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Sample Paper 1 

Question 1 

(a) 
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(b) 
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Question 2 

(a) 
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(b) 

A woman takes out a loan of €120,000 to build an extension to her house. The bank 

agrees to a 15-year loan at a monthly percentage rate (MPR) of 0.4%. 

(i) What is the annual percentage rate correct to 3 decimal places? 

 
(ii) If 𝐷𝑛 is the amount of debt owing after 𝑛 months and 𝐴 the amount she pays back 

each month, write down a difference equation in 𝐷𝑛. 

 
(iii) Solve the difference equation. 
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(iv) Find, to the nearest cent, the amount she will have to pay back every month. 
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Question 3 

(a) 
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(b) 

(i) Evaluate the following: ∫ 𝑥2 ln 𝑥 . 𝑑𝑥 

 
(ii) An elastic constant has natural length 3 m and elastic constant 20 N/m. Find the 

work fone in stretching the string to a length of 7 m. 
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Question 4 

(a) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



11 
 

(b) 
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Question 5 

(a) 

Aoife is a Leaving Cert student. During her exams, she has a break of 5 days. She 

decides to dedicate three of these days to studying the three subjects she has left 

(Classical Studies, Economics and Applied Maths). She will not divide up any day 

between two or three subjects but will spend each day studying one particular 

subject. She reckons that she will improve her percentage mark by the following 

amounts: 

 
How many days should Aoife allocate to each subject in order to improve her grades 

by the maximum amount? 

Subject Days Available Days Allocated Days Left % Increase 
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(b) 
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Question 6 

(a) 
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(b) 
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Question 7 

(a) 

A steamboat of mass 𝑚 has a power output of 12𝑚 watts. When the boat is 

travelling at speed 𝑣, the water exerts a drag on the boat of 𝑚𝑘𝑣 newtons, where 𝑘 

is a constant. The maximum speed of the boat is 6 𝑚/𝑠. 

(i) Find the value of 𝑘. 

 
(ii) The maximum acceleration is 7.5 𝑚/𝑠2 when the speed of the boat is 𝑢. Find the 

value of 𝑢. 
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(b) 
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Question 8 

(a) 
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(b) 

A particle is projected vertically upwards with an initial speed of 2𝑔 𝑚/𝑠 in a medium 

in which there is a resistance of 𝑘𝑣2 𝑁 per unit mass where 𝑣 is the speed of the 

particle and 𝑘 is a constant, where 𝑘 > 0. 

Prove that the maximum height reached is 
1

2𝑘
ln(1 + 4𝑘𝑔). 
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Sample Paper 2 

Question 1 

(a) 
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(b) 
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Question 2 

(a) 

Beatrix is going to college next year. She buys a new laptop for her studies. She will 

be in college for 4 years. The laptop costs €2000. She will sell whatever laptop she 

has at the end of the 4 years. The replacement value for this laptop each year and 

the maintenance costs are shown in the tables below: 

  
(i) If Beatrix replaces her laptop after 2 years and sells again after 4 years, what will 

her costs amount to? 

 
(ii) Use dynamic programming to find the minimum possible costs and the strategy 

which gives rise to it. 

 



26 
 

(b) 
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Question 3 

(a) 

The acceleration of a particle (in 𝑚𝑠−2) is determined by the equation  

𝑎 = 𝑣2 + 25 𝑚/𝑠2. Find the distance travelled by the particle in this time (to 3 

significant figures). 
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(b) 

 

 

 

 



30 
 

Question 4 

(a) 
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(b) 
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Question 5 

(a) 
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(b) 

In a certain state in America, the population of pheasants is 25,000. The gun club 

release 3000 pheasant chicks into the wild every spring. The chances of a pheasant 

surviving through the shooting season and into the next year is 0.15. 

(i) If 𝑃𝑛 = the pheasant population in the state after 𝑛 years, write down a difference 

equation which describes this situation. 

 
(ii) Given that 𝑃0 = 25000 find 𝑃𝑛 in terms of 𝑛. 

 
(iii) Estimate the pheasant population after 3 years. 

 
(iv) Show that 𝑃𝑛 approaches a steady state as the years go on and find that steady 

state. 
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Question 6 

(a) 

A particle of mass 𝑚 is moving in such a way that its displacement (in metres) at time 

𝑡 (in seconds) from a fixed point 𝑂 is given by 

𝑠 = (𝑟 cos 𝜔𝑡)𝑖 + (𝑟 sin 𝜔𝑡)𝑗 

(i) Show that the magnitude of its displacement from 𝑂 is a constant 𝑟. 

 
(ii) Find the acceleration vector at any time 𝑡. 

 
(iii) Show that the force exerted on the particle is directed towards 𝑂 and is of 

magnitude 𝑚𝜔2𝑟. 
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(b) 
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Question 7 

(a) 
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(b) 
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Question 8 

(a) 
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(b) 
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Sample Paper 3 

Question 1 

(a) 

(i) Solve 𝑢𝑛+2 − 7𝑢𝑛+1 + 10𝑢𝑛 = 0, given that 𝑢0 = 593 and 𝑢1 = 1165. 

 
(ii) Find the least value of 𝑛 for which 𝑢𝑛 < 0. 
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(b) 
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Question 2 

(a) 

A car passes a flagpole at time 𝑡 = 0 and drives along a straight level road. Its speed 

after that (at time 𝑡 in seconds) is given by: 

𝑣(𝑡) = 20 −
1

5
𝑡2 

(i) What is the speed of the car as it passes the flagpole? 

 
(ii) Find the deceleration of the car at 𝑡 = 4 𝑠? 

 
(iii) At what time does the car stop? 

 
(iv) How far from the flagpole does the car stop? 
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(b) 

The network shown represents the decisions associated with upgrading the bicycle 

lanes in Thures over the next four years. The numbers on each arc represents the 

cost (in €1000s) to Tipperary County Council (TCC) corresponding to a particular 

decision. 

 
(i) Use dynamic programming to decide which decisions TCC should make over the 

next four years in order to minimise the overall cost. 

Stage State Action Destination Value 

     
     

     

     

     
     

     

     

     
     

     

     

     
     

     

     

     
 

Optimal Solution to minimise costs:_______________________ 
 

(ii) Calculate the average yearly cost if TCC adopts the optimal solution. 
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Question 3 

(a) 
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(b) 
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Question 4 

(a) 
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(b) 
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Question 5 

(a) 
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(b) 

(i) Solve the difference equation 𝑢𝑛 = 2𝑢𝑛−1 + 2(3𝑛) with 𝑢0 = 1. 

 
(i) Hence find 𝑢8. 
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Question 6 

(a) 
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(b) 
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Question 7 

(a) 
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(b) 
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Question 8 

(a) 

A bullet of mass 0.1 𝑘𝑔 is fired horizontally into a block of mass 2.9 𝑘𝑔, which hangs 

at the end of a light 20 𝑚 string. The bullet becomes embedded and the joint mass 

swings, finally coming to rest when the string makes an angle of 60° with the vertical. 

With what speed did the bullet enter the block? 
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(b) 
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Sample Paper 4 

Question 1 

(a) 
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(b) 

Evaluate ∫ sin−1 2𝑥 . 𝑑𝑥. 
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Question 2 

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

complete the project. 
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(b) 
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Question 4 

(a) 
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(b) 
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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. 
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(b) 
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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? 
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(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. 

 



84 
 

Question 7 

(a) 
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(b) 
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Question 8 

(a) 
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(b) 
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Sample Paper 5 

Question 1 

(a) 
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(b) 

 

 



93 
 

Question 2 

(a) 
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(b) 
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Question 3 

(a) 
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(b) 

Solve the difference equation 𝑢𝑛+2 − 7𝑢𝑛+1 + 10𝑢𝑛 = 4𝑛2 − 10𝑛 − 3 given that 

𝑢0 = 2 and 𝑢1 = 8. 
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Question 4 

(a) 
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(b) 
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Question 5 

(a) 
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(b) 

Evaluate ∫ 𝑒2𝑥 cos 3𝑥 . 𝑑𝑥 
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Question 6 

(a) 
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(b) 

The network below shows a system of one way roads. The number on each edge 

represents the number of bags for recycling that can be collected by driving along 

that road. A collector is to drive from A to I. 

 
(i) Using the table below, find the maximum number of bags that can be collected 

driving from A to I. 

Stage State Action Destination Value 

     

     
     

     

     

     
     

     

     

     
     

     

     

     
     

(ii) State the route that the collector should take in order to collect the maximum 

number of bags. 
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Question 7 

(a) 
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(b) 
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Question 8 

(a) 
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(b) 

(i) The directed graph below represents a network of one-way streets. The numbers 

represent the lengths (in metres) of the streets. Find, using an algorithm from your 

course, the shortest route from A to F and write down its length. 

 
(ii) If the street between D and G is closed for repairs, what is the shortest route 

from A to F and write down its length. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



113 
 

Leaving Certificate Examination 
 

Sample Paper 6 

 
Applied Mathematics 

 
Higher Level 

2 hours and 30 minutes 
 

400 marks 

 

 

 

 

 

 

Examination Number  



114 
 

Sample Paper 6 

Question 1 

(a) 
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(b) 

 

 

 



116 
 

Question 2 

(a) 
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(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. 
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Question 3 

(a) 

 

 

 

 



119 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



120 
 

(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? 

 



121 
 

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. 

 
 



122 
 

(iii) Draw the minimum spanning tree. 

 
(iv) Starting a D, find the minimum spanning tree using Prim’s Algorithm with the matrix. 
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(b) 
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Question 5 

(a) 
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(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. 
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Question 6 

(a) 
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(b) 
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Question 7 

(a) 
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Question 8 

(a) 
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Exam Papers Answers: 

Sample Paper 1: 

Q1. (a) (i) 𝑣 = 30 𝑚/𝑠 (ii) 20 𝑚/𝑠 

Q2. (a) (ii) 32.5 𝑚𝑖𝑛𝑠 (iii) 
2

45
 𝑚/𝑠2 (b) (i) 4.907%  (ii) 𝐷𝑛 = 1.004𝐷𝑛−1 − 𝐴   

(iii) 250𝐴 + (120000 − 250𝐴)(1.004)𝑛 (iv) €936.50 

Q3. (a) (ii) 𝑇 = (
3𝑘

𝑘+4
) 𝑚𝑔  (iii) 𝑅 = (

3𝑘

𝑘+4
) 𝑚𝑔 (b) (i) 

𝑥3

9
(3 ln 𝑥 − 1) + 𝑐 (ii) 160 𝐽 

Q4. (a) 15° or 75° (b) (i) 10.1 𝑚 (ii) 15.4 𝑚 

Q5. (a) 2 days Classical, 1 day App Maths (33%) (b) (i) 36.87° (ii) √
12

5
𝑔𝑟 or 

14√3𝑟

5
 or 4.85√𝑟 

Q6. (a) (i) 
𝑢

4
,

5𝑢

4
 (ii) 0.93 𝑚/𝑠 (b) (i) 𝑣 = 2.5(1 − 𝑒−10𝑡) (ii) 0.35 𝑚 

Q7. (a) (i) 𝑘 =
1

108
  (ii) 𝑢 =

3

2
 𝑚/𝑠 (b) (i) 𝑣 =

𝑢

(4𝑛𝑡𝑢𝑛+1)
1
𝑛

 (ii) 𝑣 =
𝑢

√1+24𝑢2
 

Q8. (a) (i) 𝑣 =
12

7
 𝑚/𝑠 (ii) 𝑒 =

6

7
 

 

Sample Paper 2: 

Q1. (a) 25 𝑚 (b) (ii) 39.8 𝑚 

Q2. (a) (i) €2700 (ii) €2600; Sell at end of years 1, 2, 3, 4  

(b) (i) 𝑣𝑎 = √{(
1−𝑒

2
) 𝑢 cos 𝛼}2+{𝑢 sin 𝛼}2, 𝑣𝑏 = (

1+𝑒

2
) 𝑢 cos 𝛼 

Q3. (a) 0.228 𝑚  (b) (i) 1.96 𝑚/𝑠2 (ii) 0.33 𝑠 

Q4. (a) (i) 22.5° (ii) 165.9 𝑚 (iii) 46.79 𝑚/𝑠  

(b) (i) 𝑣 = 80𝑒−
1

100
𝑡  (ii) 𝑠 = 8000(1 − 𝑒−

1

100
𝑡)  (iii) 𝑣 = 80 −

1

100
𝑠 

Q5. (a) (i) 
𝑢(3−2𝑒)

5
,

𝑢(3+8𝑒)

5
 (b) (i) 𝑃𝑛+1 = 0.15𝑃𝑛 + 3000   

(ii) 
60000

17
+

365000

17
(0.15)𝑛 (iii) 3602 (iv) 3529 

Q6. (a) (ii) 𝑎 = (−𝜔2𝑟 cos 𝜔𝑡)𝑖 + (−𝜔2𝑟 sin 𝜔𝑡)𝑗    (b) (ii) 𝑓 = 0.5 

Q7. (a) 36.87° 

Q8. (a) (i) 49 𝑠 (ii) 31.25 𝑠  (b) (i) 7√2 𝑚/𝑠 (ii) 𝛼 = 80.41° 

 

Sample Paper 3: 

Q1. (a) (i) 𝑢𝑛 = 600(2)𝑛 − 7(5)𝑛 (ii) 𝑛 = 5  (b) (i) 20 𝑠  (ii) 480 𝑚  (iii) 420 𝑚 

Q2. (a) (i) 20 𝑚/𝑠  (ii) 1.6 𝑚/𝑠2 (iii) 10 𝑠  (iv) 
400

3
 𝑚   (b) (i) 𝑆𝐵𝐹𝐺𝑇   (ii) €21000 

Q3. (a) (i) 3.36 𝑁  (ii) 1.4 𝑚/𝑠 

Q4. (a) (ii) 49 𝑚/𝑠  (b) (ii) 5 𝑚/𝑠 (iii) 107.5 𝑚 

Q5. (a) (i) 0.63  (b) (i) 𝑢𝑛 = −5(2)𝑛 + 6(3)𝑛   (ii) 38086 

Q6. (a) (i) 
𝑢(8𝑒−1)

3
,

𝑢(1+4𝑒)

3
 

Q7. (a) (i) 1 𝑠    (ii) 0.65 𝑚  (iii) 30.87 𝑚/𝑠  (b) (i) 𝑘 = 0.07324  (ii) 28.8 𝑑𝑎𝑦𝑠 

Q8. (a) 420 𝑚/𝑠 (b) (i) 7200 𝑚  (ii) 2931.75 𝑚  (iii) 0.54 𝑚/𝑠2 
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Sample Paper 4: 

Q1. (a) (i) 
𝑢(1−15𝑒)

4
,

𝑢(1+9𝑒)

4
  (b) 𝑥 sin−1 2𝑥 +

1

2
√1 − 4𝑥2 + 𝑐 

Q2. (a) (ii) √
8𝑔𝑅

5
 𝑜𝑟 3.96√𝑅 (b) (i) 𝑃𝑛 = 20 + 5(−0.8)𝑛 (ii) 𝑃2 = 23.2 𝑏𝑖𝑙𝑙𝑖𝑜𝑛, 𝑃3 = 17.44 𝑏𝑖𝑙𝑙𝑖𝑜𝑛  (iv) 

20 𝑏𝑖𝑙𝑙𝑖𝑜𝑛 

Q3. (a) (ii) 𝐴𝐷𝐸𝐻𝐼, 80 𝑑𝑎𝑦𝑠 (iii) 𝐵 (3), 𝐶(5), 𝐷(4), 𝐺(3) (iv) 3 𝑤𝑜𝑟𝑘𝑒𝑟𝑠 (b) (i) 8 𝑠  (ii) 313.6 𝑚 

Q4. (a) (ii) 40.66 𝑚  (b) 
𝑔

5
,

𝑔

5
,

2𝑔

5
 

Q5. (a) (i) (
0 1 1
0 1 3
2 0 0

) (ii) (
6 3 5
6 7 9
4 2 6

) (iii) 5 𝑤𝑎𝑙𝑘𝑠: (𝐴𝐵𝐵𝐶 ×  3, 𝐴𝐶𝐴𝐶 ×  2) (b) (ii) 𝑘 = 7 

Q6. (a) 9.84 𝑚 (b) (i) 𝑉𝑛 = (500 + 125𝑛)(0.8)𝑛 + 100𝑛 − 200  (ii) False – will continue to increase 

Q7. (a) 2.56 𝑠 (b) (i) 𝑇 =
8𝑚𝑔

5
  (ii) ℎ = 0.0136 𝑚  (iii) 𝑅 =

6𝑚𝑔

5
 

Q8. (a) (i) −22.5°, 67.5° (ii) 6.47 𝑠, 2.68 𝑠   (b) (i) 5𝑢, √17 𝑢 (ii) 67.17° 

 

Sample Paper 5: 

Q1. (a) (ii) 
210

17
𝑚 (b) 6.26 𝑚/𝑠 

Q2. (a) (i) 87.5 𝑚, 90 𝑚 (b) (ii) 𝑘 = 0.0785  (iii) 3.7 ℎ𝑟𝑠 

Q3. (a) (i) 𝑎 =
𝑔

3+𝑚
  (ii) 𝑚 = 2  (b) 𝑢𝑛 = (2)𝑛 + (5)𝑛 + 𝑛2 

Q4. (a) (i) 𝑟 = tan−1 𝑡 − 0.67 (ii) 𝑦 = −2.7    (b) (ii) 
𝑢√3(1+7𝑒)

6(1+𝑒)
 

Q5. (a) (ii) 62.5 𝑚  (b) 
1

13
𝑒2𝑥(2 cos 3𝑥 + 3 sin 3𝑥) + 𝑐 

Q6. (a) (i) 
𝑢(3−7𝑒)

2
,

𝑢(3+7𝑒)

2
  (b) (ii) 𝑅𝑜𝑢𝑡𝑒: 𝐴𝐶𝐸𝐺𝐼, 𝑁𝑜. 𝑜𝑓 𝐵𝑎𝑔𝑠 =  64 

Q7. (a) (ii) 2.46 𝑚 (iii) 1.88 𝑚/𝑠 (b) (i) 𝑣 = √2𝑔𝑟  (ii) 𝑑 =
𝑟

𝜇
  (iii) 5 𝑚 

Q8. (a) (i) 𝑎 = 2, 𝑏 = −10, 𝑐 = 15  (ii) 6 𝑚/𝑠2  (iii) 2.67 𝑚   (b) (i) 𝐴𝐷𝐺𝐹, 460 𝑚 (ii) 𝐴𝐵𝐸𝐺𝐹, 470 𝑚 

 

Sample Paper 6: 

Q1. (a) (ii) 
0.134𝑢2

𝑔
 𝑜𝑟 0.014𝑢2 𝑜𝑟 

(2−√3)𝑢2

2𝑔
  (b) (i) 𝑥 = (𝑃 − 40𝑛)𝑒

𝑡

40 + 40𝑛  (ii) 4.99 𝑦𝑒𝑎𝑟𝑠 

Q2. (a) (ii) 
3𝑔

11
 𝑚/𝑠2 (iii) 

40𝑚𝑔

11
,

16𝑚𝑔

11
 

Q3. (a) (i) 
𝑢(5−4𝑒)

3
,

𝑢(5+8𝑒)

3
  (ii) 𝐼 =

8𝑚𝑢

3
(1 + 𝑒)  (iii) 𝑘 =

16

3
    (b) (i) (

1 2 0
2 0 1
0 1 0

)   (ii) (
9 12 2

12 4 5
2 5 0

)  (iii) 12 

Q4. (a) (ii) 𝐵𝐷, 𝐴𝐶, 𝐷𝐹, 𝐵𝐶, 𝐷𝐸, 𝐿𝑒𝑛𝑔𝑡ℎ = 18 𝑘𝑚 (iv) (𝐵, 𝐷), (𝐷, 𝐹), (𝐵, 𝐶), (𝐴, 𝐶), (𝐷, 𝐸)   

(b) (i) 0°, 71.6°  (ii) √
2ℎ

𝑔
, √

20ℎ

𝑔
 

Q5. (a) (i) 47.04 𝑚  (ii) 33.32 𝑚/𝑠  (b) (i) 𝑃𝑛 = 2975(0.5)𝑛 − 1775(0.9)𝑛 + 800𝑛 + 2000  (ii) 9384 

Q6. (a) (ii) 𝑇 =
8𝑚𝑔

8+𝑚
 (iii) 𝑚 = 8  (b) (ii) 𝑑 =

3𝑢2

2𝑎
 

Q7. (a) (i) 𝑣 = 5𝑡 + 8𝑒−𝑡 − 6  (ii) 1.35 𝑚/𝑠  (iii) 0.73 𝑚  

(b) (i) √{
2

5
𝑢 cos 𝛼}2+{4𝑢 sin 𝛼}2, √{

7

5
𝑢 cos 𝛼}2+{−𝑢 sin 𝛼}2  (ii) 38.66°   

Q8. (a) 𝑘 = 2 (b) 𝑠 =
4𝑑

27
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SEC HL Sample Paper 2020: 

Q1. (a) (ii) (
0 2 0
1 1 2
1 1 0

) (b) (i) 𝑢2 = 6, 𝑢3 = 9  (ii) 𝑢𝑛+2 = 𝑢𝑛+1 + 𝑢𝑛   (iii) 𝑢𝑛 = 2.171 (
1+√5

2
)

𝑛

+

0.829 (
1−√5

2
)

𝑛

   (iv) 5 𝑜𝑙𝑑𝑒𝑟 𝑜𝑛𝑒𝑠 

Q2. (ii) 𝐷𝑖𝑠𝑎𝑔𝑟𝑒𝑒 (iii) 𝐴𝑔𝑟𝑒𝑒 (v) 𝐴𝐸𝐼𝐿  (vi) 25 𝑑𝑎𝑦𝑠  (vii) 5 𝑑𝑎𝑦𝑠 (viii) 𝑀𝑜𝑟𝑛𝑖𝑛𝑔 𝑜𝑓 𝐽𝑢𝑙𝑦 11𝑡ℎ  

Q3. (a) 𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2 + 𝑠𝑜  (b) (i) 1.5 𝑠  (iii) 16 𝑚 

Q4. (a) (i) 
1

𝑒2   (ii) 𝑒
10𝐻0 (b) (ii) 𝑒 = 0.577, 𝜃 = 75° 

Q5. (a) (i) 𝐴𝐶𝐺𝐽𝐿𝑁, 72 𝑘𝑚 (ii) 140 𝑘𝑚 (b) (i) 𝑅 =
1200.𝑒1200𝑘𝑡

11+𝑒1200𝑘𝑡   (ii) 0.000443 

Q6. (i) 𝑠 = 𝑟 cos 𝜔𝑡 𝑖 + 𝑟 sin 𝜔𝑡 𝑗 (ii) �⃗� = −𝜔𝑟 sin 𝜔𝑡 𝑖 + 𝜔𝑟 cos 𝜔𝑡 𝑗  (v) 𝑣𝑚𝑎𝑥 = √𝜇𝑔𝑟 𝑚/𝑠 

Q7. (a) (i) 𝑊 =
𝑘𝑥2

2
 (ii) 0.47 𝑚  (b) (iii) 𝑇 = 1.17 𝑁, 𝑎 = 1.9 𝑚/𝑠2 

Q8. (a) (i) 𝑃𝑛 = (
24000−100𝐵

3
)(1.03)𝑛 +

100

3
𝐵 (ii) 𝑃 =

𝑒0.03𝑛(240−𝐵)+𝐵

0.03
 (iii) 𝑀𝑜𝑑𝑒𝑙 1: 12512, 𝑀𝑜𝑑𝑒𝑙 2: 12642  

(v) 240  

 

SEC OL Sample Paper 2020: 

Q1. (a) (i) �⃗⃗� = 9𝑖 + 12𝑗, 𝑐 = 5√3𝑖 − 15𝑗  (ii) −102.06  (iii) 𝑘 = 3   

(b) (i) 3.7 𝑚/𝑠  (ii) 9.13 𝑁 (iii) 𝑇 = 28.73 𝑁 

Q2. (a) (ii) 860 𝑠 (iii) 𝐵 𝑜𝑟 𝐷  (b) (ii) 𝐵𝐹𝐼𝐿   (iii) 47 𝑚𝑖𝑛𝑠  (iv) 𝐺: 6 𝑚𝑖𝑛𝑠 

Q3. (a) (i) 𝑃𝑛 = (92307.69)(1.052)𝑛 + 57692.31  (ii) €182,813.92  (iii) 𝐶𝑜𝑟𝑚𝑎𝑐 𝑏𝑦 €3073.71  

(b) (i) 𝑥 = 3, −1  (ii) 𝑢𝑛 = 5(3)𝑛 + 3(−1)𝑛   (iii) 1820 𝑐𝑎𝑟𝑠 

Q4. (i) 20.38𝑖 + 17.71𝑗   (ii) 24.07
𝑚

𝑠
, 𝐸32.15° 𝑁  (iii) 1.81 𝑠  (iv) 16 𝑚  (v) 3.323 𝑠 

Q5. (a) (i) 𝑃 = −
1

4
𝑖, 𝑄 =

11

4
𝑗 (ii) 

165

8
𝑚 𝐽 or 20.625𝑚 𝐽  

(b) (i) 𝑅𝑛 = 160(0.7)𝑛  (ii) 18.82 𝑐𝑚  (iii) 489.41 𝑚  (iv) 𝑅𝑛+1 = 𝑅𝑛 

Q6. (ii) 2𝑔 𝑁  (iii) 
18𝑔

5
 𝑁  (iv) 1.77 𝑚/𝑠 

Q7. (a) (

0 1 0 0
1 1 1 1
0 1 0 2
0 1 2 0

)  (b) ( 4 2
−2 2

)  (c) 𝐴𝐵𝐺𝐼𝐽, 148 𝑝𝑎𝑠𝑠𝑒𝑛𝑔𝑒𝑟𝑠 

Q8. (i) 11 𝑚/𝑠  (iii) 5𝑡 + 0.2𝑡2  (iv) 4𝑡 + 0.3𝑡2  (v) 50 𝑠  (vi) 52 𝑠 

 

SEC HL Paper 2023: 

Q1. (a) (ii) 𝐵𝐶𝐴𝐵 or 𝐵𝐶𝐷𝐹𝐵……  (b) (i) 𝑠(𝑡) = 2(1 − 𝑒−𝑡 − 2𝑒−𝑡)  (ii) 1.6017 

Q2. (a) 𝐶ℎ𝑒𝑎𝑝𝑒𝑠𝑡 = 𝑋𝐴𝐸𝐷𝐽𝑀𝑌, €11450 (b) 𝑃 =
4−8𝑒

5
𝑖 +

16

5
𝑗, 𝑄 =

4+4𝑒

5
𝑖 + 3.2𝑗 

Q3. (iv) 8 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒 𝑟𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛𝑠  (v) 1.5876 𝑠 

Q4. (iii) 𝑣 = √
1272𝑒−2𝑠−147

5
  (iv) 1.1 𝑚  (vi) 

𝑑𝑣

𝑑𝑠
=

29.4−𝑣2

𝑣
 

Q5. (a) (ii) 1.14 𝑚/𝑠2 (b) 08: 23 

Q6. (i) 𝑢2 = 7, 𝑢3 = 20  (ii) 𝑢𝑛 =
1

4
(−1)𝑛 +

3

4
(3)𝑛 (iii) 44287 (iv) 𝑣𝑛 =

1

8
(3)𝑛 −

1

8
(−1)𝑛 +

1

8
𝑛 + 1  (v) 7387 

Q7. (a) (i) 𝑀𝑖𝑛 𝑊𝑒𝑖𝑔ℎ𝑡 =  101 (ii) 137 𝑚𝑖𝑛𝑠 (b) (i) 𝑁 = 2000 − 1750𝑒−𝑘𝑡  (ii) 𝑘 = 0.20879 

Q8. (i) 28 𝑚/𝑠  (ii) 110.53 𝑚  (iii) 𝑝 = 28.68𝑖 − 4.47𝑗, �⃗⃗� = −12.32𝑖 + 5.6𝑗  (iv) −378.3696  (v) 15.57° 

Q9. (iii) 𝐴𝐸𝐽𝐿 or 𝐴𝐸𝐾 𝑖𝑛𝑐𝑙𝑢𝑑𝑖𝑛𝑔 2 𝑑𝑢𝑚𝑚𝑖𝑒𝑠  (v) 𝐷, 𝐸, 𝐹 𝑜𝑟 𝐺 

Q10. (a) (i) 𝑈1 = 180, 𝑈2 = 186  (ii) 𝑈𝑛+1 = 1.2𝑈𝑛 − 30  (iii) 𝑈𝑛 = 25(1.2)𝑛 + 150  (iv) 373  (b) (iii) 𝑘 = 5  
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SEC HL Deferred Paper 2023: 

Q1. (a) (i) (
2 7 −2

−9 10 8
7 1 2

) (b) (ii) 𝑣 = √𝑙𝑔 sin 𝜃 tan 𝜃  (iii) 𝑇 = 2𝜋√
𝑙 cos 𝜃

𝑔
 

Q2. (a) (ii) 𝐷𝑖𝑗𝑠𝑘𝑡𝑟𝑎′𝑠, 𝐴𝐵𝐷𝐸𝐺, 174 𝑚𝑠 (b) (i) 𝐸𝑛 = (101 −
20𝐶

3
)(1.15)𝑛 +

20𝐶

3
  (ii) 16   (iii) 

𝑑𝐸

𝑑𝑛
= 0.15𝐸 − 𝐶 

Q3. (i) 𝑐 =
3

2
, 𝑑 =

9

16
  (ii) 420 𝑏𝑖𝑙𝑙𝑖𝑜𝑛  (iii) 𝐺𝑛 = 200 (

3

4
)

𝑛
+ 40𝑛 (

3

4
)

𝑛
+ 640, 𝐺6 = 718 𝑏𝑖𝑙𝑙𝑖𝑜𝑛 

Q4. (i) 𝑃 = 10𝑒0.08𝑡  (ii) 52 𝑤𝑒𝑒𝑘𝑠  (iv) 𝑃 =
20𝐾𝑒0.08𝑡

𝐾−20+20𝑒0.08𝑡  (v) 95   

Q5. (i) 5 𝑠  (ii) 𝑣 =
1

𝑘
((𝑔 + 20𝑘)𝑒−𝑘𝑡 − 𝑔)  (iii) 1.82 𝑠  (iv) 

𝑑𝑣

𝑑𝑡
= 𝑔 − 𝑘𝑣 

Q6. (a) (i) 40.33 𝑚  (ii) 376.44 𝑚  (b) 𝑂𝑝𝑡𝑖𝑚𝑎𝑙: 𝑋𝐵𝐷𝐹𝑌, €60,000 

Q7. (ii) 
𝑢√10

3
𝑖 + 0𝑗   (iii) 𝑊 =

𝑘𝑥2

2
   (iv) 𝑥 =

𝑢

3
√

10𝑚

𝑘
 𝑚 

Q8. (ii) 𝑎 = 2.19 𝑚/𝑠2, 𝑇 = 47.14 𝑁 (iii) 1.32 𝑚/𝑠  (iv) −7.24 𝑚/𝑠2  (v) 0.52 𝑚 

Q9. (iv) 𝐴𝐸𝐼𝑀  (v) 16 ℎ𝑜𝑢𝑟𝑠  (vi) 𝑁𝑜 

Q10. (ii) 48.19°  (iii) 3.13 𝑚/𝑠  (iv) 0.46 𝑠  (v) 2.08 𝑚 
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Exam Papers by Topic: 

Vectors 

• SEC OL Sample Q1(a) 

• 2023 SEC HL 

Q8(iii)(iv)(v) 

Uniform Acceleration 

• S.P. 1 Q2(a), Q4(b) 

• S.P. 2 Q6(b), Q7(b) 

• S.P. 3 Q1(b), Q4(b), 

Q8(b) 

• S.P. 4 Q3(b), Q7(a) 

• S.P. 5 Q2(a) 

• S.P. 6 Q5(a), Q6(b), 

Q8(a) 

• SEC HL Sample Q3(b) 

• SEC OL Sample Q8 

• 2023 SEC HL Q5(b) 

• 2023 Def SEC HL Q5(i), 

Q6(a) 

Projectiles 

• S.P. 1 Q4(a) 

• S.P. 2 Q4(a) 

• S.P. 3 Q4(a), Q7(a) 

• S.P. 4 Q8(a) 

• S.P. 5 Q5(a) 

• S.P. 6 Q1(a), Q4(b) 

• SEC HL Sample Q4(a) 

• SEC OL Sample Q4 

• 2023 SEC HL Q8(i)(ii) 

Calculus 

• S.P. 1 Q3(b), Q8(b) 

• S.P. 2 Q6(a) 

• S.P. 3 Q2(a), Q5(a) 

• S.P. 4 Q1(b) 

• S.P. 5 Q5(b), Q8(a) 

• S.P. 6 Q2(b) 

• SEC HL Sample Q3(a), 

Q7(a)(i) 

• 2023 SEC HL Q1(b) 

Newton’s Laws 

• S.P. 1 Q3(a), Q7(a) 

• S.P. 2 Q1(a), Q3(b) 

• S.P. 3 Q3(a) 

• S.P. 4 Q4(b), Q7(b) 

• S.P. 5 Q1(a), Q3(a), 

Q7(a) 

• S.P. 6 Q2(a), Q6(a) 

• SEC HL Sample Q7(b) 

• SEC OL Sample Q6 

• 2023 SEC HL Q5(a) 

• 2023 Def SEC HL Q8 

 

Impacts & Collisions 

• S.P. 1 Q1(b), Q6(a), 

Q8(a) 

• S.P. 2 Q2(b), Q5(a) 

• S.P. 3 Q6(a)(b), Q8(a) 

• S.P. 4 Q1(a), Q6(a), 

Q8(b) 

• S.P. 5 Q4(b), Q6(a) 

• S.P. 6 Q3(a), Q7(b) 

• SEC HL Sample Q4(b) 

• SEC OL Sample Q5(a) 

• 2023 SEC HL Q2(b) 

• 2023 Def SEC HL Q7 

 

Circular Motion 

• S.P. 1 Q5(b) 

• S.P. 2 Q7(a), Q8(b) 

• S.P. 3 Q3(b) 

• S.P. 4 Q5(b) 

• S.P. 5 Q1(b), Q7(b) 

• S.P. 6 Q8(b) 

• SEC HL Sample Q6, 

Q7(a)(ii) 

• SEC OL Sample Q1(b) 

• 2023 SEC HL Q3, 

Q10(b) 

• 2023 Def SEC HL 

Q1(b) 

• 2023 Def SEC HL 

Q10 

Difference Equations 

• S.P. 1 Q2(b) 

• S.P. 2 Q5(b) 

• S.P. 3 Q1(a), Q5(b) 

• S.P. 4 Q2(b), Q6(b) 

• S.P. 5 Q3(b) 

• S.P. 6 Q5(b) 

• SEC HL Sample Q1(b), 

Q8 

• SEC OL Sample Q3, 

Q5(b) 

• 2023 SEC HL Q6, 

Q10(a) 

• 2023 Def SEC HL 

Q2(b), Q3 

Networks/Graphs/Optimal 

Paths 

• S.P. 1 Q5(a) 

• S.P. 2 Q2(a) 

• S.P. 3 Q2(b) 

• S.P. 4 Q3(a), Q5(a) 

• S.P. 5 Q6(b), Q8(b) 

• S.P. 6 Q3(b), Q4(a) 

• SEC HL Sample Q1(a), 

Q2, Q5(a) 

• SEC OL Sample Q2, Q7 

• 2023 SEC HL Q1(a), 

Q2(a), Q7(a), Q9 

• 2023 Def SEC HL Q1(a), 

Q2(a), Q6(b), Q9 

Differential Equations 

• S.P. 1 Q1(a), Q6(b), 

Q7(b) 

• S.P. 2 Q1(b), Q3(a), 

Q4(b), Q8(a) 

• S.P. 3 Q7(b) 

• S.P. 4 Q2(a), Q4(a) 

• S.P. 5 Q2(b), Q4(a) 

• S.P. 6 Q1(b), Q7(a) 

• SEC HL Sample Q5(b) 

• 2023 SEC HL Q4, 

Q7(b) 

• 2023 Def SEC HL Q4, 

Q5(ii)(iii)(iv) 

 

 


