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10 Expressions and formulae

1 Work out the value of x2 2 6x when  x = 23

(Total 2 marks)

2 Work out the value of 6p 2 2pq when p = 23 and q = 4

(Total 2 marks)

3 u
fv

v f
=

−
Work out the value of u when f = 14.08 and v = 26.4

(Total 3 marks)

4 The formula for the area, A, of an ellipse is

A 5 pab

b

a

Calculate the value of a when A = 24.6 and b = 1.7 
Give your answer correct to 1 decimal place.

(Total 2 marks)

5 a
b
c

=

Work out the value of a when b
4
9

=  and =c 5
6

(Total 2 marks)

6 Simon repairs computers. The word formula gives the fee, in pounds, that Simon 
charges to repair a computer.

Fee = 40 3 number of hours repair takes 1 32

Simon charges a fee of F pounds for a repair that takes H hours. 
Write down a formula for F in terms of H.

(Total 2 marks)

10 Expressions and formulae
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7 Here is a pattern of shapes made from regular hexagons of side 1 cm:

 

Shape
number 1

Shape
number 2

Shape
number 3

Shape
number 4

This rule can be used to find the perimeter, in cm, of a shape in this pattern.

Double the Shape number
then add 1
and then multiply your answer by 2

P cm is the perimeter of Shape number n.
a) Find the perimeter when the Shape number is 12 (2)
b) Write down a formula for P in terms of n. (3)
c) Make n the subject of the formula in part b). (3)

(Total 8 marks)

8 Make r the subject of the formula A 5 pr2

(Total 2 marks)

9 Make h the subject of the formula y 5 m(x 2 h)

(Total 3 marks)

10 Make s the subject of the formula t
s
a
2=

(Total 3 marks)

11 Make x the subject of 3(x 1 2b) 5 y(2 2 5x)

(Total 4 marks)

12 Make x the subject of the formula y
a

x a
=

+
(Total 4 marks)

13 Make r the subject of the formula T 5 a(R 1 r)(R 2 r) 1 t

(Total 4 marks)

10 Expressions and formulae
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37 Problem solving and mathematical reasoning

37 Problem solving and mathematical 
reasoning

1 Eagles, Falcons, Hawks and Kestrels are four soccer teams.
The four teams play in a tournament in which each team plays one match against every 
other team.
A team receives 2 points for each match won, 1 point for each match drawn and 0 
points for each match lost.
The results of the matches in the tournament are used to complete this table.

Played Won Drawn Lost Goals Points
For Against

Hawks 3 2 1 0 2 0 5
Falcons 3 2 0 1 5 4 4
Kestrels 3 1 1 1 4 4 3
Eagles 3 0 0 3 0 3 0

Find the score in the match between Falcons and Kestrels.
(Total 4 marks)

2 A bag contains beads.
Each bead is red, blue or green.
Esther takes at random one bead from the bag.
The probability that she will take a red bead is 0.35 
The probability that she will take a blue bead is 3

8
Find the smallest possible number of beads which could be in the bag.

(Total 3 marks)

3 Amy, Bob and Chris are three swimmers.
Amy swims a length of a swimming pool in 15 seconds.
Bob swims a length of the swimming pool in 20 seconds.
Chris swims a length of the swimming pool in 25 seconds.
They start at the same time from the same end of the swimming pool.
They continue swimming until they are all at the same end again.
After how many seconds does this happen?

(Total 4 marks)

4 A crate is a cube with side 1 m.
A box is a cuboid which is 40 cm by 20 cm by 10 cm.
Find the greatest number of boxes which can be packed in the crate.

(Total 4 marks)
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5 ABCD is a trapezium.
AB is parallel to DC.
AD = 9.6 cm, BC = 10.4 cm and CD = 5.7 cm
Angle BAD = 72°
Calculate the length of AB.
Give your answer correct to 3 significant figures.

(Total 6 marks)

6 

O

TP

7 cm

5 cm

Diagram NOT
accurately drawn

PT is a tangent at T to a circle, centre O.
PT = 5 cm and OP = 7 cm
Calculate the area of the circle.
Give your answer correct to 3 significant figures.

(Total 4 marks)

7 

Diagram NOT
accurately drawn

d metres

r metres

1 metre

The diagram shows the markings of a running track lane.
The inside of the lane consists of two straight lines, each of length d metres, and two 
semicircles, each of radius r metres.
The perimeter of the inside of the lane is 400 metres.
a) i) Explain why 2πr + 2d = 400
The lane is 1 metre wide.
The outside of the lane consists of two straight lines, each of length d metres, and two 
semicircles.

ii) Calculate the perimeter of the outside of the lane.
 Give your answer correct to 3 significant figures. (5)

72°
A

D C

B

5.7 cm

Diagram NOT
accurately drawn

10.4 cm9.6 cm

37 Problem solving and mathematical reasoning
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When the width of the lane is w metres, the perimeter of the outside of the lane 
is P metres.
b) Find, in terms of w, a formula for P.

 Give your answer as simply as possible. (2)
(Total 7 marks)

8 

30°
Q

P

N
R

Diagram NOT
accurately drawn

x cm

3x cm

In triangle PQR, angle PQR = 30°and PQ = x cm
N is a point on QR such that angle PNQ = 90°  
NR = 3x cm
Calculate the size of angle PRQ.
Give your answer correct to 1 decimal place.

(Total 4 marks)

9 The sizes of the interior angles of a non-regular pentagon ABCDE form an arithmetic 
sequence.
Prove that one of the interior angles of ABCDE must be 108°  

(Total 3 marks) 

10 Find the sum of all 3-digit numbers which are not multiples of 6.
Give your answer in standard form.

(Total 6 marks)

11 Prove algebraically that for any three consecutive odd numbers, the square of their 
mean is always 4 more than the product of the smallest and largest numbers.

(Total 3 marks)

12 The graph of y = f(x), where f(x) = 2x − 3 is a straight line with gradient 2 which passes 
through the point with coordinates (−5, k).
a) Find the value of k. (1)
b) On the same axes sketch the graphs of

i) y = 1
2
f(x)

ii) y = f(−x)
iii) y = f(x + 3)  (6)

c) Find the coordinates of the three points where your graphs in part b) intersect. (4)

(Total 11 marks)

37 Problem solving and mathematical reasoning
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13 The curve with equation y = 7 − 2x − x2 has a single stationary point whose coordinates 
are (−1,  8).
A vertical translation is applied to the curve to give the curve y = g(x)
The stationary point of the curve y = g(x) lies on the x-axis.
a) Find a quadratic expression for g(x). (2)

 A horizontal translation is applied to the curve y = 7 − 2x − x2 to give the curve  
y = h(x).

 The stationary point of the curve y = h(x) lies on the y-axis.
b) Find a quadratic expression for h(x). (2)

(Total 4 marks)

14 a) i) Sketch the graph of the curve with equation y = sinx° for −180 < x < 180
ii) Write down the coordinates of the turning points of your graph. (4)

b) i) Sketch the graph of the curve with equation y = cosx° for −240 < x < 240
ii) Write down the coordinates of the turning points of your graph. (4)

c) The graph of y = sin x° can be mapped onto the graph of y = cos x° by a 

translation c

0









 . Write down a possible value for c. (1)

(Total 9 marks)

15 Here are three statements:
I The equation sin x° + cos x° = 3 has a solution in the interval −180 < x < 180
II The equation tan x° + cos x° = 2 has a solution in the interval −90 < x < 0
III The equation tan x° − sin x° = 0.6 has a solution in the interval 90 < x < 180
For each statement, explain why the statement cannot be true.

(Total 6 marks)

16 A curve has equation y = 4x2 − 16x + 19
The curve crosses the y-axis at the point P.
The curve has a turning point T.
a) Write 4x2 − 16x + 19 in the form a(x + b)2 + c (3)
b) Sketch the curve with equation y = 4x2 − 16x + 19 (2)
c) Find the equation of the straight line which passes through the points  

P and T.  (3)

(Total 8 marks)

17 ABCD is a square.
A is the point (0, 5) and C is the point (8, −7).
Find the equation of the diagonal BD.
Give your answer in the form ax + by = c

(Total 6 marks)

37 Problem solving and mathematical reasoning
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18 PQRS is a rhombus.
P has coordinates (0, 10) and R has coordinates (12, 6).
Find the equation for the diagonal QS, giving your answer in the form y = mx + c

(Total 5 marks)

19 A bag contains 2p coins, 5p coins and 10p coins only.
The ratio of the number of 2p coins to the number of 5p coins to the number of 10p 
coins in the bag is 2 : 4 : 7
The total value of the 10p coins is £10 more than the total value of the 5p coins.
Work out the total value of the coins in the bag.

(Total 4 marks)

20 
P

Q R

Diagram NOT
accurately drawn

The diagram shows a right-angled triangle PQR and a circle.
P, Q and R are points on the circle.
PQ = 12 cm, PR = 13 cm.
Work out the area of the shaded part of the circle.
Give your answer correct to 3 significant figures.

(Total 5 marks)

21 The diagram shows two circles.
A, B, D and E are points on one 
circle.
B, C and D are points on the second 
circle.
BC is a diameter of the second circle.
ABC and CDE are straight lines.
a) Show that angle BAE = 90°.
 You must give a reason for each 

stage in your working. (4)
AB = 7cm, BC = 5 cm, DE = 10 cm 
and CD = x cm.
b) i) Show that x2 + 10x − 60 = 0 

ii) Calculate the length of CE.
 Give your answer correct to 3 significant figures. (6)

(Total 10 marks)

A B
C

D

E

Diagram NOT
accurately drawn

5 cm7 cm

10 cm

x cm
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22 A coin is biased.
When it is spun, the probability that it shows Heads is p.
Shauna spins the coin twice.
The probability that the coin shows Tails both times is 4 times the probability that it 
shows Heads both times.
a) Show that 3p2 + 2p − 1 = 0 (2)
b) i) Solve 3x2 + 2x − 1 = 0

ii) State the value of p. (4)
(Total 6 marks)

23 
Diagram NOT

accurately drawn
(x – 3)

(x + 1)

30°
A B

C

The diagram shows the lengths, in centimetres, of sides AB and AC of triangle ABC.
Angle BAC = 30°
The area of triangle ABC is 24 cm2

a) Show that x2 − 2x − 99 = 0 (3)
b) Find the length of AB. (3)

(Total 6 marks)

24 

C

D

BA

8 cm

30°

Diagram NOT
accurately drawn

B and D are points on a circle, centre C.
AB is a tangent to the circle.
ADC is a straight line.
AC = 8 cm.
Calculate the length of BD.

(Total 4 marks)

25 In triangle ABC, AB = 10 cm and AC = 9 cm.
Angle A is obtuse.
The area of triangle ABC is 40 cm2.
Calculate the length of BC.
Give your answer correct to 3 significant figures.

(Total 6 marks)

A B

C

Diagram NOT
accurately drawn

9 cm

10 cm
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26 Diagram NOT
accurately drawn

(3x – 2)
(2x + 7)

30°
A B

C

The diagram shows the lengths, in centimetres, of two sides of triangle ABC.
Angle ABC = 90°
Angle BAC = 30°
Find the value of x.

(Total 5 marks)

27 

Diagram NOT
accurately drawn

The diagram shows a regular 12-sided polygon.
The area of the polygon is 192 cm2

Calculate the perimeter of the polygon.
Give your answer correct to 3 significant figures.

(Total 6 marks)

28 The diagram shows a solid cone. 
The base of the cone is a horizontal circle.
AB is a diameter of the base and V is the apex of the cone. 
AB = 7.8 cm.
The volume of the cone is 180 cm3

a) Calculate the size of the angle AVB. 
 Give your answer correct to 1 decimal place. (4)
b) Calculate the total surface area of the cone.
 Give your answer correct to 3 significant figures. (4)

(Total 8 marks)

29 The parabola with equation y = x2 1 ax 1 b has a minimum point at (2, 23).
Find the value of a and the value of b.

(Total 3 marks)

7.8 cm

A B

V
Diagram NOT

accurately drawn

37 Problem solving and mathematical reasoning
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30 Shape P is mapped onto shape Q by a reflection in the x-axis.
Shape Q is mapped onto shape R by a reflection in the y-axis.
a) Describe fully the single transformation which maps shape P onto shape R. (2)
The graph of y = x2 1 4x 2 5 is rotated through 180° about the origin.
b) Find the equation of the new graph. (2)

(Total 4 marks)

31 The graph of y = 3x 2 2 is reflected in the line with equation y = x
Find the equation of the new graph.

(Total 2 marks)

32 The table shows information about the number of films watched on TV by a group of 
students last month.
The first frequency is obscured by a blot of ink.

Number of films Frequency Midpoint
0 – 6  3

 7 – 13 10 10
14 – 20 22 17
21 – 27 12 24

Using the midpoints, a correct estimate for the mean number of films watched is 15.6
Find the total number of students in the group.

(Total 5 marks)

33 The diagram shows the length, in centimetres, of each  
side of triangle ABC.
Angle BAC = 60°
Calculate the value of x.

(Total 4 marks)

34 The diagram shows the length of each side of  
triangle ABC.
Angle BAC = 60°
a) Find the two possible values of x. (4)
b) Calculate the greatest possible size of  

angle B.
 Give your answer correct to 1 decimal place. (3)

(Total 7 marks)

Diagram NOT
accurately drawn

9

x + 3x

60°
A B

C

Diagram NOT
accurately drawn

8 cm

7 cm

60°
A B

C

x cm
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35 

Diagram NOT
accurately drawn7 cm

5 cm

120°

A B

C

In triangle ABC, AB = 5 cm, BC = 7 cm and angle BAC = 120°
Calculate the length of AC.

(Total 4 marks)

36  

Diagram NOT
accurately drawn

2x°

26°
(x + 14)°

O

P

Q

A B
T

P, Q and T are points on a circle, centre O.
ATB is a tangent to the circle.
AQP is a straight line.
Angle PTO = 26°
Angle QAT = (x + 14)°
Angle QOT = 2x°
Calculate the value of x.

(Total 5 marks)

37 

Diagram NOT
accurately drawn

x°

58° O

B

C

P

A

A, B and C are points on a circle, centre O.
Angle ABC = x°
PA and PC are tangents to the circle.
Find the value of x.

(Total 5 marks)
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