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Answer all questions.

SECTION A

Mechanics

1 A farmer is placing fence posts around the sides of a field. He does this using 
a pile-driver which is dropped, from rest, from a height 2 m above each post. 

 (i) Find the speed of the pile-driver just before it strikes the post. [2]
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 The posts each have a mass of 8 kg and the pile-driver has a mass of 42 kg. 
On impact the post and pile-driver move together. 

 (ii) Find the speed of the pile-driver and post immediately after impact.  [5]
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 The post and pile-driver come to rest after travelling a distance of 0.05 m. Assume the 
resistive force created by the ground is constant.

 (iii)  Find the magnitude of this resistive force.  [4]
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2 John is taking part in a school science experiment. He has to create a rocket that can 
be projected at an angle of 60° to the horizontal and fly across the school pond as 
shown in Fig. 1 below.

 A and B are on the same horizontal level. 

A B60°

Fig. 1

 The rocket is projected from A and must land at B.

 (i) Show that the time of flight T seconds is such that

T = √3u
g

  where u ms−1 is the initial speed of the rocket. [4]
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  The distance AB is 12.6 m.

 (ii) Hence find the speed at which John should project his rocket to be successful in 
the experiment.   [3]
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 (iii) Assuming u remains the same, suggest a change that could be made to maximise 
the horizontal distance covered by the rocket. [1]
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3 Andrew and Steven play on a see-saw. 

 Andrew has mass m1 kg.

 Steven has mass m2 kg where m2 > m1

 The see-saw AB has length 5 m and mass 15 kg. 

 The pivot P is at the midpoint. 

 Steven assumes the see-saw to be uniform and calculates that he should sit a distance 
of x metres from the centre of the see-saw for it to balance with Andrew at A as shown 
in Fig. 2 below. 

A B

5 m

P

x m

Fig. 2

 (i) Find, in terms of m1 and m2, the distance x. [4]
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 When Steven sits this distance from the centre, the see-saw starts to rotate about the 
pivot and his side of the see-saw lowers. 

 (ii) Using this information, what can you state about the see-saw?  [1]
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 When Steven moves to a point 0.4 m from B, the see-saw rests in equilibrium.

 (iii) Find, in terms of m1 and m2, the position of the centre of gravity of the see-saw 
relative to A. [5]
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4 (a) A particle, initially at rest, starts to move from point O. 
  At time t seconds the velocity v m s−1 is given by

v = 2t i + 2t2 j

  (i) Find the acceleration of the particle when t = 4  [3]

  (ii) Find an expression for the displacement of the particle from O, at time t 
seconds and hence show that the particle never returns to O.  [7]
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 (b) A model car moving in a straight line has acceleration a m s−2 at time  
t seconds where

a = 4t − 11

  This car is moving with a velocity of 7 m s−1 when observed at time t = 5 

  Find the total distance covered by the car in the first 6 seconds of motion. [11]
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SECTION B

Statistics

5 Neil is a zoologist. He is investigating the correlation between the mass of an animal’s 
brain and the mass of its heart.

 Neil decides to carry out a hypothesis test.
 He states the following hypothesis:

H0: ρ = 0

H1: ρ > 0

 where ρ is the population correlation coefficient. 

 (i) Is this test one-tailed or two-tailed? [1]

 For a sample of 12 animals, Neil calculates the product–moment correlation 
coefficient to be r = 0.715

 At the 5% level of significance, the critical value for Neil’s test is 0.4973

 (ii) Using this value, what conclusion can Neil draw? [2]
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 (iii) Write down the probability of incorrectly rejecting H0 for this test. [1]
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6 (a) Events X and Y are such that 

  	  P(X) = 0.44
  	  P(Y) = 0.79
  P(X 

∩

 Y) = 0.92

  Calculate

  (i)	 P(X	∩	Y) [2]
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  (ii)	 P(Y | X ), where X is the complement of event X. [3]
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 (b) Three dealers, Anne, Bill and Carl supply antiques to an auction house. 

  Anne supplies 45% of the antiques, Bill supplies 38% and the remaining antiques 
are supplied by Carl.

  Past records indicate that 5% of the antiques supplied by Anne are fake.  
The percentages of antiques supplied by Bill and Carl which are fake are 7% and  
3% respectively.

  James buys an antique from the auction.

  (i) Find the probability that the antique is fake. [5]
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  The auctioneer notices that an antique he is about to sell is fake.

  (ii) Find the probability that this antique was supplied by Bill. [3]
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7 The	standby	times	of	a	type	of	smartphone,	π-phone,	are	normally	distributed	with	
mean 180 hours and standard deviation 8 hours.

 (i) Find	the	probability	that	a	randomly	selected	π-phone	has	a	standby	time	of	more	
than 195 hours. [4]

 (ii) Hence	find	the	percentage	of	π-phones	with	a	standby	time	between	165	hours	
and 195 hours. [4]
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 Smartphones with a standby time of less than T hours are unsuitable for sale.

 (iii) Given	that	2.5%	of	π-phones	are	found	to	be	unsuitable	for	sale,	find	the	value 
of T.  [4]
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8 Scores in an intelligence test are known to be normally distributed with mean 100 and 
standard deviation 15

 Lynsey wishes to test her theory that drinking coffee before the test affects your score. 
She selects a random sample of 80 adults and gives each a cup of coffee before they 
take the test.

 Following the test, Lynsey calculates the mean score for this sample to be 104

 Test Lynsey’s theory using a 5% level of significance. [10]
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9 A drug to treat hay fever is claimed to be effective on 80% of sufferers.

 A doctor specialising in allergies suspects that the effectiveness of the drug has  
been overstated. 

 He takes a random sample of 20 of his patients whom he has treated with the drug and 
he finds that the drug was effective on 12 of them.

 (i) What assumptions need to be made for a binomial model to be appropriate in 
this context? [3]
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 (ii) Using a 5% level of significance, test the doctor’s suspicion. [8]
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