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Whole numbers

When you compare and order whole numbers, remember that the more digits a number
has, the larger it is. When two numbers have the same number of digits, compare the
digits, one by one, starting from the left.

3497 and 3502 both have & digits. They both have 3 thousands. 3497 has & hundreds but 3502 has
5 hundreds, so 3502 is larger.

(a) Write the number 34 507 in words.

Thirty-four thousand, five hundred and (2
seven

(b) Write the number 1320045 in words.

One million, three hundred and twenty i
thousand and forty-five

million thousand
(c) Write five hundred and nine thousand and

four in figures.

509004

“ (a) Write the value of the digit 4 in 1
) (1) 2411 (i) 43850 (iii) 994 (iv) 4987653
The value of a digit depends on its I () 400 (i) 40000 (i) & (iv) 4000000

sition in the number.
- (b) Write these numbers in order of size. 2

The thousands p There is only Start with the smallest number.
digits are gH54 0 >4 Sdigit numben | 2408 2954 43850 2411 944 5
the same, s0 4 so it is the
compare the ~SgRR:|1 >0 largest. V¥ ous 2408 2411 2954 43850
hundreds. | (c) Write these numbers in order of size. i
There is only one 3-digit Start with the largest number.
number, so it is the smallest. - 375890 380001 2000000 99999

_____ - 7 digit > 6 digit and 380000 > 375000 -
- 1 2000000 380001 375890 99999
Negative numbers

Numbers less than zero are negative =S example @
numbers. On this number line, the negative Wo!ked P

numbers are to the left of O. The further - Write these numbers in order of size. -
the number is to the left, the less its value. Start with the smallest number.

o 5 6 &t 1o —10mlessthan—5] | 2 6 0 =9 0L =2 4§
=98 =3 —2 (0] 4 6 10
1 The population of a town is 95364. 3 Look at the thermometers. Which city
(a) Write the number 95364 in words. has the lower temperature?
(b) What is the value of the digit 5 in 95364? Moscow
2 Write these numbers in order of size. Start with the
smallest number. —
(a) 21089 20098 1000010 3756 21465 3765 Helsinki

36 11 49 1
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Decimals

To compare and order decimal numbers, you need to understand the
place value of each digit.
0.456 «—— this number has 4 tenths, 5 hundredths and & thousandths

0.65 <«—— this number also has 5 hundredths, but it has 6 tenths

0.8 ~—— this number has & tenths

o example @ _
worked P ) The first decimal pPlace is tenths,

the second is hundredths and the

(a) Write the value of the digit 5 in each decimal number. 5
third is thousandths. 4

1 ()0.625 (i) 0.562 (iif) 0.652
(i) 5 thousandths (i)) 5 tenths
(iii) 5 hundredths You can write in zeros to make

~ (b) Write these decimals in order of size, smallest first. @ the decimals ll the same length.
045 0.7 0445 0.54 ) Then you can use your knowledge

b = 7 so 045 =07 of whole numbers to write them in
0.445 < O.45 as it has fewer hundredths Order: ¥
0.7 > 054 because 7 tenths > 5 tenths ! 0450 0700 0445 0540 |

0.445 0.45 0.54 Q.7

rk;d exampl @

Decimals and measurements
You often use decimals when you write

measurements. ‘Write the measurements shown by the arrows in

g i ¢ 1 EEE ® © ©
T T
0.5cm__3.8cm 8.2¢cm 13.7cm ] L

(@) 1.26m (b) 1.31m (c) 1.345m

m @ 7 - (d) 1.375m %

1 Use < or > to compare the decimals in | (a) Count the large marker: fi
: s up from
each pair. 1.25:1.25, .26, 10227 1’?25
(a) 6.7 and 6.456  (b) 23.819 and 23.84 5 () 1.3 = 1.30.Th [
2 Write these decimals in order of size, smallest is 1.31 = I

first. 2.3 215 2.199 2.26
~ 3 What is the value of the digit 6 in 23.067? E
4 Whose suitcase is heavier?
(d)

(¢) The number haltway between 1.34 F
and 1.35 is 1.345

The number halfway between 137
and 1.38is 1.375
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Rounding

Rounding a number gives an acceptable approximation.

To round a number look at the next digit to the right on a place value diagram.

5 or more = round up, less than 5 — round down.

You can round a decimal number to the nearest whole number or to a given number of

decimal places (d.p.).

To rounid to the nearest whole
number look at the digit in the
tenths column.

Itis a5, so round up.

6.504 rounded to the nearest
whole number is 7.

Round 4.574 91 to
(a) the nearest whole number (b) 1d.p.
(c) 2d.p.

(@) 5 (b) 46

-
&>

(c) 4.57

Use rounding to estimate the answers.
(a) 39121937

4000 — 2000 = 2000

(b) 38 x 42

40 X 30 = 1200

(c) 4.6x9.8

5X 10 =50

* To estimate an answer, round each
number to 1 significant figure. Then
work out the calculation.

® You can use mental strategies to
speed up your calculations:

——

To round to 1d.p. look at the digit in the
second decimal place.

It is O, so round down.

6.504 rounded to 1d.p. is 6.5.

To round to 2d.p. look at the digit in the
third decimal place.

It is 4, so round down.

6.504 rounded to 2d.p. is 6.50.

You need to write the O to show you have
rounded to 2d.p.

Look at the next digit to the right.
(@) 457491 — 5. 50 round up
(b) 457491 = 7, 50 round up
(€) 457491 = 4, 50 round down

Significant figures

Rounding numbers in calculations to 1s.f.
is a useful way to estimate the answer.
Always start counting significant figures
(s.f.) from the left.

2/7.05 rounded to 1 s.f. is 30

Look for the digit furthest to the left, which is 2.
The next digit is 7, so round up to give an
answer of 30.

27.05 rounded to 2 s.f. is 27.

Look for the two digits furthest to the left,
which are 2 and 7. The next digit is O, so round

40X 30=4X3X 10X 10
=12 X 100 = 1200

You start counting significant figures with
the first non-zero digit. In 0.291 the first
significant figure is 2 tenths. In 0.685 the
first significant figure is 6 tenths, and the
second significant figure is 8 hundredths.

)

1 Lara says that 3790 + 2858 is more than 7000.
Use rounding to show that she is incorrect.

3

2 Use rounding to estimate the answer to 5.7 X 3.2

& worked example

down to give an answer of 27.

Round these numbers to the given number of

significant figures (s.f).

(a) 2671 to 1 s, (b) 45672 to 3 s.£. 2
3000 45 700

(c) 0.291 to 1 s.f. (d) 0.685t0 2s.f. £
03 0.69

Round these numbers to 2 s.f.
(2) 3829 (b)24.93 (c)0.7354






NUMBER Had alook | | Nearly there [ | Nailed it! [ |

Eddition

You can use mental or written methods to add whole numbers and decimal numbers.

B

Column addition
319 + 76 + 2045

Write the numbers as a vertical list, in size order, making sure the digits are in the correct columns.

TTT——ThHTU

Add the units first: 5 + 9 + 6 = 20

2 0 & B Write O in the answer line in the units column,
319 476 + 2045 = 2440 3 1 9 and write the 2 under the tens column.
7 6 Add the tens, remembering to add the

B 4 4 O —carried 2 (14). Write the 4 in the answer
/ﬁ/line and the 1 under the hundreds column.

Add the hundreds, writing the answer in the answer. Then write the thousands directly in the answer line.

Wt;;l_(;d example @ .

~ Find the total of - Hereis Ellie’s till receipt.
(a) 72.65and 49.937 (b) 0.785, 1.96 and 17.5 She has £50.
v - Is that enough money to pay

SIE PR [RUREE e for all the items?
1 7 2.6 5 0 1 7.5 0 0
| 4L 9.9 3 7 1.960 4 | 24.75

122.587% 0.785 b Bad
1 Zighehans & | L2 9 F
i 2 2 1 | 0. 50 )

4 9.8 1
1

b;;;l;m S°1ved! a £50 is enough. ¥

‘Write the prices as a column addition. .
Add the prices to work out the total.
Check if it is more or less than £50.

You'll need brilliant problem-solving skills
to succeed in GCSE — get practising now! T

1 Work out 481 + 79 + 7904 4 Who has spent more money? You must show
2 Find the total of 25.9, 13.675 and 9.45 your working. . ; z -
3 What is the perimeter of this rectangular field? ]
4.5m
1 3.68m

A rectangle has two pairs of equal sides. I
MA,dd all four sides to work out the perimeter
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Subtraction

You can use mental or written methods to +8 +60 +24
subtract whole and decimal numbers. ) : - __’\‘/'_)" ;
A number line can be helpful, for example, 32 40 100 124
to work out 124 — 32: 8+ 60+ 24 =92

124 — 32 =92

Column subtraction
6492 — 3749

ThHTU/

1 — You must subtract the bottom number from the top number.

Write the calculation in vertical columns.

%6 4 %9 "2

3 7 4 O Start with the units: 2 < 9 so take 1 ten from the tens column and change it
ﬁ/ into 10 units. Then you can subtract 9 units from 12 units.

2—7—h—3

A ~— In the tens column, & > 4 so simply subtract: & — 4.

In the hundreds column, 4 < 7 so change 1 thousand to 10
hundreds: 14 — 7 hundreds. Subtract the remaining thousands.

Line up digits with the same place value and the decimal points.

Write the decimal point in the answer line.

Write extra zeros to ensure that both numbers have the same number of decimal
places.

Subtract, column by column, starting from the right.

@ : P;;l_:l,en; solved!

Jamal 3.7m | Write the numbers as a column subtraction with the
Kai 2.225m larger number on top.

Write zeros so both numbers have three decimal places.
To make the subtraction easier, change 1 tenth in the

v
v
v
v

How much further did Jamal jump

than Kai? top number into 10 hundredths (making 3.6!00).
U t h th - Then change one of these new hundredths into 1
6 9op 1 10 thousandths (3.69'0).
‘;’ ) /Z );7 C5) ( Now subtract. column by column, starting on the right.
1 1 - 27 ¥ You'll need brilliant problem-solving skills
B ——— to succeed in GCSE - get practising now!
- 1.475m ]

o iy e B

1 Work out 3856 — 2937
2 How much heavier is 3.4 kg than 2.75kg?
3 Alex spends £32.74 and pays with two £20 notes. How much change does she get?

Write as a column subtraction.
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Understanding powers of 10

When you multiply by 10, 100 or 1000 =

the digits move to the left on a Powers of 10

place value diagram. When 10 is raised to a whole-number power,

32 X 100 = 3200 1.25 x 10 = 12.5 the power is the same as the number of zeros.

When you divide by 10, 100 or 1000 10" =10 = 10

the digits move to the right on a

place valve diagram. 102 = 10 X 10 = 100

750 + 100 = 7.5 2780 + 10 = 278 103 = 10 X 10 X 10 = 1000

Worked example @
Work out

A i th
(@) 237X 100 = 237 i n part (), when you divide "]Z 19?1t -
(b) 67.4 + 100 = 0.674 digjts move two places to the right.
(c) 2856 = 1000 = 2.856 « In part (@), 10% = 100.
(d) 7825+ 102 = 7825 —

() 8324 %X 10° = 83240

1 million = 106 = 1000000 @
To divide by 1000000 move the digits
G places to the right:

7074000 = 7.074 million

Complete the table to write these populations
as whole numbers and as millions.

City Populati Populati
To multiply by 1000000 move the London 7074000 7.074 nillion
digits € places to the left: o [ieeds 727000 0727 milion | ©
0.616 milion = 616000 I [Gasgow 616000 0616 million | .

Negative powers ‘
A power can also be negative. X 0.1 is the same as + 10

=1 — - -2 — =_1_
10 O-1 10 10 0.01 100 X 0.01 is the same as +~ 100
See pages 12 and 14 for more on powers and indices. B g

B _ P + 0.01 is the same as X 100 |
Worked example aF -
‘Work out i
(@) 54x 107! =54 X 0.1 =54+ 10=054% & *ﬂ‘@
(b) 78X 0.01 =78 + 100 = 0.78 L

1 ©67=01 =67 X 10 =670 1 Work out
| (@ 35+102 =35+001=35%100=3500 £ { @OIE=100 () 578X10 )
(c) 83x0.1 () 37 +0.01

pEany 2 Write 2 X 10° as a whole number.

a X 0.1 i

e IS- the same as 54 tenths, -3 Ahouse s for sale for £450000.
X 0.01 is 78 hundredths, Write the price as a decimal with

(€) 67 + O.1: how many tenths are in G7? I the word ‘million’.

(d) 35 + 001: how many hundredths are in 352
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Multiplication

You can use written methods to multiply whole numbers or decimals.

o:k;;l example @

(a) 2365 X 9 (b) 438 X 24 "
2 3¢5 4 3 8 To multiply by a 2-digit number:
1 ﬂ * multiply by the units L
< 9 a El * multiply by the tens
1 2 12 &6 7 5 2 - * add these two answers,
1 &l & 7 6 0 {
@5 N2
2 1 1
Multiply each digit by 9, starting with the units. —— | Multiplying decimals
Units: 9 X 5 = 45, so write 5 in the units | You can use column multiplication to
column answer line and carry the 4 over to the multiply decimals.
tens column. ) I * Ignore the decimal point and work out
Tens: 9 X 6 = 54, + the carried 4 | the whole-number multiplication.
= 554 e it ¢ Count the number of decimal places
Hundreds: 9 X 3 = i; 2 in the gquestion.
= i U the same number of decimal i
.9 X 2 =18, + the carried 3 Put
Thousands: 9 X 2 = places into the whole-number answer. |

Worked example @ .
- Work out 2.7 X 3.9 (2d.p)

Estimate: 3 X 4 = 12 Use rounding to estimate.

« Work out the whole-number multiplication.

2 7 There are two decimal places in the question
x 39 50 put two decimal places in the whole-number
T answer, I
_&10
eI 3

27 X 32 = 1053 ]
2.7 X 3.3 = 1053

[ vow try tis B @

1 Work out 3 A phone call from a hotel phone costs
| (a) 2856 X7  (b) 718 X 36 25p per minute. ]
(€)2.6 X35 (d)35.64x3.2 How much will a 48-minute call cost?
2 There are 24 packs of peas in a box. 4 Ru says that the answer to 12.4 x 4.8 is 595.2
4 The mean number of peas in a pack is 355. Show or explain why he is not correct.

How many peas are there in the box? .
R Yy work out 355 x 24, Use rounding:
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Division of whole numbers

You need to be able to use mental and written methods to divide whole numbers.
Knowing related multiplication facts and using multiples of 10 can help.

s Sus * 4 will not go into 2
= @ T
Worked examp 27 + 4 = ¢ remainder 3, so write €

Work out 276 + 4 dbove the tens column and carry the
e 3 to the units.

427736 276 + 4 =69 * 36 + 4 = 9. Write 9 in the units column.

.

Worked example
Work out 4752 + 18

When the divisor (the number you are 1
dividing by) is bigger than 12: ‘

« write out some multiples of the divisor

« divide in the normal way — some of the

remainders might be more than 10 Multiples of 18: 18, 36, 54, 72, 90, 108, ...
: i 7 2 6 4 1
e 47 + 18 = 2 remainder 11 18)447 11572 4752 + 18 = 264

« 115 = 18 = 6 remainder 7

Worked example E @ Tests for divisibility
< - Use these facts to test whether a number
702 284 725 501 450 is divisible by these whole numbers:
~ Which of the numbers above are divisible by~ ~ 4 last two digits are a multiple of 4
each of these numbers? i ik
- e 5 last digitis O or 5
| ﬁ_‘% i e 3 digit sum is a multiple of 3
© 6 702, 450 & even and digit sum is a multiple of 3
(@9 702, 450 9 digit sum is a multiple of 9; repeated
1 ()25 725, 450 : digit sum is 9
| 25 last 2 digits are 00, 25, 50 or 75

There might be more than one correct t Worked example E %
answer. As long as your answer works [ < - &,
then it is correct. RTanas e CiEits a0 the A vision g
i inder:
Check using multiplication: remainder:

356+ 4 =89 89 X k=356 L

CED gD

1 Work out
(@) 5168+ 8 (b)4224 + 16 ;he.tmjrrber must have 4 as its hundreds
3 19IC. The last two digi
~ 2 Eggs are packed in trays of 24. multiple of 4 (so i ;“i'?bmust be a
| How many trays are needed for 768 eggs? three digits muyst L e even)x and all
3 Write a 3-digit number between 400 and 500 © a multiple of 9.

that can be divided by both 4 and 9. T
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Division with decimals

You need to be able to divide decimal numbers with and without a calculator. You can use
the same methods as for whole numbers, but you need to take care with the decimal point.

e oy
% Problem solved:
(a) A factory worker is Packing jars int(-) ) s The answers must be whole numbers. I
boxes. He has 7284 jars to pack. 24 jars will

4 5 3 Make sure you read the question carefully. 1
fit in a box. How many boxes will he need? In part (a), the worker needs to pack all the jars.

w;rk;d Vexample

- 7284 + 24 = 303.5 so 304 boxes 303 boxes is not enough, so round up to 304.

- (b) Another worker is packing bottles into crates. Fﬁr % an’ (g_l)f Ihe S E;);m cach :rz;te. E
Each crate holds 36 bottles. She has 7162 G 99 cratessoround dawm to108;

1 bottles. How many complete crates can she fill? ~ You'll need brilliant problem-solving skills I

. 7162 + 36 = 198944 L. .. 50 198 crates to succeed in GCSE - get practising now! 1

W;;l;;d Vexample 4@

v’ Make sure the decimal point in (a) Work out 24.7 + 5
the answer line lines up with the | Yoo S5
decimal point in the number. 51224 4720 2470 + 5 = 494
¥’ Write extra zeros at the end of the
decimal if necessary.
v/ To divide by a number with 1 decimal |
place, multiply both numbers by T
|

(b) Work out 83.34 + 1.8
- 8334 + 1.8 =8334 + 18
4 6.3
1818313.%% 83.34 + 1.6 = 463

10 first.
Problem solved! Worked example @
. i | At a restaurant, 15 friends share the bill for
Zou need to lm"“f Fhe iliplcsofiiodiel] | £188.85 equally. Alison pays her share with a b
LS D B £20 note. How much change does she get?
Remember to answer the question. You can - RLiiar g R 1
work out £20 — £12.59 mentally by adding on Multiples of 15: 15, 30, 45, 60, 75, 90,
in steps: 105, 120. 135, ... &
+£0.41 + £
I " 1 2.5 @
£1259 — £13 — £20 151 7838.58 135
You'll need brilliant problem-solving skills | Each person pays £12.59 F
to succeed in GCSE - get practising now! l . £20 — £1259 = £7.41 Chaﬂae !

1 Workout  (a)7352+4 () 696 + 1.6

2 Share £748.44 among 21 people.

3 How many 1.4m lengths of fabric can be cut from a 21 m roll? B
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Negative numbers

Numbers that are less than zero are negative numbers. The + or — that tells you whether a
number is positive or negative is called the sign of that number.

You need to know how to calculate with negative numbers.

Using number lines

You can use number lines to help you <!\,EGAT\\’E NUMBERS | [POSITIVE M:NE{FE>
add or subtract with negative numbers. T R S e G R G A T ¢
5-4-3-2 -10 1 2 3 4 5

See page 1 for more on ordering a set of
negative numbers. O is neither positive nor negative.

When you add @ ~—w . _3————— When you subtract a

positive number, move /5\_‘ /3._ - positive number, move
to the right on the — it 1 1 1 L % i to the left on the
number line. =B —ar=2 =t & 1 £ 3 # b number line.
Edding Subtracting
Adding a negative number is the same Subtracting a negative number is the
as subtracting a positive number. The same as adding a positive number. The
answer is smaller (further to the left answer is bigger (further to the right
on a number line). on a number line).
—4=6-4=2 -1--9=-1+9=8
s Worked example
When multi;"lying or dividing two numbers: = Work out
¢ |[fthe 5l‘gn5 are different — the (@ —5x38 = 4G
answer is negative. M) 36=-—3 =-i2
* If the signs are the same —» the !
answer is positive. I
Part (d) is negative X negative. The signs
are the same 50 the answer is positive. | Worked example @
You can use a number line to work out ~ Onecold day in winter the daytime
additions and subtractions. temperature in Alaska was —2°C.

/—@\ m In the night it fell a further 6 degrees.
! j—‘ﬁ_j—\—v—l_—l‘hx‘]—\ I %, ‘What was the night-time temperature?

—10=9 =8 -7 —6 -5 —4 —3 -2 -1 0
—2=6= -8
The temperature was —8°C.

Work out —2 X —3 then b =
multiply the result by ~4.”

1 Work out 3 Maxsays —2 X —3 x —4 = 24, and Chris says
1 (a)—-6+7 (b) =9 —(-3) itis 24. Who is right? Explain your answer.
©—=5+(4 (d)—-3-2 4 The temperature in Stockholm in January was
- 2 Work out —4°C. The temperature in London was 6 °C
(@) —4x -3 (b)—9x%x4 higher. What was the temperature in London?
() —24+(—4) (d)—-15+3 Use a number line.
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Factors, multiples and primes

Understanding how to identify factors, multiples and primes is an important mathematical skill.

.y

Factors Multiples

The factors of a number are whole The multiples of a number are all the
numbers that divide into it exactly. numbers in its times table.

Factors of 16: 1, 2, 3,6, 9, 18 Multiples of 6: 6, 12, 18, 24, 30, 36, 42, 48, ...
Factors of 24: 1, 2, 3, 4,6, 8, 12, 24 Multiples of 8: 8, 16, 24; 32, 40; 48; 56; -
A common factor of two numbers is a A common multiple of two numbers is a
factor of both numbers. multiple of both numbers.

1,2, 3 and 6 are common factors of 18 and 24 24 and 48 are common multiples of 6 and 8.
The highest common factor (HCF) of two | | The lowest common multiple (LCM) of
numbers is the largest of the common | twoimumbers is the smallest of the.
factors. ‘ common multiples.

The HCF of 18 and 24 is 6. || The LCM ot 6 and & is 24.

sES Prime numbezrs
e
Worked exampl @ ) Prime numbers have exactly two factors:
Complete the diagram to show 1 1 and the number itself. There are an
all the factors of 20. infinite number of prime numbers. You
should learn the prime numbers smaller
The factors of 20 tham 50;
ik el e ! 2,3,5,7,11,13,17, 19,
/23,29, 31,37, 41, 43, 47
2 is the smallest prime number, and is the only
even prime number. ‘
1 is not a prime number because it has only
one factor - itself.

Factors come in pairs. The product of
each factor pair is 20. On this diagram the
factor pairs are opposite each other [
1 X20=20 2 X 10=20 4x5=201
1 and the number itself are always factors.

(a) Write the first 10 multiples of 4.

4, 8,12, 16, 20, 24, 28, 32, 36, 40

(b) Write the first five multiples of 9.

1 9. 18, 27,36, 45 {
(c) Find the lowest common multiple of 4 and 9.

36

The LCM is the smallest number that
appears in both lists.

1 Draw a diagram to show all the factors of 30. 4 Write

. . o
2 (a) Find all the factors of (i) 32 (ii) 48 (s) a prime numiber that is between 20 and 30
(b) Write the HCF of 32 and 48. (b) a prime number that is 1 more than a

multiple of 5.
3 Find the LCM of 14 and 8.

11
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Sguares, cubes and roots

You should know:

* all the square numbers up to 102 = 100 and their related square roots
¢ the first five cube numbers, as well as 10% = 1000, and their related cube roots

*  how to use the . . ﬁ and | keys on a calculator.
10X 10.= 102 = 100 10 X 10 X 10 = 103 = 1000
V100 = 10 Y1000 = 10
Squares and square roots Cubes and cube roots
Multiplication| Index |Square 5quare! Multiplication | Index | Cube | Cube |
notation|number| root | notation|number| root
3x3 3% 9 Vo =3 awa X2 23 8 |V =2
“5X%X5 52 25 /25 =5 3x3x3 33 27 [¥27 =3
“9x9 | 92 81 V81 =9| LbXbXb | 43 G4 [k =4
15X 15 [‘ 152 | 225 | J225 | 5x5x5 | 5° 125 | Y125
| =15 | =5

All numbers, including decimal and
negative numbers, can be squared.

All numbers, including decimal and
negative numbers, can be cubed.

1568 = 8.28 (2d.p.)
= 568 is not a perfect cube.

Only whole-number answers are square Only whole-number answers are cube
numbers (perfect squares). | numbers (perfect cubes).

Only positive numbers have square roots. | All numbers have a cube root. ‘
(—&)F = —& % —4 = 16 | Y216 =6

Look at page 10 for negative number rules. : 216 is a perfect cube number. ‘

Worked example JESRce

~ Work out

_ (a) & 8 X8 =k | ~ Use a calculator to work out
(b 122 12 X 12 = 144 (@ (172 = 282 (i) (-54)? = 29.16
ORE 1X1X1=1 (b)) 9 =729 (i) 3.8} = 54.872
(d) (=5 —-5X -5 =25 (© ()vV361 = 19  (i)VI3225 = 11.5

T @ VI2L 121=11X11s0V725 =11 | (&) OVIBI =11 (i) ¥=2300

L (D) V6E Gh=4X4 X hsoVEh =4 = —13.20006...

=—13.2 (1 dp)

For part (d) use the cube root function
on your calculator. If it is written above

press the key first.

Eﬂ Work out

@ (-2  (1)V4  (c) V1000
2 Use a calculator to work out (a) 15% (b) V120 (c)V=5832
3 A farmer has two square fields. The area of field A is 2704 m?.

Write at least 5 decimal plac

| your calevlator display before royndi
‘ und
the square root button you might need to your answer. For more o ‘

decimals see page 3.

The area of field B is 2304 m?. How much longer is field A than field B?

es from

7]
bout rounding

=N

To work out the
lengths, find the
square roots.
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Priority of operations

BIDMAS helps you remember the correct priority of operations. Check if your calculator
follows this order automatically. If it does not, you will need to use the brackets keys.

Brackets

Indices (or powers) 3 X 42 =

DM division and multiplication
AJS addition and subtraction

W;;l;;d example

~ Work out

@ 15-5x2 =15-10=5
(b) 5x0-3 =0-3=-—

" (©) 4X5=+10 =20+ 10=2

(@) (16-T) x4 — 9 x4=3¢
© (15-3)+(3x2) =12 +6=2

'O 24-3%x6+10 =

Be careful. If a caleulation only
contains addition and subtraction
you work from left to right.

24 =18+ 10=6+ 10 = 1¢

W;»rlgc;d example

~ (a) Work these out, and then check with

your calculator.

i) 5%X(/36+3) =5X(E+9)
=5X15=75

(i) 82— (6XV81) =64 — (6 X9)
=10

(iii) (4% — V100)? = (16 — 10)2
=62 =36

(iv) V5 X 52 =3/125 =5

v) V7P +51 = V49 + 51

| =100 = 10

(b) Work out the value of
$+V5

52=15]
Give your answer to 2 decimal places.

. 6335496... = 634 (2 dp)

20 - (3 X 4) =20-12
3 X 16 =48

12 +6e+2=12+3=15
e —88X2=16—16—=0

24 — 186+ 10= 16 -

brackets then subtraction

index or power first, then
multiplication

division before addition

subtraction-after multiplication

If you're not sure which operation to |
do first, write BIDMAS. [f there are

no brackets or indices, then start with
division and multiplication. |

1 W;ri;e_d example @ :

- Work out the difference between (4 + 5)*

and 4% + 5°
| (4 +52=92=81 I
1 42+ 52=16 + 25 = 41

81 — 41 = 40

Your calevlator might perform the correct 1
order of operations. Try entering the

@ caleulations into your calculator in oné go-

CIID &)

1 Work out
(a)(i)24—3 X5
(i) 8 X4 +2

(b) (i) 112 — (V49 x 3/125) I

(i) (3% — 42

(0) (i) VIT X VIT

1 (i) V19 x V19 F

2 Mike says that (5 X 6)* gives the same 4
answer as 5% X 62. Show that he is correct.

For part (b) YOou can use the

and B keys on your calculator:
Write down at least 5 decimal places
before rounding your answer.

13
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More powers

In numbers such as 22, 23 and 10* the small raised number is the power or index.
Turn to page 6 for a reminder about powers of 10 and to page 12 for a reminder about squares and cubes.

Powers can be higher than 2 and 3. Powers can also be negative.
The power tells you how many of the number to multiply together. =T XTXT XY

The index keys on your calculator may look like ) , e E or .

Make sure you know how to use them.
o 7_lie Golden rules
Worked examp e .
|
\
|

* To multiply powers of the same
‘Write each product as a single power. ] number, add the powers.
(a) %67 = 62+7 = g2 ! 54 X 52 = 54k+2 = 56
(b) 9+ 92 = 9‘;’2 =93 * To divide powers of the same
g0t = sa= e s 52 number, subtract the powers.
@R = 102 X 102 = 1P #3i= 10= § 5% + 52 = 5h—2 = 52
* To work out powers of terms in
brackets, multiply the powers.
(5% = 53%4 = 512
* If there is no index, the power is 1.

¢ Any number to the power O is 1.

\ifo:kZd example @

Use the index key on your calculator to work

- these out.
| | (@) 56 = 15625 (b) 4.5* = 410.0625
| (© (=50} = —125 (d) 5% =0.008

IRC) 1) =o037 @& =1

Negative powers
e 1 1
ah=— 52=— =—
,. 2
(a) Write 6~ as a fraction. o= i i Be c:refuﬂ o -
(b) Work out:

1 1 { A negative power can have a positive

po g e —
O g =sxs= 6% answer.

adl ot S 3 '
D m = ToxXT0X 10X 10 m
- | D
= 7000 LN

ooy o 1 .l 1 Write each product as a single power.
P = p gle pow

b PR AR RS N . | (@) 4X4X4x4x4x4 (b) 8x8

5 S| ST | (c) 107 +10*  (d) 10 X 106 + 10?

(GaEty 104 ~ 10000 ! !

2 Work out the value of
(a) % (b)372 () 12°

1
(a) 677 is the same as 73 3 Use a calculator to work out

(@ 5% (6P (@57
14
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Prime factors

All numbers can be written as a product of prime factors. This is sometimes called prime
factor decomposition.

For a reminder about factors, multiples and prime numbers, have a look at page 17.

Prime numbers Prime factors

A prime number is a number that You can write any composite number as a
only has two factors, 1 and itself. product of its prime factors.

All numbers bigger than 1 that are The factors of 12 are 1, 2, 3, 4, 6 and 12.
non-prime have three or more factors. | The prime factors of 12 are 2 and 3. You
They are called composite numbers. | can also use powers to write the product.

|
— = =% 12=2X2X3=22X3 J

Worked example @
~ (a) Match each number to the product of its
prime factors.

36 66 70 100

(a) Write 22 X 52g52 X 2 X5 X 5

(b) Use the index keys on your calculator,
orwork out 2 X 9 X 125,

s ?
~ (b) Work out 2x32x 53 1 Write 120 as a product of its prime factors.
= 2250 1 120 {
5

Follow these steps: T + (&) &0 2

1. Write down the prime numbers | CEJ/ \30 i
between 1 and 20. \

2. Draw a factor tree. Think about the 2 15 &
numbers that multiply to make 120. | =t

3. Circle the prime factors. & &

4. Remember to check that all the I T 120=2X2X2X3X5=23X3X57]

factors are prime numbers.

You can start to work out the prime e araple
factor decomposition with any factor I Worked ex P .

pair of the number. Complete the prime factor tree for 150 and then -
write 150 as a product of its prime factors.
Write the number as a product of all four

N | 10=2X5;15=3 X5 150 {
Write the factors in numerical order. B a 10 15
Use index notation for 5 X 5 = 52

| afcloRo}

2X3X52=2X%X3X25 =
=6X25=150y

i{:a;v try this

1 Draw and complete a prime factor tree to write 180 as a product of prime factors.

2 Write each number as a product of prime factors. Rewrite, using index notation.
(@24 (b)64 (0140  (d)200 Start with 10 X 18

15
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HCF and LCM

You can use prime factor decomposition to find the HCF and LCM of sets of numbers.
For a reminder about HCF and LCM turn to page 11, and for prime factor decomposition turn to page 15.

rked example @ i

Complete the prime factor

Complete the factor trees and write the prime factor trees.
decompositions for 36 and 54. Use these to work out the 2. Write 36 and 54 as
HCF and LCM of 36 and 54. products without index
36 54 @ notation.
N N rline the common
@/ is ¥ £ Unesilin

factors.
] 4. To find the HCF of 36 and

N
9 .
54, multiply the common
factors together

3 =2 %X 2%X3%3 b 5. To find the LCM, multiply the
Shi=D X3/ % 8% 5 HCF by the remaining factors.
e Ay ] i ding
HCFE =:2: % 31X 3 = 18 For an alternative method of fin
ICM = 186X 2 X 3 = 108 ¢ the HCF and LCM, turn to page 11
Problem solved! e
Problem Worked example :
The total number of brownies must be a [ A bakery makes brownies in batches of 30 and
multiple of 30. The number of flapjacks must ~~ flapjacks in batches of 45.

be a multiple of 45. You can answer this
question by finding the LCM. b
« Write each number as a product of its prime
factors, without indices.

Multiply together the factors common to

‘What is the lowest number of batches of each

the same number of each type?

30=2X3X5

both products to find the HCF. [ T 45 :73 X 3 ><75
» Multiply the HCF by the remaining factors - { [ICF =3 % 5= 15
to find the LCM. LCM = 15 X 2 X .3 = 90
* Work out how many batches of each typeof  — They need 90 of each type.
product the bakery needs to make. 90+~ 380'= 3,90 =45 =2
— N - | 3 batches of brownies and 2 batches of
You'll need brilliant problem-solving skills E l | ﬂapjacks
to succeed in GCSE — get practising now!

[ row oy i P

1 32 =2%and 36 = 22 X 32 Work out the HCF and LCM of 32 and 36. Work out the HCF
2 Find the HCF and LCM of 72 and 120, gis2and 25/
~ 3 Sue has two rolls of coloured tape. One is 48 m long and the other is 32m.

~ She wants to cut both of them into pieces of the same length so that
no tape is left over. What is the longest length she can cut them into?

Work out the LCM

~ 4 A baker makes large and small bread rolls. He can fit 24 small rolls and 18 large rolls on his baking
trays. He wants to make the same number of each size. What is the minimum number of trays he can
make of each size?

- type of product the bakery should make to have
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Standard form is a useful way of writing very large or very small numbers.
5674000 = 5.67 4 million a number between 1 and 10 a power of 10
5674000 = 5.674 X 10°
The power may be positive or negative.
B_OOO =7.3 X 10% 0.00876 = 8.76 X 1072
numbers = 1 have a positive power numbers < 1 have a negative power
For a reminder about powers of 10 and millions as a decimal turn to page 6.
Worked example @
- Write each product as an ordinary number, T Multlplymg' bty‘a n:gatwe p:wer' lzthe
(@) 4.5 % 10° — 4500 same as dividing by a positive power.
1 : ] B35 X TOF=3 5= 108 I
(b) 6.78 X 10* =676 =3.5 = 100 = 0.035 |
- (c) 89x 1073 = 0.0089 i
(@ 525X 107 =00525 g 89X 1073 =89 = 103 "
= 8.9 + 1000 = 0.0089
Numbers in standard form PR ———
Count decimal places to convert RS~ e
ordinary numbers to standard form. 73000 = 7.3 %10
Imagine that the decimal point jumps 3 jumps right, so power is —3
along the number. e =
The power tells you how many places 000876 = 876 X 107
toithe right (positive) orto the left 73000 = 1 s0 the power is positive. ’
(negative) the decimal point jumps. 0.00876 < 1 so the power is negative.

W xample @ The first part of each standard form number |
Worked e P fy must be a number greater than or equal to |

(a) Write these numbers in standard form. 1 and '1555 than 10. Work out the power of
() 4800 = 48 X 1000 = 48 X 103 | 10 which you would need to multiply this
() 0,456 = 456 + 10 = 4.5€ X 10~ 1 number by to get the original number
(iii) 0.0072 = 7.2 + 1000 = 7.2 X 1072 »

- (b) Write these as ordinary numbers. i
| () 63X10* = 63000 , m @
(i) 8.07 X 10> = 807

(iii) 3.246 X 1072 = 0.03246 ~ 1 Write each of these as an ordinary number:
(iv)”8.797><7 710"” = 077597 | (a) 7.5 X 10° (b) 6.4 X 102

2 Write these numbers in standard form:
(a) 5600 (b) 0.099
Look at the Po‘_/ver to ?ee_ how many ! 3 Which number is larger, 3.4 X 10° or
places the decimal point jumps. 9.9 % 109

17
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Calculator buttons

A scientific calculator can work out very complicated calculations, including fractions.
Knowing how to use some of these calculator buttons will help you to save time.

fraction buttons

index buttons

?

Match each button to its function.

Add W

Delete last digit or operation

Square the number entered

Clear the display

Take square root of number entered
Equals or enter for the answer

Take cube root of number entered
ﬂ Change fraction to decimal

Fraction buttons
Use these three buttons to enter
fractions and mixed numbers into
a calculator.
Up
Use this button to move

Right oyt of current function.

Down

E»« Fraction key

Enter numerator, down arrow,
enter denominator, right arrow

To enter%: @ 2 3
% Mixed number key

Enter whole number, right arrow,
enter numerator, down arrow, enter
denominator, right arrow

To enter 2%:

08:-0-0 0O

1 Change
(a) % into a decimal

(b) 2% into an improper fraction

42 . .
(c) g intoa mixed number.

convert between fractions and decimals

For a reminder about

pages 12-14.

@83

For a reminder about the
buttons turn to page 12.

5 and are the operations
gt;tgs g add,ngtrGCt, multiply and
divide. ‘

is a useful key if you want an answer in
decimal form:; it is often on the right-hand
side above the keys.
B is used for completing the calculation.

rk;d éxample

Use your calculator to:

(a) change % into a decimal 0.8
- (b) change 32 into an improper fraction 277
-~ (c) change % into a mixed number 35
- (d) work outgl + % %

index buttons turn to

D

B L
(a) Use the [ button to enter g, then (- |

button to enter 3% , then

button to enter % then
2nd function

@. ond then :
(d) Use the & button to enter 7z, then

@ Etoenter%, (-]

2 Harry forgets to use the right arrow button after -

entering % when working out 5 — 3.

(a) Try what Harry did on your calculator.
‘Write down the calculation shown on the
display.

(b) Now calculate % = % correctly.
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Fraction basics

To compare and calculate with fractions successfully, you must be able to recognise, use and
simplify equivalent fractions. You also need to be able to find fractions of amounts.

Parts of a fraction Equivalent fractions

You can use fractions to divide an Different fractions can describe the same
object into parts amount. %3

— ] £-:
i el BT
number is ~———3 . " 9 i
called the % ot thisrectangle: feshaded: You can find equivalent fractions by
numerator. \The bebEam iumberdscslies multiplying or dividing the numerator and
the denominator. denominator by the same number.
e Simplifying fractions Fractions of ameounts
To cancel or reduce a fraction you You can find fractions of amounts.
divide the top and bottom by the ﬁﬁ
same number.
20 <~ £240 — &
Ao/\'z Divide l:y the:SF of theto T work ik % of £240:
B0 - 3 numerator an lienominator = — = =
54 to get the fraction in its £240 + 4 = £60—divide by the denominator
simplest form. 60 X 3 = £180——multiply by the numerator
Look back at page 11 for a reminder 2 of £240 = £180
about HCF
(@) Divide both parts by 7 (the HCF of Worked example @
35 and 42). .
(b) and () To compare or order - (a) Write 33 42 in its simplest form. c (1

(b) Write < or > between the fractions in each pair,
1 to compare them. v
&

(i) 4 and

fractions, convert them to
equivalent fractions with the same
denominator (the LCM of the F

an|s

3
: ; (i) jand 3 = Vo<
denominators of the fractions you o
are comparing). © (c) Order these fractions, smallest to largest. 3
1 5 3
In (e) remember to write the W 2 8 5 4 4
original fracti i 1—20 5 25 2 _ e 3 _ 50
ginal fractions in order. | S s S e
2153
5:2°8° 4

Worked example @ N
- Work out%of £150 m @
150 5 =30

| 30X 3=90 By i 1 Simplify
- 20f£1501is £90 150 + 5 I (a)30 Ok ).
2 Use equivalence to order thcse fracllcms i

smallest to largest: 3 = 1n 30

Work out § of £250 and £ of £250, is share
Subtract these amounts from £250 [ Ea it s 4

1 R 2
5 to the winner, § to second place
to find how much third place receives, and the rest to tlsu'rd place. ?

How much does each one get?

19
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Changing fractions

Before you can calculate with fractions, you need to know how to change between mixed

numbers and improper fractions.

A mixed number has a whole number part

and a fraction part.
1 4

3 .
whole-number part —17 ——fraction part

3
4
\

In an improper fraction the numerator is
larger than the denominator.
&

7 + 2 =

Z _——numerator > denominator

4

~ N

To change a mixed number into an

improper fraction:

* multiply the whole-number part by
the denominator of the fraction

¢ add the numerator of the fraction
part.
B

2u=

4 b
The denominator is the same as the

2X4+3 _ 11

To change an improper fraction into a
mixed number:

divide the numerator by the
denominator

write the quotient as the whole
number

* write the remainder as the numerator
* keep the denominator the same.

fraction

31 _
5 =31

whole number  remainder

+6=5r1=51

-

.7rl<7;d example

fraction denominator.

(a) Change 4% into an improper fraction.
13-4 X E45_ 29
g€ [ 6

(b) Change % into a mixed number:
4 33

2 =-33+9=3r6=35=3%2

“Problem solved!

(a) Change 8% into an improper fraction or 5

into a mi)ied number.
(b) Change 55 to an improper fraction and
then change to an equivalent fraction with
to succeed in GCSE - get practising now!

You'll need brilliant problem-solving skills

Multiply the whole number by the

denominator and then add the |

numerator.

(b) Divide the numerator by the .
denominator. Simplify the fraction.

For a reminder about simplifying look at page 19.

Worked example @
~ (a) Which is larger, 8% or %‘? 3

_ 25 26 _ 2
3 =3 and F = 83

26 .
3 is larger
How many %s are there in 57
el MO A an_ 22 i
2 2 2 4

There are 22 lﬁ in 5%

a denominator of 4.

1 Change 5% into an improper fraction,
~ 2 Change % into a simplified mixed number.
3 Which is smaller, 4% or %’!

fraction in sixths. 7 = g

Change 5% into an improper ,—@

4 Hollie has to cut 5% cakes into sixths.

How many pieces will she have?
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Add and subtract fractions

If you need to add or subtract fractions with different denominators, write them as
equivalent fractions with the same denominator.

ey

Here are two examples:
Subtract the numerators

7,

/Add the numerators
A0
2

i3 5 & 9 0 2 A, 5 A8
03*2*@ =t ty @% s =36~ 10
=2 11 =35 =1
—Ag T 0 T 2

Find equivalent fractions with the same
denominator. You can use 12 as the
denominator (the LCM of 3, 4 and 6).

10 is @ multiple of 5, so you can use 10
as the denominator.

Turn to page 19 for a reminder about equivalent fractions.

(a) Convert the final answer to a mixed |

Work out number . !
2.4 e S i ) (b) The LCM of 9 and 6 is 18.

@) 5+53 =t =5 155 ’ i ible.
3 s _ 16 15 7 (c) Simplify the final answer if possible.

ST o A

Qg a =t~ =aa 2

Problem solved!
If you can’t see what calculation to do, try simpler
numbers. If Lucie had worked for 15 minutes, and

Aimee had worked for 10 minutes, how much longer
would Lucie have worked? The answer is 15 — 10.

So you need to work out% -3

You'll need brilliant problem-solving skills
to succeed in GCSE - get practising now!

Work out 3% = l%

_ R
3_L“Zf‘gdﬁ 20~ T 20
2—s5= 15 i

Work out the whole-number subtraction
and work out the fraction subtraction,

changing denominators to 20. Combine
the two parts.

Worked example @

Lucie and Aimee have the same homework
task. Lucie has completed % of the task and
Aimee has completed 3. 3 How much more has 4
Luc1e completed than A1mec‘7

ms@

1 Work out 3 7t Cnve your answer as a
simplified rmxed number.

Workou146 -+ 35

Ben has one blue cable and one red cable.
The blue cable is 3 % m long and the red
cable is 2% m long.

How much longer is the blue cable? £

w N

Work out 3g — 23, following the I
steps above Be careful, g g s0 the
subtraction of the fractlon parts will give
a negative answer:

21
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Multiply and divide fractions

Learn the rules for multiplying and dividing fractions — the method is different from adding
and subtracting. Remember to give answers in their simplest form.

Look back at page 19 for a reminder on simplifying fractions.

Multiplying fractions
Follow these steps to multiply fractions:

Multiply the numerators together
and then multiply the denominators

together.
Bk BXh _NZ
59 5X9 45

Write any whole numbers as
fractions with a denominator of 1.
3.5,8 5x3 15,7
SXg=1Xs=1xe-8 '&
You can sometimes cancel the

|
fractions before multiplying. |
i

L8 2.8 1.5 =

3 710 8. 175

Convert 1% and 3% into improper frac.tions, ,
then multiply the numerators and multiply the
denoninators. Cancel it possible. ) |
For a reminder about working out fractions on a
calevlator, see page 1 8.

Reciprocals

When you find a reciprocal, the numerator
becomes the denominator-and- the
denominator becomes the numerator.

3 4

)

4 3

Write a whole number as a fraction with a
denominator of 1 before turning it upside
down. If a fraction has a numerator of 1,
its reciprocal will be a whole number.

6~ ‘g {48

158

s 1

rked example

buttons on your calculator.
BX6 _ 4B _ 16

_@i+3 =%

€18 f@“ éié ?]2
3 . 5L 20 JO7 e
3 (D) 35+ 2 5 X 21 TX7 7

(@) Use the reciprocal ofg

and change + to x
(b)  Convert mixed numbers . oy

e

‘Work these out. Check your answers with the fraction

to improper fractions fi

When multiplying or dividing with mixed
numbers convert them to improper
fractions before doing any calculations.

Worked example 4@
~ Work these out. Check your answers with the

~ fraction buttons on your calculator.
&X5 _ 40 _ 20

8 5
| @gX5 =

axXe & 27
2 Zx16_ AXis _ 16
| O 3x3% =332 =5 =5
55

Dividing fractions

Follow these steps to divide fractions:
Write any whole numbers as
fractions with a denominator of 1.
Change + to X and turn the
second fraction upside down
(use the reciprocal).
Multiply as normal.

L 2_6,3_%xa_ !
€3 =3 X5 7%z, }
B o Beogle HE ol |
572 5 1 5 % |

[ ow try this I gve B

1 Work out% X % Give your answer in
its simplest form.

~ 2 Work out 4% X 3% 3

3 Lynne hasa 4%111 length of rope to cut
into six equal pieces.
% S What is the length of each piece?

4

rst.
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Fractions, division, decimals

You need to know the link between fractions and division, how to change a fraction into a
decimal and the difference between terminating and non-terminating decimals.

S—

Look at pages &, 9 and 19 for reminders about division and finding fractions of amounts.

terminating decimal recurring decimal (a digit or non-terminating
— this has 3 decimal places group of digits repeats forever)  (carries on forever)
5.125 4.555... = 4.5 3.14159...

W;;i(;d example @ ,

- Use division to work out

To hnd of 2349 work out 2349 + 4.

8ed52 : to add extra zeros after
1 i = You mnght need to a
G 3 et the decimal point.
i 1 9 3. 62 i
(b) 3of 2349 8)22374729 5020%0 = 293.625
1 © %of 3125 9)331 ugcg :Szgg — 3472 L 1f the answer is a recurring decimal, the
! AE remainders will start to repeat. In part
© () gof 2315 G)_Z_Wﬁr = 38583 . () the 2s in the answer will go on forever |
To convert a fraction to a decimal, divide | Worked example 4@
by the denominator: You | < }
e button. Use your calculator and match each fraction

might have to preos the L - with its decimal equivalent. L
When a group of digits recur you put » i 12 3 4

(TS

9 5 I3

dots over the first and last digits: ¢ S s ) ‘ ,
7 = 0571428 | | ]
= 0571428571 428...

B - 183 0.6 0.7 18 0571428

Use dot notation for recurring decimals. E 4%7

1 Use your calculator to change these

B e | frac?nons to dﬁzclmals L

Worked example €3 @5 O

7 E 2 Use division to show ]
Use division to change each fraction into a (@)t=08 (b) % =0.375

decimal. i ] .
E 3 Jeanette says that four of these fractions

lal & C; 5 S g — 0125 can be written as recurring decimals. Is
¢ Jeanette correct?

1 0.66 6 . 1 B Il i
(b2 3)22020%0 =06 SR 1
1 O 55 5 ] | 4 9 3 6 8 12

L ©3% 9)530%0%0 =05 J

23
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Equivalence

You need to be able to change (convert) between fractions, decimals and percentages.

Learn these useful equivalents.

Learn these methods for converting
between fractions, decimals and
percentages:

x 100

o DECIMAL PERCENTAGE (%)
- +~100

0.75 X 100 = 75% 7% + 100 = 0.07

Write a decimal as a fraction with a
denominator of 10 or 100, and then
simplify the fraction.

0.9==%

_12 _ 3
0.12=35=25

e Write a percentage as a fraction
with a denominator of 100, and then
simplify the fraction.
80% =2 =% 35%=3%=

Fraction i N - O S 2 a a 3 A
10 10 100 53 5 4 2 4 3
Decimal 0.1 0.3 |0.01 |0.2 |0.4 [0.25 | 0.5 |0.75 0.333 ... = 0.3
Percentage [10% |30% | 1% |20% |40% |25% |50% |75% |33.333... =33.3%
Ceonversions

Worked example @
Bob scores 17 out of 20 in a test. What is his

- score as a percentage?
17 +120 = @85 = 85%

Convert fractions and percentages to
decimals. -
56% = 0.56 25 = 156 = 0:55

<]

CED &

1 As a percentage, which score is higher, 21 out of
25 or 17 out of 20?

2 Write these in order of size.
Start with the smallest value.

026 6outof20 § : 24%

7
20

o>

=

CI=D x D

- Complete the table showing equivalent
fractions, decimals and p

Fraction Decimal Percentage
= 07 70%
- 0.88 88% 7
0.05 5%
0.5 80%
0.11 1%
0.65 65%

K Make sure you simplify fractions:
88 _ 22
88% =706 = 25 F

B

You could also use equivalent fractions: |
= % (multiply both numbers by 5)

D

Write these in order of size. Start with the
smallest value.
0.5

0.49

W;;l;;d example
11

56% 3 049
05 i 56%

Convert so that dll values are
decimals or percentages, order
these, and write them out Aagain using
the original form in the question.

6 out of 20 = &

e ¥
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Percentages

Per cent means ‘out of 100’. Percentages play an important role in real life, so it is vital
that you can find percentages of amounts.

——

100% 1 whole = 100%
76 = 10% 10 X 10% = 100%
80% 20% + 80% = 100%
20% = 2 X 10% 80% = 8 X 10%
Percentages of amounts Non-calculator methods
To find a percentage of an amount: Use these rules to find percentages
+ divide the amount by 100 to find 1% without using a calculator.
* multiply this 1% by the percentage. To find| Work out | |To find| Work out
65% of £1250 = 1250 = 100 X 65 10% | + 10 50% +2
= £812.
20 1% | =100 | |25% | =4
12.5% of 1640km = 1640 + 100 X 12.5
= 205km 5% [10% + 2| | 75% |50% + 25%
To write one quantity as a percentage 20%: |10% X 2
of another: You can use combinations of simpler
¢ divide the first quantity by the second percentages to find harder percentages.

For example, to find 64% of £360:
64% = 50% + 10% + (4 X 1%)
=180+36 + 4 X3.6
= £230.40

* multiply the result by 100.

26 out of 40: 26 + 40 X 100 = 65%
4 out of 32: 4 + 32 X 100 = 12.5% |

Worked example @ B worked example @,

-~ (a) Work out 38% of £1580. — (a) If 20% of a number is 16, what is the number?

_ 1580 + 100 X 38 = 600.4 . 20%is 1650 10%is 16 +2 =86
£600.40 100% = 10 X & = 80

(b) Express 24 out of 60 as a percentage. - The number is 80
24 + 60 X 100 = 40 ~ (b) Of 120 members of a gym club, 72 are
under 12 years old. What percentage of the

!

40% !

L . —— : | club members is 12 years old or older?
©) Work out Loyl £240. 72 + 120 X 100 = 60% (under 12 years)
10% = 24; 5% = 12 1 100% — 60% = 40% I

15% = 10% + 5% = 24 + 12 = £36 _ 40% are aged 12 or older

In a competition, the prize money of £640 is .
shared between the first four winners. The first Work out the value of the first three.

~ winner gets 50%, the second winner gets 30%, « prizes and subtract from £640 to find

and the third winner gets 15%. How much does the value of the fourth.

cach of the four winners get? = =

25
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Number problem-solving

To answer problem-solving and multi-step questions you will need to apply your mathematical
skills and your knowledge. Read the question carefully and write down all the calculations
you need. You may pick up method marks, even if you do not finish the question.

For reminders on addition, subtraction and multiplication turn to pages 4, 5 and 7. For fractions and

percentages turn to pages 19 and 25.

Wc;;l:ed example

@ l;;;:l,e;n solved!

~ Ami buys 4 coffees, 2 teas, Joe’s cafe Write words with your working to show 1

3 squashes, 4 soups, Coffee 25| what you are calculating at each stage. !
5 sandwiches and 2 bread rolls. Tea £1'7 5 ‘Work out the cost of 4 coffees, 2 teas, and

~ She pays with two £20 notes Sinash §9p £ 50 on. 3
and a £10 note. How much Soop £3.60 Then add up the totals to work out Ami’s

~ change should she get? Bl 8'Op 1 total bill. I
Coffee: 2.25 X 4 = £9 Sandwich £305 Work out how much Ami gave the cashier.

Finally subtract to find her change.

Tea: 2 X £1.75 = £3.50
= Squash: 3 X 99p = £2.97
Soup: 4 X £3.60 = £14.40
Sandwiches: 5 X £3.05 = £15.25
Bread rolls: 2 X 80p = £1.60

£8 8350k E2B7 L EfLL0-E £15/25

+ £1.60 = £46.72
Ami pays £20 + £20 + £10 = £50
£50 — £46.72 = £3.28

Ami should get £3.28 change.

Problem solve

‘Write all your calculations.

(a) Work out all the fractions and percentages of 240.

Add these together. Subtract from 240.

You'll need brilliant problem-solving skills
to succeed in GCSE - get practising now!

) W;rit:d example 4@

~ Of the 240 students a school has in Y9,

% study French, 25% study German,

% study Spanish and the rest study Russian.
~ Each student studies only one language. 3
1 (a) How many students study Russian? {

| 3ot 240 = 90
[ 25% of 240 = 60
L Zotas0=72
90 + 60 + 72 = 222

(b) Write the answer to part (a) as a fraction out of 240 — 222 =16

240 and then simplify the fraction.

You'll need brilliant problem-solving skills
to succeed in GCSE - get practising now!

CEID

1 Here is part of Jackie’s electricity bill. How
much does she have to pay, to the nearest

- penny?

| Old reading 32789 units
New reading 33018 units

1 Cost per unit 9.35 pence

- (b) What fraction of students study
Russian? Give your answer in its
simplest form.

186 _ 3

240 ~ 40

=

2 Three friends share a bill of £43. Sonia says
that they each need to pay £14.30. Show that
she is incorrect. £

Subtract the old reading from the new reading

to find how many units she has vsed. Multiply

this by the cost per unit. Change your answer

to pounds and pence. Round the pence to the
nearest whole penny. |
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Collecting like terms

In algebra you use letters to represent unknown numbers.

An expression contains letters and numbers, but no equals sign.
this is an expression
——
Bx-——2y—+-7-

each of these is a term

You can simplify expressions by collecting

like terms.

ctctectec=b4e

this means 4 lots of cor 4 X ¢

Bt By—xF Oy =3%—x-+ 2yt 5y
=2x+ 7y

3x and —x are like terms.

+2y and +5y are like terms.

TF + 3 = 2F = 8§ = 78 =2r+.8 =&
=9F—5

* Each term in-an expression includes
the sign (+ or —) in front of it.

If there is no sign, assume it is +.

The term y means 1 X y. You do not
need to write the 1.

Like terms have exactly the same |
letter or letter combination.

7r and 2r are like terms. The numbers are also terms, to be added or subtracted as normal.

rk:d example

Wo

~ Simplify each expression.
_@atatatatata =6a

() 4+ 5/ -2 =9f—2f=7f
C©T79-3p-—q—4

=7q=q=8p=bp=6g="Tp

(d) 3gh + 5h — 5gh — 8h

| :th—SgH-FEH—&H:—Zgh—Bh«

(€) 3+ 5h—5—8h
1 =3 ~—5+5h—8h= =2 —3h

Problem solved!

* Label all the sides.

* The perimeter is the total distance around the
shape, so write the perimeter as an addition.

« Simplify the expression.

You'll need brilliant problem-solving skills
to succeed in GCSE - get practising now!

1 Simplify each expression fully.
(@) ) ete+e+te (i) 6z — 4z
(b) () 3j + 5k +4j — 2k (i) =5 — 2a + 10 — da

For
terms:
7o opy Y e A

part (¢), rearrange to group the like

q——SP"Api

Like terms have exactly the same
combination of letters, |n part (d) 3gh and
5h are not like terms.

W;l;;d example

&y

Use algebra to work out the perimeter of each
of these shapes.

@ = o) —
x x 2p 2p
23 59
ot Xt X 2p + 5g+ 2p +5q F
= Lx = 4p+ 10g
2 What is the perimeter
of a rectangle with 3x F
width 3x and
length 4y? 4y

21






ALGEBRA

e

Had a lock [:‘ Nearly there D Nailed it! [:\

Simplifying expressions

You can simplify products by multiplying or dividing the individual components. You need to

learn the rules so that you can simplify fully.

For a reminder about multiplying and dividing with negative numbers turn to page 10.

0 Multiplying expressions
Multiply the numbers together.
Multiply the letters: a X b = ab

aXa=a? a squared

b X b X b= b*——b cubed
Write the letters alphabetically.
b X a=ab

5a X 3b = 154,

5X3=15 aXb=ab

The rules for multiplying with
negative numbers still apply.
Ly X —2y = —8y2

Y Y = y\
bX—2=—8 yXy=y?

orked example

Simplify each expression.

(@) Xt =

~ (b) —2f X 6e =—12¢f
(¢) —3a X —5a =155

T d)2axX —3bX4a = —24ab
(a) (20 + 4)y
() Cancel % and the letter k

(c) Use the rules for dividing positive by
negative and for dividing powers,
30+*6=~5andqz+q=q
For more on indices turn to page 30.

G

1 Simplify each expression fully.

(a) —5ax —4b  (b) 6e X —5f
2 Simplify each expression fully.
(a) 18h =3 (b) 40x° + 8x

28

Use the rules for multiplying powers.

W;;it:d example

@ Dividing expressions

Write the division as a fraction.

* Cancel any number parts if possible.

* Use the rules for dividing powers to
simplify any letter parts.
* The rules for dividing with negative
numbers still apply.
4432
18d
24 -6 = -4
= _4d2

x3+d:dé

—24d® +~ 6d = —

Write the letters alphabetically.

Use the rules for multiplying:

- X —=+

Multiply the numbers and multiply the
letters: 2 X —3 X L and a X a X b

For more on indices, turn to page 30.

e

Simplify each expression.

 (a) 20y + 4 =5y
(b) 15kn + 5k =3n
(c) 30¢> + —6q = =54

D

3 Write an expression for the area of this
rectangle. The measurements are in cm.

Sx W areg =

Width X length
4y

Write t X t as t2 (t squared). 1
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Writing expressions

You can write algebraic expressions
to represent real-life quantities. These :
algebraic expressions represent the areas v/ Read the question carefully.
shaded green: .
v/ Choose a svitable letter for each
,‘ a ‘ 5 [ n 1 n b ‘ unknown quantity.
T P 3 v’ Use the information you are given to
b = 3 build an expression to describe the
= situation, as in the example below.
S 1 5b
orked examp. @ .
-~ Match each expression with its meaning. 3 4b
n+5 — half of a number
% - _ three times a number The perimeter of this rectangle is
3n five more than a number § given by the expression
n—>5 ____double a number L 4b + 5b + 4b + 5b = 18b
o
2n a number cubed The area of the rectangle is given
B five less than a number byTEe expression
L et i - e £ 4b X 5b =4 X5 X bXb=20p |
The letter n is used to represent a number: To revise the perimeter and area of rectangles, |
Think how you would express each calevlation. - turn to pages 75 and 76. "
« Five more than n can be written as 1
flis= 55 r
e Dowble nis 2 X n=2n.

'Halfofnlsrr%Z:% 13

For a reminder about cube numbers turn to

page 12. ‘Write an expression to describe each situation.
— - (a) Max is y years old. Oli is 3 years older than
R AT Max. Write an expression for Oli’s age.
so if Max's age is y then Oli's must s
bey+ 3 (b) A bag of apples contains x apples. Ruben ¢
: buys 5 bags and 3 loose apples. Write an
k) 5 fagi o i aPpIes_qlvss I | expression for the number of apples he buys.
x+x+ x+ x+ x= 5xapples, Bx i3

plus an extra 3 apples: 5x + 3 I 4

i = he
After the first spoonful, (200 5)ml are left, after t
second, 200 — 2 X 5, and after the third, 200 — 3 X 5.

m What will be left after (5 X 5)ml has been taken out? !

1 What is the area of a rectangle with length 5x 3 A bottle contains 200ml of medicine. A spoon
and width 3y? holds Sml of medicine. Write an expression for
2 Write an expression the amount in ml that is left in the bottle after
o describe the s spoonfuls have been poured out.
length of the grey bar.

29
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Indices

The rules for multiplying and dividing indices also apply in algebra.

For a reminder about indices turn to page 14.

b—index
base number — A

aXaXaXaXa=a®

The rules of indices

When multiplying powers of the

same base, add the indices.

a" X a' = am+ n

YA X yB = yht3= g7

When dividing powers of the same
= base, subtract the indices.
a”w agi=a" "
pS+pi=pS-3=p2
When raising a power to another
power, mulitply the indices.
(@m)r=am™
(£%3 = t4=3 = p12

(3]

Raising a base to a negative
power is the same as the
reciprocal of the base raised to a
positive power.

at=21

e3=Fr—lfc=b:43 =L =4
Watch out! You can only use the index
laws when the bases are the same.

@_

W;;l;;d example

Simplify fully.

" (a) 3p2 % 2p° =cp’
~ (b) 304° + 6¢° =593
() —52x -2y = 10y?
(d) —32° + da? = —8a°"3 = —8a°

(a), (b) Multiply the numbers and then
multiply the powers.
Remember to use the rules for
multiplying negative numbers.
Write as a fraction, cancel the number
parts by dividing by 4, and apply the
rules for powers,
=237 — 853

<

(c

(d)

L {
Look at page 10 to revise mulitplying and dividing

with negative numbers.

>

W;;l;;d example

- Simplify

(a) k> X k7 k37 = jgle

S (b) go @ gé-2 = g4

(0 (Y h2XE — b0

() B X b+ b B8+ 1-3 = pe

| 2 7 B
(e)j}Tyy} :;:y““:ys

For part (d) work out the multiplication ﬁr;st :
and then the division. Remember that b = b
For part (e) work out the top of the fraction
and the bottom of the fraction separately,
and then divide.

W;):k:d example

(a) Write ¢ as a fraction.

a
~ (b) Write # as a positive power.  b*
~ (c) Work out the value of 52 é = %
1 Simplify fully
@n"xXm (bym*+m (c) (kS
2 Work out the value of 82
3 Simplify fully
(a)4a® X =3a®
(b) 28m* + Tm?
(c) 5w3 X 4]:1".3 y3 + yB= R
Y= 3
4Workoutw and%: 4

5 Use question 4 to M
show that y¥ = 1






Had a look D Nearly there D Nailed it! D ELGEBRE |

e

Expanding brackets

You can use the distributive law to multiply out or expand brackets.
With numbers: 3 X (4 + 5)=3 X 4 +3 X 5
With algebra: 3(a + b) = 3a + 3b

Worked example @ 3
* Each term inside the brackets is - Expand the brackets. L
multiplied by the term outside the (@) 6(2n — 3)
brackets. 6X21+6X—3=12n— 18
* You must take into account the sign (b) 3(4p + T)
before (to the left of) each term. BX4p+3 X7 =12p+ 21
By X 2y =6y (©) t(4q — 31) ¢
= EX hg + £ X 3t
SyfBy—w) =Gyt o (&) —5a(3b — 20) i
~
ByX—lex —54g X 3b— 5g X —2a= —15ab + 104
* Take extra care when the term |
outside the brackets is negative. ‘ (o) Multiply 2n and —3 by (5
For a reminder about multiplying with negative o i hould be in -
numbers turn to page 10 and to revise | (c) Letters rﬂUlt'P"Ed togethil” ° tlrjvot :
multiplying expressions turn to page 28. alphabetical order so write 4 Dpz |
(d) —x—= + 50 —5a X —2a= 10a
EX}TN? eacl: set of brackets Separately. - — ,4
ollect any like terms, = ie
Fe i . t Worked examp 3
tz;:;m;;fer about collecting like terms turn
, Expand and simplify. F

(a) 4(3b — 2a) + 5(4a + 3b)
12b— &a + 20a + 15k
e @ _ =12b+ 15b+ 20a — 8a=27b+ 12a L

Worked example (b) 2x(4x — 6y) — Sy(3x — 4y)

1 8x% — 12xy — 15xy + 2052

Be very careful with negative signs.

Show that 3a(4b — 2a) = —6a(a — 2b) = 8x2 — 27xy + 20y?
T LHS: 3aldb — 2a) = 12ab — 64a? & ) y
l RHS: —6ala — 2b) = —6a? + 12ab
= 12ab — 6F

oD 9

e L ed! Expand these expressions
Problem solv (@) 4(h — 5g) (b) (54 + 6)

ol

Expand the left-hand expression and then 2 Expand 5x(3x — 4y + 8) 17
expand the right-hand expression to show that 3 Expand and simplify
they both give the same terms. 5a(3b + 2a) + a(da — b)

You'll need brilliant problem-solving skills I 4 Prove that 10e(e — 2f) = —Se(4f — 2¢)

to succeed in GCSE - get practising now! E - . — - —

31
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Expanding double brackets

To expand double brackets (multiply them out), you can use the grid method or the FOIL
method. In both cases, each term in one set of brackets is multiplied by each term in the

other set.

a The grid method

Partition the terms in each bracket,
including their signs, and write the
terms as headings in a grid.

Multiply the terms, writing each
product in the correct cell.

Collect any like terms.
To expand (x + 3)(x — 5):

Partition the terms

=5 —5% =18

(x—+-3)x—5)=x2+3x—5x—15

== =g
Collect like terms —
Expand and simplify
(a) (x+5)(x+4)
=x2 + 4x + 5x + 20 = x2 + Ox + 20
(b) (x +2)(x — 8)

=x2—8x+2x— 16=x2—6x— 16

© (x=35)x—-6)

=x% — G6x — 5% + 830 = x2 — 1ix+ 30
d) (x +4)(x—4)

=x2 —lxtdx— 16=x— G

© (x—97

= x— 9)x—9) = x% —9x— S+ 81

=x% — 18x + 81

' P;-:l;ﬂ;m solved!

Think about the number terms and their signs.
The number term when (x + 3)(x — 4) is
expanded is

IX—-4=-12

You can use the x-term for matching if the
number terms are the same. The x-term in
(=8 —A)lis—4x —3x=—Tx

You'll need brilliant problem-solving skills
to succeed in GCSE - get practising now!

The FOIL method

FOIL tells you the order in which to
multiply the terms when you expand
double brackets.

y2 —12
e B
= + 3y— &y — 1
s g Yo
(v — )y ‘3)=y‘-y- 12
—hy
3y collect like terms

First terms
Outer terms
Inner terms

Last terms

You can use either the grid methgd or the
FOIL method. In each case you wv‘II ggt
two x-terms, which you need to simplify.
In part (e) write (x — 9 g5 (x — ANx = 9)
then multiply out.

2

Worked example 4@*

Without expanding, match each pair of
brackets with its expansion.

(x+3)(x—4)

(x+3)(x+4)
(x=3)x—4)
(x+ 3)x—3)=
(x —4)2 -

A1)
x2 —8x+16
axt—x =12
R e 1)
=9

1 Expand and simplify

@ (x=6)(x+2) (b) (x=3)x—8)
© G=35)x+35) (d) (x+47

2 Work out the expansion to (x — 2)(x + 2)
without using a written method.
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Factorising

Factorising is the inverse or opposite of
expanding brackets.
expanding
sl
4y(3x — 5) = 12xy — 20y
e e
factorising

Letter factors
* Look for letters that are common to
all the terms.
] o4
— 3y{y is commoj 3';2/-;9 is common
* Write the common letter outside the
brackets, dividing it into the terms

Number factors

* Look for the HCF of the number parts
of all the terms.

12a— 18b, _HCF of 12 and 18 is 6

* Write the HCF outside the brackets.
Keep the sign the same inside the
brackets.

6( = D

* Divide each term by the number
outside the brackets to decide what
to write inside.

6(2a — 3p)

12a + 6 = 2a 18 + 6 =3b

inside. /FS =ps+p?

M5x — 32) pAp® = 3)

* Check by expanding the brackets
again. You should get back to the
original expression.

WBx — 32 = 5xy — 3yz/ |

PR —B)=p5—3p2/ !

W;rk;d example
|

Worked example
Factorise completely

(a) 24xy — 16x
(b) 12y° — 30p?

= 8x3y — 2)

= 6y3(2y2 — 5)

‘ Factorise

| (a) 3x + 12 = 3(x + 4) =
‘ (b) 3ab — 4b = b(Ba — 4)

- (c) 4x3 —5x2 = x2(4x — 5) i

(a) 3is a factor of both 3 and 12.
~ (b) bis afactor of 3ab and of —4b. ;
(©) The highest power of x in both terms i W, |
Find the HCF of the number parts and of the 1
letter parts.

Factors combining numbers
and letters
* Look at all of the terms and check for
common factors that include numbers
and letters.
4 is the HCF of 8 and 12
&? —\1 2xy 4xis the HCF of &x% and 12xy
e et

xis the HCF of x2 and xy
* Write the HCF outside the brackets and

287! 232xly

2 = = =

Bx2 =+ lx = T2y ==
=2x =3y

divide each term inside the brackets by it.

8xis the HCF of 24xy and 16x. |
6y? is the HCF of 12y and 30y3.

Write the HCF outside the brackets. Divide the
terms inside the brackets by the HCE

Check it!

(@) BxX 3y —8xX2=24xy— 16V

(b) 6y3 X 2y2—6y3 X5=12y>—30y3v |

€D

1 Factorise
— (a) 18y —27¢ (b) Tpg — Spt
! 2 Factorise completely 21d* — 35d°

D

|

‘Factorise completely’ means taking the HCF w
outside the brackets. Look for a common

number and letter factor
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Substitution

You work out the value of an expression by substituting or replacing the letters with their
numerical value, remembering the priority of operations.
For a reminder about the priority of operations turn to page 13.
When x = 5 and y = 3¢
4x2 — 2y =4X25-2X3

vvhenx/: 5, =100 - 6 Indices first (52 = 25), then multiplication (4 X 25 and 2 X 3).
Z=5X5=25 =9 Finally; do-subtraction:

4
—— o Substitute g = 8 and b = 4 |
eram le @ U an 4 into each i
Worked expression. Use BIDMAS to make sure you

~ Work out the value of each expression when calculate the answer using the correct

a=8andbh=4 priority of operations,
@a-b B-4=4 : — j
() al0=28) E10 = 2 X.4) : In part (c), work out the brackets first, |

=8(10-8)=8X2=16
(@atby (B+4)° 122 _ 144 _
Ot a2 s

promim oivd 9

then the indices (squared) and then divide.

Freddie says that the value of 3x2 when x = 5

The easiest way to work out whether Freddie | is 225. Is Freddie correct? Give a reason for
is correct is to work out the value of 3x? when »* 3:;0“; im;’e; e

x = 5. If you show your working you will have X i 5% = .

explained your answer. T - Freddie is not correct.

(Freddie has worked out (3x)2, which is

You'll need brilliant problem-solving skills I . different from 3x2.)
to succeed in GCSE - get practising now! 1 ate o.a
- —_—— T Always write out the caleuvlation with r
= any values substituted before doi
e oing any
Worked exampl @ calculations. Then use the correct priority
of operations. i i
~ Using the values of the letters in the table, ] numgers' iR Beledrettiivith N I
work out the value of each expression. L ’
1 =1 (FeE=i=2ix —phc—p — g

‘Letter| P ‘ q ‘ X | ¥y z |
"Value|10‘72‘15|75‘0|w —_— }
@ 3p+qgty) E

5(10 + (=2) +(=5)) =5 X 3= 15 @
©(b) X+ 4y b L

HGHENS 4 X (=5
1 V: V25 + 4 X (_(5) : ~ 1 Work out the value of 8x — 5y
when x =10and y = 5

=5 =20 =15 &
©) (v +p2»— ¢ 2 Work out the value of —5b3
1 (=2 % (—5)+ 10X 0)2 — (—2)3 - whenb=-2
1 - 10— —8 - 3 Work out Vab — ¢
=100 +8 =108 whena=5b=R8andc =4
- (D) glp — ) F 1 g

=210 — —5)F = —2(15)
= —2 X 225 = —450

34






Worked example

\
ALGEBRA |

Had a look [___\ Nearly there D Nailed it! D

.y

Linear sequences

A linear sequence is a pattern of numbers where the difference between consecutive terms is
constant. Linear sequences are also called arithmetic sequences.

Each number in a sequence is a term. The rule that gets from one term to the next is called
the term-to-term rule. Here are some examples:

Sequence: 5,10, 15, 20,..
LN £ N . 2

Term-to-term rule: +5

1.5.9, 13, ... is a linear sequence.

(a) Write the term-to-term rule for this sequence.
S5—-1=4and9 —5=4

- The term-to-term rule is + 4

(b) Write the next three terms of the sequence.
17,21, 25

~ (c) Write the 10th term of the sequence.

29 38| 27,

- The 10th term is 37

(d) Will 100 be in this sequence? Give a reason for
your answer.

No, because all the terms are odd and 100

is even.

Work out what You need to add or

subtract to get from each term to the
next. If you add or subtract a const t
amount then the Sequence is linearn -

Just because a sequence is not linear, it
doesrt mean that it does not follow a
pattern. Part (b) shows the sequence of
square numbers. In part (c) thfa
term-to-term rule is X 2. This is not a
linear sequence but you could use the
rule to continue the sequence.

Turn to page 37 for more about non-linear
sequences.

P

Here is a number sequence: 68, 59, 50, 41, ...
(a)
(b)
(©)
(d)
(e)

Write the first term of the sequence.
Write the term-to-term rule.

Find the next three terms after 41.

Is this sequence an arithmetic sequence?

What is the first negative number in this
sequence?

11420 5 8 ins
k! el et o

~ Which of these sequences are linear sequences?

L (© 2,4,8,16, ...

Wgct @ number less than O,

4, 2, Oy =2y o
il el S

+10 —2

(a) You know the Sequence is linean so
the rule will be + [Jor — ]

(b) Add 4 to find the next term inthe ©
sequence.

] (¢) Continue adding 4 until you get the

10th number in the sequence (the
10th term).

(d) Look for patterns in the sequence.
All the terms you have written down ©
are odd numbers, so 100 cannot be
a term in the sequence., |

W;rked example

Give reasons for your answers. £
(a) 2,3,4,5, ...

- 3-2=1,4-3=1.5—-4=1

Linear The term-to-term rule is + 1

 (b) 1,4,9.16, ...

4—-1=3,9-4=5,16—-9=7 ;
Not linear. The difference between terms i

not constant.

0]

4—2=28-4=416—-8=8
Not linear. The difference between terms is -

not constant.

= (d) 50, 40, 30, ...

40 —50=—10,30 - 40= - 10
Linear. The term-to-term rule is — 10

Ar’l’y linear sequence With a ‘subtraet’ ryle
}\2/1 eventually produce negative terms,
€€p subtracting the difference until y;)u I
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The nth term

The nth term of a sequence is a rule for finding any term in the sequence. It is also called the
general term. nis the position or term number, so n1is always a positive whole number. To work
out the terms of a sequence substitute n = 1 (1st term), n = 2 (2nd term), ... into the nth term.

ELGEBRA
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nth term sequence

\
20— 1 =54, 3, B, Z; wes
g %

XY =1=1 2X2=1=3

Worked example
(a) Find the fifth term in the sequence with nth
term 3n + 2
3X5+2=15+2=17
(b) Work out the first three terms in the
sequence with nith term 5n — 5
=i SR =5 = 5= 5 =0
n=2:5X2-5=5
o= 30Ex 3 =5= 10
~ (c) Whatis the sixth term in the sequence with
nth term 10 — 21?
10-2X6=10-12= -2
- (d) Is 25 in the sequence with nth term
2n + 22 Explain your answer.
No, 2n + 2 terms are all even.

In parts (a)-(c) substitute the term

number into the nth term.

In part (d) multiples of 2 (2n) are alH even,
and adding 2 to an even number wil
always result in an even number.

D

‘Work out the nth term of each sequence.
(a) 4,7, 10,13, ...
difference is 3, so 3n
- ‘zero'term 4 — 3 = 1,50 ruleis 3n + 1
(B) 3,18, 13,18,23....
difference is 5, so 5n

‘zero’ term: 3 — 5 = -2, so rule is 5n—2
() 5.3, I,—1...

difference is —2, so —2n

‘zero' term: 5 — —2 = 7,so0ruleis —2n + 7

@

e o

nth term sequence

2-3 1, i —7,-10
—3n=3 ~1,—-4, =7, —10, ...
- \

2=8X == 2-3X2=-4

Follow these steps to work out the
nth term of a sequence.
Work out the commen difference
between the terms. This is the
coefficient (multiple) of n.
R
2y o, B T == 8
Use the inverse, working
backwards, to find the ‘zero’

term. Subract the difference.
+3 +3 +3

=3

=T, £ B8, & 17, 1
Combine both parts to get the
nth term.
3n=1

o Check: substitute n = 1 and
n = 2 into the nth term.
n=1:3(1)-1=2/
n=2:3(2)—1=5/

for each sequence:

 work out the difference

« subtract the difference from the first
term to find the zero term

« combine the zero term and the
difference to give the nth term.

1 Write the first five terms of the sequence with

nthtermdn — 3

2 Work out the nth term of each sequence.
@)3.7.11,15,...  (6)4,2,0,-2, ...
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Non-linear sequences

The terms in non-linear sequences increase or decrease by different step sizes.

Geometric sequences increase or decrease using multiplication or division to get from one
term to the next. Quadratic sequences involve the term n?.

2n=p1,22 23
= 2y Uy Byees
Geometric sequence: powers of 2

Worked example

Work out the next three terms in each sequence
and explain the term-to-term rule.

(a) 1,4,9,16, ...

Term-to-term rule: increase the difference
by 2 each time 25, 36, 49

(®) 1,2,4,8, ...
Term-to-term rule: double
(c) 1000, 100, 10, ...
Term-to-term rule: divide by 10
1,0.1, 001

W::i:d example

Write down the first five terms of each sequence.
(a) 2n?

16,32, 64

&

n=1:2X12=2X%X1=2
n=2:2X22=2X4=8
n=3:2X32=2X9=18
n=4:2X 42=2X 16 =32
n=5:2X52=2X25=50

2,8, 18 32, 50

(b) n*—1

n=1:1—-1=0 n=2:4—1=3 ¢
n=3:9-1=8 n=416-1=15
fi= 51 2b = % = 24 ]
03,8, 18, 24

1 Write the first five terms of the sequence 7> + 1

2 Work out the nth term of the sequence
6,9,14,21, ...
by comparing it to the sequence 7.

3 Sort these sequences into arithmetic,
geometric or quadratic sequences.

4,8,16,32,... 100,:91,.82, 73, ...
0,3.8,15,24, ... 2,13,24.35, ...
25,36,49,64,... 1,5,25 125, ...

qm

Worked example

nd=12,.22 32 .
= iy &y D 2es

Quadratic sequence: square numbers

Part (a) is the sequence of square

numbers. You can work out the next term

by adding 3, then 5, then 7, ... Itis the
quadratic sequence n2,

In part (b) each term is double the
previous term. It is also the sequence of
the powers of 2. 2 |
The sequences in parts (b) and (¢) are all
geometric sequences. They incrqaée or
decrease by multiplication or division.

Work out the nth term of these sequences by

comparing them to n>
(a) 3,6, 11; 18, ... Y

1 4 9 16
3 & it g t? £
m”+ 2

(b) 10, 40,90, 160, ...

1 4 = 16 T
10 40 90 160‘)X 1€
10n? {

Write out the first four terms of n2,
Compare each new sequence, term by
term, with the terms of n2 What do you
need todo to 1, 4, 9, 16, ... to get the
terms in each sequence?

What has been added to 1, 4, 9, ...

W to get this new sequence?

Arithmetic sequences increase or decrease |
by adding or subtracting the same

amount. Geometric sequences increase

or decrease by multiplying or dividing by I
the same amount each time. Quadratic
Sequences are related to the sequence n2,
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Writing eguations

An equation is a mathematical sentence that
tells you that the quantities on either side

of the = sign are equal. You use a letter to
represent an unknown quantity or variable.
You can use an equation to describe a word
problem. The equation 3x — 6 = 12 has one
variable (x). It tells you that if you multiply x
by 3 and then subtract 6, the answer is 12.

Bx=6=12

Posters cost £3 each plus a one-off charge for

postage of £2. Max spends £17 buying posters.

‘Write an equation for this word problem.

Cost of posters is 3 X p= 3p

- Add the postage charge of £2 = 3;0 + 2
3p+2=17

Worked example

etter to represent the unkiown (p)
ters.

Choose a |
Write an expression for the cost of the posi

Add the postage charge. Make your
expression equal to the amount Max sp

[ Worked example @

‘Write each statement as an equation. Use 7 for
the unknown number.
(a) Half of a number is eight.

n_

ends.

(b) Double a number, add seven, is eleven.
2n+7 =11

(c) Six times a number, subtract nine, is three.
6n—9 =3

(d) The square of a number is 144
2

« Use redl numbers or empty boxes if you
are not sure.

o Half @ number is written as a fraction
with denominator 2. 4

« Double a number is 2 X the number,
written as 2n.

* The square of a number iS written as n?.

144 -

v’ Read the question carefully and
choose a letter to represent the
unknown.

vy’ Write an expression that describes

the situation.

Three times a number subtract one

= 3m—1

Use the information in the question

to put your expression equal to a

known number.

Three times a number subtract one

equals 29 =+ 3n— 1 = 29

For a reminder on writing expressions turn to

page 29.
— examl’le @

The perimeter of a regular hexagon is 30cm.
Write an equation for this word problem using
s for the length of one side.

5 +is 5+ st B+ =

6s = 30

A regular hexagon has six equal sides.

The perimeter is the distance around the
hexagon, so is the sum of all the sides. Use the

information that the perimeter = 30cm
to write the equation.

Es

on/i:l/em solved!

You'll need brilliant problem-solving skills
to succeed in GCSE - get practising now!

Write an equation for each word problem.

Use the letter in brackets for the unknown
number.

(a) Five times a number (1) subtract seven is
eighteen.

The perimeter of a regular octagon of side
length (s) is 32cm.

My family bought cinema tickets (¢) at £9
each, and there was a separate booking fee
of £1. The total cost was £64.

(b)
(©)

f
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Selving simple equations

Solving an equation means working out the value of the unknown, which is usually a letter.
To do this, you must always do the same operation to both sides of the equation until

you get the letter on its own. Wi dawn e reration

Use inverse operations to solve equations: 3x=12 (+ 3)” you are doing.

3 X x=12, s0use +

N = " N —_— (the inverse of x) to get x.
* the inverse of multiplication is division.  11'is the solution to the equation.

77 ced ¢ )1 ing i i ber to do the
le @ When using inverse operations. remem n
Vorkeopatis same thing to both sides. Replace the unknown with

551 h
AN al]and work out the missing number to make the

true.
(a) a +10=15 (—10) number statements L {
a+10-10=15- 10 &10+D=15;D~15:35320 =

& =5

* the inverse of addition is subtraction x=4

(b) bh—15=35 (+15) 5 =
b— 15+ 15=35+ 15 Worked example @
2=l Solve
D @3=2 (+3) ®i=20 (x2)
Yoy X q=27+3=9 t="20 X 2 = 40

20=12+y (—12) o -

= 20— 12 =86 (©] A‘;:‘)G V™) 3
Y =36 =I5 (c) [12 = 36 so work out |

the square root of 36.

Using inverse operations to solve two-step problems

Sometimes you need to do more than one step to solve an equation. It is important
to write your working neatly.
2x—5 =11 (+ 5)— Write down the operation

Start a new line for you are doing.

each stepi ———2x-5+5 =11+5

= F 2D tion at a time:
Every line should have 2 =16 [ B -vommsopetation arating

an = sign in it. 2x+2 =16+ 2
x =8

The solution to the equation.

Check it!
2X8—-—5=16 —5 = 11 /———— Substitute x = & into the equation to check it works. J

Wo;l;;d ;xample @ y
Solve 3 @ @

(a)6x —2.=28 (+ 2) { 1 Solve £
6x=30 (= 6) (@) S5x=35(b)21 —p=12

{es 0605 T © b= @a-14=26 r
() 3+5=12 (- 5)

Y = - 2 Solve I
57 (x 3) { (@) 5x+2=4 (b)7y-6=15 |
y=3 xi7 =21 (c)§+5:10 (d)272:2
(c)%— =18 (+ 2 : A \ s
g =2 t) @ Always do the same operation on both sides-
q="20% 5 =100

39
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Selving harder equations

An equation may include brackets or have an unknown on both sides of the equals sign.
One side may be a fraction. You need to be able to solve all of these types of equation.

Unknowns on
both sides

Ellminate one of the terms:

+, =, X or = to get only
one unknown on one side of
the = sign.

Tosolve 7x + 3 = 3x— 9

Brackets

Follow these steps to solve

3Ry +7)=3(y—98)

* Expand the brackets.

6y + 21 =3y — 24

* Simplify by collecting like
terms.

Fractions

Follow these steps

to solve =X+ = x — 1

* Multiply both sides by the
denominator to get rid of
the fraction.

* Subtract 3x from both
sides.
Gx+3=-9

3y =—45

% = =15
* Solve in the usual way. Y

* Solve the equation.

2 Sx—4)

12

* Expand the brackets,
simplify and solve:

3x—4=2x—-2

=2(x—1)

=-6
4x=-12 )
x=-3
s th sides.
d example @ (a) Subtract 5x from bol -
ake E ] (b) Or you could divide both sides by &
Solve M and cancel:
(@) Tx—10=5x+6 2 y=B) VUK a3 = 11
. 2x-10=6 T & 9
2x= 16
5 x=8 —
(b) 42y -3) =44 =
1 5; X {2 = 4t Worked example @
3 8y = 56 ~ When I double my number and add 10, the
= answer is the same as when I treble my number
© n—8_ S0 =3 and add 3. What is my number?
4 _ B 2n+10=23n+3 (-2n
3n—8&=2(5Bn+ 3)=10n+ 6 10=n+3 {—2)
3n— 14 =10n n="7
=14 =7n
n=-2 Double n, add 10, is 2n + 10
Treble m, add 3.1 3n + 3
— e ———————
1 Solve 2 Ruben and Finn start with the same number.
(@) 8x —6=3x+9 (b) 5(4x — 6) = 90 Ruben trebles his number and adds 4. Finn
5+3x multiplies his number by 5 then subtracts 6.
(© 3Gy +2)=2@y =6 (d) =5~ =2x—5 They get the same answer. What number did

Decide which steps you need to follow to
get the letter term on its own,

they start with?

Write two expressions, one for Ruben'ﬁ £
number and one for Finn's.
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Inequalities

The symbols <, >, < and = describe inequalities.The open end of the symbol is always

next to the bigger quantity. You can repres

number is not included (use > or <)

/ number is included (use < or =) I’
——

® o&——> <O
o
-6 -5-4-3-2-10 1 2 3 4 5 & X%
-6 <x=-3 x=—1 x5

Worked example @

- (a) Show the inequality —3 <x<2ona

number line.
1T T T T T T T X
~4-3-2-10 1 2 3

(b) Write the inequality shown on the number
line. List the integer values of .

o——e
[ [ e
-4 =3 —2:=1 8 1 2 3
1 -3 <x=1

—3 is not included, so the integer
values are —2, —1, 0, 1

(a) The signs are < and < so —3 ar.wd 2
are not included — draw empty circles.

(b) The empty circle means —3is not
included (use <). The filled circle
means 1 is included (use =)-

Solve in the same
way as you would an
equation.

1 Write the inequality shown on the number line.
*e——0

T T T T T T 1
-3 -2 -1 0 12 3 4

x

2 Write the integer values of x that satisfy —2 <
- 3 Draw the inequality x > —1 on a number line.
4 Solve the inequality 5x + 7 < 22

ent inequalities on a number line.

Integer selutions

These are whole numbers (positive,

negative or zero) that satisfy the

inequality.

¢ From a diagram or number line
O

)
=3 =g — O 7,

T T

2 3 4"

Possible integer values are :

=1.0,4, 2

* From an inequality statement
S<x=s—1

Possible integer values are :
3y 2,4

Solving inequalities
You can solve an inequality in the same
way as you solve an equation. You use

2x — 4 > 12 F )
2w 16 (= 2)
=8

For a reminder about salving equations turn to
pages 39 and 40.

an inequality sign instead of an = sign.

Worked example

Solve
(@)3x —4=8 (+4)
L 3x=12 (23)
x= 4
) 169 (o
1 £<3 (X5)
x=15

Solve both inequalities
to see if any values for
X are solutions for both

inequalities,
x<4

5 Can the inequalities 8 — 2x = 10 and 3x — 4 < 2 both be true at the same time? Explain why.

ELGEBRA |

’
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Expression, equation, identity
or formula?

You need to know the difference between expressions, equations, identities and formulae.
5x — 4 =11 3a - b? a—-b=-b+ta C=md
equation expression identity formula

* An expression contains numbers, variables (letters such as x or y) and operators (+,
—, X, +); it has no = sign so you cannot work out what the values of the letters are.
3x + 4y — 9 is an expression. x and y can have many different values.

*  An equation is made up of two expressions on either side of an equals sign.
When there is only one variable you can work out its value.

3x+5=26and 7y — = 5y + 6 are both equations. You can work out the value of x and the valve

of y by solving each equation.

* Anidentity is an equation that is true for all values of the variables. Use the = sign
instead of = when you know it is an identity.

a+ b= b+ aand xy = yx are identities.

* Aformula is a mathematical rule that shows the relationship between different
variables. Formulae are often related to the real world. You can use substitution to
work out unknown values.

V=1Xw X h(or V= Iwh) is the formula for the volume of a cuboid, where V stands for volume,

I for length, w for width and h for height.
Worked example @
* The one without an = sign is an
‘Write whether each of these is an expression, expression.
an equation, an identity or a formula. ' s Formulge show o relaticrshe between !
o A 6; 2 ;4 = """"2 two or more different variables. I
equation ormuia Equation ¥
. sab—c Sa—6=3a+8 4=(x7 - 3 Elcoitlbe solved toitindiine
3 t‘ e values of the variable(s).
| expression equation iden |Dy _ * Identities will always be true, for gl |
b—a=—-a+b x2=8x S= T valves of the variables.
identity equation formula |
1 Write down whether each of these is an 2 Substitute three pairs of values for « and »
7 expression, an equation, an identity or a to show that (¢ + b)a — by =a* — b?
formula. .
T @3a—4 (b)3a— 4 =26 Using a = 5 and b = 2 gives i
 ©3a—4=2+2 (A=1bh (5 + 2)(6— 2) =7 X 8i= 21

(© 3alb —2a + ¢) ) 3a+b)=3a+3h and5°— 22=25=4 =21 as well
Now try two more pairs of values.






\
Had a look [ | Nearly there [ | Nailed it! [ | ALGEBRA |

—

Formulae

A formula is a mathematical rule showing the relationship between two or more quantities.
The plural form is formulae. The subject of the formula is the variable on its own before
the = sign.

These are all formulae: A= 7r? C= 7nd S = 2(ab + bc + ac)

subjects of the formulae

Rearranging a formula
In the formula F = ma, Fis force in newtons, m is mass in kg and a is acceleration in m/s2.

You can rearrange the formula to make a different variable the subject.

Rearranging F = ma gives a=F= n-t:ll—= and m=F+a:£

m
ais the subject mis the subject
ST Z d (a) Substitute 50 for S and 4 for Tinto
Worked example @ the formula. _
( (b) You can substitute the values given
The formula connecting speed (S), distance (D) for D and T and solve for S, or you

and time (7) is D = ST

(a) Work out D when S = 50 and 7'= 4
D= 50 X 4 = 200

(b) Work out S when D = 140 and 7= 2

D= ST i _ - 7
140 =5 % 2 £ ” le @
am
5=70 4 Worked examp. \

The formula for changing between the Celsius

— s and Fahrfnheil temperature scales is
example . C=3(F-32) ) . A
worked P where C is the temperature in Celsius and F'is
- Rearrange the formula P = 3t — 5 to make ¢ thetemperature in Fahrenheit, 3

 the subject. (a) Slé)ange 77°F to digxfes Cslsius.
P=3t—5 (+5) 9 C=3577— 32) =5 X°45 &

can rearrange the formula to make S

the subject first: )
D= 5Tso05=D+ T, then substitute.

= : = 25°C

e }E+‘53 2 =S ] - (b) Change 100°C to degrees Fahrenheit. 7
L=—ae : 100=3(F-32) (X9

900 =5(F— 32) (+5)

180 = F— 32 (+:32) ¥
In part (a) substitute 77 for Fand solve » F =212 )
for C.
For a reminder about cancelling fractions look at - A e 2 e = AN —
In part (b) use the same strategies as for @
solving equations. I 1 The formula for the cost, C, in pounds, of
To revise solving equations look at pages 39 hiring a boat for / hours is C = 15 + 3/
and 40. | | (a) What is the cost of hiring a boat for

4 hours?
(b) Tom pays £33. How many hours did he
hire the boat for? 3

Subtract y from both sides of the
€quation and divide both sides by 2. 2 Rearrange d = 2x + y so that x is the subject

of the formula.
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Writing formulae

Writing a formula to solve a problem is a very useful skill.

D

A cleaner charges £5 travelling expenses plus

£9 per hour.

(a) Write a formula to describe her total
charge, £C, for h hours” work.

G=9h+5H

(b) What is her charge for 5 hours’ work?

E=9X 5 +5= 45+ 5 =50 £50

(c) She charges Annie £32 for some cleaning.
How many hours of cleaning did Annie
pay for?

ShiES

2%

<)

32 =
9h

h

3 hours

You want to find a formula for € so
begin your formula C = ...

One hour costs £9, so the cost for
h hours is 9h. Then add the £5
travelling charge to get the final
formula.

Substitute 5 for hinto the formula.
Substitute 32 for C and solve for h.

(a)

®)
(2]

Or in part (¢) you could rearrange the

formula to make A the subject before
YOou substitute:

1 A waiter earns £7 an hour plus tips.

Follow these steps when writing a
formula to solve a problem.

v Use a different letter to represent
each quantity. Make the letter
meaningful, such as C for charge.
Substitute all the values you are
given.

.

v/ Solve the equation.

v You may need to rearrange the
equation or formula to make a
different letter the subject.

| W;rk:d example 4@

A fitness class costs £5 for children and £8 for
L adults.
(a) Write a formula for the total cost (7)) for
A adults and C children.
Each adult costs £8, so A adults cost 8A
Each child costs £5 so C children cost 5C
1 T=8A+5C
(b) What is the cost for 3 adults and 4 children?
T=86X3+5X4=24+20=44
Cost is £44.
(c) The total cost for 6 children and some
! adults is £46. How many adults went with
the children?

F B46=8A+5><é:5A+3O

46 — 30 = 8A
CA=16+8=2
! 2 adults went.

(a) Write a formula for his total wage W for /i hours’ work plus 7 in tips.

(b) How much does he earn for 5 hours’ work with £12.50 in tips?

(c) The next day he worked for 8 hours and earned £67.25 including tips. How much in tips did he earn?
(d) Over the weekend he earned £99, which included £15 in tips. How many hours did he work?

2 (a) Write a formula for the perimeter, P, of a regular 15-sided polygon with sides of length s.
(b) What is the perimeter if the sides are length 10 cm?

(c) The perimeter is 75 cm. What is the length of one of the sides?

The perimeter is the total
distance around the shape, 50
it is the sum of dll the sides.
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Coordinates and midpeints

Coordinates describe the
position of a point on a grid.
You always write coordinates
in brackets, like this:
(x-coordinate, y-coordinate).

This x-coordinate is negative

—5-L-B-p-10
i

The point (O, 0) is called the origin O

Worked example

Look at the grid above. What are the

coordinates of

(a) point 4
(b) point B?

&9

Move across the x-axis to find the
x-coordinate, |

Move up or down the Y-axis to find the
y-coordinate,

without drawing a grid:

v’ add the x-coordinates and divide
by 2

v/ —add the y-coordinates and divide
by 2.
(X1 txo v +.Y2)

To find the midpoint of a line segment
|
g3 ‘

CIETD

1 (a) Write the coordinates of
(i) point 4
(ii) point B.
(b) On the grid, plot the point C so that ABC
is a right-angled triangle.
2 Find the coordinates of the midpoint of the line
joining the points (2, 5) and (4, 1).

The y-axis is vertical — "

Thefirst number
5 is the x-coordinate
x5 (horizontal position)
x(z, ) | The second number
is the y-coordinate
(vertical position)

(55, 2)

- N W

12345 ~The X-0xis is

e )(A | horizontal

o, <3

T TNhis y-coordinate is negative
Midpoint

The midpoint of a line segment is exactly
halfway along the line. You can find the
midpoint if you know the coordinates of the
points at the ends of the line:

The midpoint is the

(5,16) ~point. exactly halfway
along the line

(3, 4

o R A ™

Midpoint = (’;75 %)

“£-en

Worked example @
Find the midpoint of the line joining the points
© (2.3)and 8, 5). -

3 A I
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GCradient

The gradient of a straight-line graph tells

you how steep the line is. To work out the

gradient of a line you can draw a

right-angled triangle. Work out the

distance up and the distance across.
distance up

Gradient =———————
distance across

The gradient can be positive or negative.

W;rl;;d example @

Find the gradient of this line.

7
8
7
6 2,
5 Everything n
4 red is part ©
2 the answer: |
2
1
- 0|
distance u
- Gradient = o) o e s 2

distance across 2

o 1
A gradient of 3 means
1 «——— up distance
B cross distance
For every ‘3 squares across move
‘1 square up.

Find the gradient of each line.
(a) [

3 Gradients can
N pe fractions:

1.

G

positive
gradient

>

Had a lock D Nearly there E\ Nailed it! D

negative
gradient

Choose points on the line that have

whole-number coordinates,

Draw a right-angled triangle.

Write the distance Up and the distance

across,

Distance yp = 5 — 4

Distance across = 3 —
Use the formyla for gradient.

The line slopes yj
the gradient is

G

7
1=2

p from left to right so
positive.

Be carefyl —
i the gradient
positive or
negative?

sl
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BE=emnan s S

y=mx+c

A straight-line graph has an equation of the form
For a reminder about how to find the

y=mx+ c gradient of a line turn to page 46.
niis the gradient of the line — c is the y-intercept, the point
the gradient measures how where the line crosses the y-axis

steep the line is

Worked example @ Finding equations
x . X ) . 5 To find the equation of the line you need
Find the equation of this straight line. to know the gradient and the y-intercept.
1 E . .
Everything in vy Find the gr‘?dmnt, m. )
| red is part of * Draw a right-angled triangle.
1 4 «the answer. | ) | -« Gradient-= M
i g distance across
Gradient = 2= 2 v/ Find the y-intercept, c.
The y-intercept is at Look at the point where the line
. =1) crosses the y-axis.
Thi ezquatbfﬂ = - v/ Write the equation.
X * R Put your values for the gradient, m |
and y-intercept, c, into the equation ‘
— of a straight line, {
Horizontal and vertical y=mx+c ‘
lines
* Horizontal lines have the equation
M=
¢ Vertical lines have the equation
=g | ‘Write the letter of each graph line next to the
where a is a number. ! _ correct equation. 3
7
- D

B 7 A
64
51

Write the letter of each graph line next to the
correct equation.

B Y y=—x+2

! x=23 D i y=2—x bB

Line A crosses the y-axis at 2 and has a positi\{e gradlgnt. {
Line B crosses the y-axis at 2 and has a negaf:we gradient.
Line C crosses the y-axis at 2 and has a gradient of O. |
Line D does not cross the y-axis.
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Straight-line graphs

You can draw a straight-line graph by making a table of values and then plotting the points.

(] Substitute the x-value into the equation. |

Complete this table of values for the equation Whenx=0:y=(2 X0 + 1 = 4 =3
y = 2x + 1 for values of x from 0 to 5. : WhenX:1=y:(2X1)+1:i:1:5 |
leliTeTsT4Ts Whenx=2:y=@ X2+ 1747 175 |
When x = 3: =(@2x3)+1 (5
1B 1357 [92[1] Wh&w:my=(gx4)+1=a+1=9
- When x=5ty=@x5)+1=10+1=
Notice the patterns in the table. 11
The x-values increase by 1 and the -
y-values increase by 2 each time. |
Worked example @

- _ : On the grid, draw the graph of y = —%x +3 5
plot a straight-line graph using a table for values of x from 0 to 6.
of values, you must: ™~ i

1. Make a table of values, : Every':hm?t‘“
The question tells you to ] e anow

plot the | :
graph for values of x from O to 650 | —
your table should go from O to @,
Substitute each value of x into the
equation to find the y-value.
Wheax =Siae— = Uy o B
soy=25 ‘ = 1 -2_1? EERES KL
Plot the points from the table on the
grid.
The first point is (@ 3), — | - | 9
Use a ruler to join the points with g | - | 2

straight line. — E

Notice the patterns in the table.
The x-values increase by 1 and the
y-values decrease by 0.5

now iy s @

(a) Complete this table of values for y = 2x — 1

X"

n
b b s

(b) On the grid, draw the graph of y = 2x — | 2
(c) Write the gradient of the line.

4 Compare the equation of the line with the 2 4
general equation of a straight line, y = mx + ¢

48
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Formulae from graphs
and tables

You can plot a real-life graph from a formula. You can then use the graph to solve problems.

Worked example @
- The cost of hiring a car is £40 plus £20 for each

hire day.

(a) Write a formula for the cost, C, in pounds,
of hiring a car for d days.

C= 40 + 20d

(b) Complete this table of values for the first 4
days of car rental.

Number of
days, d
Cost,C() | 60 | 80 | 100[ 120
(c) Plot a graph of this information on the axes
below.

1 2 3 4

Cost. C (£)

Number of days, d £

Notice the sequence in the tabl

€s e goes u
by 20j This is the gradient of the qra;;‘h.'p
The y-intercept of the graph is the fixed
charge for hiring the car.

CIID P

A builder charges £25 for each hour he works at a job, plus a £50 call-out fee.

rk;d example @

The graph below shows a plumber’s charges for
her work.

Charge, C (£)

1 3 4 3
Number of hours, /i

(a) Use the graph to complete this table of
values.
Number of
hours, h
Charges, C(£) | 50 | 80 | 110|140 ¢
(b) How much does the plumber charge per hour?
92 =¢30
(c) How much is the plumber’s fixed charge?
£50

(d) Write a formula for the plumber’s charges.
C = 30h + 50 \

0 1 2 3 L

In_ part (b) the plumber’s charge per hour is
given by the gradient. You can also look at
how much the charge in the table increases
every hour In part (d) the formuila is given [
by the hourly rate X number of hours

worked plus the fixed charge.

(a) Write a formula for the amount he charges, C (in £), for /# hours worked.

(b) Complete this table.

| Number of hours, h ‘ 0 | 1 ‘

| Charge, C (£) ‘ | ‘

(¢) Plot a graph of his charges against the hours he works. Draw
your horizontal axis from 0 to 5 and your vertical axis from 0 to 200.

(d

Your vertical scale
should go up in 25s.

For how many hours does he need to work on one job to earn £175?
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Plotting quadratic graphs

An equation in which x2 is the highest power of x is called a quadratic equation.

x2 =10 x2+ 3x=4
/

K2 2xF 4 =5

X2is the highest power so these are quadratic equations.

You can draw the graph of a quadratic equation by completing a table of values.

Worked example @

3 — 3x

(a) Complete the table of values for y

I N I R B I

Substitute each value of x into the
equation to find the y-value.
When x = —1: y=(—=1)> — (3 X
=1-(-3) =4
When x = 0: y= (0)2 — (3 X 0)

=)

- [ 4\0\—2|—2|0|4|ﬂm =0-0=0
~ (b) On the grid, draw the graph of y = x> — 3x - When x = 1: yi(11)2_3(§ X21)
- i When x = 4: y= (42 — (3 X 4)

Check that all the points on your graph lie

on the curve. If a point doesn't lie on the
curve double check the calculation.

Join the bottom two points with a smooth
curve, never d straight line.

Shape of quadratic curves
/ !

Quadratic curves are always curved

and symmetrical.

* When x2 is positive the shape of the
curve is like a smile (»). |

* When x? is negative the shape of the i
curve is like a frown (~). |

—16-12=4

Drawing quadraties
v Make a table of values.

v/ Substitute the values of x to get
the y-values.

v’ Plot the points.

¥’ Draw a smooth curve that passes
through every point.

v/ Label your graph.

CEID D

(a) Complete the table of values fory = x2 — 1

[s]2]-1T0T1
Ll [ Tol |
(b) On a grid, draw
the graph of
y=x—1

Be careful when
substituting x = —1
7 Remember (—1)2 = 1

2
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Real-life graphs
Make sure you know how to use and interpret real-life graphs. Here are some examples:

Temperature conversion Plumber’s charges Average daily temperature
S
Vertical axis: temperature Title

e T 5°C intervals

Degrees Celsivs
|
£)
@
Q
)
o
Q,

2 so 5l
S eo =
3 ke 5
e & i
20 1 ol i —>
ol ‘}‘O\J%MAMJJAéEND
Degrees Fahrenheit IEEEYE S Ao
Number of hour Label. Origin bel —
Conversion graph _____Wikehol edts sl
/Inltlal fixed charge Fluctuation over time
Trits-shiows o plorbar's Key —— #ustraia— Horizontal axis: months
— UK no scale interval

charges of £25 per hour with
an initial call-out fee of £30.

v’ Look at both axes to work out the
scale on each. The vertical scale may
be different from the horizontal scale.

Product A
Product B

] S

‘/ For graphs showing more than one line, Product C

look at the key or explanatory labels. l

(a) Progyct Ais the only graph with a
positive gradient. i i !
(a) Which product shows an increase in sales over

) Iv:i '”tt:rﬁecﬁon of the three lines shows ~—  the period 1980-2015? Explain how you can tell.
N the prodlucts had similar sgles, | Product A The line has a positive gradient.
(c) Read up from 2010 to the finefor (b) In which year were the sales similar for all
product C and then across to the sales 1 9550““5? 1]

axis. It is slightly more than half
between £150 and £200, so “\;Vi:;y ~ (¢) How much were the sales for product Cin2010? -

dbout £180000. | Approximately £180 000

CED D

Use this currency conversion graph to answer the questions. L

Dl
(a) How many pounds will you get for $50? - Burds L
(b) How many euros will you receive for £75? g L
& £
(c) Hollie brings back $150 from the USA. She changes e
these into euros. How many euros will she get? % £
& gl
$150:$1oo+$5o.U55th5 O o do dodo o do Ao do dorborfosborborhe’] I
graph to change $150 to pounds | Pounds (£)

and then change the pounds to euros.
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Algebra problem-solving

You can use dlgebra to solve problems in other areas of maths.

D =

A chef uses a formula to calculate the length of (2) The subject of the formula is the time, so
5 tin}e n‘?eded to cook a turkey. The coo}(iug time the formula begins 1 = ... ’
t (in minutes) is 40'm.mutes for every kilogram Each kilogram needs 40 minutes (40w), then
plus anpxlra 50 minutes. . ) add the extra 50 minutes. ’
(a) Wt aformula f.or I.he time ¢t takesito (b) Substitute w = 4.5 into the formula. I
cook a turkey weighing w kg. (c) First convert the time in hours to minutes.

FE= AOV; ‘*} 50 ; i o b Then substitute the values you know and
(b) Use the formula to work out the time rearrange the formula to solve for .

needed to cook a 4.5 kg turkey. [ I
t =40 X 4.5 + 50 = 230 minutes You'll need brilliant problem-solving skills
 The time is 3 hours 50 minutes | to succeed in GCSE - get practising now! E
— (¢) The chef cooks a turkey for 3 hours. What
was its weight?
= 3 hours = 180 minutes

L E&EED @
- w=325kg § - (a) Write an equation for the A\ 7
sum of the angles in this triangle.
| x4 2x+ 3x=6x |
ET— a' . 6x= 160° A\ L
clved! (b) Solve the equation to find the value of x.

Problem s © x=180° + 6 = 30° ¢

(a) Add up all the angles. The angles in a % (c)7W0r10( SUttiEhigoteatianzlc &
triangle add to 180° so use this to form o _730 o

an equation. I L5 0o {
(b) Divide both sides by 6. 3x =3 x 60° = 90°

(c) Substitute x = 30° to find the other angles. " Angles are 30°, 60°, 90° fi

(d) What type of triangle is this?
You'll need brilliant problem-solving skills | | One angle is 90°, so it is a right-angled fi
to succeed in GCSE — get practising now! ] | tr'\ar\g\@. pa

CTID @

This graph converts approximately between ounces and grams.
— (a) Convert 10 ounces to grams.
(b) Convert 125 grams to ounces.
~ (c) Convert 1kg to pounds and ounces. 2 3
(d) 16 ounces (oz) = 1 pound (Ib). Convert 11b 100z to grams. g
(e) Explain why it is important to use either ounces or grams
i in a recipe and not a mixture of both. i L
4 For part (c), the vertical scale doesn't qo% BN EEEEEEE
up to 1kg. 50 pick a number on the scale
1 that you can easily scale vp to 1kg. I
1kg = 10009 = 2 X 5009

S

- Y
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Metric measures

Metric units are the units of measurement used in Europe and, mostly, in the UK.
You can convert between metric units by multiplying or dividing by 10, 100 or 1000.

Length Mass Capacity
+1000 (DD X1000
+100 ( ) %100

—10(D)x1o

w‘orked example % Draw a diagram to show the units you

b want to convert.

(a) Convert 3 km to metres (m). (a) From metres to km, + 1000. I
X 1000 > (b) From km to metres, X 1000. |
= Check it! |

A metre is smaller than a kilometre, s0
x3 (] 1090 _) x3 the number will be larger. v/
N3 3000
3 X 1000 = 3000m
(b) Convert 5000m to kilometres (km).

e Word parts
h ‘cent’ means 100 — a century is
km ] 100 years
- x5 Q 1000 1 ) x 5 = “kilo” is Greek and ‘milli’ is Latin; ‘
3000 both mean 1000 |

5000 + 1000 = 5km i =

P:ohlem solved‘ Worked example @

Work out the mass of the bag in grams. © Themassof abag of marbles is 4 kg.
The bag of marbles has a mass of 4000 g 1 ~ There are 500 marbles in each bag.
and there are 500 marbles in the bag. so Work out the %acs)i) of one marble.
divide the mass in grams by 500 to find »* X 1 5
the mass of one marble. /’_\

You'll need brilliant problem-solving skills X & 1 1 OOO % &

to succeed in GCSE - get practising now! I 1 & v 4000 .)
- 4 X 1000 = 4000 i
~ 40009 + 500 = 89

SRR

1 Convert /1'0\0, 2 How many 200ml glasses of milk can
() 300 ¢m to metres « ] be filled from a 2-litre bottle of milk?
. X 3 ( 100 ! )x 3 4
(b) 8000ml to litres 300 ? Work out how many ml
(c) 7kg to grams there are in 2 litres, ’
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Time

You need to be able to convert between different measurements of time. You also need to

know how many days there are in each month.

Time conversiens to learn
1 century = 100 years

1 decade = 10 years

1 year = 12 months = 52 weeks
1 (leap) year = 365 (366) days

1 week = 7 days
1 day = 24 hours
1 hour = 60 minutes

Days in the months
28 (29): Feb
30: Apr, June, Sept, Nov

1 minute = 60 seconds 31: Jan, Mar, May, July,

Aug, Oct, Dec

Worked example %
How many ...
-~ (a) decades in 50 years 8
(b) weeks in 42 days S
(c) days altogether from 1 September to
31 December 122
(d) days in 5 years (include 1 leap year)
4 X 365 + 366 = 1826
(e) seconds in 3% minutes?

2.25 X 60 = 195

&

Minutes as a fraction of 1 hour
1 minute is 6_10 of an hour

5 minutes: % = 11—2 of an hour

10 minutes: é—g = z of an hour

15 minutes: ;—g = ! of an hour

30 minutes: Z—g = of an hour

45 minutes: g—g = of an hour

(@) 20 minutes = 3 hour; 20 + 60 = 0.3

) 0.25 = +

Now try this
1 How many minutes are there in 5.4 hours?

2 Write 230 minutes as
(a) a fraction
(b) a decimal of an hour.

3 What is 5.75 hours in hours and minutes?

|
1
\

(@) 50 + 10

b) 42 + 7

) 30+ 31 + 30 4 34
(d) 1 year is 3¢5 days

(e) 1 minute is 6O Seconds; 4 = 0.25
L S "

Minutes as a decimal of 1 hour
1 minute = 1 + 60 = 0.016 of an hour
5 minutes = 5 + 60 = 0.083 of an hour
10 minutes = 10 = 60 = 0.16 of an hour
0.25 of an hour

0.5 of an hour

0.75 of an hour

15 minutes
30 minutes
45 minutes

Worked example
(a) What is 1 hour 20 minutes as
(i) afraction
(i) a decimal of an hour? :
() 123 = 14 hour (i) 15 = 1.3 hour
(b) What is 4.25 hours in hours and minutes?
0.25 hours = 60 + 4 = 15 minutes

4.25 hours is 4 hours 15 minutes

4 Which is longest: 35 hours, 2000 minutes or
1.5 days? Show your working.

Convert them all to the same

unit, either minutes or hours.
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Speed, distance, time

Speed is a measure of how fast something
is travelling. It is the distance travelled per
unit of time. Common units of speed are:

* km/h: kilometres per hour

* mph: miles per hour

* m/s: metres per second.

Speed is an example of a rate of change.

rk:d :examPle @

(a) A train completes a journey of 480km in 3
4 hours. Calculate its average speed.
distance
time
=480 — 120 kmh
(b) A boat can travel at an average speed of
12mph. How long will it take to complete
a journey of 60 miles?
_ distance
speed

_60 _
35 = 5 hours

I

Average speed

Time

Minutes and hours

When calculating distance or time, you

must make sure the units match.

Use this diagram to help when

converting between minutes and hours.
+ 60

minutes hours

%60
45 minutes = 45 + 60 = 0.75 hours
2.4 hours = 2.4 X 60 = 144 minutes

For-a reminder about converting units of time
turn to page 54.

1 How long does it take a lion running at 20m/s
to cover 400m?

2 Paul leaves his house at 08:00. He cycles 10km
to school at an average speed of 15km/h.
At what time does Paul arrive at school?

Formaula triangle
This is the formula triangle for speed.
Distance
Speed D Time

T

To find the formula you need,
put your finger over the quantity
that you want to work out.
distance

Average speed = e S
Distance = speed X time D
— distance
Time = ———— T
speed

Check your units for speed. The distance
is measured in km and time is measured in
hours so the speed will be measured in km/h.

« The speed is measured in miles per hour

so the time will be in hours.

A helicopter travels for 30 minutes at an average
speed of 100km/h. How far has it travelled?
Distance = average speed X time T
=100 X 0.5
= 50km

Speed is given in km/h so the time
must be converted to hours. T
30 minutes = % hours = 0.5 hours

Work out the time it takes Faul,

in hours, and then multi
ours, Ply by 6O
to find the number of minutes.
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Percentage change

Sales, reductions, depreciation, taxes, price increases and interest on savings are usually
described in terms of percentage increase or decrease. To understand them you need to

be able to find percentages of amounts.

Here are two methods for increasing or decreasing an amount by a given percentage.

e ‘Bdd or subtract’ method
1. Work out the percentage of the
amount.
2. Add or subtract this to or from
the original amount.
£380 increased by 25%

25% of £380 = 380 ~ 100 X 25 = £95
New amount: £380 + £95 = £475

£648 decreased by 5%
5% of £648 = 648 + 100 X 5 = £32.40
New amount: £648 — £32.40 = £615.60

Turn to page 25 for a reminder about percentages

of amounts.
Worked example @
- Use your preferred method to work these out. -
(a) Decrease £1250 by 35%
| 1250 + 100 X 35 = £37.50
1250 — 437.50 = £812.50
(b) Add 18% tax to £2400
- 2400 + 100 X 186 = 432
2400 + 432 = £2832
(c) Save 25% on £90
90 + 100 X 25 = 225
00— 225 = 2CF.50

These show the “decimal multiplier’

method. Alternatively, you could use the

‘add or subtract’ method.

(a) Work out 15% of £465 and add it
to £465.

(b) Work out 2.5% of £1500 and add it
to £1500.

1 Ten years ago the population of a town was
85500. It has increased by 8%. What is the
current population?

56

B worked example

@ Decimal multiplier method
1

. 100% is the original amount.

2. An increase of 30% = 100% + 30%

=130% = 1.3
3. A decrease of 15% = 100% — 15%
= 85% = 0.85

Increase £565 by 30%
£565 X 1.3 = £734.50

Decrease £420 by 15%
£420 X 0.85 = £357

For a reminder on decimal-percentage equivalents tum to
page 24.

These show the ‘add or subtract’ method.
Alternatively, you could use a decimal
multiplier
(a) 100% — 35% = 65% = 0.65
1250 X 0.65 = £812.50
b) Increase of 18% means 100% + 18%
=118% = 1.16
2400 X 1,186 = £2832
(c) Decrease of 25% means 100% — 25%

= 75% = 0.75

90 X 0.75 = £67.50

(a) A holiday costing £465 in June costs 15%
more in July. What is the cost in July?

465 X 1.15 = £534.75

(b) A bank is offering 2.5%: interest on savings.
Rich has saved £1500. How much will he
have after the interest is added?

1 150€ X 1.025/= £1537.50

2 Which offers better value for the same item:
a 15% discount on a price of £250 or 18% tax
added to a price of £180?
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Ratios

Ratios compare quantities. You can simplify ratios and find equivalent ratios in the same
way that you simplify fractions and find equivalent fractions.

3 1 (5] : 2

“

Group the equivalent ratios.

Simplify all the ratios using division and
the ACFE

U 3 2 3 and 3:4 are dlready simplified.
9:12

RATIO &
PROPORTION|

—

1:3 150:200 9:12  50:150 5:15  6:9 100:150 .
©2:3 100:150 20:60 60:80 18:27 3:4 +20K )~zc setl )se ’3K )
1:3 =20:60 = 50:150 =5:15 2:3
|l 2:3=6:9=18:27 = 100:150 Foraremmde“ about factors turn to page 11
3:4 =9:12 = 150:200 = 60:80 and for fractions turn to page 19. !

Dividing in a given ratio

Follow these steps to divide an amount

in a given ratio.

1. Add up all the ratio parts to find the
total number of parts.

Share £100 between Abi and Isla in the ratio 2:3

2 +3=5parts

2. Divide the amount by the number of
parts to find the value of ene part.

£100 + 5 = £20

3. Multiply each number in the ratio by

the value of one part.

2 X £20 = £40; Isla: 3 X £20 = £60

Worked example
~ A businessman gives away some of his wages to a food 2.
bank, to medical research and to a disaster relief agency

in the ratio 1:2:3. Last year he gave away £2400. How
~ much did each charity receive?

1 +2+ 3 = Gparts
| £2400 + 6 = £400
. Food bank: 1 part = £400
Medical research: 2 parts = 2 X 400 = EﬁOO
" Disaster relief: 3 parts = 3 X 400 = £1200
Check: £400 + £800 + £1200 = £2400 v/
this amount by the total number of shares.

[ ow ry this J & D

- 1 Simplify the ratio 16:36 g

— example %
A label says 80% cotton :20% acrylic. Write the ]
ratio of cotton to acrylic in its simplest form. ~

cotton acrylic
~ 20 Q &0 20 )+ 20
F - 1

* Write the ratio in the order it is given.
* Simplify the ratio fully. I

Abi:

@' p};;:l’ern solved!

1. Add to find the total number of parts,
Divide the amount by the number of T
parts to find the value of one part.
Multiply the value of one part by each

of the numbers in the ratio.

Check your answer.

You'll need brilliant problem-solving skills
to succeed in GCSE - get practising now!

Oliver gets 3 shares. Use this to find how
much one share is (90 + 3 = ?). Multiply -

2 Toby, Isobel and Oliver share some money in the ratio 2:5:3. Oliver gets £90. How much money did they share?
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Proportion

A proportion is a relationship between two numbers. You can write a proportion as a ratio,
a percentage or a fraction.

2 2 3 3 Bl 5 s 3
2 3 3 1 3 5
24+2=1 242=1 24221
40% + 60% = 100% 75% + 25% = 100% 62.5% + 37.5% = 100%

For a reminder about ratios turn to page 57 and for equivalence turn to page 24.

Jorked example @ W worked example @

- (a) The ratio of carrots to onionsina — These ingredients make a pizza that serves 8 people:
vegetable plot is 3:2. What fraction 400g bread dough
are carrots? 1 120 ml tomato puree 1

3 240¢g grated cheese

3+2° 5 i ~ (a) How much bread dough is needed for 12 people?
(b) In a class ¢ of students are left- _ 4009 X 1% = 400g + 200g = 6004 L
handed. What is the ratio of left- to =

(b) Maisie has 120 g cheese. How many people can

righi—hfmded students in this class? she make pizza for if she has enough of the other

1 = £ = 2 are right-handed

ingredients?
left  : right 120 is half of 240
A é : 63 ___ So halve the number of people: 8 + 2 = 4 people
1 5 (c¢) Yasdi has 500 g dough, 160 ml tomato puree and 160g
= - | cheese. Is that enough ingredients to serve 10 people? -
% 400 + & = 509 dough per person

(@) Add the parts of the ratio H 205 5 10 = 5000 tough ot ]
to find the total, to give the 5

. L 120 + 8 = 15ml tomato puree per person
denominator of the fraction- 10 X 15 = 150ml. Enough tomato puree
(b) Work out how many are r"ﬁht" I~ 240 + & = 30g cheese per person i
handed. Then write the ratioin | 309 X 10 = 3004. Not enough cheese. |
the order asked for No, he does not have enough cheese to make

— - pizzas to serve 10 people.

. 1 .
(@) 12i5 13 X 8 s0 multiply the recipe quantity of bread dough by 14+ ’
(e) Work out how much he needs of each .

then multiply this by 10,

mj T ) @

ingredient for one person and

1 60% of a group are female. What proportion 2 Factory workers are making components.
4 of the group are male? Give your answer as a Which worker is the fastest, which two workers -
simplified fraction. work at the same rate, and which worker is
3 4 minutes to the slowest? F
ert the hours and minute
J Sr\?nr:)\;eﬁ: 25 x 60 = 150 mmute? ‘and Worker | Number made | Time taken 3
_ 4 hour 50 = €0 + 50 minutes: D-v-dte A 15 2.5h |
the time by the number of comP:ﬂﬂ*‘ = B 20 3.5h
~ made to work out how long eacnent C 18 3h -
o 3
worker takes to make 1 comp D 12 1h 50 min
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Direct proportion

When two quantities are in direct proportion they
both increase or decrease at the same rate.
They are always in the same ratio. |

Graphs of direct proportion
always have the same shape:
a straight line going through
the origin (O, 0).

Work;d example

A garden centre sells large and small plants.

(a) 15 large plants cost £75. How much will 11 large
plants cost?

75 =15=5

1 K.5, =155

11 large plants will cost £55

(b) Small plants are available in trays of 6 for £15 or
boxes of 10 for £24.
Work out whether the box or the tray offers
better value. Show all your working.

Tray Box

15 =6 = 25 24 + 10 = 2.40

£2.50 per plant £2.40 per plant

The box is better value because £2.40 < £2.50

You need to show dll your working in this
question. Work out the cost of each plant in a
tray of 6. Work out the cost of each plant in a
box of 10. Write a short conclusion saying which
one is better value and why.

(a) Multiply by the exchange rate:
g1 %201
X 560
$1181.60

X 560
£560

(b) Changing back: divide by the exchange rate. |

1 Six identical notebooks cost £3.
‘Work out
(a) the cost of 12 of these notebooks
(b) the cost of 1 of these notebooks
(c) the cost of 7 of these notebooks.

2

Work out 120 + 13.44 agnd
then round to 2 dp.

The unitary method

You can sometimes solve problems by

working out the cost of one item.

ﬁ Divide to find the value of 1 item.
Multiply to work out cost of the
new quantity.

3 theatre tickets cost £135.
How much will & tickets cost?

tickets cost
=3 3 £1:35 ) %3
> & 1 £45 Jx8
& £360 |

The number of large plants and the
cost are in direct proportion. Work
out how much 1 plant costs and then
multiply that amount by 11. Make sure
you give units (£) with your answer.

Worked example @ :

Peyton is going on holiday to Australia. He

finds this exchange rate online: £1 = $2.11
~ (a) Hechanges £560. How many

Australian dollars does he receive?

- 560 X 2.11 = $1181.60

(b) Sally changes $560 into pounds using
the same rate. How many pounds does
she receive, to the nearest penny?

560 + 2.11 = 265.4028436

= £265.40

Emily is going on holiday to Sweden. She

changes £450 into Swedish krona (kr) using the

exchange rate £1 = 13.44kr

(a) How many krona does she receive?

(b) At the end of her holiday Emily changes
120kr back into pounds at the same exchange
rate. How many pounds does Emily receive?
Give your answer to the nearest penny.

59
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Inverse proportion

Two quantities are in inverse Average speed  Time taken
proportion if one quantity

increases at the same rate 40 kmh 2 hours

as the other quantity +
decreases. /

Graphs of inverse proportion 50 knvh 1 hour

have a distinctive shape. Speed and time taken to travel the same
distance are in inverse proportion: if you go
faster, you reach your destination more quickly!

rked examPle : @

It takes 4 farmworkers 3 days to put up a fence

around a field.

(a) How long would it take 6 workers to putup
a similar fence?

4 X 3 = 12 days work in total

More or less?

Inverse proportion problems often
involve time, such as the number of
people needed to complete a task in a
given time. The number of people and

12 = 6 = 2 days the time are in inverse proportion: |
(b) A group of workers took 4 days to putupa ¢ the more people, the less time [
fence at the same rate. How many workers « the fewer people, the more time. !

were there? —

12 + 4 days = 3 workers

First work out the number of days of work to ~ ~

 Problem solved!

Constant product do the task: 4 workers X 3 days = 12 days
It twe cuaritities are'in invarse ‘Sense check’ your answers: more workers will
A H i take less time. |
proportion then their product will be
constant. You'll need brilliant problem-solving skills
speed = distance so d=s Xt to succeed in GCSE - get practising now!
time

Speed (mph) Time (h) Speed X Time

10 3 60 miles
20 3 60 miles mi
30 2 60 miles

4O 1.5 60 miles 1 3cyelists travel 60km. Copy and complete
! the table to show that speed and time are £

The graph shows the L ‘ inversely proportional.

inverse relationship £

@ |

between speed Speed (km/h) [ Time (h) | Speed X Time
and time. : 15 4 60 km 3
12 60 km
% =2 2.5 60 km
2 It took 8 men a total of 6 hours to build
a wall.

(a) How long would it take 3 men to

First work out how many hours it took & lr);lis thiessarmewall, working:at; theisaie

mhem to. ?uw\d tbe Wal 68 =48 holrs: » (b) How long it would take 12 men to
Then divide this by the number of people build the same wall, working at the same
each time. rate?
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Distance—-time graphs

A distance-time graph shows how distance changes over time during a journey. The shape
of the graph tells you about different parts of the journey. The slope shows the speed —
the steeper the slope, the greater the speed.

Understanding
distance—time graphs

The distance-time graph shows Tarigq’s
journey. He drives from home to a
friend’s house where he stops for coffee,
then he drives to a shopping centre
where he shops for a while, and then he
drives straight home.

The gradient of a section of a distance-
time graph gives the speed at that time,
_ distance
becavse speed = ————
time
For a reminder about gradient turn back to page
46, and for speed turn to page 55.

Worked example
- Look at the graph above.
(a) How many miles did Tariq travel?
~ 60 + 20 + 80 = 160 miles
(b) At what time did Tariq begin his return journey?
1415
(c) How long did Tariq spend shopping?
2 hours 15 minutes
(d) What was his speed during the third part of
his journey?
20 miles + % hour = 40 miles + 1 hour
- = 40mph
(e) In which section was Tariq driving fastest?
A: speed = 60 mph
- E: speed = 2% = 46 mph
175

Distance from home (miles)

He drove fastest in section A because
60mph is faster than 40mph and 46 mph.

The graph shows Lara’s journey to the cinema.
She travels by bus to town, waits to meet her
friend, then they walk to the cinema together.

(a) How long did Lara’s bus journey to town take?
(b) How long was the film?

After the film they walk to the bus stop. Lara
waits for 10 minutes before catching the bus home,
travelling at the same speed as her journey into
town.

Horizontal lines
= rests (or stops)

Start time of the journey

Starts to
return-home

Not so steep, so
travelling more slowly

8o

7o

60

o at 12:00, ends

Lo at 14:15

B30 Gradient Shows/
bo the speed  Back home

60 miles at 16:00 |
in 1 hour = 60 mph \

ol
l09i00 10001 1]00/1 2}00/13]00]1 4100/15100]1 6 100)

Time

(a) Add the distances travelled in sections A,
C and E. Don't forget the return journey!
(b) Section E starts halfway between 14:00
] and 14:30.
(c) Section D starts at 12:00 and finishes at
14:15.
(e) Work out the speeds in the other sections
when he was driving. Section E takes
1% hours = 1.75. Compare the speeds.

@,

You'll need brilliant problem-solving skills
to succeed in GCSE - get practising now!

2 [

£ b

& [17i00] [1730] [1stoo] [1siso[ [19i00] [19%30] [20f00
Time of day

(c) Copy and complete the graph to show Lara’s
journey back home.

61
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Maps and scales

. You can use the scales on maps and scale drawings to work out distances in real life.

This is a scale drawing of a plane. You can use the scale to find the length of the real
plane. The scale drawing is 6cm long so in real life the length of the plane is

drawing real lite Scale Tecm = 10m
& 1ecm 10m = — —
\gem 6Om ./
Gem

The plane is 60 metres long. < >

; Wo;k;d example

| The diagram shows a scale drawing of a village. - Use a ruler to measure the
N distance on the map from -

the library to the school.
Distance on map = 6 cm

E 2. Now use the scale to work —

« out the real distance,
. -

map  real
— lem  3km
X &
| (Gcm 18km> 2 —

~ (a) What s the distance between the school and the library? 3 X € = 18km
~ (b) The church is 15 km east of the library. Mark its position with a cross.
o R .. A g O\ A

~ The map shows the attractions at a zoo.

(a) Work out the real distance between the coffee
shop and the lion enclosure.

~ (b) Paula says the distance between the giraffe

enclosure and the lion enclosure is less

R than 250m. Use the map to show whether

she is correct.

~ (¢) Thedistance between the giraffe enclosure and

the children’s area is 400m. What is the distance

on the map?

Scale: 1cm = 50m
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Proportion problem-selving

You can use proportion to solve problems which involve changing one unit of measurement
into a different unit and when calculating rates of change.

To revise proportion look at pages 58 and 59. For metric measures look at page 53 and to revise time
and speed look at pages 54 and 55.

Wt;;l;;lrexample @ w;;kred example @

To compare the speeds, the units must be the same. i d 3 19.3 g/em
Either convert 36m/s to km/h, or convert 154km/htom/s:  (b) A silver necklace has a density of
154 % 1000 + 60 = 60 = 42.8mls 10.5g/cm?® and a volume of 1.4 cm?.
— What is its mass?
m=dv= 105X 1.4 = 1479
(¢) The density of solid granite is
2691kg/m’. Convert this density

Which is the faster speed, 36 m/s or 154km/h? You must (a) A gold bracelet has a mass of 57.9g
show your working. S and a volume of 3em?®. Work out
36m/s = 36 + 1000 X 60 X 60 = 129.6km/h | the density of the gold using the
154km/h is faster than 36m/s formula
= - density = vgllils-rsxe 2
S B =

In part (b) rearrange the formula to make m the subject. it /o,
In part (c), convert 2691 kg into grams (X 1000) and 26911000 L
convert m? into cm? (X 1000000). 1 X 1000000

i = 2691 1000 = 2.691 glem® ©

Worked example @ 1 .
Garage A sells petrol for £1.09 per litre. Garage B ~ You must show how you worked out the 1
sells petrol for £4.99 per gallon. answer. To compare prices you need to have

- Which garage sells the cheaper petrol? ——the quantities in the same units. This solution -
You must show your working. compares the cost per gallon but you could
Use 1 gallon = 4.55 litres ~ have compared the cost per litre by T
£1.09 X 455 = 49595 = £4.96 per galon dividing the cost of petrol at garage B
Petrol is cheaper at garage A becauvse £1.09 (P99 +4.55 = £1 10iper litre).

Make sure you write a statement to answer the
question.

You'll need brilliant problem-solving skills
to succeed in GCSE - get practising now! !

per litre converts to £4.96 per gallon and this
is cheaper than £4.99 per gadllon at garage B.

CIID D

1 Which metal is more dense: a 20000 kg iron Work out the density of both metals.
cube of volume 2.5m? or a 36 g cube of copper Then convert one of them so that
s walineen® both densities are in the same units, I
S eith 3 =
2 Mark travelled 450 miles in 7.25 hours. mru‘tier[ 6,/cm °’_k5/_m3- Take care when
Dee travelled the same distance at 100 km/h. Pling or dividing by 1000,

If they set off at the same time, who arrived
first? Show how you know. Use the
approximate conversion 1 mile = 1.6km.

Work out Mark’s 5pcc:i?r>n-pme:
100km/h into mph — who is faster?
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3D shapes

You need to recognise and learn the names of certain 3D shapes.

Cube Cuboid

Square-based Tetrahedron,
Triangular Cone pyramid by
prism [ e

Drawing 3D shapes

5phera Cylinder

You can use isometric paper > Prisms

to draw 3D shapes in 2D. A prism is a 3D shape that

This 3D shape has been ‘i/ has the same cross-section
: throughout its length.

drawn on isometric paper. ]
This cuboid is 2 units wide, 3 units long The cmas'sect"?” 15

and 2 units high. alwc{ys perpendwulalr

(at right angles) to its length.

w;rked example @ _ | Faces, edges and vertices
This tetrahedron has
~ (a) Write the name of this shape. ~ | 4 faces, 6 edges
Triangular prism and 4 vertices.
~ (b) How many edges does the shape have? ¥ | THe plural of vertex ‘
9 edges is-vertices: ‘
The net of g 3D solid is a 2D shape WOtked example ]
that
at folds to make up the solid. ~ Which of these is the net of a cube? L
l B ° ¢ <

1 (a) Write the names of these shapes. .

| (b) Which shape is not a prism? () (“) (lll)
(c) Which shape has 8 vertices?

- (d) What shape is the cross-section of shape (iii)?

2 Which of these is a net of a tetrahedron?

%’ How many faces does a tetrahedron
have? What shape are they? I
c E—
A B
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Volume

The volume of a 3D shape is the amount of space it takes up. Volume is measured in cubed
units such as cubic millimetres (mm3), cubic centimetres (cm3) or cubic metres (m3).

Counting cubes W‘orked example 4@»
You can find the volume of a 3D shape

made from cubes by counting the cubes Work out the volume of this shape.
in the shape. 4 5 L
Volume = 1cm® Volume = 6cm3 emember

to count the
hidden cubes.

tem

; -
Tom T There are & cubes in the front section.

There are 2 sections.
Altogether there are 2 X & cubes.

R = - The volume is 16 cm® |
Worked example @

Work out the volume of this cuboid.

This shape is made !
from six-1.cm> cubes. -

Volume of a cuboid

Jem You need to learn the formula for the
volume of a cuboid.

4cm 6om /—f
Volume = length X width X height ] |height
=6X4X3 ]
! =72cm? ¢ widith

g i
<4— length —»

Volume = length X width X height ‘
Worked exampie @ -

This shape‘ is made Split the 10 |
from cuboids. Find shape into Lo
its volume. two cuboids. I
Sem B 10em
8cm
2cm
~6cm
Volume A = & X € X 10 = 480 cm3 Calculate the volume of each cubolld-
Volume B = 4 X 2 X 10 = 80cm? ~ Then add them to get the total volume.
Total volume = 480 + 80 = 560cm3 : Write the units in your answer. |
1 This shape is made of 1cm? cubes. 2 This prism is made from 9cm
What is its volume? cuboids. Find its volume. I
3cm
Always write the uri - |
- in your answer, s Split the prism into Scm L
- cuboids. )
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Plans and elevations

When you look at a 3D shape from different directions you see 2D shapes. These are
called plans and elevations. For a reminder about 3D shapes turn to page 64.

plan

front

plan

front
elevation

side
elevation

Had a look D Nearly there D Nailed it! D

D & e

The plan is the view from above. The side elevation is the view from the side. The front
elevation is the view from the front.

Worl;;a example

The diagram shows a solid
shape.
On the grid, draw a plan view 1

Y

and front and side elevations of
the shape.

1 [
1 Plan T

firont Side
glevation elevation

Imagine the plan view, From above

will see € cubes. From the side you will
see 3 cubes. From the front you will see 7
2 cubes. If you need more help, make the

shape with cubes to check.

Draw the plan view, front and side
~elevations of this 3D shape.

o

you

@

Shade what you will see from each view first.
This will help you imagine each 2D shape.

lan
¥ N

front’ side

5.9

plan

side elevation

Draw lines within the plan view and side

of height or depth.

W;;k/ed example

Here are the plan view, front elevation and side

| Plan Front
view eleyation

elevation of a cuboid made from cubes.

I:ll:ll:l

Side
elevation

~ Draw the 3D shape on isometric paper.

elevation to show where there is a change

@
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Measuring and

You use a protractor to draw and measure
angles in degrees. Knowing the names and
approximate sizes of the different types of
angle will help you to measure and draw
angles accurately.

0 Measuring angles

Use the scale that starts from O along the base
line of the angle. Here, use the inside scale.

Place the centre of the protractor at the
point where the two lines meet.

Line up the zero line with one line of

the angle.

Read the size of the angle off the scale.
This angle is 125°.

@ Drawing angle

Draw an angle of 18°.

1 Draw an angle of 135°.
2 Measure and name each angle.

W i O~

[| Naileditt [ |

drawing angles
A A W

acute right obtuse reflex
< 20 20° between 90° between 180°
and 180° and 360°

;tl;;d example

~ (a) Estimate and name the size of each angle by |
comparing them with the diagrams at the

L top of the page. ¥
(b) Check the size of each angle by measuring.
- 110°  235°  45°  reflex obtuse acute
5 235% 45° 110° 3
reflex acute obtuse

Estimate the size of the angle first. This
helps you check your answer is sensible.

Use a ruler to draw a line.

Place the centre of the protractor at one
end of the line.

Find-18° on the scale that starts at zero on
your line. This time, use the outside scale.
Draw a dot or small mark at 18°.

Using a ruler, join the end of the line to

the mark.

Draw the angle arc and label your angle 18°.

@
[

3 Is this angle 65° or 115°?
Explain how you know.

GEOMETRY |
& MEASURES
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A e
Angles are named using the three letters 4 The angle ¥° can also
of the lines that make the angle. be written as ABC
The point where the angle is formed =
is always the middle letter. %

B

Engle facts

You can use these angle facts to work out missing angles.

Angles on a straight Angles at a point Vertically opposite
line add vp to 180°. add up to 360°. angles are equal.
a+ b= 180° c+d+ e=360° f=g h=i

_A\,/

~
5 D D

Worked example
~ Work out the sizes of the angles marked with ~ Work out the size of the larger angle.
~ letters. Give reasons for your answers. (.
(a) (b)
NTZ2 <t D
1 T Sx+x=180° -
= (a) t + 32° + 208° = 360° 1 6x = 180°
t =360 — 240 x = 30° s0 5x = 150°
1 t= 120° g =
. Angles at a point add up to 360°. B ' ‘
() v+ 38° = 180° Problem solved!
| v =180 — 38 = 142° ‘ o
Angles on a straight line add up to 180°. 1. Use an angle fact: angles on a straight line
w = 142° Vertically opposite angles add up to 180°. '
1 are equal. ) 2. Set up and solve an equation.
v =38° Vertically opposite angles i:;ls:nule your value for x into the larger

are equdl.

e A & You'll need brilliant problem-solving skills 1
to succeed in GCSE - get practising now!

Find the size of the smallest angle.

Use the angle fact

q about angles at a point.
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Angles 2
Learn these angle facts.

o A 12} ’

a+rb+c=150° d+e+f+g=360°
Angles in a triangle add up to 180°. Angles in a quadrilateral add up to 360°.

Worked example £

Worked exampl

7 P

~ Work out the size of W ~ Work out the size of angle y. 1
_ angle x. S . e ‘;
= _ _ . Write any anglé:
1ee gg*? FEg =t @ (| & you have worked |
x = ‘ b
diagram.
_ Angles in a quadrilateral v i 1 ‘ﬁ h ?Ut ?nfh,e, y”qi —

add up to 360°.
- 180 = 115 =65

Angles on a straight line add up to 180°. .
= y= 180 — (65 + 36) = 79 :
Angles on parallel lines y=79°

Paralle! lines are always the same distance apart. Angles in a triangle add vp to 180°.
They never meet. They are marked with arrows.

Learn these angle facts about parallel lines.

(1] . 2]

(3]

M

a+ b= 180°

Corresponding angles Alternate angles Co-interior or allied angles
are equal. are equal. add up to 180°.

T oD 9

Work out the sizes of the angles marked with letters. . . .
Give reasons for your answers. ‘Work outl the sizes of the angles marked with
letters. Give reasons for your answers.

, e B ]
;/ é

x = 60° Alternate angles are equal -
! o — 180 — (40 4.€0) = 8O $ Y%
y = 80° Angles in a triangle add

up to 180° % -
P | Use the angle facts about ¢

Work through the problem one sté| .
at a time, writing your answers and angles on parallel lines.

reasons clearly.

Wc;l;ed example

69
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AEngles in polygons

Polygons are 2D shapes with = Formulae for angles
straight sides. You need to be able 5 < in Pﬂlygons

to identify interior and exterior
& Learn these formulae for a

angles in polygons. - &
Exterior angle + interior angle = 180° POYAoTILTEICS:

Interior Sum of interior angles
angle Y =
; =(n—2) X 180
Angles on a straight line Exterior angle i
add vp to 180° Sum of exterior angles
= 360°
Worked example @ Regular pelygons =T
. o £ A regular polygon has equal }j
(a) What is the sum of the interior angles of i sides and equal angles.

a heptagon?
A heptagon has 7 sides so n = 7
Sum of interior angles = (n — 2) X 180°

This regular pentagon has
5 equal sides and 5 equal
exterior angles.

4 = (7 — 2) X 180°

=5 x 180° = 900° The sum of the exterior angles of any
~ (b) The sum of the interior angles of a polygon polygon is 360°.
1 is 1080°. How many sides does it have? A So each exterior angle of a regular

(n— 2) X 160° = 1080°
4 n—2= 1050—-150

polygon of n sides is
[

0 —2=1 Eachaexterior angle of this pentagon is
| BT 360° _ o }
n

The shape has & sides.

Each interior angle is 180° — 72° = 108° ‘

1 solving equations |

For a reminder © o, |

turn to pages 39 an

Names of pelygons w;;{;ed example @ )

Learn the names of these polygons: ; .
- (a) Work out the exterior angle of a regular

Quadrilateral — 4 sides

decagon.
Pentagon = 5 sides ~ Sum of exterior angles is 360°.
Hexagon — 6 sides _ So exterior angle = 360° + 10 = 36°
Heptagon — 7 sides (b) C?lculale one o{ the ?ntenor angles.
. - Exterior angle + interior angle = 1860°
Octagon — & sides | Interior angle = 180 — 36 = 144
Nonagon — 9 sides | " Interior angle is 144°

Decagon - 10 sides I WYY

D 2

1 Find the sum of the interior angles of a 2 (a) Calculate one of the exterior angles in a
12-sided shape. regular nonagon.

(b) Calculate one of the interior angles.

1| Use the formula
Sum = (n — 2) X 1860° Interior angle + exterior angle = 180°

0
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Pythagoras' theorem

Pythagoras’ theorem is a rule that you can use to find the length of a missing side in a

right-angled triangle.

hypotenuse
c
\ S

a
&+ bP=c2
In a right-angled triangle, the longest
side is called the hypotenuse. It is always
opposite the right angle.

o= 9

~ Work out the length of the side labelled x.

c
xem
a 3cm

7 em

d 2=t
¥ = 32+ 72

=9+ 49 =58
ix =v%=7.61577
x =7.6cm (1 dp)

P:oblem solved'

Draw a diagram.
Label the longest side ¢ and label the other
two sides @ and b.

3. Substitute the values into the formula
@=c=p

4. Rearrange and solve the equation.

You'll need brilliant problem-solving skills
to succeed in GCSE - get practising now! I

- Work out the length of the diagonal in this square.

Draw in the diagonal. s this a shorter
side or the hypotenuse?

Pythageras checklist

Yy’ short? + short? = long?

4 Right-angled triangle.

v/ Lengths of two sides known.
v Length of third side missing.

Label the longest side of the triangle
(&

2. Label the other two sides a and b.

(It doesn’t matter which is a and which |
is b.)

Sybstitute your values into the formula |
2 =a?+ b

Solve the equation, remembering to
take the square root at the end.

5. Include the urits in your final answer

— example @

A ladder 5m long is placed next to a wall.

The base of the ladder is 2m from the bottom
of the wall.

How high up the wall does the

ladder reach?

o =c?— b? sm/ la
a?2=25—-4=21

| a= 21 = 458257 i
a=46m(1dp) o

6cm

11
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Drawing triangles

You will use different tools for drawing triangles. If you are asked to draw a triangle with
angles of given sizes, you will need a protractor and a ruler. If you are asked to construct a
triangle you will need a pair of compasses and a ruler.

Use a ruler to draw a line of length

7 cm first.

Use your protractor to draw an angle
of 60° at A

Then draw an angle of 40° at B.

Worked example
Use a ruler and protractor
to make an accurate
drawing of this triangle.

A Foint C is where these lines cross.
2 WeN
: Algeer 4O |

7em

1. Use a ruler to draw and label g line of

length 6cm. Label the ends A and B, - e
2. Open your compasses to 4 cm, | orked example @

Place the poi
.o point at A and draw an gre. Use compasses and a ruler to construct a
“ PEen your compasses to 5 cm. . triangle with sides of length 4cm, Scm and 6cm.
Place the point at B and draw an arc. = ~ ]
4. Label the point where the two arcs
cross as C. 1
c
e
A B I 1 A B
Gcm

5. Join up the vertices of your triangle.

0 D

1 Use a ruler and protractor to make an accurate 2 Use compasses and a ruler to construct this

drawing of this triangle. isosceles triangle. L
e €
Sem Sem £
AA £\, AAB I
8cm Tem

12
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Constructing

perpendicular lines

You need to know how to use compasses and a ruler to construct the perpendicular bisector

of a line.
Perpendicular means ‘at right angles’. Bisect means ‘cut in half’.

A perpendicular bisector is the line that cuts another line in half at right angles.

vfc;;I;;d example

P

Use a pair of compasses and a ruler to construct the perpendicular bisector of a line 6 cm long.

T

Braw g line off Open‘ycw compasses to | \With the compasses |

length 6cm Gl radivs that is greater | | ¢ the meme radiis,

kel Al than half the length of AB. | gy the poirt on B
Flace your compass point | gnd draw a second -
on A and draw an arc arc that cuts the
Z;OV@ dnd belowtheiiine | first arc at Cand D. ©

Worked example

The diagram shows a scale Draw a line between A and C

drawing of a garden.

Use a ruler to

Join Cand D, The
line CDis the
perpendicular S
bisector of the

line AB

D

A gardener wants to plant a

tree at the same distance from Now construct the

A as from C. perpendicular bisecton ”
Draw the perpendicular bisector of

the line between points 4 and C to 3 D
show where the tree can be planted. Everything in red iS
part of the answer. |

G

1 (a) Draw aline 4B 10cm long.

1 (b) Using a ruler and compasses, construct the perpendicular bisector of 4B.
(c) Usea ruler and protractor to check that it bisects your line at a right angle.

(d) Mark a point X on your perpendicular bisector. Check that it is the same
distance from A4 and B.

PITTTIT]

2

2 The diagram shows a scale drawing of a car park. A path is an equal distance from corners Q and S.
Draw the perpendicular bisector of the line between points Q and S to show the path.

I3

GEOMETRY |
& MEASURES






GEOMETRY
|& MEASURES

Had a lock [:‘ Nearly there D Nailed it! [:‘

o

Constructing angles

You can construct angles of 90°, 45° and 60° using only a ruler and a pair of compasses.
You can do this by bisecting angles. Remember, to bisect means to cut exactly in half.

For a reminder about bisectors turn to page 73.

o 1 Show all your construction lines |
Worked example and marks. Leave arcs in place. |

~ Use compasses and a ruler to bisect this angle of 50°.

= A A A A <
] o o 0 ! o 3

B, B B

Open your %

| Reduce the radius | Now keep your | Use aruler to Jjoin
compasses and of your compasses compasses set to the O and X
place the point + slightly. Place the + same radivs. Place - The line OX bisects *
at O. Draw an arc compass point at A the compass point at the angle AOB,
that cuts both | ond draw another | B and draw another |
arms of the angle. | arc inside the angle. + ar¢ inside the angle. It |

) should cross the first
arc. Label this point X ¢

S If you need t.
ample @ : O construct an gng|
orked examp ;'mPIy construct an equ”atemr@t:ai;reeoo |
1 . ~ ecau: § 3
Use a ruler and a pair of compasses to trian Ii;e all theoaﬂales in an equilatera|
- construct an angle of 60°. gle are 60°. !

T i "
| . ) o revise constructing triangles look at page 72. .
Constructing angles
1 ﬁ ] v To construct an angle of 90°, draw
1 A B : a straight line and construct the
t e perpendicular bisector.

This equilateral triang|
length 6 cm and interior ang

& P;05 sides of | v/ To construct an angle of 45°,
les of 60°. - construct an angle of 90° and then |
bisect the 90° angle. |

[ riow iy e P

1 Use a ruler and a pair of compasses to bisect this angle of 70°.

2 Use aruler and a pair of compasses to construct an angle of 45°.

Remember to leave in your arcs to show
that you have used a pair of compasses.

4
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Perimeter and area

Perimeter p—— -
Perimeter is the distance around the edge Wotked examPle @ i
cm

of a 2D shape. To work out the perimeter ]
of a shape, you add up the lengths of all - Work out the perimeter 3
the sides. of this rectangle.

6em G6em

| | 6t&+6+8=26 e

12cm _ Perimeter = 28cm L
7ecm

Work out the missing lengths first.
The opposite sides of a rectangle are

8
. equal s0 you can write these lengths on
e the diagram. 1
=27cm i

Erea T e e
D @
Area is the PSSP Worked examp

square is 1cm?.

amounf{ ofa Y:U i Work out the area of

insi 1 i
sp;l;e A side ‘one square this shape. ! ;
a 2D shape. centimetre’ or  Area = 14+ 5+ 5 f
Area is ‘one cen‘timetr'e = 15cm?
measured in squared =+ ]
squared units. Everything in red is

1 | art of the answer. F

You can work Area = 14cm? 2

out the area
of a shape drawn on centimetre squared

paper by counting squares. Count the whole Squares and the half
- - ——— squares. Two half squares make one
3 en e whole square.
Always write the units with your answer. |
*  Units of perimeter include mm, em, m e = T
and km. A B D 1
¢ Units of area include mm2, cm2, m?
and km?2,
~ 1 This shape is drawn on a grid of centimetre 2 (a) Draw a shape with an area of 20 cm? on |
squares. centimetre-squared paper.

(b) Find the perimeter of your shape.

1 3 The length of each side of a regular pentagon
is 6¢cm. Work out the perimeter of the pentagon.

All the sides of a reqular :

(a) Find the perimeter of the shape.
polygon are the same length.

(b) Find the area of the shape.

15
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Brea of rectangles and triangles

You need to know the formulae for the area of a rectangle and the area of a triangle.

o Krea of a rectangle @Area of a triangle

.
} The vertical height,
lw = h, is perpendicular
|

to the base of

the triangle, b.

-— —
[ = ]
Area = length X width Area = % X base X height
A=lw A=

I i Units
Worked EXample @ v’ Check the lengths are all in the

same units.

The diagram shows the . She i
0o ofga e om 3 v/ Remember to give units in your
~ (a) Work out the area of am anSwer.
the room. v Lengths in cm will give area units
- Area = | X w 55 ¢ in em?2.
=5 X 4 =20m? g v Lengths in m will give area units

~ (b) Carpet costs £12 per m2.
| How much would it cost to buy carpet for
the room? = == o
- 20 X 12 = 240 ¢ le
orked examp. %
Cost of the carpet is £240 7

in m2.

~ Work out the area of this triangle.

6cm

' |
-2-><15><6T5thesamea515><6+2 »

15 cm
| Area = %bh

=Ix15x6=1x90 ]
1 = 45cm?

CIEID =3

1 On centimetre-squared paper, draw two different rectangles, each with an area of 12cm?

2 A square has a perimeter of 16cm. Work out the area of the square.

3 The diagram shows a triangle of height 40 mm.
(a) What is the height in cm? |
(b) Work out the area of the triangle. ]

6
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Area of parallelograms
and trapeziums

You can use formulae to calculate the areas of parallelograms and trapeziums.

a Parallelogram

The vertical height, h,
is at right angles to
the base, b.

Area = base X height
A = bh

(a) Work out the area of this parallelogram.

Scm

7cm ) |
10cm

_ A=bh

=10X5
- =50cm?

(b) Work out the perimeter of the
1 parallelogram.
_ Ferimeter= 10+ 10+ 7 + 7
= 34cm

(a) The vertical height is Sem. |

1 The diagram shows a trapezium with a height

1 of 6cm.
Find the area of Aeim
1 the trapezium.
| 6em
| 10cm

A garden is in the

@ Trapezium

«—t
The vertical height, h,
is the perpendicular
h distance between the

\ parallel sides, a and b.

-

"
Area = % X (sum of parallel sides) X height

A=ZHa+ bh

20m

~ shape of a trapezium. £

- of the garden.

L A=Xa+ph

[S)

‘Work out the area

30m

=} X (20 + 40) X 30 ]
=3 X 60 X 30 1
= 900m?

The trapezium has a right angle so
the vertical height is 30m.

Remember to work out the brackets first.

@

This parallelogram has an area of 40cm?.

?em

8cm

What is its height?

Wéx?=4o |

7
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Compound shapes

You can work out the area and perimeter of complex shapes by splitting them into simpler shapes.

A

i i
. |

Area = rectangle + Area = rectangle — Area = large
triangle triangle rectangle — small
rectangle

> U
Always work out any missing lengths
before calculating the area or

Worked example 4@
~ Find the area of this shape. (]
2 10cm

T perimeter.
1 4em - — = =
10em T
vGcrﬂ You need to find the missing lengths and
G b M write them on the diagram.
10 =4 =¢6cem 10 = 2 = 8cm

Area of square = 10 X 10 = 100cm?
Area of triangle = 6 X & + 2 = 24cm? o
Area of shape = 100 — 24 = 76cm?

" - e W;;l;;d example @

e The diagram shows a car park.
Problem solved! | -

1. Draw a dotted line to divide the car park
into two rectangles.

. Label your two rectangles 4 and B.

. Use the information in the question to find 30m
out the missing lengths. (a) Work out the area of the car park.
40m — 30m = 10m 50m — 10m = 40m " Area of A= 50 X 30 = 1500m?2 r
‘Write these lengths on your diagram. Ase _ = 5

4 1 a of B= 10 X 40 = 400m
4. Find the area of each shape, then add them. Total area = 1500 + 400 = 1900 m2

You'll need brilliant problem-solving skills ~ (b) Calculate the perimeter of the car park.
to succeed in GCSE - get practising now! 50+ 40+ 40+ 10+ 10+ 30 =180 |
Ferimeter = 180m

CEID @

(a) Find the missing height /. Ih
(b) Work out the area of the shape.

W~

12cm :
What shapes can Bom

you split it into?

10cm

I8
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Circumference

You need to know these secumferenc,
definitions of parts of a
circle.

w

7 is the Greek letter “pi’.

7 =3.1415926...

You can round 7 to 3.142 in calculations.
A scientific calculator will have a button
for 7. You might need to press the
Radius is the distance from the centre to SHIFT key first.

any point on the circumference. It is half of I your calculator leaves 7 in the |
the diameter. answer, press the button to get |
Radivs = % X diameter r= g your answer as a decimal. I
Diameter = 2 X radivs d=2r

They are all distances, so are measured in
units such as mm, ecm, m and km.

1 ‘ig)
[feentre &

Circumference is the
perimeter of a circle.
Diameter is the distance
across the circle through the centre.

diameter

Here are two formulae you can use to

Write whether you have the radivs or
calculate the circumference.

the diameter first so that you use the |

Circumference = 7 X diameter oorr‘e;t fcimula.i — J
C=md

Circumference = 2 X 7 X radivs You may be asked to write your answer in
Cc=2nr terms of mr. Just calculate with the numbers -

and leave 7 in your answer.

S e R C=2X7X5=107
orked example y
Work out the circumference of this circle. et o 1
Use 7 = 3.142. rked example @

ive your answer to 1 decimal place. s i A
ey 2 Calculate the diameter of a circle with
- circumference 15m. Write your answer to
1 decimal place.

C=nd
! 15 =1md =
r=5cm d=15 +m = 47746... = 4L.&6m (1d.p)
Circumference = 27r £ ' - y
=2 X 3149 X 5 You need to redrrange the equation % 1
= 3142 C = nd to make d the subject.
= 31.4cm (1 dp) C=7nd(+ x) F
g =G !
::rpr: ;zmli‘r;er about rearranging formulae tyrn

=D & D

1 Work out the circumference of a circle with 2 A circle has a circumference of 20 cm. Work out
(a) radius 3cm the radius of the circle.

(b) diameter 7cm.

9
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Area of circles

You need to learn the formula for the area of a circle.

Area = 7 X radius?

A=mXrXr=mar?

‘-{dius‘

You always use the radivs when finding the area of a circle.
If you are given the diameter, divide by 2 to get the radius.

rked example 4@ Remember that squaring is multiplying
the number by itself

~ Work out the area of this circle. Give your A ﬁ W 92 means 9 X 9.

~ answer to 1 decimal place.

Write at least 5 digits from your
caleulator display before rounding.
Make sure you include the units in your
answer. The radivs is given in cm so the

_ r=9cm i area will be cm2.
Area = mr?
§ =X 92 =7X81 -
= 254.4690...

= 254.5¢cm? (1dp)

Work out the area of this circle. Leave your
- answer in terms of .

To find the area of a circle you need
the radius.

The radius is half the diameter: L ]
% d= 8cm

\ radivs = & + 2 = Lem
\Write the number in front of w{when » Area = nr2
leaving the answer in terms of . 3 =g X42=7X 16
= 16mwcm?

(i ory his D

1 Work out the area of each circle. 2 The diagram shows a circle and a square.
(a) (b) The circle touches the edges of the square.
Work out the area of the shaded region.
20 cm Sm

U 8cm

Shaded region = area of — area of
square circle dw’

v 8cm

80
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Circles problem-solving

You may be asked to solve problems that involve finding the area and perimeter of parts
of circles.

For a reminder about circumference and area of circles turn to pages 79 and 80.

Worked exampl @ s | Gatiian velss
v’ Always show your working.

- Work out th f the ter circle. 5
S e S L e v’ Write the formula before

Use = 3.142. the:ton
Give your answer to 1 decimal place. € substituting in any numbers.

i 5, hlem solved!

1 t2em 1. Find the area of the whole circle.
r=12cm ) 2. Divide the area by 4 to get the area of the
Area of circle = mr2 quarter circle.

=3.142 X 122 = 3142 X 144 3. Write the units in your answer.
= 452448 cm?

Area of quarter circle = 452.448 + 4 You'll need brilliant problem-solving skills ﬂ
=113112 to succeed in GCSE - get practising now!
=113.1cm? (1dp)

Problem solved! B orked example @

1. Write whether you have the radius or the This flower bed is in the shape of a semicircle.

diameter so you can decide which formula
to use.

‘Work out the perimeter of the semicircle.

= . ) Use 7= 3.142.
. Find the circumference of the whole circle. Give your answer to 1 decimal place.

2,
3. Divide the circumference by 2 to get
the length of the curved section of the | 1
semicircle.
4. Perimeter is the total distance around the =
6m

outside of a shape.

Perimeter = curved section + diameter — d=6m
5. Don't forget to round your answer at the Circumference of circle = wd
end of the question. | =3142X6=18852m
L Curved section of perimeter
You'll need brilliant problem-solving skills = 18852 + 2 = 9.426m
S ceed i O e R b o] E I Total perimeter of semicircle = 6 + 9.426

= 15.426 = 15.4m (1dp)

CIED D

This semicircle has a diameter of 12cm.

i in
~ (a) Work out the perimeter of the semicircle. Which formula are y:Ut}?: ?
(b) Work out the area of the semicircle. to use? Do you‘ nee
radius or the diameter?

12cem

81
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Reflection

A reflection is a type of transformation. A shape can be reflected in

mirror line
a mirror line. The shape before the reflection is called the object, the /
sha fter th tion i lled th: 5 !

pe after the reflection is ca ed Ae Imege ) N =
Shape A has been reflected in the mirror line to give shape B. a . D‘

Reflected shapes are congruent.

To revise congruent shapes tum to page 86.

Deing reflections
You can use tracing
paper to reflect shapes
and check your answers.

Turn the tracing paper
over, lining up the mirror
lines and the cross.
Mark a cross on the

Trace the shape in the
mirror line.

new position.

Trace the object
including the mirror
line and cross.

Worked example
Reflect shape A in the mirror line. Describe fully the single transformation that
~— maps shape A onto shape B. 3

1
'
| ! Everything inredis | —
' part of the answer. |
| i - - -~ Reflection in
1 y-axis
| £ 1
'

“fully’ i i d to state
The mirror line is the line of symmetry. To “fully’ describe this you nee:

7% . g Ve
ine i I that it is a reflection and describe t! 1
ity mirror line, which could be the x-axis, the
mirror line. i i )

y-axis or the equation of a graph.
For a reminder about equations of straight lines
turn to page 47.

1 Reflect the shape in the mirror line. 2 Describe fully the

R

-B3-p-10

Padlil
transformation that N\ F
maps shape Bonto B\
2 shape C. T ]
2

EEEnEEn
a
T~
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Rotation

A rotation is a type of transformation. You rotate a shape by
turning it about a point called the centre of rotation.

To describe a rotation you need to give:

¢ the centre of rotation

* the angle of rotation

* the direction of rotation.

The centre of rotation may be the origin (O, O) or another
coordinate point.

For a reminder about coordinates turn to page 45.

A to B: Rotation 90°
clockwise about the
The direction of rotation will be clockwise or anticlockwise. point (-2, 3)

Rotated shapes are congruent.
i Mark the centre of

~ On the grid, rotate shape A through 180° { rotation (O, 1) with X.
about point (0, 1).

The angle of rotation is given in degrees.

Wffc;;k/ed example

Trace the shape.
Everything in
red is part of
the answer.

Put your pencil
on the cross.
Turn the tracing
paper 1e08 6o
rotate the shape. 13

CED 9

* Describe fully the single transformation that 1 Rotate this shape 180° about the origin.
~ maps shape A onto shape B. ¢ L T T 71T TF T I T 111 L
. 5 B\
& X
%The origin is the
1 4 point (O, O).

T
The transformation that maps shape I s

- A onto B is a rotation 20° clockwise 2 Dcscribé fully the single transformation
about the point (1, 3) that maps shape A onto shape B.
by
To find the centre of rotation, trace the &
object shape then rotate the tracing ' (1] 11,
paper. holding a point fixed with your : . "2";0 B X E
pencil. Repeat for different points until 2
your tracing covers the image. T

83
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Translation
A translation is a type of The transformation A — B is a translation by
sliding transformation. the vector
You can use a vector to <_ 4.);—* The top number describes the horizontal
. : movement.
describe a translation. 3  If the number is positive move right —»
/ * If the number is negative move left ¢

The bottom number describes the
vertical movement

« If the number is positive move up ?
« If the number is negative move down ¢

Translated shapes are congruent.

Work:d example %*

« Move each vertex on shape A
1

Translate shape A by
the vector { = . Label

2 squares right and 1 square down
the new shape B.

Draw the image B.

Everything in red i
part of the answer

Worked example @
Always read the question carefully to L

i j i Describe fully the single transformation that
identify the object and the image. | 1=
When describing a translation you first will map shape A onto shape B.

need to write the word ‘transiation’ I "
and then use a vector to describe the 5
translation. 4
«—\ Movement left or right 3
I Movement up or down 2
1
S#-ppf1o] T 23 4=
Rc_“d the question carefully. You need to | L
write the vector from A to B. ” Translation by vector ( > )
1 Describe fully the P 2 On the grid, translate =
transformation that I shape S by the -
4 will map shape A onto 5 ( 3 ) 4
shape B. 1 VeSloT\ gy 5l s
| % > Label the new shape T. 1
4 ! ] —lig] X
4 =1
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Enlargement

When you enlarge a shape you make it either bigger or smaller
than the original shape.

The scale facter of an enlargement tells you how much to multiply
each length by.

Lines drawn through corresponding points on the object A and
the image B meet at the centre of enlargement X.

Enlarging a shape gives a similar shape. The angles in the The scale factor from A to Bis 2.

shapes do not change but the lengths of the sides do change. 1. .caie tactor from B to A is L.
To find out more about similar shapes turn to page 86. =

< -

o . 7 1. Count the squares horizontally and
Worked examp]e @ L vertically from the centre of
enlargement

~ On the grid, enlarge the shape by scale factor2 to each vertex on the shape.

from the centre of enlargement X. 2. Multiply all the distances from the

centre by the scale factor

The position of the top right vertex

of the shape changes from 2 up and

3 right to 4 up and 6 right.

1 Check it!

- e Each length in the object should have been
multiplied by the scale factor 2.
Object: base = 3
Image: base = 6 = 2 X 3/

Describe fully the
— single transformation
that maps shape A
onto shape B.

To fully describe this You need to state that

it is an enl i
! enlargement, and give the scale

i actor and the centre of enlargement. I
Enlargement, scale -

factor 2 with
-+ centre of
enlargement (1, 1)

1 Enlarge this shape by 2 Describe fully the 3
scale factor 3 about single transformation & 17
the centre of

| that maps shape A
enlargement X. onto shape B.

NELEE
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Congruent and similar shapes

Two shapes are congruent if they are exactly the same shape and size. Shapes are similar
if one of the shapes is an enlargement of the other.

You need to be able to recognise congruent and similar shapes.

Congruent shapes are identical — their Similar shapes have equal angles and the
lengths are the same and their angles are sides are in the same ratio.

the same size. Enlargements produce similar shapes.
The shapes in each pair are congruent. \
Reflected shapes

Rotated shapes 1

4

]

Translated shapes
scale factor is 2

For a reminder about enlargement turn to page 85.

SR Yy tracing paper
ample @ To test for congruency. Us€ A
Worked examp to trace shape A and then see if your

~ The diagram shows six trapeziums. tracing paper fits over another shap
1 || = | = = =
g - CEETD D
i | B 2 i <
The diagram shows six triangles.

_ (a) Write the letter of the shape that is
congruent to shape A.

B
(b) Write the letter of the shape that is similar

J to shape A. |
| g 1 (a) Write the letters of one pair of
(c) Write the letter of the shape that is congruent triangles.
congruent to shape F. - (b) Write the letters of one pair of 13
D \ similar triangles.

Wr?te down the lengths of the horizontal and vert:
Find another shape with corresponding s
Care 2, 4 and 6. Shape A is enlarged b

‘ ical sides in shape A (1, 2 and 3).
ides in the same ratio. The sides of shape
y scale factor 2 to give shape C.
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Shape problem-selving

When you are solving shape problems, use what you know about shape as well as other
maths topics such as algebra. You may not always answer a problem with one calculation.
You may need to break the problem into several steps to find the final answer.

To revise solving equations look at page 39. To revise volume of cuboids look at page €5. For a reminder
about angle facts look at page 69, and for area and perimeter of rectangles look at pages 75 and 76.

Worked example @
- DVD cases are cuboids measuring 15 cm by
20cm by 2cm.
The DVD cases are packed in larger cuboid

boxes measuring 100cm by 90cm by 20cm.
The DVD cases are packed so that there are

~ no gaps.
How many DVD cases can fit into one

- large box?

1 20em

= - 90cm

100em

- Volume of large box = 100 X 90 X 20

| = 180000cm>
Volume of DVD case = 20 X 15 X 2

- = 600cm3
180000 + 600 = 300

~ 300 cases

Problem solved!
1. Write an equation, using the fact that angles
in a triangle add up to 180°.
Solve the equation to find the value of x.
Remember to answer the question. Use
your value for x to calculate the size of
the other two angles. State the size of the
largest angle.
Check it! Check that your angles add up to 180°.

25+ 7580 = 1808/

W

You'll need brilliant problem-solving skills
to succeed in GCSE - get practising now!

You need to find the value of x. Set up an equation |
using the information that the perimeter is thcm.
S0 40 = 3x + 3x + x + x Solve the equation
e formula for the
length X width. Don't
area in your answer.

and use your value for xin th
area of a rectangle: aréa =
forget to include the units for

’ Problem solved!

The solution shown divides the volume of the
large box by the volume of the DVD case. For
this to be valid, you need to make sure that all
the cases can be laid out in one layer without 1
gaps, and that the
layers will stack
without gaps. The
edge lengths of
the large box must
be multiples of
the corresponding
lengths of the DVD case.

100=20X5v 90=15X6v 20=2X 10/
An alternative approach is to work out how
many DVD cases fit in one layer (5 X 6 = 30),
how many layers fit in the large box (20 + 2 =
10), then multiply these (30 X 10 = 300).

100cm !

You'll need brilliant problem-solving skills
to succeed in GCSE - get practising now!

W;;l;;d example

B

Calculate the size of the largest angle in this
triangle. -
Angles in a triangle add up to to 180°.

2% + 30" + '+ 3= 16067 A
6x + 30° = 180°

6x= 150°
x = 25° 2x +30° H
3x=3 X 25 = 75° A [

2x + 30° =2 X 25 + 30 = 80°
The largest angle is 80° &

ﬁ;:.v try this

The perimeter of this

m rectangle is 40cm. % I:l
Calculate the area of

the rectangle.
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Worked example

Probability

Probability is a measure of how likely an event is to happen.
All probabilities have a value between O and 1.

Had alook [ | Nearly there [ | Nailed it! [ |

Impossible Even chance Certain
You can use fractions, decimals and percentages to ! . |
describe probabilities. o % 4
An event that is certain has a probability of 1 or 100%. 0.5
0% 50% 100%

An event that is impossible has a probability of O or O%.

It is very likely that it will rain in the next | Wc;;l;ed example
2 months so A is close to 1.

&9

There is an even chance that when you flip © On this probability scale mark the probability

4 coin it will land heads up. so B is "'a”WGY-”ofceach event:

i B
It is very unlikely that someone in your

A
|

family will win the jackpot next week so the
probability of C is close to O. |

Writing probabilities
You can write the probability of an event
happening using the notation P(event).

AwWPo T+

in the national lottery next week.

When you flip a coin the probability T o
of it landing heads up is 3. You write Worked example
this as P(Heads) or P(H) = |

There is only one head. There are two possible ‘
outcomes: heads and tails. I

Flevent) = total number of possible outcomes

n;r|:|ber of ful \ %

I adice are: 1, 2,3, 4,5, 6
@, There is only one 3 so P(3) = é

The diagram shows a normal

cight-sided spinner.

(a) Work out the probability
this spinner will land on
blue or green.

P(blue or green) = % @

(b) Work out the probability the spinner will 7
land on yellow.

P(yellow) = O

a yellow.

List all the
possible outcomes.

The diagram shows a normal six-sided spinner.

(a) Which letter is the spinner most likely to land on?
(b) Work out the probability that the spinner lands on A.

It will rain some time in the next 2 months.
‘When you flip a coin it will land heads up.
Someone in your family will win the jackpot

The possible outcomes when you roll

(a) Three sections are blue or green.
{ There are eight possible outcomes.
(b) There are no yellow sections so it 15
impossible for the spinner to land on

1

A normal six-sided dice is rolled. Calculate i

(a) P(3) (b) P(odd number)
(a) P@3) =L (b) Plodd) = 2

,ﬂ%r
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Outcomes

You can calculate probabilities by listing all the outcomes of an event.
When you flip a coin, the only possible outcomes are heads and tails.
There are two different outcomes and each is equally likely to occur.
P(Head) = % P(Tail) = % P(H) + P = 1

The probabilities of all the different possible outcomes of an event add vp to 1.

Worked example @ \ Write all the possible outcomes.

There are four possible outcomes.
Jon flips two coins. What is the probability of
both of them landing heads up? |
Fossible outcomeﬁ HH, HT, TH, TT Use the form\rJ“;ber FonscasshilButeomes

P(RH) = Plevent) = Total number of possible outcomes

Only one is HH. T

If you know the probabmty that something will happen,
you can caleulate the probability that it will net happen.

P(ovtcome doesn’t happen) = 1 — P(outcome happens)
The probability of this spinner landing on blue is L so the probability of

it not landing on blue is 1 — 2 = 2
Worked example @

Q 5
I, s e :
I the probability is given as a\dgcnma (a) The probability that it will rain tomorrow
write the answer as a decima E 1 is 0.6. Work out the probability that it will -

It it is written as a fraction, write your not rain tomorrow.
answer as a fraction. P(Will not rain) = 1 — P(will rain)
- =1-06=04 L

( b) The probability that Josie is late for school
3 isg 1. What is the probability that she is not
Check your answer latc for school?
el == ] P(Josie is not late) = 1 — f’(JosBis is late)
=1 =)

b 4

CIEID ]

1 The probability that Mark wins a game of 3 Carmen flips a coin and spins
| tennis is 0.8 this spinner. =

‘What is the probability he doesn’t win? (a) Write a list of all the possible

2 The probability that a train is late is 30%. outcomes.

| H o P
What s the: probability it is.on time? (b) Work out the probability of getting a tails

Probabilities add up to 1 or 100%. on the coin and a 1 on the spinner.

Be systematic in writing out
all the possible outconle?.%
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Experimental probability

You can use the results of an experiment to estimate probabilities. This is called the
experimental probability. The more trials you do, the more reliable the probability.

[

Expected outcome is an estimate of how many times you expect something to happen.
For example, when you flip a fair coin 100 times, you expect to get a tails about 50 times.

3

Use these formulae to calculate the probabilities
and outcomes of experiments.

orked Vexample

Experimental _ frequency of outcome Fernando rolls a dice 100 times. He
probability = total frequency records the results in a table.
(a) Find the experimental probability of
Expected  number of probability of rolling each number.
outcome ~  trials successful outcome Number | Frequency | Experimental
on dice
Theoretical probability ! 2
Theoretical probability is calculated 2 13
without doing an experiment. For 3 3
example, the probability of rolling a 3
when you roll a fair dice is g 4 10
If you do an experiment rolling a fair 5 11
dice, the more trials you do, the closer | 6 37
the experimental probability will get to | L — —
L the theoretical probability. | (b) Do you think this is a fair dice?

- No. If it were fair you would expect
@ similar frequencies. There are a lot

Wo:ked example more 65 than expected. The dice is
probably biased.

The probability of a spinner landing on yellow

is 0.2 I

The spinner is spun 200 times. There are 200 trials and the probability
Work out an estimate for the number of times of the spinner landing on yellow is 0.2
the spinner will land on yellow. W

200 X 0.2 = 40

1 A bag contains an unknown number of 2 The diagram shows a

coloured counters. five-sided spinner.

Pedro picks a counter at random from the bag, Andrea spins the spinner

notes its colour, then replaces it. He does this and records the

50 times and his results are recorded in the probability of spinning

table below. each number in a table.
Colour Red | Green | Yellow | Pink Number ! 2 3 4 S
Frequency 12 14 20 4 Probability 02(03]01]0.1]03

She spins the spinner 500 times. Work out an
estimate for the number of times the spinner
will land on 1.

(a) What is the probability that the next
counter Pedro picks is green?

(b) How many times would Pedro expect to
pick a green counter out of the bag if he
repeated the experiment 200 times?

P(Green) x 200
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Probability diagrams

A sample space diagram shows all the possible outcomes of two events. Second coin

Here are all the possible outcomes when you flip two coins. There are £ H T
four possible outcomes altogether: HH, HT, TH and TT. SlH I HA [ HT
Other diagrams that are useful are two-way tables and Venn diagrams. E Tl |17
TH means getting a tails on the first coin and a heads on the second coin.
@ Venn diagrams
Joanne flips a coin and rol.l‘s a fair six-sided dice. This Venn diagram | Fhysice History
(a) Draw a sample space diagram to show all shows the numbers | ~
the possible outcomes. £ of students who )
Dice o
T 1273 215 1¢ study physics and
E L o | history in a class
G (H |H1 |H2 [H3 | H4 | H5 | ’167: of 30 students. history only
lEE] [t2 {13 {14 715 | 10 physics both physics neither history

only  and history nor physics

(b) Work out the probability that Joanne rolls

an odd number and flips heads. L
b 1

many people that section represents.
P(Odd, H =5=7
{Odd, Heads) =05 = g Atotal of 10 + 3 + 12 + 5 = 30 students |

There are 3 outcomes for odd number and If a student is picked from the class at ‘
heads: H1, H3 and H5. so the numerator is 3. + random, P(Physics and history) = 3% [
There are 12 possible outcomes altogethen so |

the denominator is 12. === —
E— example @ Worked example @

28 students were asked if they preferred tennis

The number in each section tells you how

Jamie did a survey of the eye colour and hair or badminton.
colour of 14 of his friends. 8 boys said they preferred tennis.

~ 2 friends had brown hair and blue eyes. £ Of the 11 students who preferred badminton, -
7 friends had brown hair. 5 were girls.

- 9 friends had blue eyes. - (a) Complete this two-way table. s

(a) Draw a Venn diagram of this information.
< | Badmi
Brown hair Blue eyes Always start with t Tennis Total

| the intersection. Boys 3 G A

5 (2) 7 )Jilg=oiss B Gis | 9 5 14
)&/ & o7 - Total | 17 i 28

1 N e . (b) What s the probability that a student
(b) Work out the probability that one of these St e e o pre‘fgrre d tennis?

friends had brown hair but not blue eyes. X
- - P(Preferred tennis) =

/

P(Brown hair and not blue eyes) = T’[ B
First dice @
Claire rolls two dice and adds the results together. 11237456 3
(a) Complete this sample space diagram. il 2 £
(b) How many possible outcomes are there? ,E 2 4 6
(c) Which total is most likely? 23 %
(d) Work out the probability that the total of the two § 4 7
dice is 10. n
S
6 8
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Probability tree diagrams

A tree diagram shows all the ovtcomes of two or more events.
You work out the probability of different outcomes by multiplying along the branches.

Probabilities on tree diagrams
The probability of Jamie being late for school on any day is 0.1
The tree diagram shows the probability of Jamie being late for school two days in a row.

You write the probability This branch shows Jamie
of each event on is late two days in a row Multiply the probabilities
its branch, Monday Tuesday Outcome to give P(Late, Late)

Late Late, Late 0.1 X 0.1 =0.01

0.1
Late
0.1

0. Not late Late, Not late 0.1 X 0.9 = 0.09

= 0.1~ Late Not late, Late 0.9 X 0.1 = 0.09
Not.

The probabilities on e o

coch el of branches -9 Notlate  Not late, Late 0.9 X 0.9 = 0.81

g
add up to 1 All the probabilities should add up to 1

OrinQ.a =1 0.01 +0.09 +0.09 +0.81 =1/
P(Jamie is late two days in a row) = 0.1 X 0.1 = 0.01

Marcus plays tennis. He either wins a

: Ist game 2nd game  Outcome
~ game or doesn’t win. Wins Wins. Wins. 2 &
The probability that Marcus wins a o e
- gameis . Wins .

1

3

He plays two games of tennis.
(a) What is the probability Marcus
doesn’t win a game?
P(Doesr’'t win) = 1 — P(Wins)
= 4= 3_1 Doesn’t
- win i

Doesn’t win ~ Wins, Doesn’'t win  — »

o
S R |-

Wins Doesn’t win, Wins - x

%

(b) Complete this probabi'lny tree
diagram to show the probabilities
of all the possible outcomes.

(c) Work out the probability that Marcus wins both games.

P(Wins, Wins) = % X % = 15@

The probability that Peter passes a maths test is%

Doesn’t win  Doesn’t win, Lx+
Doesn’t win

The probability that Josie passes the test is % Peter Josie  Outcome  Probability
(a) What is the probability Peter does not 3 Pass  PasSio... 3 ReeaSan
pass the test? 1 Pass =
~ (b) What is the probability that Josie does j < Fail  Pass..... ... -
not pass the test? <L T A— e xi= .
- (c) Complete this tree diagram. E
(d) Work out the probability that both Fail <
Peter and Josie pass the maths test. e Fail v T Hisnss= srom
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Mutually exclusive and
independent events

You need to be able to identify when events are independent or mutually exclusive.

B Two events are
mutually exclusive if
they cannot happen
at the same time. For
example, when you flip
a coin once, you cannot
get a heads and a tails
at the same.

W;hrk:d example

~ Janrollsan ordinary six-sided dice once. 1

- Which of these events are mutually exclusive?
(a) Rolling a multiple of 3 and rolling an even
number
Not mutually exclusive because 6 is both
| a multiple of 3 and an even number.
~ (b) Rolling an odd number and rolling a
multiple of 4
- Mutually exclusive because no odd 3
number is also a multiple of 4.

(a) fThcse are independent events because
or example, the probability of rolling
a 4 on the dice does not affect the
(b) These are rot independent events
because picking and €ating a chocolate
means there are fewer chocolates left,
50 the probability of picking another
chocolate will be lower

Jason rolls a fair six-sided dice.

‘Which of these events are mutually exclusive?
Give your reasons.

Use a Venn diagram to show whethew
events are mutually exclusive.

probability of getting a tails on the coin, ©

Independent events are events that do
not affect each other. So the probability
of one event does not affect the
probability of the other event. If you flip
a coin and roll a dice at the same time,
whether you get tails doesn’t affect
whether you get a 3.

Events that are NOT independent are
called dependent events.

\enn diagrams are useful in showing whether
two events are mutually exclusive or not. t

Even number _ Multiple of 3

—— |

Odd number _Multiple of 4 ‘

There car't be anything in the overlap if
events are mutudlly exclusive. l

Which of these events are independent events?

(a) Rolling a dice and then flipping a coin

Independent events <

(b) From a bag of sweets containing toffees
and chocolates, picking a chocolate at
random, eating it and then picking
another chocolate

Dependent events &

(a) Rolling a 5 and an even number

(b) Rolling a multiple of 3 and a number smaller
than 2 [

(c) Rolling an odd number and a square I
number
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Worked example

Worked example
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Bverages and range

There are three different types of average: mean, median and mode. Averages tell you a
typical value of a set of data. The range tells you how spread out the data set is.

Here is a set of data.

6 7.9 39 9 8 13
(a) Write the mode.

The mode is 9.

(b) Work out the mean.

&P

The mode is the value L
nthat occurs most often.

Gm

To ﬂnd the mean, add up all the values
and divide by the number of values.

E+7+9+3+9+9+86+13=064" 1e median is the middle value. Write the
numbers in order, from the smallest value to the

6L +8=08
The mean is 8.
(c) Work out the median.

Z & 8 9 o & 38
Median = 8.5

(d) Work out the range.

1831— 3 = 10

The range is 10.

The table shows the numbers of merits awarded

in one month to a class.

Number of merits Frequency
0 2
1 3
2 S
3 it
4 3
5 3

(a) How many students were in the class?
283 £S5 & T+ 3+ 3 =28

(b) What is the modal number of merits?
The modal number of merits is 3.

(c) What is the median number of merits?
The median number of merits is 3.
co0e

12th value

(b) The modal number is the same as
the mode.
(o)

There were 23 merits altogether.
The median is the

SN o 12th value.

Find which frequency group the 12th value

is in. Remember that the answer is the
number of merits, not the frequency.

largest value. Cross off the smallest and largest

values, in pairs, until you reach the middle.

If there are two numbers in the middle, the
median is halfway between them.

CEID

@ Range = biggest valve — smallest value

Worked examPle

Here are three number cards.

The mode of the numbers on the cards is 7.
The mean of the three numbers is 6.
Work out the three numbers on the cards.

The numbers on the three cards are 4, 7,7 _

s = '
Problem solved!
The mode is 7 so at least two cards
must be 7s.

The mean is 6 so the sum of the numbers is
6x3=18

A

So 7+ 7+ ?= 18— the other number must be 4 -

Check it!

T+T+4=18+ 18+3=64«

You'll need brilliant problem-solving skills
to succeed in GCSE - get practising now!

Start with
the median.

Here are three different number cards.

The median, mean and range are all 4.
Work out the number on each card.
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Averages from tables

When you have lots of data it may be useful to use a frequency table to display the data.
You can find averages from ungrouped and grouped frequency tables.

;ﬁ:d :example @ y

The table shows the numbers EV:rtythi”Q in (a) Write the mode.
of text messages sent by some :: B partof | The mode is 3 text messages.
students one lunchtime. e anover: (b) Work out the median.

Number | Frequency | Frequency X The median is haltway between the 10th and
of text f number of texts 1 1th values. The median is 2 text messages.
messages (FX %) (c) Work out the mean.
5 Total of (f X x) columnis 6 + 10 + 21 + & = 45
1 6 1><76:6 Total frequencyis6 + 5 +7 + 1 + 2 =20 7
—| 45 +20=225
2 5 X 5 =
s = 2 or= FOL The mean is 2.25 text messages.
- 5 To calculate the mean from a frequency table you |
need to add an extra column, Frequency X number |

of texts, f X x The total of this column is the total
number of texts made. Use this rule to work out
e i = total of (f X x) column

: d, mp—l—e " total frequency |
Worke exa —

L Everything in red is
The table shows the times it took a class of students to travel to school. part of the answer. 7
Calculate an estimate for the mean time taken to travel to school.

Time, ¢ (mins) Frequency ~ Midpoint |
0<t=<10 0 =
10<:1=20 5 =
20<=30 12 5% |
30<1=40 > _
40<1=50 1
Total f= 20
o %ﬂx{x i h to use an
498 ; As you don't have an exact value for ‘the tvm:',déounoc::\;ser . .
T 20 estimate. The midpoint is @ good estimate. al

ach group: The midpoint of O and 1015 5.

24.5 minutes and find the midpoint of e

The table shows the heights, 7 cm, of 12 plants.

Height, A (cm) Frequency, f Midpoint, x Freq y X midpoint (f X x)
0<h=20 2
20<h=40 3
40 < I < 60 5
60 </ =< 80 2
Total frequency = Total f X x =
(a) Complete the two columns in the table. total f X x
(b) Calculate an estimate for the mean height of the plants. WMSGH = iotal £
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Stem and leaf diagrams

An ordered stem and leaf diagram is made up of a ‘stem’ and a ‘leaf’ and the data are
arranged in order of size.

This stem and leaf diagram shows the marks of 19 students in a spelling test.

0]8 represents & S
The smallest valve is 8. © |2 2 The key is important
T3 ¢7 L
becavse it tells you about
2 |4 4 4 5 6 8 9 "
P the value of the data in
The largest value is 38.——3 |1 2 4 4 5

| 5 © Kéy:1]6 =16 marks  the stem and leaf diagram.
You can use stem and leaf diagrams to find averages.

for a reminder about averages turn to page 94-

rked example % To draw a stem and leaf diagram: I

j R d largest L
Pedro recorded the numbers of spam emails his 1. Look C‘F the 5m0|l|55t tahlse w?l e
friends received in one day. These are his results. values in the data — e

23,5,12, 4,14, 14,24, 35, 27, 6, choose sensible values for your stem.
10,18, 28, 18,50 i 2. Draw an ordered stem. |

(a) Show these data in an ordered stem and

i 3. Cross off each data value as you
leaf diagram. i

enter It into an unordered stem and

L @0 ‘5 4 6 leaf diagram. F
| ! ‘2 4loie e Draw another diagram, putting the
g é 12" 78 data (the leaves) in order
F | ols 5 ¢ i 5. Write a key. 1]
1 112 2 4 4 4 & 1
4 213 47 8 !
32 5 Key: 1]2 = 12 emails ¢ common value.

| 3 : 5!

(b) Work out the range. The mode 12 e
7 Range = 35 — 4 = 31 spam emails W AN

Write the mode. :

] t\CA)Od;:e 1211:;;(7\ emails F The median is the middle vaiuetw:eTaihiit. L

(d) Work out the median. data are in order fromismalleet forotg

Median = 14 spam emails Cross off the data values 'n’l‘ ol 2051?
. s httn % 4 Lo L forward and backwards, until you rea

the middle value. |

Here are the times taken, in minutes, to complete a puzzle.

i he
Start by crossing off t
B 1y 3 lowest and highest values. The
S median 15 the middle value.
~ (a) Show these data in an ordered stem and leaf diagram. When there is an even Slijn:"\per‘
(b) Work out the range. of data values, the media

is halfway between the two
middle values.

-

~ (c) Write the mode.
(d) Work out the median.
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Analysing data

In statistics, a population is a group you
are interested in. A whole population is
vsually too big to collect data about, so you
choose a sample, which is a smaller group
chosen from the population.
* The sample must be large enough to be
reliable — about 10% is a good sample.
* The sample must be random. Every
member of the population must have an
equal chance of being included.

Hypothesis

A hypothesis is an idea you want to
test. When testing a hypothesis, make
sure you collect the data you need.

Jamie wants to test the hypothesis: ‘Students
who travel by bus are often late for school.”
Which of these sets of data does he need

to collect?

A Age of students

B How often students are late

C Gender of students

D Method of transport

B and D

Worked example

The age and gender of students are not
relevant to the hypothesis being tested.

G

Claire wants to do a survey to find out the most
popular sport in her school.

There are 500 students in her school.

(a) How many students should she sample?

@

Jo does a survey about how students in her
school travel to school. There are 800 students
in her school. Choose the most appropriate
sample size for her survey.

A 8 students

B 80 students

C 800 students

B &0 students

Work:d example

8 studerts is not a good sample size because
there are too few students. [
&0is 10% of 800 s0 1t Is a good sample size. -
800 is dll of the students in the school or 4
population. It would take a long time to ask
everybody — that is why you should use a I

sample.

Hilary wants to find out the numbers of adults,
- boys and girls who visit a museum.

Design a suitable data collection sheet to collect
- the information.

W;rked 7examp1e

| Tally | Frequency; ¢
Adults J - “ e
Boys ’747 .
Girls | |

A random sample is a good way to collect |
data but it is important to collect data
from a random sample in an unbiased way.

@

(b) Which of these methods of collection would

affect the data? Give your reasons.
A A random sample of students in her year
B A random sample of students in the school
C Students in the football and netball teams
D A random sample of boys
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Pie charts

A pie chart is a circle divided into slices called sectors.

The whole circle represents a set of data. 1 of cars
% of cars

are blue

Each sector represents a fraction of the data. areiwhits K Blie ,

This pie chart shows the colours of cars in a car park.

You need a sharp pencil, compasses and a
protractor to draw a pie chart. 13

orked example @ @
Kami asked 24 students about their favourite

drinks. The table shows her results.
Draw a pie chart to show this information.

1. Add a new column to the table and
label it ‘Angle’.
2. Work out how many degrees will I

T Namber of Argle represent 1 student.
7 students There are 360° in a circle and 24
| Orange 3 BX 15° = 120° | - students so the number of degrees for *
Blackcurrant 6 6 X 15° = 90° ! St.Udent R i B T [
Lemon | 6 [exisr=oor || > [iY e sumber of stiderts by the
Other 4 4 X 15° = 60° give you the angle for each sector.
Total number ofstudente =86 16 A —on k 4. Check that all your angles add up to [
- Angle for 1 student = 360° + 24 = 15° - S |
Check: 120° + 90° + 9C° + 60° = 360° 5. Draw a circle. Draw a vertical line and
1 b use a protractor to measure the first
&S X angle (120°) from this line. Draw the -
@ 6 rest of the angles, taking care not to
: \g overlap the angles. It helps to turn |
rerything “;i \ 1 your page so that you measure from
i Pae\-, \ the last angle you drew.
| :Y,ian?‘f{ i L 1 — & Label each sector of your pie chart.
| ¢ For a reminder about measuring and drawing
Blackeurrant angles turn to page 67.

@B

The table shows information about the members of a chess club.

Members Frequency Angle
Boys 15
G“}IS 10 ?ngfrgzrr\ — 360° + number of people
Adults i

(a) How many people are members of the chess club? w
(b) Work out the number of degrees that represents one person.
(c) Complete the angle column in the table.
(d) Draw a pie chart to show this information.
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Scatter graphs

A scatter graph compares two sets of data on the same graph.

The shape of the scatter graph shows if there is a relationship between the two sets of data.

If the points in a scatter graph lie roughly on a straight line then the scatter graph shows

correlation.
o
4 t
] I X Pl ey %
£ 2 X
g xxX 3] X sy | X x
S pre 2 X X
H %, X 5 L% 8 % X
ER R4 2 % ul § 9.1,
R £ XX, A
oo Temperature Oo Speed of car Oo Height E

Positive correlation

Worked example

The scatter graph shows the marks obtained
- by 10 students in two maths tests.

y‘l
20
13
y . x /x
144 =
o 1 x
£ 101
o o A
64 |
4 x
2
o S
2 4 6 8 10 12 14 16 18 20 *

Test 1

Negative correlation

No correlation

(a) What type of correlation does the scatter graph
show?

Fositive correlation

(b) Draw a line of best fit on the scatter graph.

(c) Another student scored 15 marks on test 1.
Use your line of best fit to estimate the

student’s mark on test 2.
16 marks %
test 1 increase

As the marks in
the marks in tes ‘
This is positive corr‘elrart\(?rh

t 2 also increase. €

The line of best fit is a straight line that
is as close to the points as possible. | L

You can use your line of best fit to
predict values that are not plotted.

Describe what happens to the I

The scatter graph gives information about the
rainfall (mm) and temperature (°C) for 12 days in

- ayear.
7.

1 =12

EIU
1 =

3 3

£
i
4 o 3 10 1214 16 18 20 22 24 26 28 X

Temperature (°C)

rainfall as the temperature increases. |

(a) Describe the relationship between the

temperature and rainfall.

(b)

‘What type of correlation does the scatter
graph show?

(c
(d

Draw a line of best fit.

On one day during the year the temperature
was 19°C. Use your line of best fit to
estimate the rainfall on that day.
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Writing a report

* a conclusion

When you have completed a survey, —

it is useful to draw conclusions and >0 nru

write a report on what you have found A report should include:

out. You can clculate averages and *  the hypothesis that you are testing

use graphs and charts to support

A * averages and range

your conclusions and show your

results in a clear and organised way. * atleast one graph or chart
|
|
T

* ideas on how to improve the investigation. |

Josie wants to find out if students own more than 1 pet. She asks 30 students in Year 9. The table shows

the numbers of pets these students own.
~ Wirite a report to clearly show Josie’s findings. Include a pie chart in your report.

Number of pets | Frequency | Number of pets X frequency Angle
0 2 0 2% 12° = 24°
1 6 c e e
2 9 18 | 91X 12° = 108&°
| 3 8 24 e =iz =8cs
1 5 20 T 5x12°=60°
1 30 68 y
- Mode = 2 pets Range = 4 — O = 4 pets

Mean = total frequency + total number of pets = 68 + 30 = 2.3 pets
Angle for 1 student = 360° + 30 = 12°
= Check: 24° + 72° + 108° +'96° + 60° = 360°

Number of pets
The modal number of pets is 2 and the mean number of pets is 2.3.

The range is 4 pets. As the average number of pets owned is 2 or
- 2.3, depending on whether you use the mode or the mean, Josie has
shown that, on average, people own more than 1 pet.

To improve the investigation, Josie could survey different Year groups
to find out if older students owned more pets than younger students. «

A scientist wanted to test which of two different soil types was better for growing plants. She planted
seeds in two different soil samples, A and B, and measured the heights of the plants (cm) after 4 weeks. 3

[SoitA@m ] 5 [ 15 [ 25 [ 32 [ 4 [ 35 [ 17 [ 25 [ 25 [ 30 | -
[SoilBemy [ 10 [ 20 [ 24 [ 10 [ 20 [ 2] 23 [ 13 | 25 [ 38 |

(a) Work out the mean, median, mode and range for the heights of plants grown in Soil A and in Soil B.
(b) Draw a stem and leaf diagram for the heights of the plants grown in each of the soil samples.
(¢) Write a conclusion. @ Write an explanation of which soil sample you think is

better for growing plants.
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BEnswers

NUMBER

1. Whole numbers

1. (a) Ninety-five thousand, three hundred and sixty-four
(b) 5000 or five thousand

2. (a) 3756. 3765, 20098, 21089, 21465, 1000010
(b) —11,-3,-1,4,6,9

3. Moscow

2. Decimals

L. (a) 67>645  (b) 23.819 <23.84
2. 2.15,2.199,2.26,2.3

6
3. 6 hundredths or 15
4. Kris’s

3. Rounding

1. 4000 + 3000 = 7000 with both numbers rounded up. but both
are less than their rounded number so 3790 + 2858 < 7000

2. 6xX3=18

3.(a) 3800 ()25 (0 0.74
4. Addition

1. 8464

2. 49.025

3. 16.363m

4. Lukas; Oliver spent £56.54 and Lukas spent £56.65

5. Subtraction
L 919

2. 0.65kg
3. £7.26

6. Understanding powers of 10
L (a) 618 (b)) 578 (o) 83  (d) 3700

2. 200000

3. £0.45 million

1. Multiplication
1. (a) 19992 (b) 25848
2. 8520

3. £12

4. Rounding: 12 X 5 = 60, so the answer is incorrect.

(© 9.1  (d) 114.048

8. Division of whole numbers
1. (a) 646  (b) 264

2. 32

3. 432,468

9. Division with decimals
1. (a) 183.8 (b) 435

2. £35.64

3. 15

10. Negative numbers

L (@1 (b) -6 ©-9 @ -5
2. 12 (b)) -36 (¢)6 d) -5
3. Max is correct because negative X negative = positive, and

then negative X positive = negative
4. 2°C

11. Factors, multiples and primes
- Diagram should show factors of 30: 1,2, 3,5, 6, 10, 15,30
. (@) () 1,2,4,8,16,32
(ii) 1,2,3,4,6,8,12,16,24,48

() 16
3. 56
. (a) 230129

(b) Various numbers, e.g. 11,31, 61

IS

IS

12. Squares, cubes and roots
1. (a) -8 (b) 7 (c)
2. () 3375 (b) 10.95(2d.p)
3. 2m—-48m=4m

10
(©-18

13. Priocrity of operations

L@@09 (i)l6
(b) () 86 (i) 81
© ) 11 Gi) 19

2. 307 =900; 25 X 36 = 900

14. More powers

1. (a) 4° (b) 8¢ (©) 10*  (d) 10°

2 (a) = ®) 3 © 1

3. (a) 625  (b) —216  (c) 0.008

15. Prime factors

L 22X 3X5

2. (a) 22x3  (b)2° () 22x5x7 (d) xS

16. HCF and LCM

1. HCF 4: LCM 288

2. HCF 24; LCM 360

3. 16m

4. 3 trays of small rolls and 4 trays of large rolls

17. Standard form

1. (a) 7500 (b) 0.064
2. (a) 5.6 X 10° (b) 99 X 1072
3. 3.4 x10°

18. Caleculator buttens
L (@ 035 b 4 © 53
2. (@) 32 ®) 7

1o &

19. Fraction basics
L @z b);
7 s
2 5T
3. £125,£100, £25
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20. Changing fractions
LY

"
2

s wWp

3
33 picces

21. Add and subtract fractions

22. Multiply and divide fractions
L i

2015
3 4m

23. Fractions, division, decimals

L (a) 0428571  (b) 0.416

2. Two written division calculations

3 Yes:2=03,4=031=0165=0583
(=075.3=0.625)

24. Equivalence

L 2= - 4y T = 55 _ g504; 17 out of 20 is higher
2. 1 24%, 4, 0.26, 6 out of 20

25. Pexcentages
£320, £192, £96, £32

26. Number problem-solving
1. £2141

= 14.3 50 they should each pay £14.3 but this is not
possible, so they need to pay £13.34 each to cover the bill
(or2 X £14.33and 1 X £14.34)

ELGEBRA

21. Collecting like terms

L () (i) 4e (i) 2=
®) () 7+3k () 5—6a
2. 6x+8y

28. Simplifying expressions
L (a) 20ab  (b) ~30¢f

2. (a) 6b (b) 532

3. 20xycm?

29. Writing expressions

3. 200 — 55
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30. Indices
1. (a) n'® (b) m*  (c) k'®
\

24
3 (@) —122° (b)4m? (c)20
4, )% (orl)

Py
o i =iiEd

31. Expanding brackets
1. (a) 4h —20g  (b) 5cd + 6¢

2. 1532 = 20y + 40x

3. 14a* + 14ab

4. LHS = 10 - 20¢f = RHS

32. Expanding double brackets
L (@) X —4x- 12

(b) ¥ — 13x + 40

(© 25

(d) X2+ 8x + 16
2. x2—4

33. Factorising

L (a) 92y —3¢)  (b) p(7g — 51)
2. 7d°(3 - 5d%)

34. Substitution
%55
2. 40
36

35. Linear sequences

(b) —9
() 32,23, 14
() Yes
(e) —4

36. The nth term
11,59 13,17
2. (@d4n—-1 (b) —2n+6

31. Non-linear sequences

1. 2,5,10,17,26

2.2+ 5

3. arithmetic: 100, 91, 82, 73, ... and 2, 13, 24, 35, ...
geometric: 4, 8, 16,32, ... and 1, 5,25, 125, ...
quadratic: 0, 3, 8, 15,24, ... and 25, 36, 49, 64

38. Writing equations

(a) 5n—7=18
(b) 85 =32
(© 91+ 1 =64

39. Selving simple equations
L@x=7 bp=9 ©b=125 () a=40
2 (ax=7 b)y=3 (©a=2 () b=28






40. Solving harder equations
L. @x=3 (®)x=6 @yr=-2 () x=5
%5

41. Inequalities
L ~lsx=3
2. -2,-1,0,1,2,3
3 o—
*
.= =F& F 7 3
x<3
Yes; they are both true for —1 = x <2, for example,
whenx = 1

o

42. Expression, equation, identity
or formula?
1. (a) expression  (b) equation  (c) equation
(d) formula (€) expression (f) identity
2. Forexample:a =5, h=2:LHS =21 = RHS
a=38,b=3:LHS = 55=RHS
a=~7,b=10:LHS = ~51 = RHS

43. Formulae

1. (a) £27  (b) 6 hours

2 =472

L

44. Writing formulae
1 (a) W=Th+1t (b) £47.50

2. (a) P=15s (b) 150cm

(0) £11.25
(c) Sem

(d) 12 hours

45. Coordinates and midpoints
1L (a)()4,3) (ii) (4. —=3)

(b) (1, 0) or any point with y-coordinate 3 or —3
2. (3,3)

46. Gradient
@3 (-1

4I. y=mx+ ¢

Aiy=x Biy=-x+2 C x=4

48. Straight-line graphs

O«To[ 1 JTaTs]
Lo v a5 ]
®) 7,

PRSI
0 Y
e sl B

() gradient =2

49. Formulae from graphs and tables

(a) C= 50 + 25k

(b)|Nnmbernrnnms,l. o1 ]2] [ 4]
| Charges P &) [ so [ 75 {100 [ 125 | 150 ]

©

Charge, C(£)

0

Number of hours,

(d) 5 hours

50. Plotting quadratic graphs

O =TT T2
[» 13 [of-t]o]s]
O N
\ 2

51. Real-life graphs
(a) approximately £35

(b) approximately €97-98

(c) approximately €130

52. Algebra problem-selving
(a) approximately 280 (275-285)g

(b) approximately 4.5 (4-5)oz

(c) approximately 21b 40z

(d) approximately 720 (710-730) g

(¢) The conversion using the graph is not exact.

RATIO & PROPORTION

53. Metric measures

L (@) 3m  (b) 8litres  (c) 7000 g
22000 + 200 = 10

54. Time
1. 324 minutes
2. (a) 3 hours (b 3.83 hours
3. 5 hours 45 minutes
4. 1.5 days is longest. 35 hours X 60 = 2100 minutes;
1.5 days X 24 X 60 = 2160 minutes

55. Speed, distance, time
1. 20 seconds
2. 08:40 or 8.40am
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56. Percentage change 66. Plans and elevations

1. 92340

2. 18% tax on £180 is £212.40 which is better value than 15%
discount on £250 (£212.50)

57. Ratios la Front Side
L 459 clévatipn | clevation
2. £300
. 671. Measuring and drawing angles
58. Proportion L
L1

2. Fastest: D; same rate: A and C; slowest: B

59. Direct pgopogﬁon 2. (a) 75% acute angle (b) 145°; obtuse angle
i, () #6 () 50p (© £3.50 3. 65° the angle is an acute angle so it is less than 90°

2. (a) 6048kr (b) £8.93
68. Engles 1

60. Inverse proportion 2x = 60°
1 = =
Speed (km/h) Time (h) Speed X Time
69. Engles 2
15 4 60km
a = 35° because alternate angles are equal.
12 5 60km

b = 35° because vertically opposite angles are equal.
24 2.5 60km ¢ = 50° because vertically opposite angles are equal.
d = 50° because corresponding angles are equal.

2. (a) 16 hours (b) 4 hours

10. Engles in polygons
1. 1800°
2. (a) 40°  (b) 140°

61. Distance—-time graphs

(a) 10 minutes
(b) 1 hour 35 minutes
(c) Horizontal from 19:30 to 19:40, slope from 19:40 to 19:50

I1. Pythagoras’ theorem
62. Maps and scales 8.5cm (1d.p)
(a) 250m (b) Yes; the distance is 200m (c) 8cm

I2. Drawing triangles

63. Proportion problem-solving L. Accurate drawing of triangle
2. Accurate construction of triangle

. Copper has a density of 9 g/em? which is more than the
density of iron, 8 g/cm®
2. Dee; Mark’s speed is 62.1mph (450 + 7.25) and Dee’s is 73. Constructing perpendicular lines

62.5mph (100 + 1.6); Dee is travelling faster so will arrive first. 1. Accurate construction of perpendicular bisector

2. 0 \
GEOMETRY & MEASURES = 7*“’*
64. 3D shapes

1. (a) () square-based pyramid (i) cuboid 2
(iiiy triangular prism /

(b) tetrahedron

(¢) cuboid ==

(d) triangle ® \ a
241G

14, Censtructing angles

65. Volume 1. Aceurate construction of angle bisector
1. 12em? 2. Accurate construction of 45° angle
2. 94em’

15. Perimeter and area

L (a) 22em  (b) 22em?

2. (a) drawing of a shape with an area of 20cm?
(b) correct perimeter of shape in part (a)

3. 30cm
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76. Area of rectangles and triangles

1. Two rectangles with dimensions 1 cm by 12cm, 2cm by 6em,
3cm by 4cm, or other sides that multiply to make 12.

2. 16cm?

3. (a) 4em  (b) 10cm®

I1. Erea of parallelograms and

trapeziums
1. 42cm?
2. 5cm

I8. Compound shapes

() h = 4em

(b) Area of triangle = 5 X 4 X 10 = 20cm?
Area of rectangle = 8 X 10 = $0cm?
Area of shape = 20 + 80 = 100cm®

79. Circumference

1. (a) 188cm(1d.p.)
(b) 22.0cm (1d.p.)
2. 32em (1d.p.)

80. Area of circles
1. (a) 1256.6cm? (1d.p.)

(b) 19.6m?(1d.p.)
2. 13.7em? (1d.p.)

81. Circles problem-solving
(a) 30.8cm (1d.p.)
(b) 56.5cm? (1d.p.)

82. Reflection
.

2. Reflection in the x-axis

83. Rotation
iy

Lad

2. Rotation 90° clockwise about (0, 1)

84. Translation

1. Translation by vector ( ::: )

2. B

85. Enlargement

2. Enlargement, scale factor 3, centre of enlargement (0, 3)

86. Congruent and similar shapes

(a)A and C
(b)B and F

81. Shape problem-selving

75em?

PROBABILITY

88. Probability
@B
(b) P(A) =2 =1

89. QOutcomes

1. 0:2

2. 70%

3. (a) H1,H2,H3, T1, T2, T3
® ¢

90. Experimental probability
1 (a2

(b) 36
2. 100

91. Probability diagrams

(a) First dice
1 |2(|3]|4|5]s
1|2 (3|a|5]6]7
g
Zl2]3|4[s5]6|7]8
E(3|a|s5|6|7]|8]09
§ 456|789
s/ 6|7(8]9 w0
6|7 [s]olw n|n
(b) 36
©7
@ 5=
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92. Probability tree diagrams

98. Pie charts

@ 3 () 36
(O] (b) 10°
©
(cy Peter Josie. [Oiitcome T Members Frequency Angle
3 Pass  Pass.Pass Lx 32 Boys 13 150
Pass Girls 10 100°
1 S
2 & X o Adults 11 110°
e Fail Pass, Fail Sxgz=3
3 Pass  Fail Pass §x3-3 (d) Chess club members
7
L
2 Fail
i Fail  Fail, Fail

(d) P(Pass, Pass) =3 X 3 =12

93. Mutually exclusive and
independent events

(a) Mutually exclusive; 5 is not even

(b) Mutually exclusive; 3 and 6 are multiples of 3 but are not
smaller than 2

(¢) Not mutually exclusive; 1 is a square number and an odd
number

STATISTICS

94. Averages and range
2,4,6

95. Averages from tables

@ [ Height, Midpoint,| Frequency x
(fm) Freanency l; midp:nlin( ny X x)

0< /=20 2 10 10x2-20

20 < =40 3 30 30 x 3= 90

0 <h=60 5 50 50 % 5 — 250

60 < i = 80 2 70 70 % 2 = 140
Total frequency Total /X x — 500

-1

(b) Mean = 500 + 12 = 41.7cm (1d.p)

96. Stem and leaf diagrams

@ 201 2
3(3 4
411 2

(b) 43 — 21 = 22 minutes

(c) 34 minutes

(d) 34 minutes

303
4 45 7 38

wos W

Key: 2|1 = 21 minutes

91. Analysing data

(a) 50

(b) A is not a good sample because it includes only people in her
year, and older and younger students might enjoy different
sports.
Bis a good sample.
Cis a biased sample because students are most likely to
choose the sport they play.
D s a biased sample because boys and girls may prefer
different sports.

106

99. Scatter graphs

(a) As the temperature increases, the rainfall decreases.
(b) Negative correlation

(c) Line of best fit drawn

(d) 5-6mm

100. Writing a report

(a) Soil A: mean 21.3c¢m; median 25cm; mode 25¢cm;

range 31 cm

Soil B:  mean 18.5cm; median 20cm; mode 10cm and 20cm;
range 36cm

(b) Soil A

0|4 5

15 7

2|5 5 5

310 25

Soil B

0|2

1o 0 3

210 0 3 45

3|8 Key: 2|1 = 21 minutes

(c) Comments such as:
Soil A is better for growing plants because it has a higher
median and mean and lower range than Soil B.
The scientist could improve her investigation by: growing
more plants: giving them more time to grow; changing the
temperature,
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