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Answer all questions.

SECTION A

Mechanics

1 A ball is projected vertically upwards from ground level with a speed of 30.4 m s−1

 (i) Find the speed of the ball after two seconds. [2]
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 (ii) Find the maximum height reached by the ball. [3]

 (iii) State one modelling assumption made in answering this question. [1]
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2 A particle of mass 2 kg is held in equilibrium when acted upon by three forces, 
F1, F2 and F3

F1 = (3i + 6j) N
F2 = (2i − 7j) N

 (i) Find F3 [3]
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 The force F1 is increased by a factor of 10

 (ii) If F2 and F3 are unchanged, find the magnitude of the acceleration produced  
and the angle it makes with the vector i. [7]
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3 Fig. 1 below shows crates P and Q resting on two planes each inclined at 45° to  
the horizontal.

 P and Q are connected using a light, inextensible string passing over a smooth, light 
fixed pulley.

45° 45°

QP

 Fig. 1

 P has mass 3m kg and rests on a smooth plane.
 Q has mass 2m kg and rests on a rough plane with coefficient of friction μ.

 The system is released from rest and motion occurs.

 (i) Complete the diagram below to show all the external forces acting on 
 P and Q. [2]

45° 45°

QP
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 (ii) Find, in terms of μ and g, the acceleration produced. [7]
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 The acceleration is found to be 1.3 m s−2

 (iii) Find the value of μ. [2]
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4 A car is travelling along a straight stretch of road at a constant speed of 30 m s−1 when 
it passes a stationary police motorcycle at time t = 0 seconds.

 Two seconds later the police motorcycle gives chase accelerating from 0 m s−1 to  
35 m s−1 with constant acceleration of 7 m s−2

 The police motorcycle maintains this speed of 35 m s−1 until it catches up with the car 
at time T.

 By drawing a velocity–time graph find the value of T. [8]
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SECTION B

Statistics

5 Over the past eight years, a farmer records the annual rainfall, x, in mm, and the 
annual yield of wheat, y, in bushels per hectare, on his farm.

 Some of the summary values he calculated are:

  Σxy = 181 397.65 Σx2 = 861 132.58 Σy2 = 39 042.42

  n = 8 Σx = 2512.8 Σy = 551.8

 (i) Calculate the product-moment correlation coefficient between the annual rainfall 
and the annual yield of wheat. [5]



[Turn over

*28SMT2115*

*28SMT2115*

12293

 (ii) Comment on what the value obtained in (i) suggests to the farmer. [1]

 Based on his data, the farmer calculates an equation of the y on x regression line to be

y = 33.7 + 0.112x

 (iii) Give an interpretation, in context, of the value of the gradient of this  
regression line. [2]
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6 (a) The random variable X can take the values 3, 4, 5, 6 or 7 
 
Table 1 below shows the probability that X takes each value.

Table 1

x 3 4 5 6 7

P(X = x) 0.2 c 0.47 0.09 3c

  (i) Find the value of c. [2]
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  (ii) Find P(X < 5). [2]
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 (b) For breakfast each day Ian eats either cereal or toast, and also drinks either fruit 
juice, tea or coffee.

  The probability that Ian has toast is 0.4 

  The probability that he has fruit juice is 0.64 and he is equally likely to have 
either tea or coffee.

  On a randomly chosen morning, find the probability that Ian

  (i) has coffee; [1]
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  (ii) does not have toast or tea. [2]
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7 The manager of a large call centre is concerned that the mean time taken to answer 
calls is longer than the target of 15 seconds.

 One Tuesday morning, she records the time taken, t seconds, to answer each of the 
first 800 calls to the centre.

 Some summary values are:

   n = 800 Σt = 13 600 Σt2 = 366 600

 (i) Calculate the mean of the times taken to answer these calls. [2]
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 (ii) What might this value suggest to the manager? [1]

 (iii) Calculate an estimate of the variance of the times taken to answer a call. [2]
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 The manager remembers that, on the morning she collected the data, some staff were 
involved in training and were not able to answer calls, so she decides to take  
another sample.

 (iv) Suggest three improvements to the manager’s strategy for sampling. [3]
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8 In a manufacturing process it is known that 3% of the components produced are 
faulty. Twenty components are randomly chosen and inspected.

 (i) Find the probability that exactly two of the components in the batch are faulty. [3]
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 (ii) Find the probability that fewer than two components in the batch are faulty. [3]
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 A batch contains n components which have been randomly selected.

 The probability that no components are faulty in batches of this size is 0.2957 to 4 
decimal places.

 (iii) Find the value of n. [6]
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