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2
A six-sided die shows a six on 25 throws out of 200 throws. Test at the 10% significance level the null
hypothesis: P(throwing a six) = é, against the alternative hypothesis: P(throwing a six) < é [5]
A researcher is investigating the lengths, in kilometres, of the journeys to work of the employees at a
certain firm. She takes a random sample of 10 employees.

(i) State what is meant by ‘random’ in this context. [1]

The results of her sample are as follows.

1.5 2.0 3.6 59 4.8 8.7 3.5 29 4.1 3.0

(ii) Find unbiased estimates of the population mean and variance. [3]
(iii) State what is meant by ‘population’ in this context. [1]
Based on a random sample of 700 people living in a certain area, a confidence interval for the
proportion, p, of all people living in that area who had travelled abroad was found to be
0.5672 < p < 0.6528.

(i) Find the proportion of people in the sample who had travelled abroad. [1]

(ii) Find the confidence level of this confidence interval. Give your answer correct to the nearest

integer. [4]

In the past, the time spent by customers in a certain shop had mean 12.5 minutes and standard deviation
4.2 minutes. Following a change of layout in the shop, the mean time spent in the shop by a random
sample of 50 customers is found to be 13.5 minutes.

(i) Assuming that the standard deviation remains at 4.2 minutes, test at the 5% significance level
whether the mean time spent by customers in the shop has changed. [5]

(i) Another random sample of 50 customers is chosen and a similar test at the 5% significance level

is carried out. State the probability of a Type I error. [1]

The thickness of books in a large library is normally distributed with mean 2.4 cm and standard
deviation 0.3 cm.

(i) Find the probability that the total thickness of 6 randomly chosen books is more than 16 cm. [4]

(ii) Find the probability that the thickness of a book chosen at random is less than 1.1 times the
thickness of a second book chosen at random. [5]
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6 In each turn of a game, a coin is pushed and slides across a table. The distance, X metres, travelled
by the coin has probability density function given by

2(2 — <x<
f(x):{kx 2-x) 0<x<2,
otherwise,

where k is a constant.

(i) State the greatest possible distance travelled by the coin in one turn. [1]
(i) Show that k = 3. [3]
(iii) Find the mean distance travelled by the coin in one turn. [3]

(iv) Out of 400 turns, find the expected number of turns in which the distance travelled by the coin
is less than 1 metre. [3]

7 (a) A large number of spoons and forks made in a factory are inspected. It is found that 1% of the
spoons and 1.5% of the forks are defective. A random sample of 140 items, consisting of 80
spoons and 60 forks, is chosen. Use the Poisson approximation to the binomial distribution to
find the probability that the sample contains

(i) atleast 1 defective spoon and at least 1 defective fork, [3]

(ii) fewer than 3 defective items. [3]

(b) The random variable X has the distribution Po(4). It is given that
PX=1)=p and P(X=2)=1.5p,

where p is a non-zero constant. Find the value of A and hence find the value of p. [4]

© UCLES 2016 9709/71/M/J/16



4

BLANK PAGE

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every reasonable
effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the publisher will
be pleased to make amends at the earliest possible opportunity.

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge International
Examinations Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download at www.cie.org.uk after
the live examination series.

Cambridge International Examinations is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of Cambridge Local
Examinations Syndicate (UCLES), which is itself a department of the University of Cambridge.

© UCLES 2016 9709/71/M/J/16



¥ 28229626511 %

&:Ipliblel]  Cambridge International Examinations
LICMENRYER  Cambridge International Advanced Level

A Level
MATHEMATICS 9709/72
Paper 7 Probability & Statistics 2 (S2) May/June 2016

1 hour 15 minutes

Additional Materials: Answer Booklet/Paper
Graph Paper
List of Formulae (MF9)

READ THESE INSTRUCTIONS FIRST

If you have been given an Answer Booklet, follow the instructions on the front cover of the Booklet.
Write your Centre number, candidate number and name on all the work you hand in.

Write in dark blue or black pen.

You may use an HB pencil for any diagrams or graphs.

Do not use staples, paper clips, glue or correction fluid.

DO NOT WRITE IN ANY BARCODES.

Answer all the questions.

Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in the case of angles in
degrees, unless a different level of accuracy is specified in the question.

The use of an electronic calculator is expected, where appropriate.

You are reminded of the need for clear presentation in your answers.

At the end of the examination, fasten all your work securely together.
The number of marks is given in brackets [ ] at the end of each question or part question.
The total number of marks for this paper is 50.

Questions carrying smaller numbers of marks are printed earlier in the paper, and questions carrying larger
numbers of marks later in the paper.

This document consists of 3 printed pages and 1 blank page.

JC16 06_9709_72/3R

© UCLES 2016 [Turn over




2

1  The length of time, in minutes, taken by people to complete a task has mean 53.0 and standard
deviation 6.2. Find the probability that the mean time taken to complete the task by a random sample
of 50 people is more than 51 minutes. [4]

2 Jacques is a chef. He claims that 90% of his customers are satisfied with his cooking. Marie suspects
that the true percentage is lower than 90%. She asks a random sample of 15 of Jacques’ customers
whether they are satisfied. She then performs a hypothesis test of the null hypothesis p = 0.9 against
the alternative hypothesis p < 0.9, where p is the population proportion of customers who are satisfied.
She decides to reject the null hypothesis if fewer than 12 customers are satisfied.

(i) In the context of the question, explain what is meant by a Type I error. [1]

(ii) Find the probability of a Type I error in Marie’s test. [3]

3 (i) Give a reason for using a sample rather than the whole population in carrying out a statistical
investigation. [1]

(ii) Tennis balls of a certain brand are known to have a mean height of bounce of 64.7 cm, when
dropped from a height of 100cm. A change is made in the manufacturing process and it is
required to test whether this change has affected the mean height of bounce. 100 new tennis
balls are tested and it is found that their mean height of bounce when dropped from a height of
100 cm is 65.7 cm and the unbiased estimate of the population variance is 15 cm?.

(a) Calculate a 95% confidence interval for the population mean. [3]

(b) Use your answer to part (ii) (a) to explain what conclusion can be drawn about whether the
change has affected the mean height of bounce. [1]

4 At a certain company, computer faults occur randomly and at a constant mean rate. In the past this
mean rate has been 2.1 per week. Following an update, the management wish to determine whether
the mean rate has changed. During 20 randomly chosen weeks it is found that 54 computer faults
occur. Use a suitable approximation to test at the 5% significance level whether the mean rate has
changed. [6]

5 Each box of Fruity Flakes contains X grams of flakes and Y grams of fruit, where X and Y are
independent random variables, having distributions N(400, 50) and N(100, 20) respectively. The
weight of each box, when empty, is exactly 20 grams. A full box of Fruity Flakes is chosen at random.

(i) Find the probability that the total weight of the box and its contents is less than 530 grams. [5]

(ii) Find the probability that the weight of flakes in the box is more than 4.1 times the weight of fruit
in the box. [5]
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6 At a certain shop the demand for hair dryers has a Poisson distribution with mean 3.4 per week.

(i) Find the probability that, in a randomly chosen two-week period, the demand is for exactly 5
hair dryers. [3]

(ii) At the beginning of a week the shop has a certain number of hair dryers for sale. Find the
probability that the shop has enough hair dryers to satisfy the demand for the week if

(a) they have 4 hair dryers in the shop, [2]
(b) they have 5 hair dryers in the shop. [2]
(iii) Find the smallest number of hair dryers that the shop needs to have at the beginning of a week so
that the probability of being able to satisfy the demand that week is at least 0.9. [3]
7 (a)
y
A

The diagram shows the graph of the probability density function of a variable X. Given that the
graph is symmetrical about the line x = 1 and that P(0 < X < 2) = 0.6, find P(X > 0). [2]

(b) A flower seller wishes to model the length of time that tulips last when placed in a jug of water.
She proposes a model using the random variable X (in hundreds of hours) with probability density
function given by

() = {k(2.25 -x?) 0<x<1.5,
otherwise,
where k is a constant.
(i) Show that k = 3. 3]
(if) Use this model to find the mean number of hours that a tulip lasts in a jug of water. [4]

The flower seller wishes to create a similar model for daffodils. She places a large number of
daffodils in jugs of water and the longest time that any daffodil lasts is found to be 290 hours.

(iii) Give a reason why f(x) would not be a suitable model for daffodils. [1]

(iv) The flower seller considers a model for daffodils of the form
c(a® - x?) 0<x<a,
g(x) = .
0 otherwise,

where a and c are constants. State a suitable value for a. (There is no need to evaluate c.)

[1]
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1  The time taken for a particular type of paint to dry was measured for a sample of 150 randomly chosen
points on a wall. The sample mean was 192.4 minutes and an unbiased estimate of the population
variance was 43.6 minutes®. Find a 98% confidence interval for the mean drying time. [3]

2 In the past, the mean annual crop yield from a particular field has been 8.2 tonnes. During the last
16 years, a new fertiliser has been used on the field. The mean yield for these 16 years is 8.7 tonnes.
Assume that yields are normally distributed with standard deviation 1.2 tonnes. Carry out a test at the
5% significance level of whether the mean yield has increased. [5]

3 1% of adults in a certain country own a yellow car.

(i) Use a suitable approximating distribution to find the probability that a random sample of 240
adults includes more than 2 who own a yellow car. [4]

(ii) Justify your approximation. [2]

4  The number of sightings of a golden eagle at a certain location has a Poisson distribution with mean
2.5 per week. Drilling for oil is started nearby. A naturalist wishes to test at the 5% significance level
whether there are fewer sightings since the drilling began. He notes that during the following 3 weeks
there are 2 sightings.

(i) Find the critical region for the test and carry out the test. [5]
(ii) State the probability of a Type I error. [1]
(iii) State why the naturalist could not have made a Type II error. [1]

5 The time, 7 minutes, taken by people to complete a test has probability density function given by
— 1 <t <
f(t):{k(lot ) 5<t<10,
0 otherwise,

where k is a constant.

(i) Show that k = 53. [3]
(ii) Find E(T). [3]
(iii) Find the probability that a randomly chosen value of 7 lies between E(T') and the median of 7.

[3]
(iv) State the greatest possible length of time taken to complete the test. [1]
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6 X and Y are independent random variables with distributions Po(1.6) and Po(2.3) respectively.
(i) Find P(X + Y =4). [3]
A random sample of 75 values of X is taken.

(ii) State the approximate distribution of the sample mean, X, including the values of the parameters.

[2]

(iii) Hence find the probability that the sample mean is more than 1.7. [3]

(iv) Explain whether the Central Limit theorem was needed to answer part (ii). [1]

7  Bags of sugar are packed in boxes, each box containing 20 bags. The masses of the boxes, when

empty, are normally distributed with mean 0.4 kg and standard deviation 0.01 kg. The masses of the
bags are normally distributed with mean 1.02 kg and standard deviation 0.03 kg.

(i) Find the probability that the total mass of a full box of 20 bags is less than 20.6 kg. [5]

(ii) Two full boxes are chosen at random. Find the probability that they differ in mass by less than
0.02kg. [5]
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