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1. At a particular junction on a train line, signal failures are known to occur randomly at a 
rate of 1 every 4 days.

 (a) Find the probability that there are no signal failures on a randomly selected day.
(2)

 (b) Find the probability that there is at least 1 signal failure on each of the next 3 days.
(2)

 (c) Find the probability that in a randomly selected 7-day week, there are exactly 5 days 
with no signal failures.

(3)

 Repair works are carried out on the line.  After these repair works, the number, f, of signal 
failures in a 32-day period is recorded.

 A test is carried out, at the 5% level of significance, to determine whether or not there has 
been a decrease in the rate of signal failures following the repair works.

 (d) State the hypotheses for this test.
(1)

 (e) Find the largest value of f for which the null hypothesis should be rejected.
(3)
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2. Crispy-crisps produces packets of crisps.  During a promotion, a prize is placed in 25% 
of the packets.  No more than 1 prize is placed in any packet.  A box contains 6 packets of 
crisps.

 (a) (i) Write down a suitable distribution to model the number of prizes found in a box.

   (ii) Write down one assumption required for the model.
(2)

 (b) Find the probability that in 2 randomly selected boxes, only 1 box contains exactly 1 
prize.

(3)

 (c) Find the probability that a randomly selected box contains at least 2 prizes.
(2)

 Neha buys 80 boxes of crisps. 

 (d) Using a normal approximation, find the probability that no more than 30 of the boxes 
contain at least 2 prizes.

(5)
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3. The random variable X has probability density function given by

f
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 as shown in Figure 1, where a and b are constants.

f (x)

O 4 x1 6
Figure 1

 (a)  Show that the median of X is 4
(2)

 (b)  Find the value of a and the value of b
(5)

 (c)  Specify fully the cumulative distribution function of X
(5)
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4. In a large population, past records show that 1 in 200 adults has a particular allergy.

 In a random sample of 700 adults selected from the population, estimate

 (a)  (i)  the mean number of adults with the allergy,

   (ii) the standard deviation of the number of adults with the allergy.
   Give your answer to 3 decimal places.

(3)

 A doctor claims that the past records are out of date and the proportion of adults with the 
allergy is higher than the records indicate.

 A random sample of 500 adults is taken from the population and 5 are found to have the 
allergy.

 A test of the doctor’s claim is to be carried out at the 5% level of significance.

 (b) (i) State the hypotheses for this test.

  (ii) Using a suitable approximation, carry out the test.
(6)

 It is also claimed that 30% of those with the allergy take medication for it daily.

 To test this claim, a random sample of n people with the allergy is taken.  The random 
variable Y represents the number of people in the sample who take medication for the 
allergy daily.

 A two-tailed test, at the 1% level of significance, is carried out to see if the proportion 
differs from 30%

 The critical region for the test is  Y = 0  or  Y w

 (c) Find the smallest possible value of n and the corresponding value of w
(4)
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5. A call centre records the length of time, T minutes, its customers wait before being 
connected to an agent.  The random variable T has a cumulative distribution function 
given by
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 (a) Find the proportion of customers waiting more than 4 minutes to be connected to an 
agent.

(2)

 (b) Given that a customer waits more than 2 minutes to be connected to an agent, find the 
probability that the customer waits more than 4 minutes.

(3)

 (c) Show that the upper quartile lies between 2.7 and 2.8 minutes. 
(2)

 (d)  Find the mean length of time a customer waits to be connected to an agent.
(4)
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6. At a men’s tennis tournament there are 3, 4 or 5 sets in a match.

 Over many years, data collected show that 50% of matches last for exactly 3 sets, 30% of 
matches last for exactly 4 sets and 20% of matches last for exactly 5 sets.

 A random sample of 3 tennis matches is taken. The number of sets in each match is 
recorded as S1, S2 and S3 respectively.

 The random variable M represents the maximum value of S1, S2 and S3

 (a) List all the samples where M
(2)

 (b)  Find the sampling distribution of M
(4)

 (c)  Write down the mode of S1 and the mode of M
(1)
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7. The continuous random variable X is uniformly distributed over the interval [a , b] 

 (a) Find an expression, in terms of a and b, for E(3 – 2X )
(2)

 (b) Find P(X > 1
3

2

3
b a+ )

(2)

 Given that E(X ) = 0

 (c) find an expression, in terms of b only, for E(3X 2)
(3)

 Given also that the range of X is 18

 (d) find Var(X )
(2)
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