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Question 1 

(a) 

 

 

 

 



(b) 

 

 

 



Question 2 

(a) 

 

 

 

 

 

 



(b) 

The force acting on a mass 𝑚 at the surface of the earth is 𝑚𝑔. But at a height 𝑥 

above the earth’s surface, the force becomes weaker: it is given by 𝐹(𝑥) =
𝑚𝑔𝑅2

(𝑅 + 𝑥)2, 

where 𝑅 is the radius of the earth (a constant). 

(i) Show that the work done in raising a mass 𝑚 from the earth’s surface to a height 

ℎ is given 𝑊 =
𝑚𝑔ℎ

(1 + 
ℎ

𝑅
)
. 

 
(ii) Deduce that (if ℎ is small compared with 𝑅), then 𝑊 ≈ 𝑚𝑔ℎ. 

 



Question 3 

(a) 

 

 

 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



(b) 

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

 

 
(ii) Calcluate 𝑀3. 

 
(iii) How many walks of length 3 are there from A to B? 

 
 

 



Question 4 

(a) 

The matrix represents a network of roads between 6 villages: A, B, C, D, E and F. The 

values in the matrix are the distances (in km) along these roads. 

 
(i) Show this information in the diagram below: 

 
(ii) Use Kruskal’s Algorithm to determine the minimum spanning tree for the network and 

find its total length. 

 
 

 

 



(iii) Draw the minimum spanning tree. 

 
(iv) Starting a D, find the minimum spanning tree using Prim’s Algorithm with the matrix. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



(b) 

 

 

 

 



Question 5 

(a) 

 

 

 

 
 

 

 

 

 

 



(b) 

The Tourist Board mesaures the population of an island off the west coast of Ireland 

on the 16th of July every year, when the island population is swelled by visiting 

tourists. Last year it was 3200. This year it is 2690. It comes up with a plan to increase 

the population by attracting visitors to the island in the summer. It produces an 

inhomogeneous equation for the island’s summer population after 𝑛 years:  

𝑃𝑛 =
1

20
{28𝑃𝑛−1 − 9𝑃𝑛−2} + 40𝑛 + 500. 

(i) Solve the difference equation, given that 𝑃0 = 3200 and 𝑃1 = 2690. 

 
(ii) Estimate the population in 10 years’ time. 

 



Question 6 

(a) 

 

 

 

 

 

 



(b) 

 

 

 

 
 



Question 7 

(a) 

 

 

 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



(b) 

 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Question 8 

(a) 

 

 



(b) 

 

 



 

 
 

 

 

 

 

 

 

 



 

 



 

 


