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1 The heights, in metres, of a random sample of 10 mature trees of a certain variety are given below.

5.9 6.5 6.7 5.9 6.9 6.0 6.4 6.2 5.8 5.8

Find unbiased estimates of the population mean and variance of the heights of all mature trees of this
variety. [3]

................................................................................................................................................................

................................................................................................................................................................

................................................................................................................................................................

................................................................................................................................................................

................................................................................................................................................................

................................................................................................................................................................

................................................................................................................................................................

................................................................................................................................................................

................................................................................................................................................................

................................................................................................................................................................

................................................................................................................................................................

................................................................................................................................................................

................................................................................................................................................................

................................................................................................................................................................

................................................................................................................................................................

................................................................................................................................................................

................................................................................................................................................................

................................................................................................................................................................

................................................................................................................................................................

................................................................................................................................................................

................................................................................................................................................................

................................................................................................................................................................

................................................................................................................................................................

© UCLES 2022 9709/61/O/N/22 [Turn over



4

2 A spinner has five sectors, each printed with a different colour. Susma and Sanjay both wish to test
whether the spinner is biased so that it lands on red on fewer spins than it would if it were fair. Susma
spins the spinner 40 times. She finds that it lands on red exactly 4 times.

(a) Use a binomial distribution to carry out the test at the 5% significance level. [5]
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Sanjay also spins the spinner 40 times. He finds that it lands on red r times.

(b) Use a binomial distribution to find the largest value of r that lies in the rejection region for the

test at the 5% significance level. [3]
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3 Drops of water fall randomly from a leaking tap at a constant average rate of 5.2 per minute.

(a) Find the probability that at least 3 drops fall during a randomly chosen 30-second period. [3]
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(b) Use a suitable approximating distribution to find the probability that at least 650 drops fall during
a randomly chosen 2-hour period. [4]
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4 Each month a company sells X kg of brown sugar and Y kg of white sugar, where X and Y have the

independent distributions N�2500, 1202� and N�3700, 1302� respectively.

(a) Find the mean and standard deviation of the total amount of sugar that the company sells in

3 randomly chosen months. [3]
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The company makes a profit of $1.50 per kilogram of brown sugar sold and makes a loss of $0.20 per

kilogram of white sugar sold.

(b) Find the probability that, in a randomly chosen month, the total profit is less than $3000. [5]
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5 A builders’ merchant sells stones of different sizes.

(a) The masses of size A stones have standard deviation 6 grams. The mean mass of a random sample

of 200 size A stones is 45 grams.

Find a 95% confidence interval for the population mean mass of size A stones. [3]
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(b) Themasses of sizeB stones have standard deviation 11 grams. Using a random sample of size 200,
an !% confidence interval for the population mean mass is found to have width 4 grams.

Find !. [4]
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6

The diagram shows the graph of the probability density function of a random variable X that takes
values between −1 and 3 only. It is given that the graph is symmetrical about the line x = 1. Between

x = −1 and x = 3 the graph is a quadratic curve.

The random variable S is such that E�S� = 2 × E�X� and Var�S� = Var�X�.

(a) On the grid below, sketch a quadratic graph for the probability density function of S. [1]

The random variable T is such that E�T� = E�X� and Var�T� = 1
4
Var�X�.

(b) On the grid below, sketch a quadratic graph for the probability density function of T. [2]

© UCLES 2022 9709/61/O/N/22



9

It is now given that

f�x� =
T

3
32
�3 + 2x − x

2� −1 ≤ x ≤ 3,

0 otherwise.

(c) Given that P�1 − a < X < 1 + a� = 0.5, show that a3 − 12a + 8 = 0. [3]
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(d) Hence verify that 0.69 < a < 0.70. [1]
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7 In the past Laxmi’s time, in minutes, for her journey to college had mean 32.5 and standard
deviation 3.1. After a change in her route, Laxmi wishes to test whether the mean time has decreased.
She notes her journey times for a random sample of 50 journeys and she finds that the sample mean

is 31.8 minutes. You should assume that the standard deviation is unchanged.

(a) Carry out a hypothesis test, at the 8% significance level, of whether Laxmi’s mean journey time

has decreased. [5]
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Later Laxmi carries out a similar test with the same hypotheses, at the 8% significance level, using
another random sample of size 50.

(b) Given that the population mean is now 31.5, find the probability of a Type II error. [5]
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1 Each of a random sample of 80 adults gave an estimate, hmetres, of the height of a particular building.

The results were summarised as follows.

n = 80 Σh = 2048 Σh2 = 52 760

(a) Calculate unbiased estimates of the population mean and variance. [3]
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(b) Using this sample, the upper boundary of an !% confidence interval for the population mean

is 26.0.

Find the value of !. [4]
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2 In the past, the mean length of a particular variety of worm has been 10.3 cm, with standard deviation

2.6cm. Following a change in the climate, it is thought that the mean length of this variety of worm

has decreased. The lengths of a random sample of 100 worms of this variety are found and the mean

of this sample is found to be 9.8cm.

Assuming that the standard deviation remains at 2.6 cm, carry out a test at the 2% significance level

of whether the mean length has decreased. [5]
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3 1.6% of adults in a certain town ride a bicycle. A random sample of 200 adults from this town is

selected.

(a) Use a suitable approximating distribution to find the probability that more than 3 of these adults

ride a bicycle. [4]
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(b) Justify your approximating distribution. [2]

........................................................................................................................................................

........................................................................................................................................................

........................................................................................................................................................

........................................................................................................................................................

........................................................................................................................................................

© UCLES 2022 9709/62/O/N/22 [Turn over



6

4 The number of faults in cloth made on a certain machine has a Poisson distribution with mean

2.4 per 10m2. An adjustment is made to the machine. It is required to test at the 5% significance level

whether the mean number of faults has decreased. A randomly selected 30m2 of cloth is checked and

the number of faults is found.

(a) State suitable null and alternative hypotheses for the test. [1]
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(b) Find the probability of a Type I error. [3]
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Exactly 3 faults are found in the randomly selected 30m2 of cloth.

(c) Carry out the test at the 5% significance level. [2]
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Later a similar test was carried out at the 5% significance level, using another randomly selected 30m2

of cloth.

(d) Given that the number of faults actually has a Poisson distribution with mean 0.5 per 10m2, find

the probability of a Type II error. [2]
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5 X is a random variable with distribution B�10, 0.2�. A random sample of 160 values of X is taken.

(a) Find the approximate distribution of the sample mean, including the values of the parameters.

[3]
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(b) Hence find the probability that the sample mean is less than 1.8. [3]
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6 The masses, in grams, of small and large bags of flour have the distributions N�510, 100� and

N�1015, 324� respectively. André selects 4 small bags of flour and 2 large bags of flour at random.

(a) Find the probability that the total mass of these 6 bags of flour is less than 4130g. [5]
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(b) Find the probability that the total mass of the 4 small bags is more than the total mass of the

2 large bags. [5]
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7

The diagram shows the graph of the probability density function, f, of a random variable X which

takes values between −3 and 2 only.

(a) Given that the graph is symmetrical about the line x=−0.5 and that P�X < 0�= p, findP�−1<X < 0�
in terms of p. [2]
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(b) It is now given that the probability density function shown in the diagram is given by

f�x� =
T
a − b�x2 + x� −3 ≤ x ≤ 2,

0 otherwise,

where a and b are positive constants.

(i) Show that 30a − 55b = 6. [3]

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

© UCLES 2022 9709/62/O/N/22



13

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

(ii) By substituting a suitable value of x into f�x�, find another equation relating a and b and

hence determine the values of a and b. [3]
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1 The heights, in metres, of a random sample of 10 mature trees of a certain variety are given below.

5.9 6.5 6.7 5.9 6.9 6.0 6.4 6.2 5.8 5.8

Find unbiased estimates of the population mean and variance of the heights of all mature trees of this
variety. [3]
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2 A spinner has five sectors, each printed with a different colour. Susma and Sanjay both wish to test
whether the spinner is biased so that it lands on red on fewer spins than it would if it were fair. Susma
spins the spinner 40 times. She finds that it lands on red exactly 4 times.

(a) Use a binomial distribution to carry out the test at the 5% significance level. [5]
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Sanjay also spins the spinner 40 times. He finds that it lands on red r times.

(b) Use a binomial distribution to find the largest value of r that lies in the rejection region for the

test at the 5% significance level. [3]
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3 Drops of water fall randomly from a leaking tap at a constant average rate of 5.2 per minute.

(a) Find the probability that at least 3 drops fall during a randomly chosen 30-second period. [3]

........................................................................................................................................................
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........................................................................................................................................................

(b) Use a suitable approximating distribution to find the probability that at least 650 drops fall during
a randomly chosen 2-hour period. [4]
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4 Each month a company sells X kg of brown sugar and Y kg of white sugar, where X and Y have the

independent distributions N�2500, 1202� and N�3700, 1302� respectively.

(a) Find the mean and standard deviation of the total amount of sugar that the company sells in

3 randomly chosen months. [3]
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........................................................................................................................................................
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........................................................................................................................................................

........................................................................................................................................................

........................................................................................................................................................

The company makes a profit of $1.50 per kilogram of brown sugar sold and makes a loss of $0.20 per

kilogram of white sugar sold.

(b) Find the probability that, in a randomly chosen month, the total profit is less than $3000. [5]

........................................................................................................................................................

........................................................................................................................................................

........................................................................................................................................................

........................................................................................................................................................

........................................................................................................................................................

........................................................................................................................................................

........................................................................................................................................................

........................................................................................................................................................

........................................................................................................................................................

........................................................................................................................................................

........................................................................................................................................................

........................................................................................................................................................

........................................................................................................................................................

........................................................................................................................................................

© UCLES 2022 9709/63/O/N/22



7

5 A builders’ merchant sells stones of different sizes.

(a) The masses of size A stones have standard deviation 6 grams. The mean mass of a random sample

of 200 size A stones is 45 grams.

Find a 95% confidence interval for the population mean mass of size A stones. [3]
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........................................................................................................................................................

(b) Themasses of sizeB stones have standard deviation 11 grams. Using a random sample of size 200,
an !% confidence interval for the population mean mass is found to have width 4 grams.

Find !. [4]
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6

The diagram shows the graph of the probability density function of a random variable X that takes
values between −1 and 3 only. It is given that the graph is symmetrical about the line x = 1. Between

x = −1 and x = 3 the graph is a quadratic curve.

The random variable S is such that E�S� = 2 × E�X� and Var�S� = Var�X�.

(a) On the grid below, sketch a quadratic graph for the probability density function of S. [1]

The random variable T is such that E�T� = E�X� and Var�T� = 1
4
Var�X�.

(b) On the grid below, sketch a quadratic graph for the probability density function of T. [2]
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It is now given that

f�x� =
T

3
32
�3 + 2x − x

2� −1 ≤ x ≤ 3,

0 otherwise.

(c) Given that P�1 − a < X < 1 + a� = 0.5, show that a3 − 12a + 8 = 0. [3]
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(d) Hence verify that 0.69 < a < 0.70. [1]
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7 In the past Laxmi’s time, in minutes, for her journey to college had mean 32.5 and standard
deviation 3.1. After a change in her route, Laxmi wishes to test whether the mean time has decreased.
She notes her journey times for a random sample of 50 journeys and she finds that the sample mean

is 31.8 minutes. You should assume that the standard deviation is unchanged.

(a) Carry out a hypothesis test, at the 8% significance level, of whether Laxmi’s mean journey time

has decreased. [5]
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Later Laxmi carries out a similar test with the same hypotheses, at the 8% significance level, using
another random sample of size 50.

(b) Given that the population mean is now 31.5, find the probability of a Type II error. [5]
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If you use the following lined page to complete the answer(s) to any question(s), the question number(s)
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