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Question 1 

(a) 

 

 

 

 



(b) 

Evaluate ∫ sin−1 2𝑥 . 𝑑𝑥. 

 
 

 



Question 2 

(a) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

 

 



(b) 

The population of ladybirds in a certain European country is measured in billions. 

The Entomological Society of the country started estimating the population last year. 

They estimate that the original population (in billions) was 𝑃0 = 25. A year later, they 

estimate that 𝑃1 = 16. The Entomological Society has stated that the population 𝑃𝑛 

in the 𝑛𝑡ℎ year is given by the difference equation  

𝑃𝑛+2 =
1

5
(𝑃𝑛+1 + 4𝑃𝑛) 

(i) Solve the difference equation. 

 
(ii) Estimate the population in billions over the next two years i.e. 𝑃2 and 𝑃3 

 
 

 

 



(iii) Draw a graph showing the population over the first four years. 

 
(iv) As the years go on, the population reaches a steady state. Find this steady state 

value. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Question 3 

(a) 

A building project is modelled mathematically by the activity network shown below. 

The activities in the project are represented by the arcs. The numbers in brackets on 

each arc gives the time (in days) taken to complete the activity. 

 
(i) Complete the diagram above with the early and late times for the project. 

(ii) Write down the critical activities and the length of the critical path. 

 
(iii) Calculate the total float for any non-critical activity in the network. 

 
 

 

 



(iv) Draw up a schedule to determine the minimum number of workers needed to 

complete the project. 

 



(b) 

 

 

 

 
 

 

 

 

 

 



Question 4 

(a) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

 

 



(b) 

 

 
 



Question 5 

(a) 

(i) Write out the adjacency matrix M for this directed graph:S 

 

 
(ii) Calcluate 𝑀3. 

 
(iii) How many walks of length 3 are there from A to C? Write down one of them. 

 



(b) 

 

 
 

 

 

 

 

 

 

 

 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Question 6 

(a) 

Two particles of mass 6 𝑘𝑔 and 1 𝑘𝑔 hang from a smooth pulley at the ends of a light 

inextensible string. The system is released from rest. After 1.5 seconds the 1 𝑘𝑔 mass 

picks up a 7 𝑘𝑔 mass. How  much further will the 6 𝑘𝑔 mass descend after this 

moment? 

 

 



(b) 

A new Biodiversity Park is opened in Paris. The number of visitors in the first year is 

300,000. The following year the number of visitors goes up to 400,000. The number 

of visitors (in 1000s) in the 𝑛𝑡ℎ year (𝑉𝑛) is estimated to be given by the difference 

equation: 

𝑉𝑛+2 =
8

25
(5𝑉𝑛+1 − 2𝑉𝑛) + 4𝑛 + 32 

(i) Solve the difference equation using 𝑉0 = 300 and 𝑉1 = 400. 

 
(ii) The chairman of the board at the park states “Visitor numbers will settle down at 

around one million as time goes by”. Is this true? Justify your answer. 

 



Question 7 

(a) 

 

 



(b) 

 

 

 

 

  

 



Question 8 

(a) 

 

 

 

 



(b) 

 

 
 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 



 

 


