7/8 Mathematics A

Parent and student support booklet

This booklet is a reference guide of information and worked examples. Not all sections may
be relevant to the booklets you have.

If you require further support | can be emailed Melissa.eagles@det.nsw.edu.au or contact
during school hours on 67851184.
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16 NUMBERS

Subtraction 17)

move three Positive and negative
numbers 34-35)

/Srepsalong
v F1T 41 +1

<l Use a number line

Toadd 3 to 1, start at 1
total and move along the
line three times - first
to 2, then to 3, then to
4, which is the answer.

Adding up
An easy way to work out the sum of two

numbers is a number line. It is a group of \/ ', ‘ 1.{,”
2

numbers arranged in a straight line that
makes it possible to count up or down. i 1
In this number line, 3 is added to 1.

3 4

sign for equals sign
addition leads to answer

[> What it means (
The result of adding 3 to

the start number of 1 is N

4. This means that the = [ .
sumof1and3is 4. ’

FIRST NUMBER

TOTAL, RESULT,
NUMBER TO ADD OR SUM

Adding large numbers

Numbers that have two or more digits are added in vertical columns. First, add the
units, then the tens, the hundreds, and so on. The sum of each column is written
beneath it. If the sum has two digits, the first is carried to the next column.

hundreds 9+ 1+the

LR it working from right, add tens carried 1=11
/ 1 firstadd units ( (
928 928 the first 1 of 11 92&
Space at

v
928 foot of gﬁesinthi‘;if\oisands

+ 191 o 797 + 19T  cumwviete £ 10T e

— -

1,119/

hundreds column is1,119

19
1 ('\carryT

First, the numbers

are written with their
units, tens, and
hundreds directly
above each other,

Next, add the units 1
and 8 and write their
sum of 9 in the space
underneath the units
column.

As the sum of the tens
has twa digits, write
the second underneath
and carry the first to
the next column.

Then add the hundreds
and the carried digit. As
this sum has two digits,
the first goes in the
thousands column.



Taking away

A number line can also be used to show

how to subtract numbers. From the

first number, move back along the line

the number of places shown by the

ADDITION AND SUBTRACTION 17

second number, Here 3 is taken from 4.

[> What it means
The result of
subtracting 3 from 4

is 1, so the difference FIRST

between 3and 4is 1.

NUMBER

Subtracting large numbers

Subtracting numbers of two or more digits is done in vertical

\/

4

sign for
subtraction

tee-¢

NUMBERTO
SUBTRACT

columns. First subtract the units, then the tens, the hundreds, and
so on. Sometimes a digit is borrowed from the next column along.

hundreds
tens

{(( units
number to be
92 8 il subtracted

from
i 1 91 S~ number to
P subtract

First, the numbers
are written with their
units, tens, and
hundreds directly
above each other.

subtract
units

{
028

- 191
7

Next, subtract the
unit 1 from 8, and write
their difference of 7 in
the space underneath
them.

first, borrow 1
from hundreds

28
- 191
37

In the tens, 9 cannot

be subtracted from 2,
so 11is borrowed from
the hundreds, turning
9into8and 2into 12.

then, carry 1
to tens

start at 4, then move
three places to left

{ 16 Addition
Positive and negative
numbers 34-35)

<] Use a number line
To subtract 3 from 4,
start at 4 and move
three places along the
number ling, first to 3,
then 2, and then to 1.

equals sign
leads to answer

= 1

RESULT OR
DIFFERENCE

subtract 1
from 8

928
= 191 the

answer

%37&'—“" is 737

In the hundreds
column, 1is
subtracted from the
new, now lower
number of 8.
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€ 16-17 Addition and
Subtraction

Division 22-25)
Decimals 44-45)

Multiplication

MULT!PUCM'%CDN INVOLVES ADDING A NUMBER TO ITSELF A NUMBE E'fi OF
TIMES, THE RESULT OF MULTIPLYING NUMBERS IS CALLED THE PRODUCT

T
B

What is multiplication?

The second number in a multiplication sum is the

\ number to be added to itself and the first is the

| number of times to add it. Here the number of rows

‘ of people is added together a number of times

| 8 .

' determined by the number of people in each row.
b This multiplication sum gives the total number of
1 I

i

people in the group.

| 13 people
in each row

\e i%

multlpilcatmn sign

l

< ) A How many people?
\\ ‘\ g ™ The number of rows (9) is
Lr;c:)reeoa;ieeg rows IF:E::C ;rful\? people 7 ¥ a, multiplied by the number of

people in each row (13). The total
number of peopleis 117,

this sum means 13 added
‘/ to itself 9 times

9X13 =13+13+13+134+13+13+13+13+13 3_171'7

and 13is 117
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Works both ways

It does not matter which order numbers appear in a multiplication sum because the answer
will be the same either way. Two methods of the same multiplication are shown here.

4x3=3+3+3+3=1_2
I PRI T T

four times is 12

., mEpae
» iR
i

w
X
i
il

4 + 4 + 4 =12

4 added to itself

ii?i . iiif . i‘fie[mw

I
. .
i

Multiplying by 10, 100, 1,000 Patterns of multiplication

.~ Multiplying whole numbers by 10, 100, 1,000, There are quick ways to multiply two numbers, and these patterns of
™" and so on involves adding one zero (0), two multiplication are easy to remember. The table shows patterns involved
zeroes (00), three zeroes (000), and so on to in multiplying numbers by 2, 5, 6, 9, 12, and 20.

the right of the start number.

PATTERNS OF MULTIPLICATION
add 0 to end of start number

34‘ X 1@ o~ 34@ 2 add the number to itself : 2x.11-=11+11=22

add 00 to end of start number

6 multiplying 6 by any even numbergivesan  6x12=72

1 answerthat ends in the same last digitas 6 8=48
? @3 }( DE 9 @ 7 2% the even number :

12 multlplythe orlgma! numberﬁrst by 10 12 10=120
addd 000 to end of start number then multiply the original numberby2, — 12x2=24

” % }{v ‘E @@@ 18 _D‘ and then add the two answers 120 + 24 =144

o —
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MULTIPLES

When a number is multiplied by any whole number the result (product) is called a
multiple. For example, the first six multiples of the number 2 are 2, 4, 6, 8, 10, and 12.
Thisisbecause 2 x1=2,2x2=4,2x3=6,2%x4=82%x5=10,and2x6 =12,

MULTIPLES OF 3

3x1ﬁ£w§
3I2=06 |

~ firstfive

3 X 3 o 9 ” multiples
of 3

MULTIPLES OF 8

§x1=8
8x2=16

n first five
g }fg 3 —— 24 multiples
¥ of 8

8x4=3)2

MULTIPLES OF 12

2x1=12 |
12%2 g;j
12 % 3 = gﬁ ﬁ;gm
2x4=48 |

3x4=12 |

3x5=15 | Bx5=40

12034 58 7 8080
11 [12) 13 14 [15)(16) 17 [18) 19 20
21) 22 23 [24) 25 26 (27) 28 29.

Common multiples

Two or more numbers can have multiples in
common. Drawing a grid, such as the one on the
right, can help find the common multiples of different
numbers. The smallest of these common numbers is
called the lowest common multiple.

Lowest common multiple
The lowest common multiple
of 3 and 8 is 24 because it is
the smallest number that
both multiply into

multiples of 3

multiples of 8

\.

> Finding common multiples
Multiples of 3 and multiples
of 8 are highlighted on this grid.
Some multiples are common

to both numbers.

multiples of 3and 8
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Short multiplication

MULTIPLICATION 21

Multiplying a large number by a single-digit number is called short multiplication. The smaller

number is placed below the larger one and aligned under the units column of the larger number.

e, 6 Written in

1 9 6 units column
x 7 2 writtenin x “7
- units column 7 written in T
i tens column }7’2
= : B i/ [
4 carried to :

4 g s column

To multiply 196 and 7, first
multiply the units 7 and 6.
The product is 42, the 4 of

which is carried. to 63 to get 67.

Long multiplication

9 written in

1 9“6_ tens column

64 6 carried to
e hundreds column

Next, multiply 7 and 9,
the product of which is
63.The carried 4 is added

1 written in
hundreds column

"l
196
K_b_7 1,372is
\.aﬂﬁ *72{-ﬁ’|13| answer
64

Finally, multiply 7 and 1.
Add the product (7) to the
carried 6 to get 13, giving
a final product of 1,372.

3 written in
hundreds column;
1 written in
thousands column

Multiplying two numbers that both contain at least two digits is called long

multiplication. The numbers are placed one above the other, in columns arranged

according to their value (units, tens, hundreds, and so on).

428 s 428 s
multiplied by 1 4 2 8/ multiplied by 10

x 111

42 8 multiplying by 10
4,280’/

W
428

x 111
428

First, multiply 428 by 1in
the units column. Work digit
by digit from right to left so
8x%1,2x%1,andthen4x1.

Multiply 428 by 1 in the tens
column, working digit by digit.
Remember to add 0 to the
product when multiplying by 10.

‘(,..4283 428

428 i % 111
428

x» 111
4,280

428
4,280 pww 42,800
= 47,508

/
42,800
Add together the

Multiply 428 by 1 in the

hundreds column, digit by products of the three
digit. Add 00 to the product multiplications. The
when multiplying by 100. answer is 47,508.

The long multiplication of 428 and 49,000
111 can be broken down intosimple ___ 2,000
multiplications with the help of - 800
a table or a box. Each number is Swl AT 4,000
reduced to its hundreds, tens, and == iugoxoz%o "200
units, and multiplied by the other. =2 ' G a 80
> The final step =, 20 this is the
Add together the nine =2 + 8 final answer
multiplications to find E 47.508 &
the final answer. - =
| No+ “+au gt s ’

)
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Short division

Short division is used to divide one number (the dividend) by

ancther whole number (the divisor) that is

start on the left with
the first 3 (diwsor)

dlwdlnghne 13
3| 6 31396

396 is the
dividend

Divide the first 3
into 3. It fits once
exactly, so puta1
above the dividing
line, directly above
the 3 of the dividend.

into 9. It fits three

9 of the dividend.

Carrying numbers
When the result of a division gives a whole

and a remainder, the remainder can be carried over

to the next digit of the dividend.

Move to the next
column and divide 3

times exactly, so put
a 3 directly above the

less than 10.
result is 132

132
3139

Divide 3 into 6,

the last digit of the
dividend. It goes
twice exactly, so put
a 2 directly above
the 6 of the dividend.,

number

carry remainder
2 to next digit

divide 5 into of dividend
start un divisor first 2 digits L
G)}eﬂ' @d:nd
!"\._.. 2,765 is the
dividend

Start with number 5. It does

not divide into 2 as it is a larger
number. Instead, 5 will need to be
divided into the first two digits of
the dividend.

252516)
52,765

carry remainder
1 to next digit
of dividend

Divide 5 into 26. The result is
5 with a remainder of 1. Put 5
directly above the 6 and carry
the remainder 1 to the next
digit of the dividend.

Divide 5 into 27. The result
is 5 with a remainder of 2.
Put 5 directly above the 7
and carry the remainder,

the result

. 553
52,765

Divide 5 into 15. I fits
three times exactly, so put
3 above the dividing line,
directly above the final 5
of the dividend.

When one number will not divide remmiinder
exactly into another, the answer
has a remainder. Remainders can 222

be converted into decimals, as
shown below.

4|90

- Remove the remainder, 2 in

2; z . this case, leaving 22. Add a
decimal point above and below
the dividing line. Next, add a
zero to the dividend after the

419%.0

22 -

Carry the remainder (2) from
above the dividing line to below
the line and put it in front of the
new zero.

P

Divide 4 into 20. [t goes
5 times exactly, so puta 5
directly above the zero of
the dividend and after the
decimal point.

To make a division easier, sometimes the divisor can
be split into factors. This means that a number of
simpler divisions can be done.

81 676 L=~ divisor is 6, which is 2 % 3.

Splitting 6 into 2 and 3

result

simplifies the sum is136

816+2 = 408 408-+3 = 136
divide by first factor t divide by second
of divisor factor of divisor

This method of splitting the divisor into factors
can also be used for more difficult divisions.

L= splitting 15 into 5 and 3,
which multiply to make 15,

405+15 _
simplifies the sum ir:*szt;!t
- (
405+5 = 81 $1+3 =27

’Q divide by first factor
of divisor

,Q divide result by second
factor of divisor
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Long division

Long division is usually used when the
divisor is at least two digits long and the
dividend is at least 3 digits long. Unlike
short division, all the workings out are
written out in full below the dividing line.
Multiplication is used for finding
remainders, A long division sum is
presented in the example on the right.

resultis 1

1"

52(754

«‘\- divide divisor into

first twa digits
of dividend

Begin by dividing the divisor into the
first two digits of the dividend. 52 fits
into 75 once, so put a 1 above the
dividing line, aligning it with the last
digit of the number bheing divided.

14

521754
-52
234
muItLpIyMt.he :-?2 o 8
number of times 26 1/

52 goes into 234)

by 52 to get 208
Work out the second remainder.
The divisor, 52, does not divide into
234 exactly. To find the remainder,
multiply 4 by 52 to make 208.
Subtract 208 from 234, leaving 26.

amount left
over fram
second division

subtract »——> "— 5 2

52 from 75

DIVIsioNn 25

The answer (or quotient) goes

the dividing line is used
in place of +or / sign

in the space above the
dividing line.

/8 2 ; number that is
divided by another
DIVISOR The workings out go in the number
number is used to space below the dividing line.

divide dividend

1
521754

amount left
over from
first division

23—

Work out the first remainder. The
divisor 52 does not divide into 75
exactly. To work out the amount left
over (the remainder), subtract 52
from 75. The result is 23.

addadecimal
o point then a zero

52(754./0

-52
23
-208
260

There are no more whole numbers to
bring down, so add a decimal point
after the dividend and a zero after it.
Bring down the zero and join it to the
remaincer 26 to form 260.

remainder

‘ R\, bring down zero
and join it to

put result of
second division
above last digit
being divided into

v

divide dlivisor into 234

) 14
22 Eﬁ g
=52 B e
234

remainder
Now, bring down the last digit of
the dividend and place it next to
the remainder to form 234, Next,
divide 234 by 52. It goes four times,
so puta4 nexttothe 1.

add decimal
point above }
other one 1 4 5
[ ]

52(754.0

put result of

=52 g
234
-208
260

Put a decimal point after the 14.
Next, divide 260 by 52, which goes
five times exactly. Put a 5 above the
dividing line, aligned with the new
zero in the dividend.
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66 NUMBERS

' Mental maths

EVERYDAY PROBLEMS CAN BE SIMPLIFIED SO THAT Tk
BE EASILY DONE WITHOUT US ULATOR,

{ 18-21 Multiplication
{ 22-25 Division

a calculator 72-73)

MULTIPLICATION

Multiplying by some numbers can be easy. For example, to multiply by 10 either
add a 0 or move the decimal point one place to the right. Also, to multiply by 20,
again multiply by 10 and then double the answer.

[> Multiplying by 10 & 1 2(f)new members =2 [
A sports club hired 2 2 staff members  of staff
people last year, but /— recruited last

: : year
this year it needs to

hire 10 times that
amount. How many
staff members will it
recruit this year?

number of staff members /

recruited last year

2% 10 -/
zero added to give 20, whichis j

new number of staff members

> Multiplying by 20
A shop is selling
t-shirts for the price

20 t-shirts for sale _\ s

price of 10

— t-shirt for sale
e T L
By [—

1.2x10
of $1.20 each. How .
i i

1 t-shirts in $
much will the price i h /
o 1 2 ® o

be or 20 t-ShiI‘tS. 1 2
e f
/ piCEO 20t5hiitsin$

price of a t-shirt in ]
first multiply by 10, moving
decimal point one place to right

athlete runs

> Multiplying by 25 . /_ athlete runs every day every day for 25 days \ .
An athlete runs 16km T .

a day. If the athlete 16 %100 , 1,600 + 4

runs the same

distance every day for

25 days, how far will
he run in total?

16km run in a day /,

<] Finding the
answer

To multiply 2 by 10
add a 0 to the 2.
Multiplying 2
people by 10 results
in an answer of 20.

<] Finding the
answer

First multiply the
price by 10, here
by moving the
decimal point one
place to the right,
and then double
that to give the
final price of $24.

<] Finding the
answer

First multiply the
16km for one day by
100, to give 1,600km
for 100 days, then
divide by 4 to give
the answer over

25 days.




V Multiplication using decimals

Decimals appear to complicate the problem, but they
can be ignored until the final stage. Here the amount of
carpet required to cover a floor needs to be calculated.

&_ length of floor to

be covered
width of floor to be covered

carpet to be cut
to required size

MENTAL MATHS

2.9 x 4is correct.

symbol for
approximately
equal to

2.9=3 and

close to real answer of 11.6

As 2.91is almost 3, multiplying 3 x 4 is a
good way to check that the calculation to

3xXx4=12
soZ.9><4f;\12

67

30 easier to work with than 29

width of floor

length length

N 1
29 x 4 $29 x4 130><X44

width with decimal }

e, sUM 0F 30 X 4 decimal point moved
1 2 o one place to left to

— 41:—-~surnof1x4

give answer 11.6

point removed 1 X 4to be subtracted / result of 120 - 4 —3 .
116 116 B 11.6
First, take away the Change 29 x 4 t0 30 x 4, as it Subtract 4 (product of 1 x Move the decimal point
decimal point from is easier to work out. Write 1 x 4) from 120 (product of 30 one place to the left as it
the 2.9 to make the 4 below as it is the difference x 4) to give the answer of was moved one place to
calculation 29 x 4. between 29 x 4 and 30 x 4. 116 (product of 29 x 4), the right in the first step.
Top tricks

The multiplication tables of several numbers reveal patterns of multiplications.

Here are two good mental tricks to remember when multiplying the 9 and 11
times tables.

multipliers 1 to 10

S SR i e i AR A R D
9 18 27 36 45 54 63 72 81 90
)

1+8=9 7+2=9) multiples o

A Two digits are added together
The two digits that make up the first 10
multiples of 9 each add up to 9. The first
digit of the multiple (such as 1, in 18) is
always 1 less than the multiplier (2).

multipliers 1to 9

e pgueaas 9

Wi22s3 9
11><3=33,or) ‘I‘ix?:??,mj\mult]plesnf
3 written twice 7 written twice

/A Digit is written twice

To multiply by 11, merely repeat the two
multipliers together. For example, 4 x 11 is two
4s or 44. [t works all the way upto 9% 11 =99,
which is 9 written twice.

A




68 NUMBERS

DIVISION

Dividing by 10 or 5 is straightforward. To divide by 10, either delete a 0 or move the decimal
point one place to the left. To divide by 5, again divide by 10 and then double the answer.
Using these rules, work out the divisions in the following two examples.

90000
= nﬂ

> Dividing by 10

In this example, 160 < ™ 10-seat 10 children #~ :l

<1 How many each?
To find the number

travel vouchers are mini bus of travel vouchers for
needed to hire a each child, divide the
10-seat mini bus. How total of 160 by 10 by
many travel vouchers deleting a 0 from the
are needed for each 160. It gives the
of the 10 children to 160+ 10 answer of 16 travel
travel on the bus? vouchers each.
160 travel vouchers 16 travel vouchers
needed to hire mini bus required per child

<] How many each?
To find the admission
for 1 child, divide the

> Dividing by 5

The v..:os:t i é-\\ zoo entrance for 5 children //$

EdmlSSIOH toazoo five is 75 tokens ’

for a group of five total of 75 by 10 (by

children is 75 moving a decimal

tokens. How many point in 75 one place

tokens are needed to the left) to give 7.5,

for 1 of the 5 and then double that
75+ 10

children to enter 75%2 for the answer of 15.
the zoo?
5.
75 (same:as 75.0) tokens decimal point moves 15 tokens for

for group of 5 children each child

one place to left

There are various mental tricks to help with dividing larger or more complicated numbers. In the three examples below, there are
tips on how to check whether very large numbers can be divided by 3, 4, and 9.

54 +3=18,s0the

- original number i
> Divisible by 3 original number digits add up to 54 divsllsib|e by 3 :

Add together all of the digits in \

the number. If the total is divisible 1665233198172 M 1464645424343+ T4+948+T+7+2 =54

by 3, igi i b
y 3, the original number is too 56+4 =14, 50 the

. 5and 6 seen as original number Is
[> Divisible by 4 original number one number: 56 divisible by 4
If the last two digits are taken as

one single number, and it is divisible ?23456123456?2343 - 56 + 4 =14

by 4, the original number is too.

add together all digits of 36+9=4,s0the
> Divisible by 9 original number number, their sum is 36 original number
( is divisible by 9

Add together all of the digits in

the number. If the total is divisible 1643951142 Lo ﬁ+§$é+3+9+5+1+1+4+2=36

by 9, the original number is too.

RGBS g e A A e 1 S e B S AN b i s o R e e s e B e R e e
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PERCENTAGES

A useful method of simplifying calculations involving percentages is to reduce one difficult
percentage into smaller and easier-to-calculate parts. In the example below, the smaller
percentages include 10% and 5%, which are easy to work out,

[> Adding 17.5 per cent bike for sale before bike for sale after
Here a shop wants to charge f salasitay sales tax —\
$480 for a new bike.,
However, the owner of the
shop has to add a sales tax of
17.5 per cent to the price.
] 8 o K\_. original price sales ax final price in $ —/”5 6 4
in$

How much will it then cost?

‘E@% Of 48@ - @3 @’8 results added
3% of 480 = 24 24 ¥ roosther
2.5% of 480 = 12 + 1

f sales tax
17.5% of 480
original price f

of bike
2.59% of 480 is half of " [V
59 of 480, which is Sl TLkala80 .y (A
half of 10% of 480
First, write down the percentage Next, reduce 17.5% into the easier The sum of 48, 24, and 12 is
price increase required and the stages of 10%, 5%, and 2.5% of 84,50 $84 is added to $480
original price of the bike. $480, and calculate their values. for a price of $564.
Switching Progression
A percentage and an amount can hoth be "switched”, to A progression involves dividing the percentage by a number
produce the same result with each switch. For example, and then multiplying the amount by the same number, For
50% of 10, which is 5, is exactly the same as 10% of 50, example, 40% of 10 is 4. Dividing this 40% by 2 and
which is 5 again. multiplying 10 by 2 results in 20% of 20, which is also 4.
20%is 2 amount of 10% is 2 amount of 40% is 4 amount of 20%is 4 amount of
- of 10 balls ballsis 10 of 20 balls balls is 20 of 10 balls balls is 10 of 20 balls balls is 20
£ 4 &
46 — THOL B A HA == “BAO/L D 6
10 = 10% of 20 40% of 10 = 20% of 20
‘/. 2 balls are 20% of 10 balls‘{, 2 balls are 10% of 20 balls 4 balls are 40% of 10 balls . 4 balls are 20% of 20 balls

or ¥ ¢ ce 7 eeo
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Perimeter of composite shapes

WORDBANK

composite shape A shape made up of 2 or more shapes.
For example, a square and a rectangle.

EXAMPLE 6

Find the perimeter of these shapes.

a ]1 N b
==3m
1]
I
9cm 12 cm
4m
}
11
I
5m
8com
8m
SOLUTION
First, find the unknown sides.
a : b This side is 8 m
»
9cm e
+3m
12cm i ’
i R .
U This side is 5 m
This side is » 4m
344+3=10m H
Scm Sm .
YT hic cide ic 2
® This side is 12-9=3 cm = This side is 3 m

The equal sides are 4 ¢cm each as
8+2=4cm.

P=3+4+9+4+12+8 P=3+5+4+5+3+8+10+8
=40 cm =46 m



U@LMDUm Sliun ul PaJnNSeoa|A .

Ly =

=== .
% it RS S
) VIR
SSL
i3

uoibai b apisul apds gz b Sb pauLfap S| DIy

ealy

JuswiainNsesN




v P D = @ L
- addedus

A 4

sweJlgue] Jo asn

eaJe awes 9yl aAeY ued sadeys 1uaiapdip 1eyl sSmoys
}1 Suljquiassead pue siied jualaylp ojul adeys e 3uilnd

ealy

Juswainses|y




(1adod pLb) aip Jo syun 3135w Jpijiwpyf buisn s32alqo saipdwio?)
v [913T]

e S NN SN (—
— ]

suun jpwaoful waofiun

a1oridoiddp buisn Auopdpa pup awnjon
‘vaup ‘Y1bua| uo pasnq s323[qo pup
sadoys |013A3S SI3p.J0 pup saipdwo)

C [2197]

JuswiainsSea\




WD ¢ =
WO¢ X WIQ =
M X | = ealy

wog

wog wog

wog N

-WD {7 1O ‘SaJlawiluad alenbs {¢ sl 9|3ueldal ays Jo
eaJe ay] oS "3J12WIiluad ajenbs T Jo ealde ue yium yoes
‘saienbs 7 = € x § suleluod a|dueldas wo € Ag Wi gy

ealy

JUsWaINSEaN




m Metric units for area

WORDBANK

area The amount of surface space inside a flat shape, measured in square units such as mm?,

cm?, m? or km2.

A square millimetre (mm?) is the area of a square of length 1 mm, about the size
of a grain of raw sugar or rock salt.
A square centimetre (cm?) is the area of a square of length 1 cm, 10 mm

about the size of a face of a die. Acbusl sz ;
1 em =10 mm 1cm

1em? =10 mm x 10 mm = 100 mm?

A square metre (m?) is the area of a square of length 1 m, about the size 100 em

of the base of a shower floor.

1m =100 cm = 1000 mm

1 m? =100 cm x 100 cm = 10 000 cm?

1 m?=1000 mm x 1000 mm = 1 000 000 mm?

1m?

Actual size -..

10 mm

100 em

A hectare (ha) is the area of a square of length 100 m, about
the size of two football fields.

1ha=100m x 100 m = 10 000 m?
1 ha

A square kilometre (km?) is the area of a square of length 1 km,
about the size of a theme park.
1 km = 1000 m

100 m

1 km? = 1000 m x 1000 m = 1 000 000 m? 100 m

1 km?

1000 m

1 cm? = 100 mm~

1 m? =10 000 cm” = 1 000 000 mm?
1 ha = 10 000 m”

1 km* =1 000 000 m”

1000 m




WORDBANK

area Area is the amount of surface space inside a flat shape. Area is measured in square
units, usually mm? cm? m?* or km*

A square centimetre (cm?) is the area of a square of length 1 cm. i cm1

1cm

lem
actual size

EXAMPLE 1

Find the area of each figure by counting the number of square centimetres.

a b

SOLUTION

Count the number of shaded squares.

a Area=13cm? b Area =10 cm?
EXAMPLE 2

Find the approximate area of the shapes below.

a b

| | L i I | i i

SOLUTION
Count whole squares and approximate the rest.

2 Approximate area =3 cm? b Approximate area =4 cm?
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GEOMETRY

J Triangles

A TRIANGLE i5 A SHAPE FORMED WHEN THREE STRAK

A triangle has three sides and three interior angles. A vertex (plural vertices)
is the point where two sides of a triangle meet. A triangle has three vertices.

Introducing triangles |

Atriangle is a three-sided polygon. The base of a triangle can ‘
be any one of its three sides, but it is usually the bottom one.
The longest side of a triangle is opposite the biggest angle. The
shortest side of a triangle is opposite the smallest angle.

The three interior angles of a triangle add up to 180°.

A 4 C o
B \biggest smallest/ . bQ’

angle angle S

A Labelling a triangle
A capital letter is used
to identify each vertex. (%)
A triangle with vertices 0
A, B, and Cis known as b
AABC. The symbol “A" °.
can be used to represent
the word triangle.

Sy

base

side on which a triangle “rests”




e e Y 3 e 1 A A B o s,

Types of triangles

There are several types of triangle, each with
specific features, or properties. A triangle is

or the size of its angles.

classified according to the length of its sides

equal sides are
shown by a dash
or double dash

<1 Equilateral triangle
A triangle with three
equal sides and three
equal angles, each of
which measures 60°.

equal angles are shown

£ (as an arc or double arc

hypotenuse

<] Isosceles triangle

A triangle with two equal
sides. The angles opposite
these sides are also equal.

(the longest side of a

angle greater
than 90°

right-angled triangle)

<] Right-angled triangle
A triangle with an angle of
90° (a right angle). The side
opposite the right angle

is called the hypotenuse.

<] Obtuse triangle
A triangle with one
angle that measures
more than 90°,

all of the angles
and sides are
different

<] Scalene triangle

A triangle with three
sides of different length,
and three angles of
different size.

T it < vt 0 £ T A e b ST T TLIY ) P08 £ A LT 2200

TRIANGLES ~ K1/

Interior angles of a triangle

A triangle has three interior angles at the points where each pair
of sides meets. These angles always add up to 180°. If rearranged
and placed together the angles make up a straight line, which
always measures 180°.

a+h+c=180°
&

7
A Y
R

Proving that the sum of a triangle’s angles is 180°

Adding a parallel line produces two types of relationships between
angles that help prove that the interior sum of a triangle is 180°.

Draw a triangle, then add a
line parallel to one side of the
triangle, starting at its base,
to create two new angles.

Corresponding angles are equal
and alternate angles are equal;
angles ¢, a, and b sit on a straight
line so add up to 180°.

M
!

lel
e sy
A

I _.. new

K'/- angles
fe-d

f\ alternate

angles 1

Py

\ carresponding j‘

angles

Exterior angles of a triangle

opposite
A triangle has three interior angles as well interior
as three exterior angles. Exterior angles are angle (toy)

found by extending each side of a triangle.
The sum of the exterior angles of any
triangle is 360°.

X+y+2z=2360°

each exterior angle of a triangle is
equal to the sum of the two Y,
opposite interior angles, soy=p+q 7 y ’ oppositeinterior/

angle (toy)

o

s smetim

.



GEOMETRY

& Area of a triangle

AREA E‘\ THE COMPLETE SPACE INSIDE A TRIANGLE, /)
What is area? oA :

<] Area, base, and height
The area of a triangle is found
using two measurements: the
base of the triangle and the
vertical height of the triangle,
which is the distance from its
base to its apex, measured at
right-angles to the base.

The area of a shape is the amount of space that fits inside
its outline, or perimeter. It is measured in squared units,
such as cm If the length of the base and vertical height
of a triangle are known, these values can be used to find
the area of the triangle, using a simple formula, which

is shown below.

neight vertical
height
\_, this is the formula area s the
for finding the space inside a
area of a triangle triangle’s frame

Base and vertical height

Finding the area of a triangle requires two measurements: the base and the
vertical height. The side on which a triangle “sits"is called the base. The vertical
height is a line formed at right-angles to the base from the apex. Any one of
the three sides of a triangle can act as the base in the area formula.

second apex

== first apex

p— third apex
second corresponding P

vertical height

third corresponding

first corresponding vertical height

vertical height

c K second base B K third hase

K first base A
N

. A First base . A\ Second base & A Third base
The area of the triangle can Any one of the triangle’s The triangle is rotated again, so
be found using the orange three sides can act as its that the purple side (B) is its base.
side (A) as the "base” needed for the base. Here the triangle is rotated so The corresponding vertical height is the
formula. The corresponding vertical that the green side (C) is its base. The distance from the base to the apex. The area
height is the distance from the base of corresponding vertical height is the of the triangle is the same, whichever side is

the triangle to its apex (highest point). distance from the base to the apex. used as the base in the formula.




Finding the area of a triangle

To calculate the area of a triangle, substitute the given values for the base

and vertical height into the formula. Then work through the multiplication

shown by the formula (14 x base x vertical height).

area is the space i
inside the triangle 1y
1\
{15\
> An acute-angled triangle Fase: : \
The base of this triangle is 6cm vertical height i \
and its vertical height is 3cm. i \
Find the area of the triangle i "--‘
using the formula. . S N——

First, write down the
formula for the area of
a triangle.

Then, substitute the
lengths that are known
into the formula.

Work through the
multiplication in the
formula to find the
answer, In this example,
Y2 %6 X3 =9, Add the
units of area to the
answer, here cm2.

> An obtuse-angled triangle

‘4——— base 6m ——————

area = — X base x

L[/

mmﬂ'mmﬁ},ﬁ

area is measured
in squared units

area = 9cm?
vertical height
can be measured
N outside the triangle E
N as long as it is the §
\,\ distance between [ |
the base and the apex |
area is the space N \N|
inside the triangle ~—_ N\,

\
N\

-« vertical height

vertical
height

3am —»

4em —p

The base of this triangle is 3cm and its vertical
height is 4cm. Find the area of the triangle
using the formula. The formula and the steps
are the same for all types of triangles.

!

-a—— vertical height

-+ base 3cm B

First, write down the 1 vertical
Zotrmula for the area of area = T X base X hEight
riangle.

Then, substitute the
lengths that are known
into the formula.

Work through the
multiplication to find the
answer, and add the
appropriate units of area.

area is measured

PP in squared units

AREA OF A TRIANGLE '

I_._(J)Q_KVIHG‘C[.U-SERN_

By adjusting the shape of a triangle, it can be
converted into a rectangle. This process makes
the formula for a triangle easier to understand.

vertical
height

right
angle

~a— vertical height —p

<——— bhase ——— p
Draw any triangle and label its base
and vertical height.

line through the
midpoint of
- vertical height

<— hase ——p

Draw a line through the midpoint of the
vertical height, which is parallel to the base,

10

<« hase ——

This creates two new triangles. These can
be rotated around the triangle to form a

rectangle. This has exactly the same area as
the original triangle.

Va the vertical height
of the triangle

<4—— bhase ——

The original triangle’s area is found using the
formula for the area of a rectangle (b x h). Both
shapes have the same base; the rectangle’s height
is V2 the height of the triangle. This gives the area
of the trlangleformula V2 % base x vertical height.
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Finding the base of a triangle using

‘7 the area and height

y The formula for the area of a triangle can also be used to

i find the length of the base, if the area and height are known.

Given the area and height of the triangle, the formula needs
i to be rearranged to find the length of the triangle’s base.

Area=12em’

base (?)

First, write down the formula for the area of a triangle.
The formula states that the area of a triangle is equal to 12
multiplied by the length of the base, multiplied by the height.

Substitute the known values into the formula. Here the v _1_
I values of the area (12cm?) and the height (3cm) are known. 12 - 2 X base X 3
2x3=15
§ s base is unknown
Simplify the formula as far as possible, by multiplying 12 =1 5% base (
s L

i the % by the height. This answer is 1.5.
| as base was multiplied by 1.5, divide
this side by 1.5 to cancel out the 1.5s and

Make the base the subject of the formula by rearranging 1 =3 has'e( leave base on its own on this side
it. In this example both sides are divided by 1.5.

145 &~ as the other side has been divided by
1.5, this side must also be divided by 1.5

Work out the final answer by dividing 12 (area) by 1.5. In P

this example, the answer is 8cm. base sm

Finding the vertical height of a

triangle using the area and base Area =8em”

The formula for area of a triangle can also be used to find its
height, if the area and base are known. Given the area and
the length of the base of the triangle, the formula needs to
be rearranged to find the height of the triangle.

First, write down the formula. This shows that the area of a
triangle equals ¥2 multiplied by its base, multiplied by its height.

Substitute the known valués into the formula. Here the 1 ]
values of the area (8cm?) and the base (4cm) are known. 2 %4 x helght R height is

Vhxd=2 unknown

Simplify the equation as far as possible, by multiplying e B
the %2 by the base. In this example, the answer is 2. 8 2% hEIghth. i el
e this side must be divided by

: 8 1= 2tocancel out the 2s and leave
Make the height the subject of the formula by —— height height on its own on this side

rearranging it. In this example both sides are divided by 2. . as the other side has been divided by 2,
e this side must also be divided by 2

Work out the final answer by dividing 8 (the area) by 2 hﬁight - %
(2 the bhase). In this example the answer is 4cm. "
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&4 Quadrilaterals

A QUADRILATERAL IS A FOUR-SIDED POLYGON,
“QUAD" MEANS FOUR AND “LATERAL” MEANS SIDE.

vertex, one of
four vertices

Introducing quadrilaterals

A quadrilateral is a two-dimensional shape
with four straight sides, four vertices (points
where the sides meet), and four interior
angles. The interior angles of a quadrilateral
always add up to 360°. An exterior angle
and its corresponding interior angle always
add up to 180° because they form a straight
line. There are several types of quadrilaterals, interior angle

each with different properties.
1
line extends /;7

diagonal

one of four
interior angles

AritEtr it A Interior angles
to form i 1 If a single diagonal line i
V Types of quadrilaterals exterior angle ! AUR YR EA0" - SR

drawn from any one corner to
the opposite corner, the

Each type of quadrilateral is grouped
and named according to its properties. X el 3
There are regular and irregular START quadrilateral is divided into
quadrilaterals. A regular quadrilateral
has equal sides and angles, whereas
an irregular quadrilateral has sides
and angles of different sizes.

two triangles. The sum of the
interior angles of any triangle
is 180° so the sum of the
interior angles of a
quadrilateral is 2 x 180°.

Are all the interior
angles right-angles?

?

£ Are two of the sides
parallel?

? Are the opposite
angles equal?

= Are all the sides the
same length?

= Are all the sides the
same length?

Are there adjacent
sides of the same
length?

YES | NO

=

B s st

SQUARE RECTANGLE RHOMBUS  PARALLELOGRAM TRAPEZIUM KITE IRREGULAR




with their respective properties.

QUADRILATERALS

PROPERTIES OF QUADRILATERALS

Each type of quadrilateral has its own name and a number of unique properties.
Knowing just some of the properties of a shape can help distinguish one type of
quadrilateral from another. Six of the more common quadrilaterals are shown below

one of four

Square !
equal sides

A square has four [

equal angles (right

angles) and four sides

of equal length. The

opposite sides of a

square are parallel,

The diagonals bisect

- cut into two equal

parts — each other at

90° (right angles).

one of four
right-angles /

.
ReCta n g Ie one of four ;P‘zc:ifa?ide
A rectangle has four right angles q

L length
right angles and two o

pairs of opposite sides of
equal length. Adjacent
sides are not of equal
length. The opposite
sides are parallel and
the diagonals bisect /
each other. opposite ;
side is of
equal length

Rhombus

All sides of a rhaombus
are of equal length.
The opposite angles
are equal and the
opposite sides are

parallel. The diagonals
bisect each other at

opposite
angle is equal

opposite
angle is
equal

' S )

Parallelogram  greestesnste |/ Etisen
The opposite sides of

a parallelogram are
parallel and are of equal
length. Adjacent sides
are not of equal length.
The opposite angles
are equal and the

\ opposite

right angles. diagonals bisect each side is of
other in the centre of equal
this symbol shows » the sh length
parallel sides ﬁ € shape. i -
s symbol
one of four equal sides opposite angle ﬂ :ﬁ;?:lezldes
\ is equal ¥
FE et i - &
. . opposite angle :
Tra pezium Kite is not equal \ ) :iddlzgseg;
A trapezium, also A kite has two pairs equal
known as a trapezoid, of adjacent sides that length
has one pair of are equal in length. '
opposite sides that are Opposite sides are not \
parallel. These sides are of equal length. It has -
not equal in length. one pair of opposite
/ angles that are equal )
one pair of and another pair of
parallel sides angles of different — \  opposite
values. sidatsnt ¢ angle is equal

equal length
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FINDING THE AREA OF QUADRILATERALS

Area is the space inside the frame of a two-dimensional shape. Area is measured in square
units, for example, cm? Formulas are used to calculate the areas of many types of shapes.
Each type of quadrilateral has a unique formula for calculating its area.

Finding the area of a square

The area of a square is found by multiplying its length
by its width. As its length and width are equal in size,
the formula is the square of a side.

one of four one of four
right angles e equal sides
f e Sl L A
S

side

G Fo DO = 41 means

side X side

units of
area, square
centimetres

area = ?dez\
5.2 X 5.2 = 27.04cm?

A Multiply sides

In this example, each of the four sides measures
5.2cm. To find the area of this square, multiply
5.2by5.2.

Finding the area of a rectangle

The area of a rectangle is found by multiplying its

base by its height. this side is the

same length as
g aifour the side opposite

right angles {

'y
& this side Is the
ﬁ same length as the

side opposite

fi et PP
i
=
@
52

L

base = 35m

formula can also be written

units of area,
square metres

A Multiply base by height

The height (or width) of this rectangle is 26m, and
its base (or length) measures 35m. Multiply these
two measurements together to find the area.

Finding the area of a rhombus

The area of a rhombus is found by multiplying

the length of its base hy its vertical height. The
vertical height, also known as the perpendicular
height, is the vertical distance from the top (vertex)
of a shape to the base opposite. The vertical height
is at right angles to the base.

[> Vertical height

Finding the area of a rhombus depends
on knowing its vertical height. In this
example, the vertical height measures
8cm and its base is 9cm.

&g

=
a2

it

et
"g‘ one of four
- equal sides
R
W

|

o

formula can also be
written area = bh



QUADRILATERALS

this single dash indicates that this

Find i ng the area Of / side is equal to the opposite side
€

a parallelogram 5
Like the area of a rhombus, the area of Y
a parallelogram is found by multiplying o
the length of its base by its vertical = ﬁﬂiﬁi‘ﬁﬁl‘iﬁ;‘:}jﬂ:iﬂja,
height. »g to the side opposite
%
L .
> Multiply base by vertical height ) h"ﬁ‘ﬂ'{‘.‘ = 8m
Itis important to remember that the ek ke hdsit

slanted side, AB, is not the vertical
height. This formula only works if the
vertical height is used.

8§ X5 =04

Proving the opposite angles of a rhombus are equal

Creating two pairs of isosceles triangles by dividing a rhombus along two diagonals helps prove that the
opposite angles of a rhornbus are equal. An isosceles triangle has two equal sides and two equal angles.

i W X W

K i
W ; angle X is X
angle Us angleWis  equal to
equal to equal to angleV
angle W angle U
one of four angleVis
equal sides H y equal to
] y i y i} y angle X
All the sides of a rhombus are Divide the rhombus along the diagonals Dividing along the other
equal in length. To show this a to create two isosceles triangles. Each *  diagonal creates another pair
dash is used on each side. triangle has a pair of equal angles. of isosceles triangles.
Proving the opposite sides of a parallelogram are parallel
Creating a pair of congruent triangles by dividing a parallelogram along two diagonals helps prove that
the opposite sices of a parallelogram are parallel. Congruent triangles are the same size and shape.
opposite side angle BCA is equal
is equal : to angle CAD
5 }/ e congruent , - 8 C

triangle

k opposite side

angle BAC s
equal to angle ACD

congruent

i T equal wangle A 1]
K one of two pairs
of parallel sides
Opposites sides of a parallelogram The triangles ABC and ADC are congruent. The triangles are congruent, so
are equal in length. To show this a Angle BCA = CAD, and as these are alternate angle BAC = ACD; as these are

dash and a double dash are used. angles, BCis parallel to AD. alternate angles, DC is parallel to AB.
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Polygons

A CLOSED TWO-DIMENSIONAL SHAPE OF THREE OR MORE SIDES.

Polygons range from simple three-sided triangles and four-sided squares
to more complicated shapes such as trapezoids and dodecagons. Polygons

are named according to the number of sides and angles they have.

What is a polygon?

A polygon is a closed two-dimensional
shape formed by straight lines that
connect end to end at a point called a
vertex. The interior angles of a polygon
are usually smaller than the exterior
angles, although the reverse is possible.
Polygons with an interior angle of more
than 180° are called re-entrant.

[> Parts of a polygon

Regardless of shape, all polygons
are made up the same parts - sides,
vertices (connecting points), and
interior and exterior angles.

exterior angle

Describing polygons

There are several ways to describe polygons. One is by the regularity
or irregularity of their sides and angles. A polygon is regular when all
of its sides and angles are equal. An irregular polygon has at least two
sides or two angles that are different.

all interior angles of

this polygon are equal this polygon has several

different-sized angles

all sides of
this polygon
are equal

v

with angles more
than 180°, this shape
is a re-entrant polygon

Alrregular

In an irregular polygon, all the
sides and angles are not the same.
This heptagon has many different-
sized angles, making it irregular.

ARegular

All the sides and all the angles of
regular polygons are equal. This
hexagon has six equal sides and
six equal angles, making it regular.

vertex (point at
which two
sides meet)

interior angle

All the angles and all the sides of a regular polygon are
equal — in other words, the polygon is both equiangular
and equilateral. In certain polygons, only the angles
(equiangular) or only the sides (equilateral) are equal.

<] Equiangular
Arectangleis

an equiangular
quadrilateral. Its angles
are all equal, but not all
its sides are equal.

all angles the same

<] Equilateral
Arhombus is

an equilateral
quadrilateral. All its
sides are equal, but
allits angles are not.

\ all sides the same
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Naming polygons

Regardless of whether a polygon is regular or irregular, the number of sides it
has always equals the number of its angles. This number is used in naming both
kinds of polygons. For example, a polygon with six sides and angles is called a
hexagon because "hex"is the prefix used to mean six. If all of its sides and angles
are equal, it is known as a regular hexagon; if not, it is called an irregular hexagon.

i

Triangle Quadrilateral Pentagon
: 3 22 e 5 B s
Sides and Sides and % Sides and
angles angles angles
S L ST J U 7
Hexagon Heptagon Octagon
P s \ [ N\ [
Sides and Sides and Sides and i
angles angles angles
- F \ > L ‘“" o
Nonagon Decagon Hendecagon
N f i Y
Sides and Sides and Sides and
angles angles angles
i
Dodecagon Pentadecagon Icosagon
l Sis and [ Sides and ‘ Sides and
angles . angles . angles
3 !
| ]




Properties of a circle

A circle can be folded into two identical halves, which
means that it possesses "reflective symmetry” (see p.88).
The line of this fold is one of the most important parts
of a circle - its diameter. A circle may also be rotated
about its centre and still fit into its own outling,

giving it a "rotational symmetry" about

its centre point.

> A circle divided

This diagram shows the
many different parts of a
circle. Many of these parts
will feature in formulas
over the pages that follow.

seg ment thespace

between a chord and an arc

centre point
of circle

area the total space

covered by the circle



Parts of a circle

A circle can be measured and divided in various
ways. Each of these has a specific name and
character, and they are all shown below.

il

\

——
———

——

Radius .
Any straight line from the centre
of a circle to its circumference.
The plural of radius is radii.

Diameter

Any straight line that passes
through the centre from one
side of a circle to the other.

Chord

Any straight line linking two points
on a circle’s circumference, but not
passing through its centre.

Segment

The smaller of the two parts of
a circle created when divided
by a chord.

Circumference
The total length of the outside
edge (perimeter) of a circle.

Arc
Any section of the circumference
of a circle.

Sector

A"slice” of a circle, similar to the
slice of a pie. It is enclosed by two
radii and an arc.

Area
The amount of space inside a
circle’s circumference.

Tangent
A straight line that touches the
circle at a single point.

How to draw a circle

CIRCLES

Two instruments are needed to draw a circle — a compass
and a pencil. The point of the compass marks the centre of
the circle and the distance between the point and the. pencil
attached to the compass forms the circle’s radius. A ruler is
needed to measure the radius of the circle correctly.

“x" stands for
distance in cm
between compass
point and pencil
or length of radius

keep moving
pencil round to
complete circle

circle

s
i
\
centre of) /
/

e —
7
=
|
3
|
"
e —

Set the compass. First,
decide what the radius of
the circle is, and then use a
ruler to set the compass at
this distance.

use ruler to set
length of radius

{

Decide where the
centre of the circle is

and then hold the point
of the compass firmly in
this place. Then put the
pencil to the paper and
move the pencil round to
draw the circumference
of the circle.

The completed circle
has a radius that is
the same length as
the distance that the
compass was
originally set to.

L
\\-‘ circumference
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Circumference

All circles are similar because they have exactly the same shape. This means
that all their measurements, including the circumference and the diameter,
are in proportion to each other.

symbcl for pi

The number pi

The ratio between the circumference and diameter of a circle
is a number called pi, which is written 7. This number is used
in many of the formulas associated with circles, including the

formulas for the circumference and diameter. value to 2 decimal places

T is a constant
radius

Circumference (c)

The circumference is the distance around the edge of a
circle. A circle’s circumference can be found using the
diameter or radius and the number pi. The diameter is
always twice the length of the radius.

circumference

value of

/_ circumference

is unknown

The formula for
circumference shows
that the circumference is
equal to pi multiplied by
the diameter of the circle.

\ radlius is length

from centre to
circumference

Substitute known
values into the formula
for circumference. Here,
the radius of the circle is
known to be 3cm.

Multiply the numbers
to find the length of
the circumference.
Round the answer to

a suitable number of
decimal places.

A Finding the circumference
The length of a circle’s circumference can be found if the length of
the diameter is known, in this example the diameter is 6cm long.

T[ 3.14

{ 56-59 Ratio and
proport!on

<] The value of pi

The numbers after the
decimal point in pi go

on for ever and in an
unpredictable way. It starts 2
3.1415926 but is usually it
given to two decimal places. 2

1mis a constant Lk

diameter | X
<] Formulas
There are two :
circumference i
formulas. One uses ;
diameter and the
other uses radius.

circumference

disthesameas2xr,
the formula can also
be written C=2mr

3.14 X 6
N pisaeto

two decimal places

¢ =18.8¢cm
18.84 is rounded to j i

one decimal place



CIRCUMFERENCE AND DIAMETER

Diameter (d)

The diameter is the distance across the middle of a circle. It is twice the length of !
the radius. A circle’s diameter can be found by doubling the length of its radius, ‘
or by using its circumference and the number pi in the formula shown below. }
The formula is a rearranged version of the formula for the circumference of a circle. ‘
i
F

diameter circumference

The formula for diameter
shows that the length of the
diameter is equal to the
length of the circumference
divided by the number pi.

misa
constant

Substitute known values
into the formula for diameter. d

8

In the example shown here, e
the circumference of the "
circle is 18cm.

Divide the circumference

by the value of pi, 3.14, — 1 8
to find the length of d == ee—

the diameter. 3.14
more accurate to j

use 1t button on a

calculator
Round the answer to a
A Finding the diameter suitable number of decimal —
This circle has a circumference of places. In this example, the =
18cm. Its diameter can be found answer is given to two
using the formula given above. decimal places. the answer is given to j

two decimal places

All circles are similar to one another. This means that corresponding

lengths in circles, such as their diameters and circumferences, are always
in proportion to each other. The number m is found by dividing the
circurnference of a circle by its diameter — any circle’s circumference

divided by its diameter always equals mm - it is a constant value. \Q)

circumference

circumference
[> Similar circles \
As all circles are enlargements of each pr
ather, their diameters (d1, d2) and
circumferences (c1, c2) are always
in proportion to one another.

d2

& diameter

(18
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edge of circle is

( circumference

The area of a circle can be found by using the measurements
of either the radius or the diameter of the circle.

Finding the area of a circle

The area of a circle is measured in square units, It can be found
using the radius of a circle (r) and the formula shown below, If the
diameter is known but the radius is not, the radius can be found
by dividing the diameter by 2.

\ the value of the

radius s given

mis a fixed value

area of

a circle / radius
In the formula for the area of (
a circle, i means 1 (pi) x a rea n rz

radius x radius.

Substitute the known values ¢ 2
into the formula, in this af@@ === 39 E@ }( 4

example the radius is 4cm. s 3.14 to 3 significant '\ _
figures; a more accurate value this means
can be found on a calculator 4x4
Multiply the radius by itself
as shown - this makes the last a E"ea e 3 e@ Lég. X 1 ﬁ area is the total space
multiplication simpler. R 4x4=16 inside the circle,

shown in yellow

Make sure the answer is in i
the right units (cm? here) and aféa = 5 o . 2 4 ( m 2. :2::;?;‘550.24

round it to a suitable number.

LOOKING CLOSER: S8

circle divided the height of the

The formula for the area of a ‘ ;
into segments shape is the radius

circle can be proved by dividing a circle
into segments, and rearranging the
segments into a rectangular shape.
The formula for the area of a rectangle
(height x width) is simpler than that

of the area for a circle. The rectangular
shape's height is simply the length

of a circle segment, which is the

the width of the shape is
half the circumference, mx r

radius

radiys (y) e~

<— half circumference (mx 1) —

\ circumference

same as the radius of the circle. The A A

width of the rectangular shape is half Split any circle up into equal Lay the segments out in a rectangular shape. The

of the total segments, equivalent to segments, making them as area of a rectangle is height x width, which in this case
half the circumference of the circle. small as possible. is radius x half circumference, or nir % r, which is 2,

S—




Finding area usmg

AREA OF A C!RCLE

RIS,

Finding the radius

the diameter o >

The formula forthe
area of a circle usually /*
uses the radius, but |
the area can also ;
be found if the i
diameter is given.

radius 15 half length f

3 “%- of diameter \A,
\ N
the area is the value / -
that needs to be found A
The formula for the
area of a circle is always s 2
the same, whatever area=Tmr

values are known.

Substitute the known
values into the formula
- the radius is 2.5 in
this example; half

the diameter.

area = 3.14 x 2.5
the radius is half the J

diameter:5+2=25
mis3.14t03

‘/signiﬁcantﬁgures
area = 3.14 X 6.25

25%x25=6.25

Multiply the radius by
itself (square it) as
shown by the formula
- this makes the last
multiplication simpler.

19.6349... is rounded
to 2 decimal places

area = 19,63cm?

Make sure the answer is
in the right units, cm? in
this example, and round

- from the area

The formula for area
of a circle can also
be used to find the
radius of a circle

if its area is given.

The formula for the area of a
circle can be used to find the
radius if the area is known.

Substitute the known
values into the formula -
here the areais 13cm.

Rearrange the formula so r2
is on its own on one side -
divide both sides by 3.14.

Round the answer, and
switch the sides so that the
unknown, 12, is shown first.

" Find the square root of the

last answer in order to find
the value of the radius.

Make sure the answer is in
the right units (cm?® here) and

round it to a suitable number.

find the N
rad|u5r

area = 13cm?

area =mnr?

13=3.14x¢

divide this rwas
side by 3.14 multiplied
by 3.14, so
13 % divide by
i 3.14t
3 ,14 isolate r?

z 12 is shown first

*=4.14

4.1380...1s rounded _7
to 2 decimal places

r =414

2,0342...1s rounded
to 2 decimal places

= 2.03cm

it to a suitable number.

When two or more different shapes are put
together, the result is called a compound

| shape. The area of a compound shape can

. be found by adding the areas of the parts

1 of the shape. In this example, the two

- different parts are a semicircle, and a

rectangle. The total area is 1,414cm?

| (area of the semicircle, which is Y2 x 1ir?,

| halfthe area of a circle) + 5,400cm? (the

‘ area of the rectangle) = 6,814cm2.

the total height
of the shape

the height of the
rectangle is
120-30=90cm

=] £
\\aé

<] Compound shapes
This compound shape
consists of a semicircle and
arectangle. Its area can be
found using only the two
measurements given here,

the radius of the
semicircle

the width of the rectangle is the
same as the diameter of the circle.
This can be be found by multiplying
the radius by 2, 30 x 2 = 60cm




Mathematical signs and symbols

This table shows a selection of signs and symbols commonly
used in mathematics. Using signs and symbols, mathematicians
can express complex equations and formulas in a standardized

way that is universally understood.

+ plus; positive 4 ?a'gja of (6:4) o infinity
= mingnegative 7 portionate  squared numbe
o+ plus or minus; positive or o equal(t:2: i, RCEF n’ cubed number
negative; degree of accuracy =, === approximately equal to; N P°"‘+'éﬁ§lﬁde’( i .
a0 equivalent to; similar to square root

= ol lentical with-  auber

>. greater than per cent

> muchgreatert

+ not greater than Oorare, i

= B angle(s)
S < much less than equiangular

T - divid9§_ Oytatloof (4 il not less than Ak Qo (pi) the ratio of the
Q rdles e =Z,5  equaltoorgreater than circumference to the diameter
A triangle <,=,2  equaltoorlessthan ofacircde =314
O square o directly proportional to a alpha (unknownangle)
= rectangle () parentheses,can i ] theta (unknown angle)
i ~ parallelogram SR meanimUltiply SRR perpendicular
= equals vinculum: division (a-b); chord k, right angle
Sl not equal to of circle or length of line (AB); M= patallel
= identical with; congruent to B vector therefore
= = notidentical with 1B line segment because
A corresponds to T line y 2 measured hy

TS
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Prime numbers Squares, cubes, and roots
A prime number is any number that can only be exactly divided by 1 and itself The table below shows the square, cube,
without leaving a remainder. By definition, 1 is not a prime. There is no one formula square root, and cube root of whole
for yielding every prime. Shown here are the first 250 prime numbers. numbers, to 3 decimal places.
2 3 5 7 n 13 17 19 23 29
31 37 41 43 47 53 59 61 67 A
73 79 83 89 97 101 103 107 109 113 1 1 1 1.000 1.000
127 131 137 139 149 151 1571 163 167 173 2 4 8 1414 1.260
179 181 191 193 197 199 211 223 227 229 3 27 1732 1:442
233 239 241 251 257 263 269 271 277 281 4 16 64  2.000 1.587
283 293 307 3N 313 317 331 337 347 349 5 25 125 2236 1710
353 359 367 373 379 383 389 397 401 409 6 36 216 2.449  1.817
419 421 431 433 439 443 449 457 461 463 7 49 343 2646 1913
467 479 487 491 499 503 509 521 523 541 8 64 512 2.828  2.000
547 557 563 569 571 577 587 593 599 601 9 81 729 3.000  2.080
607 613 617 619 631 641 643 647 653 659 10 100 1,000 3162  2.154
661 673 677 683 691 701 709 719 727 733 1 121 1331 3317 2224
739 743 751 757 761 769 773 787 797 809 12 144 1,728 3464  2.289
8 821 823 827 829 839 853 857 859 863 13 169 2,197  3.606  2.351
877 881 883 887 907 911 919 929 937 941 14 196 2744 3742 2410
947 953 967 971 977 983 991 997 1009 1013 15 225 3375 3.873 2466
1019 1021 1031 | 1033 1039 1049 1051 1061 1063 | 1069 16 256 4,096  4.000 2.520
1087 1091 1093 1097 1103 1109 mz 1123 1129 1151 17 289 4913 4123 2571
1153 1163 171 1181 1187 1193 1201 1213 1217 | 1223 18 324 5832 4243  2.621
1229 1231 1237 1249 1259 1277 1279 1283 1289 | 1291 19 361 6,859 4359  2.668
1297 1301 1303 1307 1319 1321 1327 1361 1367 | 1373 20 400 8,000 4472 2714
1381 1399 1409 1423 1427 1429 1433 1439 1447 1451 25 625 15,625  5.000 2924
1453 1459 1471 1481 1483 1487 1489 1493 1499 1511 30 900 27,000 5477  3.07
1523 1531 1543 1549 1553 1559 1567 1571 1579 1583 50 2,500 125,000 7071  3.684

Multiplication table AR e
This multiplication table shows the products of 3
each whole number from 1 to 12, multiplied 2 2 6
by each whole number from 1 to 12. 3 3 9 12
column with other number 4 4 12 16
" to be multiplied, here 2 5 5 10 15 20
R [ 6 Sleacariias
1 1:2 '3 - S A TR R
W __2_ ....2,.. ._I4 6 8 &6 2432
3 3 6 9 9 9 18 27 36 45 54 63 o2 w8lenan 99 108
/ iy 10 10 20 30 40 50 60 70 8 90 100 10 120
row with one . " result of multiplication 11 n 22 33 44 55 66 77 88 99 110 121 132
numer e s A 6] 12 4 36 48 60 72 8 9% 108 120 132 M

multiplied, here 3
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Shapes

Two-dimensional shapes with straight lines are called polygons. They are
named according to the number of sides they have. The number of sides
is also equal to the number of interior angles. A circle has no straight lines,
so it is not a polygon, although it is a two-dimensional shape.

et I o

/ 3 1*"\;

A Circle

A shape formed by a curved
line that is always the same
distance from a central point.

A Square

A quadrilateral with four equal
sides and four equal interior
angles of 90° (right angles).

/A Pentagon
A polygon with five sides and
five interior angles.

A Nonagon
A polygon with nine sides and
nine interior angles.

A Triangle
A polygon with three sides
and three interior angles.

A Rectangle

A quadrilateral with four equal
interior angles and opposite
sides of equal length.

/A Hexagon
A polygon with six sides and
six interior angles.

/\ Decagon
A polygon with ten sides and
ten interior angles.

/\ Quadrilateral
A polygon with four sides and
four interior angles.

A Parallelogram

A quadrilateral with two pairs
of parallel sides and opposite
sides of equal length.

/A Heptagon
A polygon with seven sides
and seven interior angles.

/A Hendecagon
A polygon with eleven sides
and eleven interior angles.
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Area

The area of a shape is the amount of space inside it. Formulas for working out
the areas of common shapes are given below.

\
T
\ f
s il 2
area = nr

A Circle A Triangle A\ Rectangle
The area of a circle equals pi (11 = 3.14) The area of a triangle equals half multiplied The area of a rectangle equals its base
multiplied by the square of its radius. by its base multiplied by its vertical height. multiplied by its height,

. S

A Parallelogram A Trapezium A Rhombus
The area of a parallelogram equals its base The area of a trapezium equals the sum of The area of a rhombus equals its base
multiplied by its vertical height. the two parallel sides, multiplied by the multiplied by its vertical height.

vertical height, then multiplied by /2.

Pythagoras’ theorem

This theorem relates the lengths of all the sides of a right-angled triangle, so
that if any two sides are known, the length of the third side can be worked out.

| t
sidea side ¢ (hypotenuse)
; C
aZ+bh2=¢ b <1 The theorem
| In a right-angled triangle
side b the square of the
hypotenuse (the largest
I side, ) is the sum of the
y squares of the other two
P - sides (a and b).
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Parts of a circle

Various properties of a circle can be measured using certain characteristics,
such as the radius, circumference, or length of an arc, with the formulas given
below. Pi (TT) is the ratio of the circumference to the diameter of a circle; pi is
equal to 3.14 (to 2 decimal places).

circumference (c)

<] Diameter and radius
The diameter of a circle

is a straight line running <I Diameter and

right across the circle circumference

and through its centre. The diameter of a circle
Itis twice the length can be found when only
of the radius (the line its circumference (the
from the centre to distance around the

the circumference), edge) is known.

circumference (c)

SiaTete L] \l <] Circumference and <l Circumference and
e diameter radius
The circumference of a The circumference of a
circle (distance around circle (distance around
its edge) can be found its edge) can be found
when only its diameter when only its radius
is known. is known.

length (1)

<l Length of an arc
A section of the angle (x)
circumference of a
circle is known as an arc, <] Area of a sector

the length can be found - ‘ The area of a sector (or
when the circle’s radius (r) . R “slice”) of a circle can be
total circumference found when the circle’s
and the angle of the area and the angle of
arc are known, the sector are known.

T r—




