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AQA A-Level Further Maths 2023 Paper 
3D 

Do not turn over the page until instructed to do so.


This assessment is out of 50 marks and you will be given 60 minutes.


When you are asked to by your teacher write your full name below


Name:  

Total Marks:                 / 50 

 

 

https://www.buymeacoffee.com/DrBennison

https://www.buymeacoffee.com/DrBennison
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1 Which of the following shows a complete graph? 

	

	 	 	 	 	 	 	 	 	 	 	 [1 mark]  
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2 Below is a pay-off matrix showing player 1’s point of view. 

	 	 	 	 

What play off matrix below would represent player 2’s point of view given 
that it is a zero sum game?

	 	 	 	 	 	 	 	 	 	 	 	 	 


	 	 	 	 	 	 	 	 	 	 	 [1 mark]


Player 2 Plays A Player 2 Plays B

Player 1 Plays A

Player 1 Plays B

2

−4 8

1

Player 1 Plays A Player 1 Plays B

Player 2 Plays A

Player 2 Plays B −2 −8

4−1

Player 1 Plays A Player 1 Plays B

Player 2 Plays A

Player 2 Plays B

−2

4 −8

−1

Player 1 Plays A Player 1 Plays B

Player 2 Plays A

Player 2 Plays B

1

2

−4

8

Player 1 Plays A Player 1 Plays B

Player 2 Plays A

Player 2 Plays B

−2

4

8

1
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3 A precedence network consists of three activities ,  and .


	 	 	 


	 	 	 	 	 	 	 	 	 	 	 


	 

	 a) What is the value of ?


	 	 	 	 	 	 	 	 	 	 	 [1 mark]


	 b) What is the value of ?


	 	 	 	 	 	 	 	 	 	 	 [1 mark] 

A B C

x

y

A

y0 4 x 10 20

C

70 z

B
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4 A connected planar graph  is Eulerian and has at least one vertex of 

	 degree 


	 Some properties of  are shown in the table below.


	 Deduce the value of , fully justifying your answer.


	 	 	 	 	 	 	 	 	 	 	 [4 marks] 

P
x

P

Number of Vertices Number of Edges Number of faces

x2 + 6x 2x2 − 3x2x + 14

x
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5 a) Draw the bipartite graph to represent the adjacency matrix given 

	 	 below.

	 	 	 	 	 	 


	 

	 	 	 	 	 	 	 	 	 	 	 [2 marks] 

b)  and  represent 4 staff members and  and  

	 	 represent 4 daily tasks.

	 	 Find a complete matching.

	 	 	 	 	 	 	 	 	 	 	 [2 marks] 

E F G H
A 0 1 0 1
B 0 0 1 0
C 0 1 1 1
D 1 1 1 0

A, B, C D E, F, G H
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6 The site manager in a school has to grit all the paths on the site on an 

	 icy morning.


	 The network below represents these paths.




	 Find the shortest route such that all paths are gritted and with the site 

	 manager returning to where they started.

	 	 	 	 	 	 	 	 	 	 	 [6 marks] 
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7 Consider the capacitated network below.




	 Using the max flow - min cut theorem to justify your solution find the 

	 maximal flow through the network.


	 The blank networks on the next few pages may be used to help you.


	 	 	 	 	 	 	 	 	 	 	 [6 marks] 
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8 In Nottingham a new boutique patisserie opens.


	 Each day the shop makes  items split between Mille Feuille and 

	 Religieuse.


	 They must make both items.


	 Due to time constraints they can make no more than  Mille Feuille  	 

	 and no more than  Religieuse.


	 They make  profit on each Mille Feuille sold and  profit on each 

	 Religieuse sold.


	 The patisserie seeks to optimise their profit.


	 a) Formulate the above as a linear programming problem.


	 	 	 	 	 	 	 	 	 	 	 [3 marks] 

500

400
300

£2 £3
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b) Using the axes below solve this linear programming problem 

	 	 graphically.

	 	 	 	 	 	 	 	 	 	 	 [6 marks] 
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9 Let  be the group defined by the set  under 

	 multiplication.


	 a) Construct the Cayley table for the group .

	 	 	 	 	 	 	 	 	 	 	 [3 marks] 

b) What is the identity element of ?

	 	 	 	 	 	 	 	 	 	 	 [1 mark] 

c) Find the period of the elements of the group, and thus, identify	 	
	 	 any generators of the group.

	 	 	 	 	 	 	 	 	 	 	 [3 marks] 

H {1,i, − 1, − i}

H

H
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d) By constructing the Cayley table for  show that  is 

	 	 isomorphic to . 

	 	 	 	 	 	 	 	 	 	 	 [3 marks] 

e) Explain why  has no subgroups of order .


	 	 	 	 	 	 	 	 	 	 	 [2 marks]


	 f) Find all the subgroups of .

	 	 	 	 	 	 	 	 	 	 	 [3 marks]

(ℤ4, +) H
(ℤ4, +)

H 3

H


