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1 Below are six graphs, numbered 1 to 6, that show different relationships between x and y.
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 For each description below, write down the number of the graph that best represents the 
relationship between x and y.

 x: temperature in °C
 y: temperature in °F, where .y x1 8 32= + . Graph ............................

 x: average speed when running 200 m
 y: time taken to run 200 m. Graph ............................

 x: mass of a solid object made from clay
 y: volume of the same solid object. Graph ............................
 [3]

A: The general equation of a straight line is y = mx + c, where m is the gradient and c is the y-intercept.
The gradient of y = 1.8x + 32 is 1.8, which is positive, so it must be slanting upwards. The y-intercept is
32, which is positive, so it must cross the y-axis above the x-axis. Only graph 2 meets these criteria.

B: Doubling the speed will halve the time. This is inverse proportion so must be graph 5.

C: The mass is directly proportional to the volume as doubling the mass must also double the volume.
For it to be directly proportional it must be a straight line with a positive gradient which goes through
the origin. So it must be graph 1

2

.CG Maths.

A

5 B

1 C
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2 The graph shows a household’s average daily electricity usage, in kilowatt hours (kWh).

 
2021 2022 Jan

2023
Apr

2023
Jul

2023
Oct

2023
2024

Average
daily
electricity
usage (kWh)

10 kWh10 kWh

8 kWh8 kWh

 Give two different reasons why this graph is misleading. 

Reason 1:  .........................................................................................................................................

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

Reason 2:  .........................................................................................................................................

 .................................................................................................................................................... [2]

3 The word MATHEMATICS is spelt using tiles. 

 
M A T H E M A T I C S

 The tiles are put into an empty bag.

 One at a time, 99 children each take a tile at random from the bag.
 They record the letter and then put the tile back in the bag.

 Work out how many times the letter M is expected to be taken from the bag.

  .......................................................... [3]

.CG Maths.

2 out of the 11 letters are the letter M. So the probability of picking the letter
M is 2/11. Doing this fraction of the 99 works out that M is expected 18 times

The horizontal scale does not go up by the same amount over each division

There is no scale on the vertical axis

18

× 992
11



4
4  1 cm on a map represents 150 km in real life. 

 (a) Below is part of the map showing City A and City B. 

  

Scale: 1 cm represents 150 km

City A

City B

  Heidi is planning to walk from City A to City B for charity.

  Heidi measures the straight-line distance on the map from City A to City B accurately as 5 cm.
  Heidi says she will walk from City A to City B at an average speed of 2.5 km / h for 10 hours 

per day.

  (i) Use this information to work out how many days Heidi needs to complete the walk from 
City A to City B. 

 (a)(i)  .................................................. days [4]

  (ii) Explain why the information used in part (i) is likely to give an underestimate for the 
number of days Heidi needs to complete the walk.

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

 ..................................................................................................................................... [1]

 (b) Yoshi writes the scale of the map, 1 cm represents 150 km, as the ratio 1 : 150.
 
  Explain Yoshi’s error and write the scale correctly in the form 1 : n.

Yoshi’s error is  ..........................................................................................................................

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

 The correct answer is 1 :  .......................................................... [2]

.CG Maths.

Writing the formula triangle for speed, distance, time

5 × 150

sdt

750 ÷ 2.5

300 ÷ 10

30

Multiplying the 5 cm by the 150 km each 1 cm represents works
out that the straight-line distance from City A to City B is 750 km

Covering t in the formula triangle finds that time = distance ÷ speed. The unit of speed involves
hours so dividing the 750 km by the 2.5 km/h works out that it should take 300 hours

Dividing the 300 hours by the 10 hours per day works out that it should take 30 days

Will not be able to walk in a straight line
There will be things in the way

the units are different

150 × 1000
150000 × 100

15000000

There are 1000 m in 1 km so multiplying the 150 km by 1000 converts it into 150000 m.
There are 100 cm in 1 m so multiplying the 150000 m by 100 converts it to 15000000 cm

1 cm represents 15000000 cm
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5 The diagram shows a regular pentagon made using ten congruent right-angled triangles.
 The length of one side of the pentagon is 12 cm. 

 

Not to scale

12 cm

 (a) Show that the area of the pentagon is . cm247 75 2, correct to 2 decimal places. [6]

 (b)  The regular pentagon is the base of a pyramid. 

  The pyramid has volume cm450 3.
  The perpendicular height of the pyramid is h cm. 

  Calculate the value of h. 

  [The volume of a pyramid is 
3
1 area of base perpendicular height# # .]

 (b) h =  .................................................... [3]

.CG Maths.

Drawing one of the
right-angled triangles

12 ÷ 2 = 6

360 ÷ 10 = 36

6
tan36
1
2 × 6 × 8.2...

24.7... × 10 = 247.75

6 cm

36°

S
O

H C
A

H T
O

A

Dividing the length of one side of the pentagon by 2 works
out that the base of the right-angled triangle is 6 cm
There are 360° around the centre point of the pentagon. So dividing 360° by the 10
angles around the centre works out that one of the angles around the centre is 36°
Doing right-angled trigonometry on one of the right-angled triangles to find its
height. The 6 cm is the opposite so ticking O. The height is the adjacent so ticking
A. There are two ticks on the TOA formula triangle so this one can be used
Covering A in the TOA formula triangle finds that adjacent = opposite/(tan of the angle).
So the height of each right-angled triangle is 8.2... cm

Area of triangle = 1/2 × base × height. 6 cm is the base and using the exact value of
the height for 8.2... cm. So the area of one of the right-angled triangles is 24.7... cm2

Multiplying the area of one of the right-angled triangles by 10
(as there are 10 of them which are all congruent) shows that
the area of the pentagon is 247.75 cm2 to 2 decimal places

5.45

1
3 × 247.7... × h = 450

Substituting in the exact value of the area of the pentagon for the area
of the base and h as the perpendicular height to express the volume of
the pyramid in terms of h. This must be equal to the 450 cm3

Dividing both sides by 1/3 × 247.7... eliminates it on the left and gets h on its own
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6 (a) Two numbers, A and B, are written as the product of their prime factors.

  A 2 3 72# #=

  B 2 73
#=

  Find the lowest common multiple (LCM) of A and B. 
  Give your answer as an ordinary number.

 (a)  .......................................................... [2]

 (b) A number, R, is written as the product of its prime factors. 

  R k2 3 5 ,2
# # #=  where k is a prime number.

  The highest common factor (HCF) of R and another number, P, is 26.

  Find the value of k.

 (b) k =  .................................................... [2]

.CG Maths.

The lowest common multiple is the highest power of
each prime factor in both lists multiplied together23 × 3 × 72

1176

Newer models of Casio calculators can work out the lowest
common multiple without having to do this method

2 × 13

13

Expressing 26 as a product of prime factors using the calculator

The highest common factor is the lowest power of each prime factor in both R and P
multiplied together. So R must have at least one 13 as a prime factor so that the highest
common factor is 26. k must be 13 as it cannot be a higher power of 13 if k is prime
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7 Two bags of fruit contain only apples and bananas.
 In bag X, the ratio of apples to bananas is 5 : 7.

 In bag Y, 
12
5  of the fruit are apples.

 (a) Finley says

  Bag X and bag Y contain the same number of apples.

  Tick the correct statement.

   Finley is definitely correct

   Finley might be correct, or might not be correct

   Finley is definitely not correct

  Show how you decided.

 [3]

 (b) Finley adds 4 apples to bag X.
  The ratio of apples to bananas is now 11 : 14.

  How many bananas are in bag X?

 (b)  .......................................................... [3]

.CG Maths.

As 5 + 7 = 12 parts in total in the ratio. 5
out of these 12 parts represent the apples

There might or might not be the same total amount of fruit in both bags.

5
12

of both bags are apples.

5/12 of the same total amount of fruit will give the same number of apples
in both bags. 5/12 of a different total amount of fruit will give a different
number of apples. It is not possible to know the total amount of fruit

10 : 14, 11 : 14

40 : 56, 44 : 56

56

The number of bananas in bag X is the same before and after the 4 apples are added.
So making the ratio before and after have the same number of parts representing the
bananas so that they are compatible. 14 is the lowest common multiple of 7 and 14 so
multiplying both sides of 5 : 7 to get 10 : 14. The number of apples could have been
10 and increased to 11 for the ratios to work, however this is only adding 1 apple and
not adding 4 apples, so it does not work with 14 being the number of bananas

4 times as many apples needed to be added than the 1 apple which was added in the
previous ratios (assuming that the number of parts is the numbers of fruit). So
multiplying both ratios by 4 will work as this shows that the number of apples would
have been 40 and increased to 44 for the ratios to work. This is an increase of 4 apples

There are 56 bananas according to the ratios (assuming
that the number of parts is the numbers of fruit)
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8 (a) Complete this table for  y x x33 2
= - .

x 2- 1- 0 1 2 3 4

y 20- 0 2- 4- 16

 [2]

 (b) Draw the graph of y x x33 2
= -  for values of x from 2-  to 4.

5

10

15

20

10 2 3 4–1 x

y

–5

–10

–15

–20

–2

 [3]

 (c)  Use the graph to solve the equation x x3 53 2
- = .

  Give your answer to 1 decimal place.

 (c)  .......................................................... [1]

.CG Maths.

Using table mode. f(x) = x3 - 3x2. Start: -2. End: 4. Step: 1

-4 0

Plotting (4, 16) for
this pair of values

Plotting the points then
joining them up with a curve

This scale goes up
1 every 2 boxes

3.4

y = 5 at this point only

y has been replaced with 5. So it is
basically asking what x is when y = 5

x = 3.4, to 1 decimal place
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9 The diagram shows a shaded sector inside a parallelogram.
 The sector has an angle of 30°.
 The parallelogram, ABCD, has length cm20BC =  and cm12AB = . 
 The perpendicular distance between BC and AD is 6 cm.

 
A

B C

D
30°

6 cm

20 cm

12 cm

Not to scale

 (a) Show that the area of the sector is . cm37 7 2, correct to 3 significant figures. [3]

 (b) Work out the percentage of the parallelogram that is not shaded. 

 (b)  ......................................................  % [4]

.CG Maths.

Area of circle = π × radius2. The sector is 30/360 of the whole circle
as there are 360° around the centre of a circle and the sector has 30°
out of these. So the area of the sector is 12π cm2, which as a decimal
is 37.69... cm2, which is 37.7 cm2 correct to 3 significant figures

20 × 6 = 120

30
360

× π × 122 = 37.69...

120 - 12π

82.3...
120

× 100

Area of parallelogram = base × height. The base is 20 cm and
the height is 6 cm. So the area of the parallelogram is 120 cm2

Subtracting the exact area of the sector from the area of
the parallelogram works out that 82.3... cm2 is not shaded

Putting the area not shaded over the area of the parallelogram
expresses the fraction of the parallelogram that is not shaded.
Multiplying this by 100 converts it into a percentage

68.6
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10 Eight consecutive numbers are written in ascending order in this grid, starting from the top and 

working left to right. 

 

top half
bottom half

Start

End

 (a) Kareem writes the numbers 5 to 12 in the grid. 

  

top half
bottom half

5

7 86

10

12

119

  Show that for Kareem’s grid, the sum of the numbers in the top half of the grid is 16 less 
than the sum of the numbers in the bottom half of the grid. [1]

.CG Maths.

The sum means to add together. So the sum of the top half of the grid is 265 + 6 + 7 + 8 = 26
9 + 10 + 11 + 12 = 42

42 - 26 = 16

The sum means to add together. So the sum of the bottom half of the grid is 42

Difference = largest - smallest. So the difference between the sum of
the top half of the grid and the sum of the bottom half of the grid is 16.
So this shows that the sum of the numbers in the top half of the grid is
16 less than the sum of the numbers in the bottom half of the grid
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 (b) Use algebra to prove that for any set of eight consecutive numbers written in this grid in the 
same way, the sum of the numbers in the top half of the grid is 16 less than the sum of the 
numbers in the bottom half of the grid. [5]

.CG Maths.

Let x be the 1st number. (x + 1) is the 2nd number. (x + 2)
is the 3rd number. (x + 3) is the 4th number. Adding these
expressions together to express the sum of the first four
consecutive numbers which are in the top half of the grid

x + (x + 1) + (x + 2) + (x + 3)

4x + 6

(x + 4) + (x + 5) + (x + 6) + (x + 7)

(4x + 22) - (4x + 6)

4x + 22 - 4x - 6
16

The brackets can be ignored in this case. Collecting like terms
simplifies the expression of the sum of the first four consecutive
numbers which are in the top half of the grid to 4x + 6

(x + 4) is the 5th number. (x + 5) is the 6th number. (x + 6) is the
7th number. (x + 7) is the 8th number. Adding these expressions
together to express the sum of the last four consecutive numbers
which are in the bottom half of the grid. The brackets can be ignored
in this case. Collecting like terms simplifies the expression to 4x + 22

Difference = largest - smallest. So subtracting the expression of
the sum of the top half of the grid from the expression of the
sum of the bottom half of the grid expresses the difference and
therefore how much less the top half it that the bottom half

Subtracting everything in the second bracket

Collecting like terms gives 16
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11 Jack travels to work each day by train. 

 He records whether
• the train is on time or late
• there are seats available or no seats available. 

 Jack’s results are shown on this partly completed frequency tree.

13

6
On time

Late

Seats
available

No seats
available

5

4

Seats
available

No seats
available

 (a) Find the relative frequency of there being no seats available on Jack’s train journey.

 (a)  .......................................................... [2]

 (b) Jack says

  If the train is late, travellers are less likely to find seats available than if the train was 
on time.

  Does Jack’s data suggest he is correct?
  Show how you decide. 

 [3]

.CG Maths.

Adding all of the frequencies at the end of the
branches works out that there were 28 days13 + 6 + 5 + 4 = 28

6 + 4 = 10 10
28

Adding the frequencies for no seats available works
out that on 10 days there were no seats available

On 10 out of the 28 days there were no seats available

5
5 + 4 × 100 = 55.5%

.

13
13 + 6 × 100 = 68.4...%

Yes

Adding the 13 and 6 expresses the total number of days it was
on time. Putting the 13 over this expresses the fraction of times
it was on time and there were seats available. Multiplying this by
100 converts it into a percentage to make it easy to compare
Adding the 5 and 4 expresses the total number of days it was
late. Putting the 5 over this expresses the fraction of times it
was late and there were seats available. Multiplying this by 100
converts it into a percentage to make it easy to compare

Jack is correct as the percentage of times there were seats available when the train is late
is less than the percentage of times there were seats available when the train is on time
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12 The region R is shown on this grid.

 0 x

y

2

4

6

8

2 4 6 8–2–4

R

 The region R is defined by three inequalities.
 The first inequality is given below.

 Complete the second inequality and write down the third inequality needed to define region R.

y 0H

...........y x2 3 6+

 .......................... [3]

.CG Maths.

The x-axis is the line of y = 0. The vertical dashed line is the line of x = 2. So the slanted like
must be 2y = 3x + 6.

As the region is below the line 2y = 3x + 6, y would be less and 2y is also less. It can be
equal as the line is not dashed.

As the region is the left of the line x = 2, x is less. It cannot be equal as the line is dashed

≤

x < 2
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13 A group of students record the time taken to travel to school. 
 All students in the group took less than an hour to travel to school. 
 Some of their results are recorded on this histogram. 

100 20 30

Travel time (minutes)

40 50 60

Frequency
density

 16 students took less than 5 minutes to travel to school. 

 (a) How many students took less than 20 minutes to travel to school?

 (a)  ............................................students [4]

 (b) 9 students took between 30 and 45 minutes to travel to school.

  Add these students’ results to the histogram. [2]

See next page for the method

40

.CG Maths.

15H = 9

H = 0.6

0.6 ÷ 0.2 = 3

5

Frequency is the area of each bar on a histogram. Let H be the height
of the 5th bar. Area of rectangle = base × height, so as the base is 15
the area of the 5th bar is 15H which must be equal to the 9
Dividing both sides by 15 finds that the height of the 5th bar is 0.6
Dividing the height of the 5th bar by the 0.2 which each small box
represents works out that the 5th bar must be 3 small boxes high



Frequency is the area of each bar on a histogram. Let h be the
height of the 1st bar. Area of rectangle = base × height, so as the
base is 5 the area of the 1st bar is 5h which must be equal to the 16

5h = 16

h = 3.2

3.2 ÷ 16 = 0.2

5 × 10 × 0.2 = 10

10 × 7 × 0.2 = 14

16 + 10 + 14

.CG Maths.

Dividing both sides by 5 finds that the height of the 1st bar must be 3.2

Dividing the height of the 1st bar by the 16 small boxes along its
height works out that each small box on the vertical scale is worth 0.2

Frequency is the area of each bar on a histogram. Area of rectangle = base × height.
The base of the 2nd bar is 5. It is 10 small boxes high so 10 × 0.2 expresses the
height of the 2nd bar. So the frequency of the 2nd bar is 10

Frequency is the area of each bar on a histogram. Area of rectangle = base × height.
The base of the 3rd bar is 10. It is 7 small boxes high so 7 × 0.2 expresses the
height of the 3rd bar. So the frequency of the 3rd bar is 14

Adding the frequencies of the first 3 bars works
out that 40 students took less than 20 minutes
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14 The sketch shows the coordinate axes and the point (0, 10).

 x

y

10

O

Not to scale

 The distance from the point (0, 10) to a point (12, t) is 12.5 units.

 Work out the two possible values of t.
 You must show your working and you may use the sketch to help.

 t =  ......................... and ......................... [5]

.CG Maths.

(12, t) must have a y-coordinate above or below 10. Drawing
on a rough location creates two right-angled triangles

122 + y2 = 12.52

y2 = 12.25

y = ±3.5

10 + 3.5
10 - 3.5

13.5 6.5

Let y be the vertical distance between the y-coordinate 10 and the y-coordinate t.
Pythagoras' Theorem can be used to find y. a2 + b2 = c2, where a and b are the shorter
sides and c is the longest side. The distance in the x-direction between (0, 10) and
(12, t) is 12 so this can be a. The distance of 12.5 must be c. y can be b

Subtracting 122 from both sides eliminates it on the left and gets y2 on its own
Doing the positive and negative square root eliminates the power of 2 and
gets y on its own. y can be negative as this means it is going downwards
Adding 3.5 to the y-coordinate 10 works out a possible value of t
Subtracting 3.5 from the y-coordinate 10 works out a possible value of t
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15 y is inversely proportional to x3.
 y 4=  when x 12= . 

 Find a formula linking x and y. 

  .......................................................... [3]

16 Write 
x

x x

3

9 2
4

7
#

 in the form kxm .

  .......................................................... [4]

.CG Maths.

Writing the proportion as an equation, where k is a constant to be foundy = k
x3

k = 4 × 123

y = 6912
x3

Multiplying both sides by x3 gets k on its own. Substituting 4 for y and 12 for x. So k = 6912

Putting the value of k back into the original equation

18x7.5

3x4

6x3.5

First simplifying the numerator. Multiplication can be done in any order
so doing the 9 × 2 = 18 first.  x = x0.5 and aw × ay = aw + y so x7 × x0.5 = x7.5

18/3 = 6 and x7.5/x4 = x3.5 as aw/ay = aw - y
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17  (a)  Without using a calculator, show that .0 18o o  can be written as 
11
2 . [3]

 (b) Explain how .
11
2 0 18= o o  can be used to find 

11
10  as a decimal and write down its value.

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

 ...........................................................................................................
11
10
= ........................ [2]

.CG Maths.

Let x be the recurring decimalx = 0.18
. .

99x = 18

100x = 18.18
. . There are two recurring digits so multiplying by ten twice gives

another decimal with the recurring digits in the same decimal places
Subtracting x from 100x cancels out the recurring digits

Dividing both sides by 99 gives x as a fractionx = 18
99

= 2
11 Simplifying the fraction by dividing both the numerator and denominator by 9

0.18 × 5
..

0.90
..

As 10/11 is 5 times 2/11

The recurring decimal can be multiplied by 5 using the calculator.
Alternatively putting in 10/11 and formatting it as a decimal
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18 The diagram shows two triangles ABC and ADC. 

 

8 cm

6 cm

A

D

B

C

Not to scale

60°

55°20°

 Angle 60ABC °= , angle °20ACB =  and angle °55ACD = .
 cm8AB =  and cm6DC = .

 Calculate length AD. 
 You must show your working. 

 AD =  .................................................... cm [6]

.CG Maths.

Using the sine rule in triangle ABC. Side a is opposite angle
A. Substituting AC for a, 60° for A, 8 cm for b, 20° for B

AC
sin60 = 8

sin20

AC = 20.2...

AD2 = 20.2...2 + 62 - 2 × 20.2... × 6 × cos55

17.5

AD =  306.9...

a
sinA = b

sinB

Multiplying both sides by sin60 eliminates sin60 as
the denominator on the left and gets AC on its own

Using the cosine rule in triangle ADC. a2 = b2 + c2 - 2bccosA.
Substituting AD for a (as it is opposite the given angle), the
exact value of 20.2... for b, 6 cm for c, 55° for A

Square rooting both sides eliminates the power of 2 on the left and gets AD on its own
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19 The diagram shows a circle with centre (0, 0) and a tangent at (12, 5- ). 
 The tangent at (12, 5- ) crosses the x-axis at (p, 0).

 

x

y

O p

Not to scale

(12,      )5-

 Find the exact value of p.
 You must show your working.

  p =  ......................................................... [5]

Turn over for Question 20

.CG Maths.

Expressing the gradient of the radius. Gradient = (change in y)/(change in x).
From (0, 0) to (12, -5), y has changed -5 and x has changed 12

-5
12

5 ÷ 12
5

12 + 25
12

169
12

The tangent is perpendicular to the radius so its gradient is 12/5 as this is the negative
reciprocal of -5/12. The gradient basically means how much it goes up for every 1 it goes across.
It needs to go up 5 from (12, -5) to the x-axis. So dividing 5 by the gradient of the tangent works
out that it needs to go up 25/12 lots of 12/5 and therefore has to go 25/12 across to the right

Adding the 25/12 it needs to go to the right from the x-coordinate of 12 works out p
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20 Write as a single fraction in its simplest form. 

 
( ) ( )x x

x4
7 3
492

+
+ -

-

  .......................................................... [5]
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.CG Maths.

Factorising the numerator of the fraction by using difference of two
squares. A2 - B2 = (A + B)(A - B). The (x + 7) can be cancelled out
from the numerator and denominator so it becomes (x - 7)/(x - 3)

4(x - 3)
(x - 3)

(x + 7)(x - 7)
(x + 7)(x - 3)

4x - 12
x - 3 + x - 7

x - 3

5x - 19
x - 3

4 could be considered as 4/1. Multiplying the numerator and denominator by
(x - 3) expresses it as a fraction with the same denominator as (x - 7)/(x - 3)

Expanding the brackets on the numerator. Now
writing the full expression as simplified fractions

Adding the numerators. The denominator stays the same


