, 108, 144

common multiples: 72, 144

Here is one of the ways to
complete the factor tree:

1)100 2)16 3)9
18 chickens.

Wook got the most right: he got
230 correct to Zeek's a0

N2 2) Yo 3) Va1 4) Vs

Twerg 17.24, Bloop 16.56,
Glook 17.21, Kwonk 16.13,
Zarg 16.01.

Zarg's time is fastest.

p63
p65
p66
p67
p69

p73

p75

141 2)24.4 3)31.8 4)20.9
1) 25% 2)75% 3) 90%

1) 60% 2) 50% 3) 40%

1) 20 2) 55 3) 80

1) $100 2) $35 3) $13.50

The T. rex is 560 cm (5.6 m) high
and 1200 cm (12m) long.

1) 3%00 simplified to 720 2) 3%, 0.03
3) % simplified to %

Calculating

p82

p85
p87

p90

p9N
p93
p95
p99

p101

p103

p105

p108

p109

1) 100 2) 1,400 3) 100 4)1
5) 100 6) 10,000

1) 823 2) 15,90 3) 11,971
1) 8,156 2) 9,194 3)71.84

1) 800 2) 60 3) 70 4) 70
5)0.02 6)0.2

377

1) $6.76 2)$2.88 3) $40.02

1) 207 2) 423 3) 3,593

1) 24 2) 56 3) 54 4) 65

0114;27
2)1,60;2,30;3,20;4,15;512;6,10
3)1,18;2,9,3,6

4)1,35;5,7

5)1,24,212;3,8;4,6

1) 28, 35, 42

2) 36, 45, 54

3) 44, 55, 66

52, 65,78, 91,104, 117,130, 143, 156
1) 679 2) 480,000 3)72

1) 1,250 2) 30 3) 6,930
4) 3,010 5) 2.7 6) 16,480

p1M 1)770 2) 238 3) 312 4)1,920

pN5 3,072

pN7 1) 2,360 2)4,085 3) 8,217
4) 16,704 5) 62,487

p131 1) $9 each 2) 6 marbles each

p133 1)12 2)8 3)6 4)4 5)3 6)2
p136 1) $182.54 2) 4,557 cars

p137 1) 43 leaflets 2) 45 bracelets
p141 1)32r4 2)46r4

p143 1)31 2)71r2 3)97r2
4) 27 r4

p145 1) 151 2)2

p153 1)37 2)17 3) 65

p157 1)1,511 2) 2.69 3)-32

4) 2,496 5)17 6) 240

Measurement

p162 50m

p164 1) 87cm 2) 110cm

p168 1)16cm? 2) 8cm? 3) 8cm?
p170 8m?
p171 3m
p175 77m?

p180 1)15cm3 2) 20cm? 3) 14cm?
p181 1,000,000 (1 million)
p184 79

p185 13,3609 or 13.36 kg
p187 26°C
p197 70 minutes

p201 $9.70
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Geometry

p207 There are nine diagonals:

p209 The dotted lines show parallel lines:

p213 Shape 1is the regular polygon.

Scalene

p215 Equilateral triangle
3 .. triangle

'0
........ Isosceles

Right-angled o
triangle

triangle

p217 You would get a parallelogram.

p221 The diameter is 6 cm. The
circumference is 18.84 cm.

p223 The shape has 8 faces, 18 edges,
and 12 vertices.

pP227 Shape 4 is a non-prism.

p228 The other nets of a cube are:

Trd
™

p237 a=90° b=>50° cande=40°
p239 1) 30° 2) 60°

p241 Each angleis 70°

p243 1) 60° 2) 34° 3) 38° 4) 55°
p247 115°

p248 A=(1,3) B=(4,7)
C=1(6,41 D=1(8,6)

p251 1)(2,0), (1, 3), (-3, 3), (-4, 0,

(-3, =3), (1, =3).
2) You would make this shape:

HAPKH
7

p253 1) Orange monorail car
2) Boatno. 2 3)C7

p255 1) 2W, 2N, 3W
2) One routeis: 2E, 8N, 1E
3) The beach 4) Seal Island

p257 The numbers 7 and 6 have none,
3 has one, and 8 has fwo.

p258 No. 3 has no rotational symmetry.

P265 There are five other positions
the triangle could be in:

. . . .

.

p277 1) 483 2)7 3) 69

p283 One of several possible pictograms

looks like this:
Leroy’s gaming

Day Gaming time
Monday
Tuesday
Wednesday =
Thursday TEE T
Friday WG

KEY

10 minutes
p293 1) 155" 2) 20%

P299 1) 7 2) 2 and 12 3) %6 ="/ and a6

Algebra

p305 1) 32 2)7 3) 53 4) 21

p307 1) 44, 50, 56, 62, 68 2) (6 x 40) + 2
=242 3)(6 x100) + 2 =602
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