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Information for Candidates
The total mark for this paper is 100. The total available mark for 
each section of this paper is 50.
Figures in brackets printed at the end of each question indicate 
the marks awarded to each question or part question.
Answers should include diagrams where appropriate and marks 
may be awarded for them.
Take g = 9.8 m s–2, unless specifi ed otherwise.
A copy of the Mathematical Formulae and Tables booklet is 
provided.
Throughout the paper the logarithmic notation used is 1n z 
where it is noted that ln z ≡ loge z
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Answer all questions.

Section A

Mechanics

1 A cannon has a mass of M  kg.

 The cannon, which is initially at rest, fires a cannonball of 
mass m kg with a speed of u m s–1

 (i) Find the speed of recoil of the cannon in terms of M, m 
and u.      [5 marks]
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 The duration of the force acting on the cannon due to the 
explosion is 0.002 s.

 (ii) Find the average force that is exerted on the cannon in 
terms of m and u.     [5 marks]



13316.02 MV18 6 

2 (In this question, i and j are perpendicular unit vectors in 
horizontal and vertical directions, respectively.)

 A ball is projected from a point whose position vector is 
10 j m relative to a fixed point O.

 The ball’s velocity of projection is (23 i + 49 j) m s–1

 The ball moves under gravity.

 (i) Show that at time t seconds after projection, the position 
vector of the ball relative to O is

  [23t i + (10 + 49t – 4.9t2) j] m     [5 marks]
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 (ii) Hence, or otherwise, find the value of t when the ball is 
at its greatest height above the horizontal through O. 
[5 marks]
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 (iii) What modelling assumption have you made?     
  [1 mark]
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3 A uniform thin plank AB has mass M kg and length 
 6 L metres.

 C is a point on the plank where AC = 4 L metres.

 A carpenter places end A on rough horizontal ground and 
uses a smooth fixed cylinder to support the plank at C as 
shown in Fig. 1 below.

 The plank rests in equilibrium when inclined at α degrees to 
the horizontal.

 Fig. 1

A

B

C
6 L

α
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 (i) Complete the diagram below showing all the external 
forces acting on the plank.     [3 marks]

A

B

C

α
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 The reaction at C between the cylinder and the plank 
 is 35 M g newtons.

 (ii) By taking moments about A find the value of α. 
  [5 marks]
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 (iii) Hence, if the plank is about to slip, find the value of the 
coefficient of friction between the plank and the ground. 
[7 marks]
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4  A particle moves along a straight line.
Points A, B and C lie on this line.

 At time t seconds, the particle’s displacement x metres from 
A is given by

 x = 13t3 + 34t2 + 7t (0 < t < 2)

 When t = 2 the particle is at B.

 (i) Find the displacement of B from A.     [2 marks]

 (ii) Find its velocity at B.     [4 marks]
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 For  2 < t < 4  the velocity v m s–1 of the particle can now 
be modelled as

 v = 14sec2 πt
4

π
2– ++

 At t = 3 the particle is at C.

 (iii) Find the displacement of C from A.     [6 marks]
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 (iv) If the particle models a train on a straight track, what is 

the problem with using this model as t gets closer to 4? 
[2 marks]
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Section B

Statistics

5 An economist studies the correlation between 
unemployment percentage and average income for a large 
city. He sets up a hypothesis test on ρ, the population 
correlation coefficient. His hypotheses are:

 H0: ρ = 0
 H1: ρ < 0

 (i) Will the test be one-tailed or two-tailed?     [1 mark]
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 The economist uses a random sample of records over an 
extended period of time.
He calculates the product–moment correlation coefficient for 
his sample and finds the ρ-value for the test to be 0.00845

 (ii) Explain what is meant by the term ρ-value.     [2 marks]

 (iii) Using a significance level of 1%, complete the 
hypothesis test.     [3 marks]
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 (iv) If instead the economist had tested H1: ρ ≠ 0, what 
would his conclusion have been?      [2 marks]
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6 A brewery produces bottles of cider whose volumes are 
normally distributed with mean μ and variance σ 2

 Given that the upper quartile of the volume of cider in a 
bottle is 571.71 ml and that 5% of the bottles contain less 
than 558.95 ml, calculate the values of μ and σ.     

 [10 marks]
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7 It is believed that 1 person in 100 is allergic to milk.

 A test has been designed to try to detect the allergy.

 For a person with the allergy, there is a 95% chance that 
the test will give a positive result.
For a person who does not have the allergy, there is a 96% 
chance that the test will give a negative result.

 (i) Using a tree diagram, or otherwise, calculate the 
probability that a randomly selected person gets a 
positive result on the test.     [3 marks]
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 A randomly selected person is tested and the result 
indicates that they are allergic to milk.

 (ii) Find the probability that this person is actually allergic 
to milk.     [4 marks]
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 (iii) Comment on your answer to (ii).     [2 marks]
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8 The time taken to answer a call arriving at a switchboard 
follows a normal distribution with mean 12 seconds and 
standard deviation 3.5 seconds.

 (i) Calculate the probability that a random call arriving at 
the switchboard takes between 10 and 15 seconds to 
be answered.     [4 marks]
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 The office manager introduces a bonus scheme designed to 
reduce the amount of time taken for calls to be answered.

 
 He claims that the scheme has been successful.
 
 Following the introduction of the scheme, the office 

manager calculates the average time taken to answer calls 
in a random sample of 40 to be 10.8 seconds.

 (ii) Test the office manager’s claim at the 5% level of 
significance.     [7 marks]
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9 Daniel took a multiple choice examination in which there 
were five possible responses to each of the questions.

 His teacher suspects that Daniel had not revised for the 
examination and was just guessing his answers.

 The teacher decides to test her suspicion at the 5% level of 
significance.

 (i) Explain why a one-tailed test is appropriate in this 
context.     [1 mark]
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 (ii) Write down the null and alternative hypotheses for 
this test.     [2 marks]
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 (iii) Describe the meaning of the term level of significance. 
[2 marks]

 The examination contained 40 questions and Daniel got 
12 of his answers correct.

 (iv) Complete the hypothesis test, stating clearly whether 
the teacher’s suspicion is justified.     [7 marks]
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This is the end of the question paper
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