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Answer all the questions.

Section A (25 marks)

1 During a meteor shower, the number of meteors that can be seen at a particular location can be 

modelled by a Poisson distribution with mean 1.2 per minute.

 (a) Find the probability that exactly 2 meteors are seen in a period of 1 minute. [1]

 (b) Find the probability that more than 3 meteors are seen in a period of 1 minute. [2]

 (c) Find the probability that no more than 8 meteors are seen in a period of 10 minutes. [2]

 (d) Explain what the fact that the number of meteors seen can be modelled by a Poisson distribution 

tells you about the occurrence of meteors. [2]

2 A manufacturer is testing how long coloured LED lights will last before the battery runs out, 

using two different battery types. The times in hours before the battery runs out are modelled by 

independent Normal distributions with means and standard deviations as shown in the table.

Time

Type Mean
Standard 

deviation

A 23 2.8

B 35 3.6

 (a) In a particular test, a battery of type A is used and the time taken for it to run out is recorded. 

This process is repeated until a total of 5 randomly selected batteries have been used.

  Determine the probability that the total time the 5 batteries last is at least 120 hours. [3]

 (b) In a similar test, 3 randomly selected batteries of type A are used, one after the other. Then 2 

randomly selected batteries of type B are used, one after the other.

  Determine the probability that the 3 type A batteries last longer in total than the 2 type B 

batteries. [3]

 (c) Explain why it is necessary that the Normal distributions are independent in order to be able to 

find the probability in part (b). [1]
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3 The table shows the probability distribution of the random variable X, where a and b are constants.

r 0 1 2 3 4

P(X = r) a b 0.24 0.32 b2

 (a) Given that E(X ) = 1.8, determine the values of a and b. [3]

 The random variable Y is given by Y = 10 - 3X.

 (b) Using the values of a and b which you found in part (a), find each of the following.

• E(Y )

• Var(Y ) [3]

4 A pack of k cards is labelled 1, 2, …, k. A card is drawn at random from the pack. The random 

variable X represents the number on the card.

 (a) Given that k 2 10, find P(X H 10). [2]

 You are now given that k = 20.

 (b) A card is drawn at random from the pack and the number on it is noted. The card is then 

returned to the pack. This process is repeated until the second occasion on which the number 

noted is less than 9.

  Find the probability that no more than 4 cards have to be drawn. [3]
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Answer all the questions.

Section B (95 marks)

5 A motorist is investigating the relationship between tyre pressure and temperature. As the 

temperature increases during a hot day, she records the pressure (measured in bars) of one of her 

car tyres at specific temperatures of 20 °C, 22 °C, …, 36 °C. The results are shown in Table 5.1.

Temperature (t °C) 20 22 24 26 28 30 32 34 36

Tyre pressure (P bar) 2.012 2.036 2.065 2.074 2.114 2.140 2.149 2.176 2.192

 Table 5.1

 (a) Calculate the equation of the regression line of pressure on temperature. Give your answer in 

the form P = at + b, giving the values of a and b to 4 significant figures. [2]

 (b) Table 5.2 shows the residuals for most of the data values. Complete the copy of the table in 

the Printed Answer Booklet. [3]

Temperature 20 22 24 26 28 30 32 34 36

Residual tyre 

pressure
-0.003 -0.002 0.004 -0.010 0.011 -0.003 0.001

 Table 5.2

 (c) With reference to the values of the residuals, comment on the goodness of fit of the regression 

line. [2]

 (d) Use your answer to part (a) to calculate an estimate of the pressure in the tyre at each of the 

following temperatures, giving your answers to 3 decimal places.

• 25 °C

• 10 °C [2]

 (e) Comment on the reliability of each of your estimates. [2]
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6 In this question you must show detailed reasoning.

 A particular type of skin cream is meant to contain an average of 12.2 g of liquid paraffin in a 200 g 

tub. A researcher believes that the average may differ from this. A random sample of 40 tubs is 

chosen, and the weight of liquid paraffin, x g, in each tub is measured. You are given that

 . , . .x x491 84 6050 3
2

= =//

 (a) Determine a 95% confidence interval for the mean weight of liquid paraffin in a tub. [6]

 (b) Explain whether the confidence interval supports the researcher’s belief. [1]

 (c) Explain why the sample has to be random in order to construct the confidence interval. [1]

 (d) A 95% confidence interval for the mean weight in grams of another ingredient in the skin 

cream is [1.202, 1.398]. This confidence interval is based on a large sample and the unbiased 

estimate of the population variance calculated from the sample is 0.25.

  Find each of the following.

• The mean of the sample

• The size of the sample [3]

7 Amir is trying to thread a needle. On each attempt the probability that he is successful is 0.3, 

independently of any other attempt. The random variable X represents the number of attempts that 

he takes to thread the needle.

 (a) Find P(X = 5). [2]

 (b) During the course of a day, Amir has to thread 6 needles. 

  Determine the probability that it takes him more than 3 attempts to be successful for at least 4 

of the 6 needles. [3]

 (c) Amaya is also trying to thread a needle. On each attempt the probability that she is successful 

is p, independently of any other attempt. The probability that Amaya takes 2 attempts to thread 

a particular needle is .
121

28

  Determine the possible values of p. [3]
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8 A swimming coach is investigating whether there is correlation between the times taken by teenage 

swimmers to swim 50 m Butterfly and 50 m Freestyle. The coach selects a random sample of 11 

teenage swimmers and records the times that each of them take for each event. The spreadsheet  

shows the data, together with a scatter diagram to illustrate the data.
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 (a) In the scatter diagram, Butterfly times have been plotted on the horizontal axis and Freestyle 

times on the vertical axis. A student states that the variables should have been plotted the other 

way around. 

  Explain whether the student is correct. [2]

 The student decides to carry out a hypothesis test to investigate whether there is any correlation 

between the times taken for the two events.

 (b) Explain why the student decides to carry out a test based on Spearman’s rank correlation 

coefficient. [2]

 (c) In this question you must show detailed reasoning.

  Carry out the test at the 5% significance level. [8]

 (d) The student concludes that there is definitely no correlation between the times.

  Comment on the student’s conclusion. [2]
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9 The random variable X has a discrete uniform distribution over the values {0, 1, 2, …, 20}.

 (a) Find P(X G 7). [1]

 (b) Find each of the following.

• E(X)

• Var(X) [3]

 The spreadsheet shows a simulation of the distribution of X. Each of the 25 rows of the spreadsheet 

below the heading row shows a simulation of 10 independent values of X together with the value of 

the mean of the 10 values, denoted by Y.

 

YX
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 (c) Use the spreadsheet to estimate P(Y G 7). [1]

 (d) Explain why the true value of P(Y G 7) is less than P(X G 7), relating your answer to Var(X ) 

and Var(Y ). [2]

 (e) The random variable W is the mean of 30 independent values of X.

  Determine an estimate of P(W G 7). [4]
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10 A scientist is researching dietary fat intake and cholesterol level. A random sample of 60 people 

is selected and their dietary fat intakes and cholesterol levels are measured. Dietary fat intakes are 

classified as low, medium and high, and cholesterol levels are classified as normal and high.

 The scientist decides to carry out a chi-squared test to investigate whether there is any association 

between dietary fat intake and cholesterol level. Tables 10.1 and 10.2 show the data and some of 

the expected frequencies for the test.

Dietary fat intake

Low Medium High Total

Cholesterol 

level

Normal 9 18 5 32

High 3 13 12 28

Total 12 31 17 60

 Table 10.1

Expected frequency
Dietary fat intake

Low Medium High

Cholesterol

level

Normal 9.0667

High 7.9333

 Table 10.2

 (a) Complete the table of expected frequencies in the Printed Answer Booklet. [2]

 (b) Determine the contribution to the chi-squared test statistic for people with normal cholesterol 

level and high dietary fat intake, giving your answer to 4 decimal places. [2]

 The contributions to the chi-squared test statistic for the remaining categories are shown in 

Table 10.3.

Contribution to the 

test statistic

Dietary fat intake

Low Medium High

Cholesterol

level

Normal 1.0563 0.1301

High 1.2071 0.1487 2.0846

 Table 10.3

 (c) In this question you must show detailed reasoning.

  Carry out the test at the 5% significance level. [6]

 (d) For each level of dietary fat intake, give a brief interpretation of what the data suggest about 

the level of cholesterol. [3]
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11 A particular dietary supplement, when taken for a period of 1 month, is claimed to increase lean 

body mass of adults by an average of 1  kg. A researcher believes that this claim overestimates the 
increase. She selects a random sample of 10 adults who then each take the supplement for a month. 

The increases in lean body masses in kg are as follows.

 -0.84  -0.76  -0.16  0.43  1.31  1.32  1.47  1.64  1.93  2.14

 A Normal probability plot and the p-value of the Kolmogorov-Smirnov test for these data are 

shown below.
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Kolmogorov-Smirnov

test for Normality

p-value = 0.049

 (a) The researcher decides to carry out a hypothesis test in order to investigate the claim.

  Comment on the type of hypothesis test that should be used. You should refer to

• The Normal probability plot

• The p-value of the Kolmogorov-Smirnov test [3]

 (b) Carry out a test at the 5% significance level to investigate whether the researcher’s belief may 

be correct. [7]

 (c) If the Normal probability plot had been different, giving a p-value of 0.65 for the Kolmogorov-

Smirnov test, a different procedure could have been used to investigate the researcher’s belief.

• State what alternative test could have been used in this case.

• State what the hypotheses would have been. [3]
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12 The continuous random variable X has cumulative distribution function given by

  ( ) ( . )
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 where a and k are positive constants.

 (a) Determine the median of X in terms of a. [7]

 (b) Given that a = 10, determine the probability that X is within one standard deviation of its 

mean. [7]

END OF QUESTION PAPER
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