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Introduction

Each topical past paper questions workbook consists of hundreds of questions and their answer schemes,
in the form of worksheets. Questions are assigned to each chapter according to their corresponding topic.
Topics, in turn, are based on the items of the latest Cambridge IGCSE or AS/A level syllabus content.
This book’s specifications are as follows:

Title: AS & A Level Mathematics (9709) Paper 6 Topical Past Paper Questions Workbook
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8 CHAPTER 1. THE POISSON DISTRIBUTION

1. 9709 m22 qp 62 Q: 7

(a) Two ponds, A and B, each contain a large number of fish. It is known that 2.4% of fish in pond A
are carp and 1.8% of fish in pond B are carp. Random samples of 50 fish from pond A and 60 fish
from pond B are selected.

Use appropriate Poisson approximations to find the following probabilities.

(i) The samples contain at least 2 carp from pond A and at least 2 carp from pond B. [3]
(if) The samples contain at least 4 carp altogether. [3]
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(b) The random variables X and Y have the distributions Po(A4) and Po{u) respectively. It is given

that
e PX=0)=[P(Y=0)F,
e P(X =2)=k[P(Y = 1)]?, where k is a non-zero constant.
Find the value of k. [4]
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10 CHAPTER 1. THE POISSON DISTRIBUTION

2. 9709 s22 qp 61 Q: 5
Cars arrive at a fuel station at random and at a constant average rate of 13.5 per hour.

(a) Find the probability that more than 4 cars arrive during a 20-minute period. [3]

(b) Use an approximating distribution to find the probability that the number of cars that arrive during
a 12-hour period is between 150 and 160 inclusive. [4]
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Independently of cars, trucks arrive at the fuel station at random and at a constant average rate of
3.6 per 15-minute period.

(c¢) Find the probability that the total number of cars and trucks arriving at the fuel station during a
10-minute period is more than 3 and less than 7. [3]
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12 CHAPTER 1. THE POISSON DISTRIBUTION

3.9709 22 _qp 62 Q: 3

It is known that 1.8% of children in a certain country have not been vaccinated against measles. A
random sample of 200 children in this country is chosen.

(a) Use asuitable approximating distribution to find the probability that there are fewer than 3 children
in the sample who have not been vaccinated against measles. [4]
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4. 9709 s22 qp 62 Q: 7
X is a random variable with distribution Po(2.90). A random sample of 100 values of X is taken.

Find the probability that the sample mean is less than 2.88. [3]

= EXAMINENT

== Eminent Exam Preparation Resources

-WWW.EXAMINENT,COM




-WWWKEXAMINENT.COM

14 CHAPTER 1. THE POISSON DISTRIBUTION

5. 9709 s22 qp 63 Q: 5
The number of clients who arrive at an information desk has a Poisson distribution with mean 2.2 per
5-minute period.

(a) Find the probability that, in a randomly chosen 15-minute period, exactly 6 clients arrive at the
desk. [3]

(b) If more than 4 clients arrive during a 5-minute period, they cannot all be served.

Find the probability that, during a randomly chosen 5-minute period, not all the clients who
arrive at the desk can be served. [2]
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(¢) Use a suitable approximating distribution to find the probability that, during a randomly chosen
I-hour period, fewer than 20 clients arrive at the desk. [4]
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16 CHAPTER 1. THE POISSON DISTRIBUTION
6.9709 m21 gp 62 Q:4

On average, 1 in 400 microchips made at a certain factory are faulty. The number of faulty microchips
in a random sample of 1000 is denoted by X.

(a) State the distribution of X, giving the values of any parameters. [1]
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(¢) Use this approximating distribution to find each of the following.

@) P(X =4). 2]
(ii) P2 <X <4). [2]

(d) Use a suitable approximating distribution to find the probability that, in a random sample of 700
microchips, there will be at least 1 faulty one. [3]
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18 CHAPTER 1. THE POISSON DISTRIBUTION

7.9709_s21_qgp 61 Q:1

Accidents at two factories occur randomly and independently. On average, the numbers of accidents
per month are 3.1 at factory A and 1.7 at factory B.

Find the probability that the total number of accidents in the two factories during a 2-month period is
more than 3. [4]
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8.9709 s21_qp 61 Q: 5

On average, 1 in 75000 adults has a certain genetic disorder.

(a) Use a suitable approximating distribution to find the probability that, in a random sample of
10 000 people, at least 1 has the genetic disorder. [3]
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20 CHAPTER 1. THE POISSON DISTRIBUTION

(b) In a random sample of n people, where n is large, the probability that no-one has the genetic
disorder is more than 0.9.

Find the largest possible value of 7. [4]
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9.9709 21 _qp 62 Q: 7

Customers arrive at a particular shop at random times. It has been found that the mean number of
customers who arrive during a 5-minute interval is 2.1.

(a) Find the probability that exactly 4 customers arrive during a 10-minute interval. [2]

= EXAMINENT

== Eminent Exam Preparation Resources

-WWW.EXAMINENT,COM




-WWWKEXAMINENT.COM

22 CHAPTER 1. THE POISSON DISTRIBUTION

(¢) Use a suitable approximating distribution to find the probability that fewer than 40 customers
arrive during a 2-hour interval. [4]
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10. 9709_s21_qp_63 Q: 1

The number of goals scored by a team in a match is independent of other matches, and is denoted by
the random variable X, which has a Poisson distribution with mean 1.36. A supporter offers to make
a donation of $5 to the team for each goal that they score in the next 10 matches.

Find the expectation and standard deviation of the amount that the supporter will pay. [5]
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24 CHAPTER 1. THE POISSON DISTRIBUTION

11. 9709 _s21_qgp_63 Q: 5

Most plants of a certain type have three leaves. However, it is known that, on average, 1 in 10 000
of these plants have four leaves, and plants with four leaves are called ‘lucky’. The number of lucky
plants in a random sample of 25 000 plants is denoted by X.

(a) State, with ajustification, an approximating distribution for X, giving the values of any parameters.

[2]

Use your approximating distribution to answer parts (b) and (c).
(b) Find P(X < 3). (2]
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(¢) Giventhat P(X = k) =2P(X =k + 1), find k. 2]

The number of lucky plants in a random sample of n plants, where n is large, is denoted by Y.

(d) Given that P(Y = 1) = 0.963, correct to 3 significant figures, use a suitable approximating
distribution to find the value of n. [3]
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26 CHAPTER 1. THE POISSON DISTRIBUTION

12. 9709 w21 qp_ 61 Q:2

The number of enquiries received per day at a customer service desk has a Poisson distribution with
mean 45.2. If more than 60 enquiries are received in a day, the customer service desk cannot deal
with them all.

Use a suitable approximating distribution to find the probability that, on a randomly chosen day, the
customer service desk cannot deal with all the enquiries that are received. [4]
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13. 9709 w21 _qp_62 Q: 5
In a certain large document, typing errors occur at random and at a constant mean rate of 0.2 per page.

(a) Find the probability that there are fewer than 3 typing errors in 10 randomly chosen pages. [2]

(b) Use an approximating distribution to find the probability that there are more than 50 typing errors
in 200 randomly chosen pages. [4]
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28 CHAPTER 1. THE POISSON DISTRIBUTION
In the same document, formatting errors occur at random and at a constant mean rate of 0.3 per page.

(¢) Find the probability that the total number of typing and formatting errors in 20 randomly chosen
pages is between 8 and 11 inclusive. [3]
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14. 9709 w21 qp_ 63 Q: 2

The number of enquiries received per day at a customer service desk has a Poisson distribution with
mean 45.2. If more than 60 enquiries are received in a day, the customer service desk cannot deal
with them all.

Use a suitable approximating distribution to find the probability that, on a randomly chosen day, the
customer service desk cannot deal with all the enquiries that are received. [4]
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30 CHAPTER 1. THE POISSON DISTRIBUTION

15.9709_m20 _qp_ 62 Q:1

The booklets produced by a certain publisher contain, on average, | incorrect letter per 30 000 letters,
and these errors occur randomly. A randomly chosen booklet from this publisher contains
12500 letters.

Use a suitable approximating distribution to find the probability that this booklet contains at least
2 errors. [3]
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16. 9709 _m20 qp 62 Q: 4
The number of accidents on a certain road has a Poisson distribution with mean 0.4 per 50-day period.

(a) Find the probability that there will be fewer than 3 accidents during a year (365 days). [3]

(b) The probability that there will be no accidents during a period of n days is greater than 0.95.

Find the largest possible value of n. (4]
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32 CHAPTER 1. THE POISSON DISTRIBUTION

17.9709_s20 qp_61 Q: 5

Each week a sports team plays one home match and one away match. In their home matches they
score goals at a constant average rate of 2.1 goals per match. In their away matches they score goals
at a constant average rate of 0.8 goals per match. You may assume that goals are scored at random
times and independently of one another.

(a) A week is chosen at random.

(i) Find the probability that the team scores a total of 4 goals in their two matches. [2]

(ii) Find the probability that the team scores a total of 4 goals, with more goals scored in the
home match than in the away match. [3]
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(b) Use a suitable approximating distribution to find the probability that the team scores fewer than
25 goals in 10 randomly chosen weeks. [4]
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34 CHAPTER 1. THE POISSON DISTRIBUTION

18. 9709 s20 qp_ 62 Q: 3

In the data-entry department of a certain firm, it is known that 0.12% of data items are entered
incorrectly, and that these errors occur randomly and independently.

(a) A random sample of 3600 data items is chosen. The number of these data items that are
incorrectly entered is denoted by X.

(i) State the distribution of X, including the values of any parameters. [1]

(ii) State an appropriate approximating distribution for X, including the values of any

parameters.
Justify your choice of approximating distribution. [3]
(iii) Use your approximating distribution to find P(X > 2). [2]
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(b) Another large random sample of # data items is chosen. The probability that the sample contains
no data items that are entered incorrectly is more than 0.1.

Use an approximating distribution to find the largest possible value of n. [3]
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36 CHAPTER 1. THE POISSON DISTRIBUTION

19. 9709 20 qp_62 Q: 5
(a) The random variable X has the distribution Po(A).

(i) State the values that X can take. [1]

Itis giventhat P(X = 1) =3 x P(X = 0).
(ii) Find A. [1]

(iii) Find P(4 £ X € 06). (2]
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(b) Therandom variable Y has the distribution Po(u) where uis large. Using a suitable approximating
distribution, it is found that P(Y < 46) = 0.0668, correct to 4 decimal places.

Find p. [5]
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38 CHAPTER 1. THE POISSON DISTRIBUTION

20. 9709 _s20_qp 63 Q: 4
The random variable A has the distribution Po(1.5). A; and A, are independent values of A.

(a) FindP(A, +A, <2). [3]
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40 CHAPTER 1. THE POISSON DISTRIBUTION

21. 9709 _w20_qp 61 Q:1

(a) Use an appropriate approximating distribution to find the probability that more than 1 flower in
the sample 1s white. [3]

The probability that a randomly chosen flower of another kind is white is 0.02. A random sample of
150 of these flowers is selected.

(¢) Use an appropriate approximating distribution to find the probability that the total number of
white flowers in the two samples is less than 4. [3]
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22.9709_w20_qp 62 Q:1
On average, 1 in 50000 people have a certain gene.

Use a suitable approximating distribution to find the probability that more than 2 people in a random
sample of 150000 have the gene. [3]
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42 CHAPTER 1. THE POISSON DISTRIBUTION

23. 9709 w20 _qp_62 Q: 5
Customers arrive at a shop at a constant average rate of 2.3 per minute.

(a) State another condition for the number of customers arriving per minute to have a Poisson
distribution. [1]

It is now given that the number of customers arriving per minute has the distribution Po(2.3).

(b) Find the probability that exactly 3 customers arrive during a 1-minute period. [2]
(c¢) Find the probability that more than 3 customers arrive during a 2-minute period. [3]
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(d) Five 1-minute periods are chosen at random. Find the probability that no customers arrive during
exactly 2 of these 5 periods. [3]
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44 CHAPTER 1. THE POISSON DISTRIBUTION

24. 9709 w20 _qp 63 Q:1

It is known that, on average, 1 in 300 flowers of a certain kind are white. A random sample of
200 flowers of this kind is selected.

(a) Use an appropriate approximating distribution to find the probability that more than 1 flower in
the sample is white. [3]

The probability that a randomly chosen flower of another kind is white is 0.02. A random sample of
150 of these flowers is selected.

(c) Use an appropriate approximating distribution to find the probability that the total number of
white flowers in the two samples is less than 4. [3]
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25.9709 _ml19 gqp 72 Q:5

The number of eagles seen per hour in a certain location has the distribution Po(1.8). The number of
vultures seen per hour in the same location has the independent distribution Po(2.6).

(i) Find the probability that, in a randomly chosen hour, at least 2 eagles are seen. [2]

(ii) Find the probability that, in a randomly chosen half-hour period, the total number of eagles and
vultures seen is less than 5. [3]

= EXAMINENT

== Eminent Exam Preparation Resources

-WWW.EXAMINENT,COM




-WWWKEXAMINENT.COM

46 CHAPTER 1. THE POISSON DISTRIBUTION

Alex wants to be at least 99% certain of seeing at least 1 eagle.

(iiif) Find the minimum time for which she should watch for eagles. 3]
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26. 9709 s19 _qp 71 Q: 5
(a) The random variable X has the distribution Po(2.3).

() FindP(2 <X <4). (2]

(iii) The random variable S is the sum of 50 independent values of X. Use a suitable
approximating distribution to find P(S < 110). [4]
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48 CHAPTER 1. THE POISSON DISTRIBUTION

(b) The random variable Y has the distribution Po(1). Given that P(Y =3) =P(Y =5), find A. [3]
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27. 9709 _s19 _qp 72 Q: 1
The random variable X has the distribution Po(5).

(i) Find P(X =2). [1]

Itisgiventhat P(X =n)=P(X =n+1).

(ii) Write down an equation in 7. [1]
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50 CHAPTER 1. THE POISSON DISTRIBUTION

28. 9709 s19 _qp 73 Q: 7

Each day at a certain doctor’s surgery there are 70 appointments available in the morning and 60 in
the afternoon. All the appointments are filled every day. The probability that any patient misses
a particular morning appointment is 0.04, and the probability that any patient misses a particular
afternoon appointment is 0.05. All missed appointments are independent of each other.

Use suitable approximating distributions to answer the following.

(i) Find the probability that on a randomly chosen morning there are at least 3 missed appointments.

[3]

(ii) Find the probability that on a randomly chosen day there are a total of exactly 6 missed
appointments. [3]
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(iii) Find the probability that in a randomly chosen 10-day period there are more than 50 missed
appointments. (4]
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52 CHAPTER 1. THE POISSON DISTRIBUTION

29. 9709 w19 qp 72 Q: 1

On average, 1 in 150 components made by a certain machine are faulty. The random variable X
denotes the number of faulty components in a random sample of 500 components.

(i) Describe fully the distribution of X. 2]
(ii) State a suitable approximating distribution for X, giving a justification for your choice. [2]

(iii) Use your approximating distribution to find the probability that the sample will include at least
3 faulty components. [3]
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30. 9709 w19 _qp_ 73 Q: 2
Cars arrive at a filling station randomly and at a constant average rate of 2.4 cars per minute.

(i) Calculate the probability that fewer than 4 cars arrive in a 2-minute period. [2]

(ii) Use a suitable approximating distribution to calculate the probability that at least 140 cars arrive
in a 1-hour period. [4]
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54 CHAPTER 1. THE POISSON DISTRIBUTION
31.9709_ w19 qp 73 Q: 5

(i) The random variable X has the distribution B(300, 0.01). Use a Poisson approximation to find
P(2<X <6). [3]

(ii) The random variable Y has the distribution Po(2), and P(Y = 0) = P(¥Y = 2). Find A. [2]
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(iii) The random variable Z has the distribution Po(5.2) and it is giventhat P(Z=n) <P(Z=n+1).

(a) Write down an inequality in #. [1]
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96 CHAPTER 1. THE POISSON DISTRIBUTION

32.9709 ml18 qp 72 Q:2

The number of phone calls arriving in a 10-minute period at a switchboard is modelled by the random
variable X which has the distribution Po(4.1). Use an approximating distribution to find the probability
that more than 90 calls arrive in a 4-hour period. [5]
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33.9709_s18 qp 71 Q:3

The number of e-readers sold in a 10-day period in a shop is modelled by the distribution Po(5.1).
Use an approximating distribution to find the probability that fewer than 140 e-readers are sold in a
300-day period. [4]
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98 CHAPTER 1. THE POISSON DISTRIBUTION

34.9709 s18 gp 72 Q:1

The numbers of alpha, beta and gamma particles emitted per minute by a certain piece of rock have
independent distributions Po(0.2), Po(0.3) and Po(0.6) respectively. Find the probability that the total
number of particles emitted during a 4-minute period is less than 4. [3]

= EXAMINENT

== Eminent Exam Preparation Resources



59

35.9709 s18 qp 72 Q: 6
Accidents on a particular road occur at a constant average rate of 1 every 4.8 weeks.

(i) State, in context, one condition for the number of accidents in a given period to be modelled by
a Poisson distribution. [1]

Assume now that a Poisson distribution is a suitable model.

(ii) Find the probability that exactly 4 accidents will occur during a randomly chosen 12-week period.

[2]

(iii) Find the probability that more than 3 accidents will occur during a randomly chosen 10-week
period. [3]
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60 CHAPTER 1. THE POISSON DISTRIBUTION

(iv) Use a suitable approximating distribution to find the probability that fewer than 30 accidents will
occur during a randomly chosen 2-year period (104% weeks). [4]
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36. 9709 _s18 qp 73 Q: 1
A random variable X has the distribution B(75, 0.03).

(i) Use the Poisson approximation to the binomial distribution to calculate P(X < 3). [3]
(i) Justify the use of the Poisson approximation. [1]
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62 CHAPTER 1. THE POISSON DISTRIBUTION

37.9709_s18 qp 73 Q: 4

The numbers, M and F, of male and female students who leave a particular school each year to study
engineering have means 3.1 and 0.8 respectively.

(i) State, in context, one condition required for M to have a Poisson distribution. [1]

Assume that M and F' can be modelled by independent Poisson distributions.

(ii) Find the probability that the total number of students who leave to study engineering in a particular
year is more than 3. [3]

(iii) Given that the total number of students who leave to study engineering in a particular year is
more than 3, find the probability that no female students leave to study engineering in that year.

131
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38.9709 w18 qp 71 Q: 4
Small drops of two liquids, A and B, are randomly and independently distributed in the air. The
average numbers of drops of A and B per cubic centimetre of air are 0.25 and 0.36 respectively.

(i) A sample of 10 cm? of air is taken at random. Find the probability that the total number of drops
of A and B in this sample is at least 4. [3]
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64 CHAPTER 1. THE POISSON DISTRIBUTION

(ii) A sample of 100 cm? of air is taken at random. Use an approximating distribution to find the
probability that the total number of drops of A and B in this sample is less than 60. [5]

........................................................................................................................................................
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39. 9709 wl8 qp 72 Q: 1

The random variable X has the distribution Po(2.3). Find P(2 < X < 5). [3]
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66 CHAPTER 1. THE POISSON DISTRIBUTION

40. 9709 w18 qp 73 Q: 4
Small drops of two liquids, A and B, are randomly and independently distributed in the air. The
average numbers of drops of A and B per cubic centimetre of air are 0.25 and 0.36 respectively.

(i) A sample of 10 cm? of air is taken at random. Find the probability that the total number of drops
of A and B in this sample is at least 4. [3]
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(ii) A sample of 100cm?® of air is taken at random. Use an approximating distribution to find the
probability that the total number of drops of A and B in this sample is less than 60. [5]
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68 CHAPTER 1. THE POISSON DISTRIBUTION

41. 9709 _ml7 qp 72 Q: 7

The number of planes arriving at an airport every hour during daytime is modelled by the random
variable X with distribution Po(5.2).

(i) State two assumptions required for the Poisson model to be valid in this context. [2]

(ii) (a) Find the probability that the number of planes arriving in a 15-minute period is greater than
1 and less than 4, [3]
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(iii) The airport has enough staff to deal with a maximum of 60 planes landing during a 10-hour day.
Use a suitable approximation to find the probability that, on a randomly chosen 10-hour day,
staff will be able to deal with all the planes that land. [4]
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70 CHAPTER 1. THE POISSON DISTRIBUTION

42.9709 s17_qp 71 Q:1

On average, 1 clover plant in 10000 has four leaves instead of three.

(i) Use an approximating distribution to calculate the probability that, in a random sample of 2000
clover plants, more than 2 will have four leaves. [3]
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43. 9709 _s17_qp_ 72 Q:2

Javier writes an article containing 52 460 words. He plans to upload the article to his website, but he
knows that this process sometimes introduces errors. He assumes that for each word in the uploaded
version of his article, the probability that it contains an error is 0.00008. The number of words
containing an error is denoted by X.

(i) Find E(X) and Var(X), giving your answers correct to three decimal places. (2]

Javier wants to use the Poisson distribution as an approximating distribution to calculate the probability
that there will be fewer than 5 words containing an error in his uploaded article.

(i) Explain how your answers to part (i) are consistent with the use of the Poisson distribution as an
approximating distribution. [1]
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44. 9709 s17_qp 72 Q: 6

Old televisions arrive randomly and independently at a recycling centre at an average rate of 1.2
per day.

(i) Find the probability that exactly 2 televisions arrive in a 2-day period. [2]

(if) Use an appropriate approximating distribution to find the probability that at least 55 televisions
arrive in a 50-day period. [4]
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Independently of televisions, old computers arrive randomly and independently at the same recycling
centre at an average rate of 4 per 7-day week.

(iii) Find the probability that the total number of televisions and computers that arrive at the recycling
centre in a 3-day period is less than 4. [3]
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45. 9709 s17_qp 73 Q: 5
(i) A random variable X has the distribution Po(42).

(a) Use an appropriate approximating distribution to find P(X > 40). [4]
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(ii) A random variable Y has the distribution B(60, 0.02).

(a) Use an appropriate approximating distribution to find P(Y > 2). [3]
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76 CHAPTER 1. THE POISSON DISTRIBUTION

46. 9709 _wl7 gp 71 Q:1

A random variable, X, has the distribution Po(31). Use the normal approximation to the Poisson
distribution to find P(X > 40). [3]
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47.9709 w17 gp 71 Q:2

An airline has found that, on average, 1 in 100 passengers do not arrive for each flight, and that this
occurs randomly. For one particular flight the airline always sells 403 seats. The plane only has room
for 400 passengers, so the flight is overbooked if the number of passengers who do not arrive is less
than 3. Use a suitable approximation to find the probability that the flight is overbooked. [4]
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48. 9709 w17 gp 72 Q:1

(a) (i) A random variable X has the distribution B(2540, 0.001). Use the Poisson approximation
to the binomial distribution to find P(X > 1). [3]

(b) Two independent random variables, S and 7', have distributions Po(2.1) and Po(3.5) respectively.
Find the mean and standard deviation of S + 7. [2]
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49. 9709 w17 _qp 73 Q: 1

A random variable, X, has the distribution Po(31). Use the normal approximation to the Poisson
distribution to find P(X > 40). [3]

= EXAMINENT

== Eminent Exam Preparation Resources

-WWW.EXAMINENT,COM




-WWWKEXAMJNENT.COM

80 CHAPTER 1. THE POISSON DISTRIBUTION

50. 9709 w17 _qp_ 73 Q: 2

An airline has found that, on average, 1 in 100 passengers do not arrive for each flight, and that this
occurs randomly. For one particular flight the airline always sells 403 seats. The plane only has room
for 400 passengers, so the flight is overbooked if the number of passengers who do not arrive is less
than 3. Use a suitable approximation to find the probability that the flight is overbooked. [4]

51.9709_ml6_qp 72 Q: 6

The battery in Sue’s phone runs out at random moments. Over a long period, she has found that the
battery runs out, on average, 3.3 times in a 30-day period.

(i) Find the probability that the battery runs out fewer than 3 times in a 25-day period. [3]

(ii) (a) Use an approximating distribution to find the probability that the battery runs out more than
50 times in a year (365 days). [4]

(b) Justify the approximating distribution used in part (ii) (a). [1]

(iii) Independently of her phone battery, Sue’s computer battery also runs out at random moments.
On average, it runs out twice in a 15-day period. Find the probability that the total number of
times that her phone battery and her computer battery run out in a 10-day period is at least 4.

[3]
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52. 9709 s16_qp 71 Q: 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(A). 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]

53. 9709 s16_qp_ 72 Q: 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]

54.9709 s16 qp 73 Q: 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]

55. 9709 w16 _qp_71 Q: 3

Particles are emitted randomly from a radioactive substance at a constant average rate of 3.6 per
minute. Find the probability that

(i) more than 3 particles are emitted during a 20-second period, [3]

(ii) more than 240 particles are emitted during a 1-hour period. [4]

= EXAMINENT

== Eminent Exam Preparation Resources

-WWW.EXAM\NENT,COM




-WWWKEXAM\NENT.COM

82 CHAPTER 1. THE POISSON DISTRIBUTION

56. 9709 w16 _qp 73 Q: 1

The random variable X has the distribution Po(3.5). Find P(X < 3). [3]

57. 9709 w16 _qp 73 Q: 7

Men arrive at a clinic independently and at random, at a constant mean rate of 0.2 per minute. Women
arrive at the same clinic independently and at random, at a constant mean rate of (0.3 per minute.

(i) Find the probability that at least 2 men and at least 3 women arrive at the clinic during a 5-minute
period. (4]

(ii) Find the probability that fewer than 36 people arrive at the clinic during a 1-hour period. [5]

58.9709_s15_qp_71 Q: 6

A publishing firm has found that errors in the first draft of a new book occur at random and that, on
average, there is 1 error in every 3 pages of a first draft. Find the probability that in a particular first
draft there are

(i) exactly 2 errors in 10 pages, [2]
(ii) atleast 3 errors in 6 pages, [3]
(iii) fewer than 50 errors in 200 pages. [4]

59. 9709 _s15_qp_72 Q: 3

In a golf tournament, the number of times in a day that a ‘hole-in-one’ is scored is denoted by the
variable X, which has a Poisson distribution with mean 0.15. Mr Crump offers to pay $200 each time
that a hole-in-one is scored during 5 days of play. Find the expectation and variance of the amount
that Mr Crump pays. [5]

60. 9709 s15_qp 72 Q: 7
In a certain lottery, 10 500 tickets have been sold altogether and each ticket has a probability of 0.0002

of winning a prize. The random variable X denotes the number of prize-winning tickets that have
been sold.

(i) State, with a justification, an approximating distribution for X. [3]
(ii) Use your approximating distribution to find P(X < 4). [3]

(iif) Use your approximating distribution to find the conditional probability that X < 4, given that
Xzl [4]
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61. 9709 _s15_qp 73 Q: 6

People arrive at a checkout in a store at random, and at a constant mean rate of 0.7 per minute. Find
the probability that

(i) exactly 3 people arrive at the checkout during a 5-minute period, [2]

(ii) at least 30 people arrive at the checkout during a 1-hour period. [4]

People arrive independently at another checkout in the store at random, and at a constant mean rate
of 0.5 per minute.

(iii) Find the probability that a total of more than 3 people arrive at this pair of checkouts during a
2-minute period. [4]

62. 9709 w15 gp 71 Q:1

Failures of two computers occur at random and independently. On average the first computer fails
1.2 times per year and the second computer fails 2.3 times per year. Find the probability that the total
number of failures by the two computers in a 6-month period is more than 1 and less than 4. [4]

63. 9709 _wl5 qp 71 Q: 5
On average, 1 in 2500 adults has a certain medical condition.

(i) Use a suitable approximation to find the probability that, in a random sample of 4000 people,
more than 3 have this condition. [3]

(ii) In a random sample of n people, where » is large, the probability that none has the condition is
less than 0.05. Find the smallest possible value of n. [4]

64. 9709 _wlb gp 72 Q:1

Failures of two computers occur at random and independently. On average the first computer fails
1.2 times per year and the second computer fails 2.3 times per year. Find the probability that the total
number of failures by the two computers in a 6-month period is more than 1 and less than 4. (4]

65. 9709 w15 _qp_ 72 Q: 5

On average, 1 in 2500 adults has a certain medical condition.

(i) Use a suitable approximation to find the probability that, in a random sample of 4000 people,
more than 3 have this condition. [3]

(ii) In a random sample of 7 people, where 7 is large, the probability that none has the condition is
less than 0.05. Find the smallest possible value of n. [4]
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66. 9709 w15 qp 73 Q: 2

The number of calls received per 5-minute period at a large call centre has a Poisson distribution
with mean A, where A > 30. If more than 55 calls are received in a 5-minute period, the call centre
is overloaded. It has been found that the probability of being overloaded during a randomly chosen
5-minute period is 0.01. Use the normal approximation to the Poisson distribution to obtain a quadratic
equation in /A and hence find the value of A. [5]
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86 CHAPTER 2. LINEAR COMBINATIONS OF RANDOM VARIABLES

67. 9709 _m22 qp 62 Q: 5

The heights of buildings in a large city are normally distributed with mean 18.3 m and standard
deviation 2.5 m.

(a) Find the probability that the total height of 5 randomly chosen buildings in the city is more
than 95 m. (4]
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(b) Find the probability that the difference between the heights of two randomly chosen buildings in
the city is less than 1 m. [5]
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68. 9709 22 _qp 61 Q: 3

The lengths, in centimetres, of two types of insect, A and B, are modelled by the random variables
X ~N(6.2, 0.36) and Y ~ N(2.4, 0.25) respectively.

Find the probability that the length of a randomly chosen type A insect is greater than the sum of the
lengths of 3 randomly chosen type B insects. [5]
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69. 9709 s22 qp 61 Q: 4

The independent random variables X and Y have distributions Po(2) and B(20, i) respectively.

(a) Find the mean and standard deviation of X — 3Y. [5]
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(b) Find P(Y = 15X). (3]
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70. 9709 s22 qp 62 Q: 6
The masses, in kilograms, of large and small sacks of grain have the distributions N(53, 11) and

N(14, 3) respectively.

(a) Find the probability that the mass of a randomly chosen large sack is greater than four times the
mass of a randomly chosen small sack. [5]
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(b) A lift can safely carry a maximum mass of 1000kg.

Find the probability that the lift can safely carry 12 randomly chosen large sacks and 25 randomly
chosen small sacks. [5]
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71. 9709 s22 qp 63 Q: 1

The number of characters in emails sent by a particular company is modelled by the distribution
N(1250, 4807).

Find the probability that the mean number of characters in a random sample of 100 emails sent by the
company is more than 1300. [3]
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72. 9709 s22 qp 63 Q: 4

Each box of Seeds & Raisins contains S grams of seeds and R grams of raisins. The weight of a
box, when empty, is B grams. S, R and B are independent random variables, where S ~ N(300, 45),
R ~ N(200, 25) and B ~ N(15, 4). A full box of Seeds & Raisins is chosen at random.

(a) Find the probability that the total weight of the box and its contents is more than 500 grams. [5]

EXAMINENT

Eminent Exam Preparation Resources



95

(b) Find the probability that the weight of seeds in the box is less than 1.4 times the weight of raisins
in the box. [5]
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73.9709_m21_qp 62 Q: 5

The volumes, in litres, of juice in large and small bottles have the distributions N(5.10, 0.0102) and
N(2.51, 0.0036) respectively.

(a) Find the probability that the total volume of juice in 3 randomly chosen large bottles and
4 randomly chosen small bottles is less than 25.5 litres. [5]
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(b) Find the probability that the volume of juice in a randomly chosen large bottle is at least twice
the volume of juice in a randomly chosen small bottle. [5]
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98 CHAPTER 2. LINEAR COMBINATIONS OF RANDOM VARIABLES

74.9709 21 _qp 61 Q: 7

The masses, in kilograms, of large and small sacks of flour have the distributions N(55, 3%) and
N(27, 2.5?) respectively.

(a) Some sacks are loaded onto a boat. The maximum load of flour that the boat can carry safely is

340kg.

Find the probability that the boat can carry safely 3 randomly chosen large sacks of flour and

6 randomly chosen small sacks of flour. [5]
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(b) Find the probability that the mass of a randomly chosen large sack of flour is greater than the
total mass of two randomly chosen small sacks of flour. [5]
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75. 9709 _s21 qp_ 62 Q: 2
The random variable X has the distribution B(400, 0.01).

(a) Find Var(4X +2). [3]

(b) (i) State an appropriate approximating distribution for X, giving the values of any parameters.

Justify your choice of approximating distribution. [2]
(i) Use your approximating distribution to find P(2 < X < 5). [2]
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76. 9709 _s21 qp 62 Q: 4

Wendy’s journey to work consists of three parts: walking to the train station, riding on the train and
then walking to the office. The times, in minutes, for the three parts of her journey are independent
and have the distributions N(15.0, 1.1?), N(32.0, 3.5%) and N(8.6, 1.2?) respectively.

(a) Find the mean and variance of the total time for Wendy’s journey. [2]

If Wendy’s journey takes more than 60 minutes, she is late for work.

(b) Find the probability that, on a randomly chosen day, Wendy will be late for work. [3]

(¢) Find the probability that the mean of Wendy’s journey times over 15 randomly chosen days will
be less than 54.5 minutes. [3]
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77.9709_m20_qp 62 Q: 6

The volumes, in millilitres, of large and small cups of tea are modelled by the distributions N(200, 30)
and N(110, 20) respectively.

(a) Find the probability that the total volume of a randomly chosen large cup of tea and a randomly
chosen small cup of tea is less than 300 ml. [4]
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(b) Find the probability that the volume of a randomly chosen large cup of tea is more than twice the
volume of a randomly chosen small cup of tea. [6]
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78. 9709 20 qp_61 Q: 3

The masses, in kilograms, of large sacks of flour and small sacks of flour have the independent
distributions N(40, 1.5%) and N(12, 0.7%) respectively.

(a) Find the probability that the total mass of 6 randomly chosen large sacks of flour is more than
245kg. [4]
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(b) Find the probability that the mass of a randomly chosen large sack of flour is less than 4 times
the mass of a randomly chosen small sack of flour. [6]
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79. 9709 s20 qp 62 Q: 1

The masses, in grams, of plums of a certain type have the distribution N(40.4, 5.2%). The plums are
packed in bags, with each bag containing 6 randomly chosen plums. If the total weight of the plums
in a bag is less than 220 g the bag is rejected.

Find the percentage of bags that are rejected. [4]
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80. 9709 20 _qp_63 Q: 2

Each day at the gym, Sarah completes three runs. The distances, in metres, that she completes
in the three runs have the independent distributions W ~ N(1520, 450), X ~ N(2250, 720) and
Y ~ N(3860, 1050).

Find the probability that, on a particular day, Y is less than the total of W and X. [5]
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81. 9709 w20 qp_ 61 Q: 3

The masses, in kilograms, of female and male animals of a certain species have the distributions
N(102, 27%) and N(170, 552) respectively.

Find the probability that a randomly chosen female has a mass that is less than half the mass of a
randomly chosen male. [6]
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82. 9709 w20 qp 62 Q: 7

Before a certain type of book is published it is checked for errors, which are then corrected. For costing
purposes each error is classified as either minor or major. The numbers of minor and major errors in
a book are modelled by the independent distributions N(380, 140) and N(210, 80) respectively. You
should assume that no continuity corrections are needed when using these models.

A book of this type is chosen at random.

(a) Find the probability that the number of minor errors is at least 200 more than the number of
Major errors. [5]
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The costs of correcting a minor error and a major error are 20 cents and 50 cents respectively.

(b) Find the probability that the total cost of correcting the errors in the book is less than $190. [5]
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83. 9709 w20 qp_63 Q: 3

The masses, in kilograms, of female and male animals of a certain species have the distributions
N(102, 27%) and N(170, 55%) respectively.

Find the probability that a randomly chosen female has a mass that is less than half the mass of a
randomly chosen male. [6]
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84.9709 ml19 qp 72 Q:2

The independent random variables X and Y have the distributions N(9.2, 12.1) and N(3.0, 8.6)
respectively. Find P(X > 3Y). [5]
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85. 9709 s19 qp 71 Q: 1

At an internet café, the charge for using a computer is 5 cents per minute. The number of minutes for
which people use a computer has mean 23 and standard deviation 8.

(i) Find, in cents, the mean and standard deviation of the amount people pay when using a computer.

2]

(ii) Each day, 15 people use computers independently. Find, in cents, the mean and standard
deviation of the total amount paid by 15 people. [3]
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86. 9709 s19 qp 72 Q: 2
The random variable X has mean 372 and standard deviation 54.

(i) Describe fully the distribution of the mean of a random sample of 36 values of X. [3]

(ii) The distribution in part (i) might be either exact or approximate. State a condition under which
the distribution is exact. [1]
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87.9709 s19 qp 72 Q: 4

The heights of a certain variety of plant are normally distributed with mean 110cm and variance
1050 cm®. Two plants of this variety are chosen at random. Find the probability that the height of one
of these plants is at least 1.5 times the height of the other. [7]
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88. 9709 s19 qp 73 Q: 4

A factory supplies boxes of children’s bricks. Each box contains 10 randomly chosen large bricks
and 20 randomly chosen small bricks. The masses, in grams, of large and small bricks have the
distributions N(60, 1.2) and N(30, 0.7) respectively. The mass of an empty box is 8 g. Find the
probability that the total weight of a box and its contents is less than 1200 g. [5]
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89.9709 w19 qp 72 Q: 5

The masses, in grams, of large boxes of chocolates and small boxes of chocolates have the distributions
N(325, 6.1) and N(167, 5.6) respectively.

(i) Find the probability that the total mass of 10 randomly chosen large boxes of chocolates is less
than 3240 g. [4]

= EXAMINENT

== Eminent Exam Preparation Resources



119

(ii) Find the probability that the mass of a randomly chosen large box of chocolates is more than
twice the mass of a randomly chosen small box of chocolates. [5]
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90. 9709 w19 qp 73 Q: 1
The random variable X has mean 2.4 and variance 3.1.

(i) The random variable Y is the sum of four independent values of X. Find the mean and variance
of Y. (2]
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91. 9709 _ml8 qp 72 Q: 3

The heights of plants of type A have mean 1.2 m and standard deviation 0.03 m. A random sample of
5 plants of type A is selected. The sum of the heights of these 5 plants is denoted by H, m.

(i) Find the mean and variance of H " [3]

The heights of plants of type B have mean 0.6 m and standard deviation 0.02 m. A random sample of
5 plants of type B is selected. The sum of the heights of these 5 plants is denoted by H, m.

(ii) Find the mean and variance of H, — 2H,. [4]
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92. 9709 _sI8 qp 71 Q: 4

The volume, in millilitres, of a small cup of coffee has the distribution N(103.4, 10.2). The volume
of a large cup of coffee is 1.5 times the volume of a small cup of coffee.

(i) Find the mean and standard deviation of the volume of a large cup of coffee. [3]

(ii) Findthe probability that the total volume of a randomly chosen small cup of coffee and a randomly
chosen large cup of coffee is greater than 250 ml. [4]

WWW.EXAMINENT.COM

I F EXAMINENT
Eminent Exam Preparation Resources



123
93. 9709 _s18 qp 72 Q: 2

The random variable X has the distribution N(3, 1.2). The random variable A is defined by A = 2X.
The random variable B is defined by B = X| + X, where X and X, are independent random values
of X. Describe fully the distribution of A and the distribution of B. [3]
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94. 9709 _s18 qp_ 73 Q: 6

The times, in minutes, taken to complete the two parts of a task are normally distributed with means
4.5 and 2.3 respectively and standard deviations 1.1 and 0.7 respectively.

(i) Find the probability that the total time taken for the task is less than 8.5 minutes. [4]
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(ii) Find the probability that the time taken for the first part of the task is more than twice the time
taken for the second part. [5]
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95. 9709 w18 qp 71 Q: 5

The times, in months, taken by a builder to build two types of house, P and Q, are represented by the
independent variables T, ~ N(2.2, 0.4%) and T, ~N(2.38, 0.5%) respectively.

(i) Find the probability that the total time taken to build one house of each type is less than 6 months.
[4]
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(ii) Find the probability that the time taken to build a type Q house is more than 1.2 times the time
taken to build a type P house. [5]
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96. 9709 w18 qp 72 Q: 3

Sugar and flour for making cakes are measured in cups. The mass, in grams, of one cup of sugar has
the distribution N(250, 10). The mass, in grams, of one cup of flour has the independent distribution
N(160, 9). Each cake contains 2 cups of sugar and 5 cups of flour. Find the probability that the total
mass of sugar and flour in one cake exceeds 1310 grams. [5]
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97. 9709 w18 qp 73 Q: 5

The times, in months, taken by a builder to build two types of house, P and Q, are represented by the
independent variables T, ~ N(2.2, 0.4%) and T, ~N(2.38, 0.5%) respectively.

(i) Find the probability that the total time taken to build one house of each type is less than 6 months.
[4]
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(ii) Find the probability that the time taken to build a type @ house is more than 1.2 times the time
taken to build a type P house. [5]
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98. 9709 _ml17 qp 72 Q: 6

The masses, in kilograms, of cartons of sugar and cartons of flour have the distributions N(78.8, 12.6%)
and N(62.0, 10.0%) respectively.

(i) The standard load for a certain crane is 8 cartons of sugar and 3 cartons of flour. The maximum
load that can be carried safely by the crane is 900 kg. Stating a necessary assumption, find the
percentage of standard loads that will exceed the maximum safe load. [5]
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(ii) Find the probability that a randomly chosen carton of sugar has a smaller mass than a randomly
chosen carton of flour. [5]
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99. 9709 _s17_qp_71 Q: 5

Large packets of sugar are packed in cartons, each containing 12 packets. The weights of these
packets are normally distributed with mean 505 g and standard deviation 3.2 g. The weights of the
cartons, when empty, are independently normally distributed with mean 150 g and standard deviation
7g.

(i) Find the probability that the total weight of a full carton is less than 6200 g. [5]
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Small packets of sugar are packed in boxes. The total weight of a full box has a normal distribution
with mean 3130 g and standard deviation 12.1 g.

(ii) Find the probability that the weight of a randomly chosen full carton is less than double the
weight of a randomly chosen full box. [5]
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100. 9709 s17_qp_72 Q: 7

(a) A random variable X is normally distributed with mean 4.2 and standard deviation 1.1. Find the
probability that the sum of two randomly chosen values of X is greater than 10. [4]
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(b) Each candidate’s overall score for an essay is calculated as follows. The mark for creativity
is denoted by C, the penalty mark for spelling errors is denoted by S and the overall score is
defined by C — %S. The variables C and S are independent and have distributions N(29, 105)
and N(17, 15) respectively. Find the proportion of candidates receiving a negative overall score.

(51
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101. 9709 s17_qp_73 Q: 3

The mass, in tonnes, of iron ore produced per day at a mine is normally distributed with mean 7.0
and standard deviation 0.46. Find the probability that the total amount of iron ore produced in 10
randomly chosen days is more than 71 tonnes. [5]
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102. 9709 w17 _qp 71 Q: 6

The numbers of barrels of oil, in millions, extracted per day in two oil fields A and B are modelled by
the independent random variables X and Y respectively, where X ~ N(3.2, 0.4%) and ¥ ~ N(4.3, 0.6%).
The income generated by the oil from the two fields is $90 per barrel for A and $95 per barrel for B.

(i) Find the mean and variance of the daily income, in millions of dollars, generated by field A. [3]
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(ii) Find the probability that the total income produced by the two fields in a day is at least
$670 million. [5]
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103. 9709 w17 _qp_72 Q: 5

The marks in paper 1 and paper 2 of an examination are denoted by X and Y respectively, where X
and ¥ have the independent continuous distributions N(56, 67) and N(43, 5%) respectively.

(i) Find the probability that a randomly chosen paper 1 mark is more than a randomly chosen paper 2
mark. [5]
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(ii) Each candidate’s overall mark is M where M = X + 1.5¥. The minimum overall mark for grade A
is 135. Find the proportion of students who gain a grade A. [5]
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104. 9709 w17 _qp 73 Q: 6

The numbers of barrels of oil, in millions, extracted per day in two oil fields A and B are modelled by
the independent random variables X and Y respectively, where X ~ N(3.2, 0.4%) and Y ~ N(4.3, 0.6%).
The income generated by the oil from the two fields is $90 per barrel for A and $95 per barrel for B.

(i) Find the mean and variance of the daily income, in millions of dollars, generated by field A. [3]
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(ii) Find the probability that the total income produced by the two fields in a day is at least
$670 million. [5]
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105. 9709 _ml16 _qp 72 Q:1

A fair six-sided die is thrown 20 times and the number of sixes, X, is recorded. Another fair six-sided
die is thrown 20 times and the number of odd-numbered scores, Y, is recorded. Find the mean and
standard deviation of X + Y. [5]

106. 9709 _ml6_qp 72 Q: 4

The masses, in grams, of large bags of sugar and small bags of sugar are denoted by X and ¥
respectively, where X ~ N(5.1, 0.2?) and Y ~ N(2.5, 0.1%). Find the probability that the mass of a
randomly chosen large bag is less than twice the mass of a randomly chosen small bag. [5]

107. 9709_s16_qp_71 Q: 5

The thickness of books in a large library is normally distributed with mean 2.4cm 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]

108. 9709_s16_qp_72 Q: 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]

109. 9709 _s16_qp_72 Q: 5

Each box of Fruity Flakes contains X grams of flakes and ¥ 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]

(i) 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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110. 9709_s16_qp_ 73 Q: 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 20.6kg. [5]

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

111. 9709 _w16_qp 71 Q: 4

Each week a farmer sells X litres of milk and Y kg of cheese, where X and Y have the independent
distributions N(1520, 53%) and N(175, 12°) respectively.

(i) Find the mean and standard deviation of the total amount of milk that the farmer sells in 4
randomly chosen weeks. [2]

During a year when milk prices are low, the farmer makes a loss of 2 cents per litre on milk and makes
a profit of 21 cents per kg on cheese, so the farmer’s overall weekly profit is (21Y — 2X) cents.

(ii) Find the probability that, in a randomly chosen week, the farmer’s overall profit is positive. [5]

112. 9709 _w16_qp 73 Q:3

A men’s triathlon consists of three parts: swimming, cycling and running. Competitors’ times, in
minutes, for the three parts can be modelled by three independent normal variables with means 34.0,
87.1 and 56.9, and standard deviations 3.2, 4.1 and 3.8, respectively. For each competitor, the total
of his three times is called the race time. Find the probability that the mean race time of a random
sample of 15 competitors is less than 175 minutes. [5]

113. 9709 _s15 qp_71 Q: 3

The daily times, in minutes, that Yu Ming takes showering, getting dressed and having breakfast are
independent and have the distributions N(9, 2.2%), N(8, 1.3%) and N(17, 2.6%) respectively. The total
daily time that Yu Ming takes for all three activities is denoted by 7" minutes.

(i) Find the mean and variance of 7. [2]

(ii) Yu Ming notes the value of 7" on each day in a random sample of 70 days and calculates the
sample mean. Find the probability that the sample mean is between 33 and 35. [4]
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114. 9709 _s15_qp 71 Q: 7

The independent variables X and Y are such that X ~ B(10, 0.8) and ¥ ~ Po(3). Find

() E(7X +5Y - 2), [2]
(i) Var(4X - 3Y +3), [4]
(iii) P(2X - Y = 18). [4]

115. 9709 _s15_qp_ 72 Q: 1

The independent random variables X and ¥ have standard deviations 3 and 6 respectively. Calculate
the standard deviation of 4X — 5Y. [3]

116. 9709 w15 _qp_71 Q: 6

The weights, in kilograms, of men and women have the distributions N(78, 7%) and N(66, 5%)
respectively.

(i) The maximum load that a certain cable car can carry safely is 1200kg. If 9 randomly chosen
men and 7 randomly chosen women enter the cable car, find the probability that the cable car
can operate safely. [5]

(ii) Find the probability that a randomly chosen woman weighs more than a randomly chosen man.

[4]

117. 9709_w15_qp 73 Q: 7

The diameter, in cm, of pistons made in a certain factory is denoted by X, where X is normally
distributed with mean y and variance 6. The diameters of a random sample of 100 pistons were
measured, with the following results.

n =100 Y x=208.7 Y x* = 435.57

(i) Calculate unbiased estimates of u and o°. [3]

The pistons are designed to fit into cylinders. The internal diameter, in cm, of the cylinders is denoted
by ¥, where Y has an independent normal distribution with mean 2.12 and variance 0.000 144. A
piston will not fit into a cylinder if ¥ — X < 0.01.

(ii) Using your answers to part (i), find the probability that a randomly chosen piston will not fit into
a randomly chosen cylinder. [6]
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118. 9709 m22 qp 62 Q: 6
In a game a ball is rolled down a slope and along a track until it stops. The distance, in metres,
travelled by the ball is modelled by the random variable X with probability density function

f(x):{—k(x—l)(x—fi) 1<x<3,

otherwise,

where k is a constant.
(a) Without calculation, explain why E(X) = 2. [1]
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(¢) Find Var(X). [3]

One turn consists of rolling the ball 3 times and noting the largest value of X obtained. If this largest
value is greater than 2.5, the player scores a point.

(d) Find the probability that on a particular turn the player scores a point. [4]
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119. 9709 _s22 qp_61 Q: 6

A random variable X has probability density function f. The graph of f(x) is a straight line segment
parallel to the x-axis from x = 0 to x = @, where a is a positive constant.

(a) State, in terms of a, the median of X. [1]
(b) Find P(X > 3a) [1]
(¢) Show that Var(X) = (54 [5]
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120. 9709 s22 qp 62 Q: 5
A random variable X has probability density function given by

3 _y2 <x<
f(}{):{16(4}: x°) 2<x<4,
0 otherwise.

(a) Show that E(X) = L. [3]

WWW.EXAMINENT.COM

I F EXAMINENT
Eminent Exam Preparation Resources



(¢) Given that the median of X is m, find P(m < X < 3). [3]
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121. 9709 822 qp 63 Q: 7
The random variables X and W have probability density functions f and g defined as follows:

2_ <x<
f(x):{p(a x%) O\x\.a
0 otherwise,
g(a® —w?) —as<w<a,
g(w) = .
0 otherwise,
where a, p and g are constants.
(a) (i) Write down the value of P(X > 0). [1]
(ii) Write down the value of P(W = 0). [1]
(iii) Write down an expression for g in terms of p only [1]
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(b) Given that E(X) = 3, find the value of a. [6]
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122. 9709 _m21_qp 62 Q: 2

o k

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

(a) Find the value of the constant k. [2]
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(c) Find the value of p such that P(p < X < 1) = 0.25. [4]
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123. 9709 _s21_qp_ 61 Q: 3

The graph of the probability density function of a random variable X is symmetrical about the line
x=4.

Given that P(X < 5) = 30 find P(3 < X <5). 2]
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124. 9709 _s21 _qp 61 Q: 6

The probability density function, f, of a random variable X is given by

k(6x — x?) 0<x<6,
f(x) =
0 otherwise,

where k is a constant.

State the value of E(X) and show that Var(X) = _% [6]
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125. 9709 _s21_qp_ 62 Q: 3

O 1 p

The random variable X takes values in the range 1 < x < p, where p is a constant. The graph of the
probability density function of X is shown in the diagram.

(a) Show thatp = 2. (2]
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126. 9709 _s21_qp_63 Q: 6

Alethia models the length of time, in minutes, by which her train is late on any day by the random
variable X with probability density function given by

3 2
f(x):{m(x—ZO) 0<x <20,

0 otherwise.

(a) Find the probability that the train is more than 10 minutes late on each of two randomly chosen
days. [4]
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(b) Find E(X). 4]
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(¢) The median of X is denoted by m.

Show that /m satisfies the equation (m — 20)® = —4000, and hence find m correct to 3 significant
figures. [4]
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127. 9709 w21 _qp 61 Q: 4

A random variable X has probability density function given by

f(x):{ll—gw—xz) 0<x<3,

0 otherwise.

(a) Find P(X < 1.2). 3]

= EXAMINENT

== Eminent Exam Preparation Resources

-WWW.EXAMINENT,COM




166 CHAPTER 3. CONTINUOUS RANDOM VARIABLES
The median of X is m.

(¢) Show that m® —27m+27 = 0. [3]
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128. 9709 w21 _qp 62 Q: 7

(a) The probability density function of the random variable X is given by
kx(4 —x) 0<x<g2,

f(x) =
otherwise,

where k is a constant.

(i) Show that k = 7. [3]
(ii) Find E(X). [3]
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(b) The random variable Y has the following properties.
* Y takes values between 0 and 5 only.

* The probability density function of Y is symmetrical.

Given that P(Y < a) = 0.2, find P(2.5 < Y <5 — a) illustrating your method with a sketch on the
axes provided. [3]

: >
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129. 9709 w21 _qp_63 Q: 4
A random variable X has probability density function given by

f(x):{ll—gw—xz) 0<x<3,

0 otherwise.

(a) Find P(X < 1.2). 3]
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The median of X is m.

(¢) Show that m® —27m+27 = 0. [3]
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130. 9709 m20_qp_62 Q: 5
Bottles of Lanta contain approximately 300 ml of juice. The volume of juice, in millilitres, in a bottle
is 300 + X, where X is a random variable with probability density function given by

4000

) {L(1oo_xz) ~10 < x < 10,
X) =
0 otherwise.

(a) Find the probability that a randomly chosen bottle of Lanta contains more than 305 ml of juice.

[3]

(b) Given that 25% of bottles of Lanta contain more than (300 + p) ml of juice, show that

P> =300p + 1000 = 0. (4]
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(¢) Given that p = 3.47, and that 50% of bottles of Lanta contain between (300 — g) and (300 + g) ml
of juice, find g. Justify your answer. [2]
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131. 9709 _s20_qp_61 Q: 6

The length of time, 7" minutes, that a passenger has to wait for a bus at a certain bus stop is modelled
by the probability density function given by

f(t)_{mfm(zo;—rz) 0<r<20,

0 otherwise.
(a) Sketch the graph of y = f(¢). [1]
(b) Hence explain, without calculation, why E(T") = 10. [1]
(¢) Find Var(T). [3]
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(d) Itisgiventhat P(7T < 10 +a) = p, where 0 < a < 10.

Find P(10 —a < T < 10 + a) in terms of p. [2]
(e) FindP(8<T <12) [3]
(f) Give one reason why this model may be unrealistic [1]
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132. 9709 s20 _qp 62 Q: 6
A random variable X has probability density function given by

k
— 1€x<a,
f(x) =4 x2
0 otherwise,
where k and a are positive constants.
a
(a) Show that k = . [3]
a-1
(b) Find E(X) in terms of a. [3]
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133. 9709 _s20 _qp 63 Q: 6
The length, X centimetres, of worms of a certain type is modelled by the probability density function

f(x):{%(lo—x)(x—S) 5<x<10,
0 otherwise.
(a) State the value of E(X). [1]
(b) Find Var(X). [3]
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(¢) Two worms of this type are chosen at random.

Find the probability that exactly one of them has length less than 6 cm. [5]
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134. 9709 w20 _qp 61 Q: 4

o
o -

The diagram shows the probability density function, f(x), of a random variable X. For 0 € x < a,
f(x) = k; elsewhere f(x) = 0.

(a) Express k in terms of a. [1]
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135. 9709 w20 _qp 62 Q: 3

f(x)
C
T T T T Y T » X
-1 0 1 2 3 4

A random variable X takes values between 0 and 3 only and has probability density function as shown
in the diagram, where c is a constant.

(a) Show thatc = % [1]
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(¢) Calculate E(X). [4]
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136. 9709 w20 _qp_63 Q: 4
f(x)

The diagram shows the probability density function, f(x), of a random variable X. For 0 < x < a,
f(x) = k; elsewhere f(x) = 0.

(a) Express kin terms of a. [1]

(b) Given that Var(X) = 3, find a. (4]
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137.9709_m19_qp 72 Q: 7

f(x)
A
I
I » X
0 z—llﬂ.'
A random variable X has probability density function given by
<x<gd
F(x) = {(JZ)Cosx 0<x<gm,
0 otherwise,
as shown in the diagram.
(i) Find P(X > ¢). 2]
(ii) Find the median of X. [4]
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(iii) Find E(X). [4]
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138. 9709 _s19_qp_ 71 Q: 4

(a)
f(x)

a———

The diagram shows the graph of the probability density function, f, of a random variable X, where
a is a constant greater than 0.5. The graph between x = 0 and x = a is a straight line parallel to

the x-axis.
(i) Find P(X < 0.5) in terms of a. [2]
(ii) Find E(X) in terms of a. [1]
(iii) Show that Var(X) = (54’ [2]
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(b) A random variable 7 has probability density function given by

2 2<i<al
g(r)=4 2(r-1)
0 otherwise.
Find the value of b such that P(T < b) = %. (4]
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139. 9709 s19 _qp 72 Q: 6
X is a random variable with probability density function given by

a
— = \ba
f(x)z{x2 bsxs

0 otherwise,

where a and b are constants.

(i) Show that b= —. [3]
a—1
(ii) Given that the median of X is %, find the values of @ and b. [3]
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140. 9709 s19 _qp 73 Q: 6
A function f is defined by

35 0<x<a
0 otherwise,
where a is a constant.
(i) Show that f is a probability density function for all positive values of a. [3]

The random variable X has probability density function f and the median of X is 2.

(ii) Show that a = 2.52, correct to 3 significant figures. [3]
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141. 9709 w19 _qp 72 Q: 4

A random variable X has probability density function given by

1

=X 0<x<a,
f(x) = { 2

0 otherwise,

where a is a constant.
(i) Find a. 2]
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The median of X is denoted by m.
(iii) Find P(E(X) <X <m). [4]
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142. 9709 w19 _qp 73 Q: 6
A random variable X has probability density function given by

f(x):{k(3x—x2) 0<x<3,

otherwise.

(i) Show that k = % (3]
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(iii) Find Var(X). [5]
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143. 9709 m18 qp 72 Q: 6
A random variable X has probability density function given by

- <x <
f(x)={6x(1 x) 0<x<1,
0 otherwise.

(i) Find the probability that X does not lie between 0.3 and 0.7. [4]
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(if) Sketch the graph of the probability density function and hence state the value of E(X). 2]
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144. 9709 _s18 _qp_ 71 Q: 6

The time, in minutes, taken by people to complete a test is modelled by the continuous random variable
X with probability density function given by

k

— 5<x< 10,
f(x) = { x2
0 otherwise,
where k is a constant.
(i) Show that £ = 10. [3]
(ii) Show that E(X) = 101n2. 2]
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(iii) Find P(X > 9). [3]
(iv) Given that P(X < a) = 0.6, find a [3]
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145. 9709 _s18 _qp_72 Q: 5

f(x)
A

[0 a

The diagram shows the probability density function, f, of a random variable X, in terms of the constants
a and b.

(i) Find b in terms of a. [2]

.. 2

(ii) Show that f(x) = = - <x (3]
a
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(iii) Given that E(X) = 0.5, find a. [4]
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146. 9709 _s18 qp 73 Q: 7
A random variable X has probability density function defined by

1 1
k(—+—3) 1<x<2,
f(x) = X

)
0 otherwise,
where k is a constant.
(i) Show that k = 3. (3]
(if) Find E(X). (3]
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(iii) Three values of X are chosen at random. Find the probability that one of these values is less
than 1.5 and the other two are greater than 1.5. [5]
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147. 9709 w18 qp 71 Q: 6
The random variable X has probability density function given by

-1 <x<
f(x)—{kx 2\x\.6,
0 otherwise,

where k is a constant.

1

(i) Show that k = —. (2]
In3
(ii) Show that E(X) = 3.64, correct to 3 significant figures. [3]

= EXAMINENT

== Eminent Exam Preparation Resources

-WWW.EXAMINENT,COM




204 CHAPTER 3. CONTINUOUS RANDOM VARIABLES

(iii) Given that the median of X is m, find P(m < X < E(X)). [4]
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148. 9709 w18 qp 72 Q: 4

The time, X hours, taken by a large number of runners to complete a race is modelled by the probability
density function given by

k
5 0<x<a,
f(.X) = (x + 1)
0 otherwise,
where k and a are constants.
. a+1

(i) Show that k = — [3]
(ii) State what the constant a represents in this context. [1]
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Three quarters of the runners take half an hour or less to complete the race.

(iii) Find the value of a. [3]
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149. 9709 w18 qp 73 Q: 6
The random variable X has probability density function given by

-1 <x<
f(x)—{kx 2\x\.6,
0 otherwise,

where k is a constant.

1

(i) Show that k = —. (2]
In3
(ii) Show that E(X) = 3.64, correct to 3 significant figures. [3]
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(iii) Given that the median of X is m, find P(m < X < E(X)). [4]
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150. 9709 _m17_qp_72 Q: 5

(@)
fi(x) >(x)
A /D ki
r ! T ¥ —» X ¢ f t * —» X T —» X
2 -1 0 1 2 =2 -1 o0 1 2 =2

The diagram shows the graphs of three functions, f,, f, and f;. The function f, is a probability
density function.

(i) State the value of k. [1]

2]

= EXAMINENT

== Eminent Exam Preparation Resources

-WWW.EXAMINENT,COM




210 CHAPTER 3. CONTINUOUS RANDOM VARIABLES

(b) The probability density function g is defined by

()_{ 6(a® - x?) —a<x<a,

otherwise,

where a is a constant.

(i) Show thata = 1. [3]
(ii) State the value of E(X) [1]
(iii) Find Var(X) [2]
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151. 9709 _s17_qp_71 Q: 4

f(x)
A

[, 3

The time, X minutes, taken by a large number of runners to complete a certain race has probability
density function f given by

E 5<x< 10,
f(x) =13 x?
0 otherwise,

where k is a constant, as shown in the diagram.

(i) Without calculation, explain how you can tell that there were more runners whose times were
below 7.5 minutes than above 7.5 minutes. [1]
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(iii) Find E(X). [3]
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152. 9709 _s17_qp_72 Q: 5

Q e ————

The diagram shows the graph of the probability density function, f, of a random variable X which
takes values between 0 and a only. It is given that P(X < 1) = 0.25.

(i) Find, in any order,
(@) P(X<2),
(b) the value of a,

(o f(x).
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(ii) Find the median of X. [3]
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153. 9709_s17_qp_73 Q: 6

f(x)

The diagram shows the graph of the probability density function, f, of a continuous random variable
X, where T is defined by

2
f(x):{k(x—x) 0<x<1,
otherwise.

(i) Show that the value of the constant k is 6. [3]
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(iii) Find P(04 < X < 2). [3]
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154. 9709 w17 _qp 71 Q: 5

A continuous random variable, X, has probability density function given by

f(x)_{i(x+1) 0<x<2,

0 otherwise.

(i) Find E(X). [3]
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155. 9709 w17 _qp 72 Q: 4

The random variable X has probability density function given by

k
— O<x<a,

f(x) =4 Vx
0 otherwise,

where k and a are constants. It is given that E(X) =

(i) Find the value of @ and show that k = %. [7]
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156. 9709 w17 _qp 73 Q: 5

A continuous random variable, X, has probability density function given by

(x)_{l(x+1) 0<x<2,

0 otherwise.

(i) Find E(X). 3]
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157. 9709_m16_qp 72 Q: 7

(a)

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

2 2
f(x)={§(3x_x) 0<x<3,

0 otherwise.
(i) State the value of E(X) and find Var(X). [4]
(ii) State the value of P(1.5 € X <4). [1]
(iii) GiventhatP(1<X <2) = % find P(X > 2). [2]

(b) A random variable, W, has probability density function given by

aw 0sw<gb,
g(w) = .
0 otherwise,
where a and b are constants. Given that the median of W is 2, find a and b. [4]

158. 9709 _s16_qp_71 Q: 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

22— <x<
f(x):{kx (2-x) O\X\.z’
otherwise,

where k is a constant.

(i) State the greatest possible distance travelled by the coin in one turn. [1]
(ii) Show that k = 3. [3]
(iif) 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]
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159. 9709 _s16_qp 72 Q: 7

()

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

_x2 <x<
f(x):{k(z.zs x%) O\x\‘l.S,
0 otherwise,

where k is a constant.
(i) Show that k = 3. [3]

(ii) 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? —x2 0<x<a,
ox) = { (@" =) .
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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160. 9709 s16_qp_73 Q: 5
The time, T minutes, taken by people to complete a test has probability density function given by

- <1<
f(t):{k(IOr ?)  5<t<10,
0 otherwise,

where k is a constant.

(i) Show that k = 3. [3]

(ii) Find E(T). [3]
(iii) Find the probability that a randomly chosen value of 7T lies between E(7") and the median of 7.

[3]

(iv) State the greatest possible length of time taken to complete the test. [1]
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161. 9709 w16 _qp 71 Q: 6

W, X A
I
I
|
|
|
I
> W | » X
0 1 2 3 4 0 1 2 3 4
Y A Z A
|
| \
' >V : . > Z
0 1 2 3 4 0 1 2 3 4

The diagrams show the probability density functions of four random variables W, X, Y and Z. Each
of the four variables takes values between 0 and 3 only, and their medians are My, My, My, and m,
respectively.

(i) List my,, m,, m, and m, in order of size, starting with the largest. [2]

(ii) The probability density function of X is given by

£) {S%XB 0<x<3,
X) =

0 otherwise.
(a) Show that E(X) = 12. (3]
(b) Calculate P(X > E(X)). (3]
(c) Write down the value of P(X < 2E(X)). [1]
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162. 9709 w16 _qp 72 Q: 6

| X )
|
|
|
|
|
|
- e > x
0o 1 2 3 4 0o 1 2 3 4
Y 3 Z
|
I \
'=y — > Z
o 1 2 3 4 0o 1 2 3 4

The diagrams show the probability density functions of four random variables W, X, Y and Z. Each
of the four variables takes values between 0 and 3 only, and their medians are My, My, My, and m,
respectively.

(i) List My, My, M and m

in order of size, starting with the largest. [2]

Y z

(ii) The probability density function of X is given by

£) {%J@ 0<x<3,
x) =

0 otherwise.
(a) Show that E(X) = 12. [3]
(b) Calculate P(X > E(X)). [3]
(c) Write down the value of P(X < 2E(X)). [1]
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163. 9709 w16 _qp 73 Q: 8

8
W X
| |
! !
! !
! |
. - = W X
-3 0 3 =3 0 3
Y z
| !
! !
y z
-3 0 3 ' -3 0 3

The diagrams show the probability density functions of four random variables W, X, ¥ and Z. Each
of the four variables takes values between —3 and 3 only, and their standard deviations are oy, oy. oy
and o, respectively.

(i) List Gyy» Oy Oy and Gy in order of size, starting with the largest. [2]

(ii) The probability density function of X is given by

1.2
£(x) = {ﬁx -3<x<3,
0 otherwise.
(a) Show that o, = 2.32 correct to 3 significant figures. [3]
(b) Calculate P(X > oy). [3]
(c) Write down the value of P(X > 20,). [1]
164. 9709 _s15_qp 71 Q: 1
f(x)
A
adb — — — — — — —
|
|
|
|
|
|
|
0 a

The random variable X has probability density function, f, as shown in the diagram, where a is a
constant. Find the value of a and hence show that E(X) = 0.943 correct to 3 significant figures. [5]
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227

The waiting time, 7" minutes, for patients at a doctor’s surgery has probability density function given

by
- <rg
fm:{k(zzs )  0<r<15,
otherwise,

where k is a constant.

(i) Show that k = 5. [3]
(ii) Find the probability that a patient has to wait for more than 10 minutes. [3]
(iii) Find the mean waiting time. [4]
166. 9709 s15_qp 73 Q: 7
The probability density function of the random variable X is given by
f(x)z{%x(c—x) 0<x<e,
0 otherwise,
where ¢ is a constant.
(i) Show that ¢ = 2. [3]
(i) Sketch the graph of y = f(x) and state the median of X. [3]
(iii) Find P(X < L.5). (4]
(iv) Hence write down the value of P(0.5 < X < 1). [1]
167. 9709 w15 _qp 71 Q: 4
A random variable X has probability density function given by
- SXE
£ = {]5(3 K ithe/:wisze’,
where k is a constant.
(i) Show thatk = 2. [3]
(ii) Find the median of X. [4]
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168. 9709 w15 qp 73 Q: 4
A random variable X has probability density function given by

£(x) = {k(4—x2) -2<x<2,

otherwise,

where k is a constant.

(i) Show that k = 3. [3]
(ii) Sketch the graph of y = f(x) and hence write down the value of E(X). [2]
(iii) Find P(X < 1). [3]
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169. 9709 _m22 qp 62 Q:1
The lengths, in millimetres, of a random sample of 12 rods made by a certain machine are as follows.

200 201 198 202 200 199 199 201 197 202 200 199

(a) Find unbiased estimates of the population mean and variance. [3]
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170. 9709 m22 qp 62 Q: 3

A random sample of 500 households in a certain town was chosen. Using this sample, a confidence
interval for the proportion, p, of all households in that town that owned two or more cars was found
to be 0.355 < p < 0.445.

Find the confidence level of this confidence interval. Give your answer correct to the nearest integer.

[51
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171. 9709 _s22 qp 61 Q: 1

The diameters, x millimetres, of a random sample of 200 discs made by a certain machine were
recorded. The results are summarised below.

n =200 rx = 2520 rx? =31852

(a) Calculate a 95% confidence interval for the population mean diameter. [6]

(b) Jean chose 40 random samples and used each sample to calculate a 95% confidence interval for
the population mean diameter.

How many of these 40 confidence intervals would be expected to include the true value of the
population mean diameter? [1]
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172. 9709 _s22 qp 62 Q: 1

(a) A javelin thrower noted the lengths of a random sample of 50 of her throws. The sample mean
was 72.3m and an unbiased estimate of the population variance was 64.3 m”.

Find a 92% confidence interval for the population mean length of throws by this athlete. [3]

(b) A discus thrower wishes to calculate a 92% confidence interval for the population mean length
of his throws. He bases his calculation on his first 50 throws in a week.

Comment on this method. [1]
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173. 9709 s22 qp 63 Q: 6
A random sample of 5 values of a variable X is given below.

2 3 3 5 a

(a) Find an expression, in terms of a, for the mean of these values. [1]

It is given that an unbiased estimate of the population variance of X, using these values, is 4. Itis also
given that a is positive.

(b) Find and simplify a quadratic equation in terms of @ and hence find the value of a. [3]
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174. 9709 _m21 qp 62 Q:1

A construction company notes the time, ¢ days, that it takes to build each house of a certain design.
The results for a random sample of 60 such houses are summarised as follows.

Y= 4820 Y% = 392050

(a) Calculate a 98% confidence interval for the population mean time. [6]
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175. 9709 _s21_qp_ 61 Q:2
The time, in minutes, taken by students to complete a test has the distribution N(125, 36).

(a) Find the probability that the mean time taken to complete the test by a random sample of
40 students is less than 123 minutes. [3]

(b) Explain whether it was necessary to use the Central Limit theorem in the solution to part (a).

[1]
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176. 9709 _s21_qp_61 Q: 4

100 randomly chosen adults each throw a ball once. The length, / metres, of each throw is recorded.
The results are summarised below.

n=100 Y/ =3820 Y2 = 182200

Calculate a 94% confidence interval for the population mean length of throws by adults. [6]
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177. 9709 _s21_qp_62 Q: 6

The heights, h centimetres, of a random sample of 100 fully grown animals of a certain species were
measured. The results are summarised below.

n =100 Th=7570 T h? = 588050

(a) Find unbiased estimates of the population mean and variance. [3]
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Four random samples were taken and a 99% confidence interval for the population mean, p, was found
from each sample.

(c) Find the probability that all four of these confidence intervals contain the true value of u. [2]
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178. 9709 _s21 _qp 63 Q: 4
The masses, m kilograms, of flour in a random sample of 90 sacks of flour are summarised as follows.

n=90 Xm = 4509 £m? = 225950

(a) Find unbiased estimates of the population mean and variance. [3]
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(b) Calculate a 98% confidence interval for the population mean. [3]

(d) Find the probability that the confidence interval found in part (b) is wholly above the true value
of the population mean. [2]
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179. 9709 w21 _qp 61 Q:1

It is known that the height H, in metres, of trees of a certain kind has the distribution N(12.5, 10.24).
A scientist takes a random sample of 25 trees of this kind and finds the sample mean, H, of the heights.

(a) State the distribution of H, giving the values of any parameters. [2]
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180. 9709 w21 qp 61 Q: 3

A random sample of 75 students at a large college was selected for a survey. 15 of these students
said that they owned a car. From this result an approximate «% confidence interval for the proportion
of all students at the college who own a car was calculated. The width of this interval was found to
be 0.162.

Calculate the value of « correct to 2 significant figures. [5]
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181. 9709 w21 _qp 61 Q: 6

The random variable T denotes the time, in seconds, for 100 m races run by Tania. T is normally
distributed with mean u and variance ¢°. A random sample of 40 races run by Tania gave the following
results.

n=40 Lr=560 X’ =7850
(a) Calculate unbiased estimates of u and o°. [3]
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The random variable .S denotes the time, in seconds, for 100 m races run by Suki. S has the independent
distribution N(14.2, 0.3).

(b) Using your answers to part (a), find the probability that, in a randomly chosen 100 m race, Suki’s
time will be at least 0.1 s more than Tania’s time. [5]
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182. 9709 w21 _qp 62 Q:1

The mass, in kilograms, of a block of cheese sold in a supermarket is denoted by the random variable M.
The masses of a random sample of 40 blocks are summarised as follows.

n=40  Im=20.50 Im’=10.7280

(a) Calculate unbiased estimates of the population mean and variance of M. [3]

(b) The price, $P, of a block of cheese of mass M kg is found using the formula P = 11M + 0.50.

Find estimates of the population mean and variance of P. [3]
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183. 9709 w21 _qp 62 Q: 2

Andy and Jessica are doing a survey about musical preferences. They plan to choose a representative
sample of six students from the 256 students at their college.

(a) Andy suggests that they go to the music building during the lunch hour and choose six students
at random from the students who are there.

Give a reason why this method is unsatisfactory. [1]

(b) Jessica decides to use another method. She numbers all the students in the college from 1 to 256.
Then she uses her calculator and generates the following random numbers.

204393 162007 204028 587119 207395

From these numbers, she obtains six student numbers. The first three of her student numbers are
204, 162 and 7.

Continue Jessica’s method to obtain the next three student numbers. [2]
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184. 9709 w21 _qp 62 Q: 3

The probability that a certain spinner lands on red on any spin is p. The spinner is spun 140 times
and it lands on red 35 times.

(a) Find an approximate 96% confidence interval for p. [3]

From three further experiments, Jack finds a 90% confidence interval, a 95% confidence interval and
a 99% confidence interval for p.

(b) Find the probability that exactly two of these confidence intervals contain the true value of p.

[31
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185. 9709 w21 qp 63 Q: 1

It is known that the height H, in metres, of trees of a certain kind has the distribution N(12.5, 10.24).
A scientist takes a random sample of 25 trees of this kind and finds the sample mean, H, of the heights.

(a) State the distribution of H, giving the values of any parameters. [2]
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186. 9709 w21 qp 63 Q: 3

A random sample of 75 students at a large college was selected for a survey. 15 of these students
said that they owned a car. From this result an approximate «% confidence interval for the proportion
of all students at the college who own a car was calculated. The width of this interval was found to
be 0.162.

Calculate the value of « correct to 2 significant figures. [5]
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187. 9709 w21 _qp 63 Q: 6

The random variable T denotes the time, in seconds, for 100 m races run by Tania. 7 is normally
distributed with mean u and variance ¢°. A random sample of 40 races run by Tania gave the following
results.

n=40 Lr=560  Xr’=7850
(a) Calculate unbiased estimates of u and o°. [3]
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The random variable .S denotes the time, in seconds, for 100 m races run by Suki. S has the independent
distribution N(14.2, 0.3).

(b) Using your answers to part (a), find the probability that, in a randomly chosen 100 m race, Suki’s
time will be at least 0.1 s more than Tania’s time. [5]
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188. 9709 _m20 qp 62 Q: 2

Lengths of a certain species of lizard are known to be normally distributed with standard deviation
3.2 cm. A naturalist measures the lengths of a random sample of 100 lizards of this species and obtains
an a% confidence interval for the population mean. He finds that the total width of this interval is
1.25 cm.

Find a. [5]
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189. 9709 s20 qp 61 Q: 1
The lengths, X centimetres, of a random sample of 7 leaves from a certain variety of tree are as follows.

5.2 4.8 5.5 6.1 4.8 3.9 4.4

(a) Calculate unbiased estimates of the population mean and variance of X. [3]

It is now given that the true value of the population variance of X is 0.55, and that X has a normal
distribution.

(b) Find a 95% confidence interval for the population mean of X. [3]
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190. 9709 20 qp_ 63 Q: 1
A random sample of 100 values of a variable X is taken. These values are summarised below.

n =100 rx = 1556 rx? = 29004

Calculate unbiased estimates of the population mean and variance of X. [3]
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191. 9709 _s20_qp_63 Q: 5

Sunita has a six-sided die with faces marked 1, 2, 3, 4, 5, 6. The probability that the die shows a six
on any throw is p. Sunita throws the die 500 times and finds that it shows a six 70 times.

(a) Calculate an approximate 99% confidence interval for p. [4]
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(¢) Sunita uses the result of her 500 throws to calculate an a% confidence interval for p. This interval
has width 0.04.

Find the value of «. [5]
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192. 9709 w20 _qp 61 Q: 2
In a survey, a random sample of 250 adults in Fromleigh were asked to fill in a questionnaire about

their travel.

(a) Tt was found that 102 adults in the sample travel by bus. Find an approximate 90% confidence
interval for the proportion of all the adults in Fromleigh who travel by bus. [3]
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(b) The survey included a question about the amount, x dollars, spent on travel per year. The results
are summarised as follows.

n =250 Xx =50460 rx? = 19854200

Find unbiased estimates of the population mean and variance of the amount spent per year on
travel. [3]

A councillor wanted to select a random sample of houses in Fromleigh. He planned to select the first
house on each of the 143 streets in Fromleigh.

(¢) Explain why this would not provide a random sample. [1]
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193. 9709 w20 _qp_ 62 Q: 2
A six-sided die has faces marked 1, 2, 3, 4, 5, 6. When the die is thrown 300 times it shows a six on
56 throws.

(a) Calculate an approximate 96% confidence interval for the probability that the die shows a six on
one throw. [3]

(b) Maroulla claims that the die is biased.

Use your answer to part (a) to comment on this claim. [1]
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194. 9709 w20 _qp_ 63 Q: 2

In a survey, a random sample of 250 adults in Fromleigh were asked to fill in a questionnaire about
their travel.

(a) It was found that 102 adults in the sample travel by bus. Find an approximate 90% confidence
interval for the proportion of all the adults in Fromleigh who travel by bus. [3]

= EXAMINENT

== Eminent Exam Preparation Resources

-WWW.EXAMINENT,COM




262 CHAPTER 4. SAMPLING AND ESTIMATION

(b) The survey included a question about the amount, x dollars, spent on travel per year. The results
are summarised as follows.

n =250 Yx =50460 x? = 19854200

Find unbiased estimates of the population mean and variance of the amount spent per year on
travel. [3]

A councillor wanted to select a random sample of houses in Fromleigh. He planned to select the first
house on each of the 143 streets in Fromleigh.

(c) Explain why this would not provide a random sample. [1]
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195. 9709 _ml19 qp 72 Q:1

The masses of a certain variety of plums are known to have standard deviation 13.2g. A random
sample of 200 of these plums is taken and the mean mass of the plums in the sample is found to be
62.3¢g.

(i) Calculate a 98% confidence interval for the population mean mass. [3]

(ii) State with a reason whether it was necessary to use the Central Limit theorem in the calculation
in part (i). [1]
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196. 9709 m19 qp 72 Q: 4

The lifetimes, X hours, of a random sample of 50 batteries of a certain kind were found. The results
are summarised by Lx = 420 and £x? = 27 530.

(i) Calculate an unbiased estimate of the population mean of X and show that an unbiased estimate
of the population variance is 490, correct to 3 significant figures. [3]
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(if) The lifetimes of a further large sample of n batteries of this kind were noted, and the sample mean,
X, was found. Use your estimates from part (i) to find the value of n such that P(X > 5) = 0.9377.
[4]
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197. 9709 _s19_qp_71 Q: 6

Ramesh plans to carry out a survey in order to find out what adults in his town think about local sports
facilities. He chooses a random sample from the adult members of a tennis club and gives each of
them a questionnaire.

(i) Give a reason why this will not result in Ramesh having a random sample of adults who live in
the town. [1]

(ii) Describe briefly a valid method that Ramesh could use to choose a random sample of adults in
the town. [2]

Ramesh now uses a valid method to choose a random sample of 350 adults from the town. He finds
that 47 adults think that the local sports facilities are good.

(iii) Calculate an approximate 90% confidence interval for the proportion of all adults in the town
who think that the local sports facilities are good. [4]
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(iv) Ramesh calculates a confidence interval whose width is 1.25 times the width of this 90%
confidence interval. Ramesh’s new interval is an x% confidence interval. Find the value of x.
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198. 9709 s19_qp 73 Q: 1

A coin is thrown 100 times and it shows heads 60 times. Calculate an approximate 98% confidence
interval for the probability, p, that the coin shows heads on any throw. [3]
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199. 9709 _s19_qp_73 Q: 2

The length of worms is denoted by X cm. The lengths of a random sample of 50 worms were measured.
Some of the results were lost, but the following results are available.

e Yx?=4361

¢ An unbiased estimate of the population variance of X is 9.62.

Calculate the mean length of the 50 worms. [3]
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200. 9709 _s19_qp_73 Q: 3

Luis has to choose one person at random from four people, A, B, C and D. He throws a fair six-sided
die. If the score is 1, he will choose A. If the score is 2 he will choose B. If the score is 3, he will
choose C. If the score is 4 or more he will choose D.

(i) Explain why the choice made by this method is not random. [1]

On another day, Luis has to choose two people at random from the same four people, A, B, C and D.

(iii) List the possible choices of two people and hence describe how Luis could use a single throw of
the die to make this random choice. [2]
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201. 9709 w19 qp 72 Q: 3

The masses, in grams, of bags of flour are normally distributed with mean p. The masses, m grams,
of a random sample of 50 bags are summarised by £m = 25110 and £m? = 12610 300.

(i) Calculate a 96% confidence interval for u, giving the end-points correct to 1 decimal place. [6]
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Another random sample of 50 bags of flour is taken and a 99% confidence interval for u is calculated.

(ii) Without calculation, state whether this confidence interval will be wider or narrower than the
confidence interval found in part (i). Give a reason for your answer. [1]
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202. 9709 w19 qp_ 73 Q: 3

The times, in minutes, taken by competitors to complete a puzzle have mean u and standard deviation 3.
The times taken by a random sample of 10 competitors are noted and the results are given below.

252 268 185 255 30.1 289 270 261 260 249

(i) Stating a necessary assumption, calculate a 97% confidence interval for p. [5]
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(ii) Two more random samples, each of 10 competitors, are taken. Their times are used to calculate
two more 97% confidence intervals for p. Find the probability that neither of these intervals
contains the true value of u. [1]
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203. 9709 _ml18 qgp 72 Q:1

X is a random variable with mean 4.9 and standard deviation 2.21. A random sample of 75 values of
X is taken. Find the probability that the sample mean is greater than 5.0. [3]
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204. 9709 m18 qp 72 Q: 7

A nutritionist wishes to investigate the mean sugar content in some cereal bars. He takes a random
sample of 10 of the bars and measures the mass, in grams, of sugar in each bar. His results are shown
below.

11.9 11.7 11.8 11.9 11.6 12.1 11.7 119 11.8 119
Assume that the mass, in grams, of sugar in bars of this type has the distribution N(u, 0.01).

(i) Calculate a 99% confidence interval for p. [4]

(ii) Explain whether it was necessary to use the Central Limit theorem in the calculation in part (i).

[1]
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(iiif) The manufacturer claims that the mean mass of sugar in bars of this type is 11.7 g. Explain why
your answer to part (i) does not support this claim. [1]

(iv) The manufacturer suggests that a 95% confidence interval would be more likely to support
his claim than a 99% confidence interval. Without doing a calculation, explain whether this
suggestion is correct. [1]

(v) Itisthought that the value of 0.01 for the population variance may not be correct. Use the values
in the sample to calculate an unbiased estimate of the population variance. [3]

= EXAMINENT

== Eminent Exam Preparation Resources

-WWW.EXAMINENT,COM




278 CHAPTER 4. SAMPLING AND ESTIMATION

205. 9709 _s18 qp 71 Q: 1

A random sample of 75 values of a variable X gave the following results.
n=15 Tx=1532 rx? =340.24

Find unbiased estimates for the population mean and variance of X. [3]
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206. 9709 _s18 qp_ 71 Q: 2

A six-sided die is suspected of bias. The die is thrown 100 times and it is found that the score is 2 on
20 throws. Itis given that the probability of obtaining a score of 2 on any throw is p.

(i) Find an approximate 94% confidence interval for p. [3]
(ii) Use your answer to part (i) to comment on whether the die may be biased. [1]
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207. 9709 _s18 qp_72 Q:3

The management of a factory wished to find a range within which the time taken to complete a
particular task generally lies. It is given that the times, in minutes, have a normal distribution with
mean u and standard deviation 6.5. A random sample of 15 employees was chosen and the mean time
taken by these employees was found to be 52 minutes.

(i) Calculate a 95% confidence interval for p. [3]

Later another 95% confidence interval for u was found, based on a random sample of 30 employees.

(ii) State, with a reason, whether the width of this confidence interval was less than, equal to or
greater than the width of the previous interval. [1]
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208. 9709 _s18 qp_73 Q: 2

Amy has to choose a random sample from the 265 students in her year at college. She numbers the
students from 1 to 265 and then uses random numbers generated by her calculator. The first two
random numbers produced by her calculator are 0.213 165 448 and 0.073 165 196.

(i) Use these figures to find the numbers of the first four students in her sample. [2]

There were 25 students in Amy’s sample. She asked each of them how much money, $x, they earned
in a week, on average. Her results are summarised below.

n=25 Lx=510 £x? =13225
(ii) Find unbiased estimates of the population mean and variance. [3]
(iif) Explain briefly what is meant by ‘population’ in this question. [1]
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209. 9709 _s18 qp_73 Q: 3

A researcher wishes to estimate the proportion, p, of houses in London Road that have only one
occupant. He takes a random sample of 64 houses in London Road and finds that 8 houses in the
sample have only one occupant. Using this sample, he calculates that an approximate «% confidence
interval for p has width 0.130. Find « correct to the nearest integer. [5]
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210. 9709 w18 qp 71 Q: 1

The standard deviation of the heights of adult males is 7.2cm. The mean height of a sample of 200
adult males is found to be 176 cm.

(i) Calculate a 97.5% confidence interval for the mean height of adult males. [3]
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211. 9709 _wl18 gp 71 Q:3

A population has mean 12 and standard deviation 2.5. A large random sample of size n is chosen
from this population and the sample mean is denoted by X. Given that P(X < 12.2) = 0.975, correct
to 3 significant figures, find the value of n. [4]
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212. 9709 w18 qgp 72 Q:2

The standard deviation of the volume of drink in cans of Koola is 4.8 centilitres. A random sample of
180 cans is taken and the mean volume of drink in these 180 cans is found to be 330.1 centilitres.

(i) Calculate a 95% confidence interval for the mean volume of drink in all cans of Koola. Give the
end-points of your interval correct to 1 decimal place. [3]

(ii) Explain whether it was necessary to use the Central Limit theorem in your answer to part (i).

[1]
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213. 9709 w18 qp 72 Q: 7
The independent random variables X and Y have the distributions Po(2.1) and Po(3.5) respectively.

(i) FindP(X+Y =3). 2]
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(iii) A random sample of 100 values of X is taken. Find the probability that the sample mean is more
than 2.2. [6]
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214. 9709 _wl18 gp 73 Q:1

The standard deviation of the heights of adult males is 7.2cm. The mean height of a sample of 200
adult males is found to be 176 cm.

(i) Calculate a 97.5% confidence interval for the mean height of adult males. [3]
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215. 9709 w18 qp_ 73 Q: 3

A population has mean 12 and standard deviation 2.5. A large random sample of size n is chosen
from this population and the sample mean is denoted by X. Given that P(X < 12.2) = 0.975, correct
to 3 significant figures, find the value of n. [4]
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216. 9709 _ml17 gp 72 Q:1

In a survey, 36 out of 120 randomly selected voters in Hungton said that if there were an election next
week they would vote for the Alpha party. Calculate an approximate 90% confidence interval for the
proportion of voters in Hungton who would vote for the Alpha party. 4]
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217. 9709 ml7 qp 72 Q: 3

The length, in centimetres, of a certain type of snake is modelled by the random variable X with mean
52 and standard deviation 6.1. A random sample of 75 snakes is selected, and the sample mean, X, is
found.

(i) Find P(51 <X < 53). [4]

(ii) Explain why it was necessary to use the Central Limit theorem in the solution to part (i). [1]
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218. 9709 _s17_qp_71 Q:3

(a) The waiting time at a certain bus stop has variance 2.6 minutes’>. For a random sample of
75 people, the mean waiting time was 7.1 minutes. Calculate a 92% confidence interval for the
population mean waiting time. [3]
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(b) A researcher used 3 random samples to calculate 3 independent 92% confidence intervals. Find
the probability that all 3 of these confidence intervals contain only values that are greater than
the actual population mean. [2]

(¢) Another researcher surveyed the first 75 people who waited at a bus stop on a Monday morning.
Give a reason why this sample is unsuitable for use in finding a confidence interval for the mean
waiting time. [1]
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219. 9709 s17_qp 72 Q: 1

In a survey of 2000 randomly chosen adults, 1602 said that they owned a smartphone. Calculate an
approximate 95% confidence interval for the proportion of adults in the whole population who own a
smartphone. [4]
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220. 9709 _s17_qp_73 Q: 1

A residents’ association has 654 members, numbered from 1 to 654. The secretary wishes to send a
questionnaire to a random sample of members. In order to choose the members for the sample she
uses a table of random numbers. The first line in the table is as follows.

1096 4357 3765 0431 (0928 9264

The numbers of the first two members in the sample are 109 and 643. Find the numbers of the next
three members in the sample. [3]
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221. 9709 _s17_qp_73 Q: 2

In a random sample of 200 shareholders of a company, 103 said that they wanted a change in the
management.

(i) Find an approximate 92% confidence interval for the proportion, p, of all shareholders who want
a change in the management. [3]
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222.9709 w17 _gp 71 Q:3

After an election 153 adults, from a random sample of 200 adults, said that they had voted. Using this
information, an a% confidence interval for the proportion of all adults who voted in the election was
found to be 0.695 to 0.835, both correct to 3 significant figures. Find the value of «, correct to the
nearest integer. [4]
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223. 9709 w17 qp 71 Q: 4

The lengths, in millimetres, of rods produced by a machine are normally distributed with mean u
and standard deviation 0.9. A random sample of 75 rods produced by the machine has mean length
300.1 mm.

(i) Find a 99% confidence interval for u, giving your answer correct to 2 decimal places. [3]

The manufacturer claims that the machine produces rods with mean length 300 mm.

(ii) Use the confidence interval found in part (i) to comment on this claim. [1]
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224. 9709 w17 _qgp 72 Q:2

The number of words in History essays by students at a certain college has mean u and standard
deviation 1420.

(i) The mean number of words in a random sample of 125 History essays was found to be 4820.
Calculate a 98% confidence interval for u. [3]

(ii) Another random sample of n History essays was taken. Using this sample, a 95% confidence
interval for yu was found to be 4700 to 4980, both correct to the nearest integer. Find the value
of n. [3]
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225. 9709 w17 _qp_ 73 Q: 3

After an election 153 adults, from a random sample of 200 adults, said that they had voted. Using this
information, an e% confidence interval for the proportion of all adults who voted in the election was
found to be 0.695 to 0.835, both correct to 3 significant figures. Find the value of «, correct to the
nearest integer. [4]
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226. 9709 w17 _qp_ 73 Q: 4

The lengths, in millimetres, of rods produced by a machine are normally distributed with mean u
and standard deviation 0.9. A random sample of 75 rods produced by the machine has mean length
300.1 mm.

(i) Find a 99% confidence interval for u, giving your answer correct to 2 decimal places. [3]

The manufacturer claims that the machine produces rods with mean length 300 mm.

(ii) Use the confidence interval found in part (i) to comment on this claim. [1]
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227. 9709 _ml6_qp 72 Q: 5

The 150 oranges in a random sample from a certain supplier were weighed and the masses, X grams,
were recorded. The results are summarised below.

n =150 Xx=14910 rx? =1525000
(i) Calculate a 99% confidence interval for the population mean of X. [6]

(ii) The supplier claims that the mean mass of his oranges is 100 grams. Use your answer to part (i)
to explain whether this claim should be accepted. [1]

(iii) State briefly why the sample should be random. [1]

228. 9709 _s16_qp_ 71 Q: 2

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 5.9 4.8 8.7 3.5 2.9 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]

229. 9709 _s16_qp_71 Q: 3

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]
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230. 9709 _s16_qp_72 Q: 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]

231. 9709 _s16_qp_73 Q: 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]

232. 9709 s16_qp_73 Q: 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]
(iif) 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]

233. 9709 w16 _qp 71 Q: 1

The weights, in kilograms, of a random sample of eight 16-year old males are given below.
58.9 63.5 62.7 59.4 66.9 68.0 60.4 68.2

Find unbiased estimates of the population mean and variance of the weights of all 16-year old males.

(3]
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234. 9709 w16 _qp 71 Q: 5

(a) The masses, in grams, of certain tomatoes are normally distributed with standard deviation
9 grams. A random sample of 100 tomatoes has a sample mean of 63 grams. Find a 90%
confidence interval for the population mean mass of these tomatoes. [3]

(b) The masses, in grams, of certain potatoes are normally distributed with known population
standard deviation but unknown population mean. A random sample of potatoes is taken in
order to find a confidence interval for the population mean. Using a sample of size 50, a 95%
confidence interval is found to have width 8 grams.

(i) Using another sample of size 50, an a% confidence interval has width 4 grams. Find a. [3]

(ii) Find the sample size n, such that a 95% confidence interval has width 4 grams. [2]

235. 9709 w16 _qp 72 Q: 1

The weights, in kilograms, of a random sample of eight 16-year old males are given below.
58.9 63.5 62.7 59.4 66.9 68.0 60.4 68.2

Find unbiased estimates of the population mean and variance of the weights of all 16-year old males.

[31]

236. 9709 w16 _qp 72 Q: 5

(a) The masses, in grams, of certain tomatoes are normally distributed with standard deviation
9 grams. A random sample of 100 tomatoes has a sample mean of 63 grams. Find a 90%
confidence interval for the population mean mass of these tomatoes. [3]

(b) The masses, in grams, of certain potatoes are normally distributed with known population
standard deviation but unknown population mean. A random sample of potatoes is taken in
order to find a confidence interval for the population mean. Using a sample of size 50, a 95%
confidence interval is found to have width 8 grams.

(i) Using another sample of size 50, an a% confidence interval has width 4 grams. Find a. [3]

(if) Find the sample size n, such that a 95% confidence interval has width 4 grams. [2]
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237. 9709 w16 _qp_ 73 Q: 2

Dominic wishes to choose a random sample of five students from the 150 students in his year. He
numbers the students from 1 to 150. Then he uses his calculator to generate five random numbers
between 0 and 1. He multiplies each random number by 150 and rounds up to the next whole number
to give a student number.

(i) Dominic’s first random number is 0.392. Find the student number that is produced by this random
number. [1]

(i) Dominic’s second student number is 104. Find a possible random number that would produce
this student number. [1]

(iiif) Explain briefly why five random numbers may not be enough to produce a sample of five student
numbers. [1]

238. 9709_w16_qp_73 Q: 6

A variable X takes values 1, 2, 3, 4, 5, and these values are generated at random by a machine. Each
value is supposed to be equally likely, but it is suspected that the machine is not working properly. A
random sample of 100 values of X, generated by the machine, gives the following results.

n=100 T x =340 ¥ x% = 1356

(i) Find a 95% confidence interval for the population mean of the values generated by the machine.

[6]

(ii) Use your answer to part (i) to comment on whether the machine may be working properly. [2]

239. 9709 _s15_qp_71 Q: 5

The masses, m grams, of a random sample of 80 strawberries of a certain type were measured and
summarised as follows.

n =380 Xm = 4200 Im® = 229000

(i) Find unbiased estimates of the population mean and variance. [3]
(ii) Calculate a 98% confidence interval for the population mean. [3]

50 random samples of size 80 were taken and a 98% confidence interval for the population mean, g,
was found from each sample.

(iii) Find the number of these 50 confidence intervals that would be expected to include the true value
of u. [1]
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240. 9709 _s15_qp_72 Q: 5

The volumes, v millilitres, of juice in a random sample of 50 bottles of Cooljoos are measured and
summarised as follows.

n=>50 Xv = 14 800 v = 4390 000

(i) Find unbiased estimates of the population mean and variance. [3]

(i) An a% confidence interval for the population mean, based on this sample, is found to have a
width of 5.45 millilitres. Find «. [4]

Four random samples of size 10 are taken and a 96% confidence interval for the population mean is
found from each sample.

(iii) Find the probability that these 4 confidence intervals all include the true value of the population
mean. [2]

241. 9709 _s15_qp_73 Q: 1

Jyothi wishes to choose a representative sample of 5 students from the 82 members of her school year.

(i) She considers going into the canteen and choosing a table with five students from her year
sitting at it, and using these five people as her sample. Give two reasons why this method is
unsatisfactory. [2]

(ii) Jyothi decides to use another method. She numbers all the students in her year from 1 to 82.
Then she uses her calculator and generates the following random numbers.

231492 762305 346280

From these numbers, she obtains the student numbers 23, 14, 76, 5, 34 and 62. Explain how
Jyothi obtained these student numbers from the list of random numbers. [3]

242. 9709 _s15_qp_73 Q: 3

A die is biased so that the probability that it shows a six on any throw is p.

(i) In an experiment, the die shows a six on 22 out of 100 throws. Find an approximate 97%
confidence interval for p. [4]

(ii) The experiment is repeated and another 97% confidence interval is found. Find the probability
that exactly one of the two confidence intervals includes the true value of p. [2]
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243. 9709 s15_qp_73 Q: 4
The marks, x, of a random sample of 50 students in a test were summarised as follows.

n=>50 Xx = 1508 Lx?=51825

(i) Calculate unbiased estimates of the population mean and variance. [3]

(ii) Each student’s mark is scaled using the formula y = 1.5x + 10. Find estimates of the population
mean and variance of the scaled marks, y. [3]

244. 9709 _wlb _qgp 71 Q:2

The mean and standard deviation of the time spent by people in a certain library are 29 minutes and
6 minutes respectively.

(i) Find the probability that the mean time spent in the library by a random sample of 120 people is
more than 30 minutes. (4]

(ii) Explain whether it was necessary to assume that the time spent by people in the library is
normally distributed in the solution to part (i). [2]

245. 9709 _wl15_qp_71 Q: 3

Jagdeesh measured the lengths, x minutes, of 60 randomly chosen lectures. His results are summarised
below.

n =60 Y x = 3420 Y x? =195200

(i) Calculate unbiased estimates of the population mean and variance. [3]

(ii) Calculate a 98% confidence interval for the population mean. [3]

246. 9709 w15 qp 72 Q: 2

The mean and standard deviation of the time spent by people in a certain library are 29 minutes and
6 minutes respectively.

(i) Find the probability that the mean time spent in the library by a random sample of 120 people is
more than 30 minutes. (4]

(ii) Explain whether it was necessary to assume that the time spent by people in the library is
normally distributed in the solution to part (i). 2]
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247. 9709 w15 _qp 72 Q: 3

Jagdeesh measured the lengths, x minutes, of 60 randomly chosen lectures. His results are summarised
below.

n =60 Tx = 3420 Y x* = 195200

(i) Calculate unbiased estimates of the population mean and variance. [3]

(ii) Calculate a 98% confidence interval for the population mean. [3]

248. 9709 w15 _qp_73 Q: 1

It is known that the number, N, of words contained in the leading article each day in a certain
newspaper can be modelled by a normal distribution with mean 352 and variance 29. A researcher
takes a random sample of 10 leading articles and finds the sample mean, N, of N.

(i) State the distribution of N, giving the values of any parameters. [2]

(ii) Find P(N > 354). [3]

249. 9709 w15 _qp_73 Q: 3

From a random sample of 65 people in a certain town, the proportion who own a bicycle was noted.
From this result an a% confidence interval for the proportion, p, of all people in the town who own a
bicycle was calculated to be (0.284 < p < 0.516.

(i) Find the proportion of people in the sample who own a bicycle. [1]

(ii) Calculate the value of a correct to 2 significant figures. (4]
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250. 9709 _m22 qp 62 Q: 2

Harry has a five-sided spinner with sectors coloured blue, green, red, yellow and black. Harry thinks
the spinner may be biased. He plans to carry out a hypothesis test with the following hypotheses.

H,: P(the spinner lands on blue) =

N|— n|—

H,: P(the spinner lands on blue) #

Harry spins the spinner 300 times. It lands on blue on 45 spins.

Use a suitable approximation to carry out Harry’s test at the 5% significance level. [5]

EXAMINENT

Eminent Exam Preparation Resources



311

251. 9709 _m22 qp 62 Q:4

In the past the time, in minutes, taken by students to complete a certain challenge had mean 25.5
and standard deviation 5.2. A new challenge is devised and it is expected that students will take, on
average, less than 25.5 minutes to complete this challenge. A random sample of 40 students is chosen
and their mean time for the new challenge is found to be 23.7 minutes.

(a) Assuming that the standard deviation of the time for the new challenge is 5.2 minutes, test at
the 1% significance level whether the population mean time for the new challenge is less than
25.5 minutes. [5]

(b) State, with a reason, whether it is possible that a Type I error was made in the test in part (a).

[1]
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252. 9709 22 _qp_61 Q: 2

Arvind uses an ordinary fair 6-sided die to play a game. He believes he has a system to predict the
score when the die is thrown. Before each throw of the die, he writes down what he thinks the score
will be. He claims that he can write the correct score more often than he would if he were just guessing.
His friend Laxmi tests his claim by asking him to write down the score before each of 15 throws of
the die. Arvind writes the correct score on exactly 5 out of 15 throws.

Test Arvind’s claim at the 10% significance level. [5]
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253. 9709 22 qp_61 Q: 7

In the past, the mean time for Jenny’s morning run was 28.2 minutes. She does some extra training and
she wishes to test whether her mean time has been reduced. After the training Jenny takes a random
sample of 40 morning runs. She decides that if the sample mean run time is less than 27 minutes she
will conclude that the training has been effective. You may assume that, after the training, Jenny’s run
time has a standard deviation of 4.0 minutes.

(a) State suitable null and alternative hypotheses for Jenny’s test. [1]

(¢) Jenny found that the sample mean run time was 27.2 minutes.

Explain briefly whether it is possible for her to make a Type I error or a Type II error or both.

12]
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254. 9709 22 _qp_62 Q: 2

In the past, the mean height of plants of a particular species has been 2.3m. A random sample of
60 plants of this species was treated with fertiliser and the mean height of these 60 plants was found
to be 2.4m. Assume that the standard deviation of the heights of plants treated with fertiliser is 0.4 m.

Carry out a test at the 2.5% significance level of whether the mean height of plants treated with
fertiliser is greater than 2.3 m. [5]
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255. 9709 s22 qp 62 Q: 4

The number of cars arriving at a certain road junction on a weekday morning has a Poisson distribution
with mean 4.6 per minute. Traffic lights are installed at the junction and a council officer wishes to
test at the 2% significance level whether there are now fewer cars arriving. He notes the number of
cars arriving during a randomly chosen 2-minute period.

(a) State suitable null and alternative hypotheses for the test. [1]
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The officer notes that, during a randomly chosen 2-minute period on a weekday morning, exactly
5 cars arrive at the junction.

(c) Carry out the test. [2]

(d) State, with a reason, whether it is possible that a Type I error has been made in carrying out the
test in part (c). [1]

The number of cars arriving at another junction on a weekday morning also has a Poisson distribution
with mean 4.6 per minute.

(e) Use a suitable approximating distribution to find the probability that more than 300 cars will
arrive at this junction in an hour. [3]
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256. 9709 22 _qp_63 Q: 2

Anton believes that 10% of students at his college are left-handed. Aliya believes that this is an under-
estimate. She plans to carry out a hypothesis test of the null hypothesis p = 0.1 against the alternative
hypothesis p > 0.1, where p is the actual proportion of students at the college that are left-handed.
She chooses a random sample of 20 students from the college. She will reject the null hypothesis if
at least 5 of these students are left-handed.

(a) Explain what is meant by a Type I error in this context. [1]
(b) Find the probability of a Type I error in the test. [3]
(c) Given that the true value of p is 0.3, find the probability of a Type II error in the test. [2]
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257. 9709 _s22_qp_63 Q: 3

Batteries of type A are known to have a mean life of 150 hours. It is required to test whether a new
type of battery, type B, has a shorter mean life than type A batteries.

(a) Give a reason for using a sample rather than the whole population in carrying out this test. [1]

A random sample of 120 type B batteries are tested and it is found that their mean life is 147 hours,
and an unbiased estimate of the population variance is 225 hours”.

(b) Test, at the 2% significance level, whether type B batteries have a shorter mean life than type A
batteries. [5]
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258. 9709 m21 qp 62 Q: 3

An architect wishes to investigate whether the buildings in a certain city are higher, on average, than
buildings in other cities. He takes a large random sample of buildings from the city and finds the
mean height of the buildings in the sample. He calculates the value of the test statistic, z, and finds
that z =2.41.

(a) Explain briefly whether he should use a one-tail test or a two-tail test. [1]
(b) Carry out the test at the 1% significance level. [3]
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259. 9709 m21 qp 62 Q: 6

It is known that 8% of adults in a certain town own a Chantor car. After an advertising campaign, a
car dealer wishes to investigate whether this proportion has increased. He chooses a random sample
of 25 adults from the town and notes how many of them own a Chantor car.

(a) He finds that 4 of the 25 adults own a Chantor car.

Carry out a hypothesis test at the 5% significance level. [5]
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(b) Explain which of the errors, Type I or Type II, might have been made in carrying out the test in
part (a). (2]

Later, the car dealer takes another random sample of 25 adults from the town and carries out a similar
hypothesis test at the 5% significance level.

(c¢) Find the probability of a Type I error. [3]
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260. 9709 _s21_qp_61 Q: 8

At a certain large school it was found that the proportion of students not wearing correct uniform
was 0.15. The school sent a letter to parents asking them to ensure that their children wear the correct
uniform. The school now wishes to test whether the proportion not wearing correct uniform has been
reduced.

(a) Itis suggested that a random sample of the students in Grade 12 should be used for the test.

Give a reason why this would not be an appropriate sample. [1]

A suitable sample of 50 students is selected and the number not wearing correct uniform is noted.
This figure is used to carry out a test at the 5% significance level.

(b) State suitable null and alternative hypotheses. [1]

(¢) Use abinomial distribution to find the probability of a Type I error. You must justify your answer
fully. [5]
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(d) In fact 4 students out of the 50 are not wearing correct uniform.

State the conclusion of the test, explaining your answer. [2]
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261. 9709 _s21_qp 62 Q: 1

In a game, a ball is thrown and lands in one of 4 slots, labelled A, B, C and D. Raju wishes to test
whether the probability that the ball will land in slot A is 411

(a) State suitable null and alternative hypotheses for Raju’s test. [1]

The ball is thrown 100 times and it lands in slot A 15 times.

(b) Use a suitable approximating distribution to carry out the test at the 2% significance level. [5]
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262. 9709 _s21_qp_62 Q: 5

The time, in minutes, spent by customers at a particular gym has the distribution N(u, 38.2). In the
past the value of y has been 42.4. Following the installation of some new equipment the management
wishes to test whether the value of u has changed.

(a) State what is meant by a Type I error in this context. [1]

(b) The mean time for a sample of 20 customers is found to be 45.6 minutes.

Test at the 2.5% significance level whether the value of u has changed. [5]
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263. 9709 _s21_qp_63 Q: 2

In the past, the time, in hours, for a particular train journey has had mean 1.40 and standard deviation
0.12. Following the introduction of some new signals, it is required to test whether the mean journey
time has decreased.

(a) State what is meant by a Type II error in this context. [1]

(b) The mean time for a random sample of 50 journeys is found to be 1.36 hours.

Assuming that the standard deviation of journey times is still 0.12 hours, test at the 2.5%
significance level whether the population mean journey time has decreased. [5]

(c) State, with a reason, which of the errors, Type I or Type II, might have been made in the test in
part (b). [2]
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264. 9709 _s21_qp_63 Q: 3

The local council claims that the average number of accidents per year on a particular road is 0.8.
Jane claims that the true average is greater than 0.8. She looks at the records for a random sample of
3 recent years and finds that the total number of accidents during those 3 years was 5.

(a) Assume that the number of accidents per year follows a Poisson distribution.

(i) State null and alternative hypotheses for a test of Jane’s claim. [1]

(b) Jane finds that the number of accidents per year has been gradually increasing over recent years.

State how this might affect the validity of the test carried out in part (a)(ii). [1]
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265. 9709 w21 _qp 61 Q: 5

(a) The proportion of people having a particular medical condition is 1 in 100 000. A random sample
of 2500 people is obtained. The number of people in the sample having the condition is denoted
by X.

(i) State, with a justification, a suitable approximating distribution for X, giving the values of
any parameters. [2]
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(b) The percentage of people having a different medical condition is thought to be 30%. A researcher
suspects that the true percentage is less than 30%. In a medical trial a random sample of 28 people
was selected and 4 people were found to have this condition.

Use a binomial distribution to test the researcher’s suspicion at the 2% significance level. [5]

EXAMINENT

Eminent Exam Preparation Resources



331

266. 9709 w21 _qp 61 Q: 7

The masses, in grams, of apples from a certain farm have mean u and standard deviation 5.2. The
farmer says that the value of u is 64.6. A quality control inspector claims that the value of u is actually
less than 64.6. In order to test his claim he chooses a random sample of 100 apples from the farm.

(a) The mean mass of the 100 apples is found to be 63.5 g.

Carry out the test at the 2.5% significance level. [5]
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(b) Later another test of the same hypotheses at the 2.5% significance level, with another random
sample of 100 apples from the same farm, is carried out.

Given that the value of p is in fact 62.7, calculate the probability of a Type II error. [5]
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267. 9709 w2l qp_62 Q: 4

A certain kind of firework is supposed to last for 30 seconds, on average, after it is lit. An inspector
suspects that the fireworks actually last a shorter time than this, on average. He takes a random sample
of 100 fireworks of this kind. Each firework in the sample is lit and the time it lasts is noted.

(a) Give a reason why it is necessary to take a sample rather than testing all the fireworks of this
kind. [1]

Itis given that the population standard deviation of the times that fireworks of this kind last is 5 seconds.
(b) The mean time lasted by the 100 fireworks in the sample is found to be 29 seconds.

Test the inspector’s suspicion at the 1% significance level. [5]

(c) State with a reason whether the Central Limit theorem was needed in the solution to part (b).

[11
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268. 9709 w21 _qp 62 Q: 6

A machine is supposed to produce random digits. Bob thinks that the machine is not fair and that
the probability of it producing the digit O is less than %. In order to test his suspicion he notes the
number of times the digit 0 occurs in 30 digits produced by the machine. He carries out a test at the
10% significance level.

(a) State suitable null and alternative hypotheses. [1]

(b) Find the rejection region for the test. [4]

(c) State the probability of a Type I error. [1]
EXAMINENT

Eminent Exam Preparation Resources



335
It is now given that the machine actually produces a 0 once in every 40 digits, on average.

(d) Find the probability of a Type II error. [3]
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269. 9709 w21 _qp 63 Q: 5

(a) The proportion of people having a particular medical condition is 1 in 100 000. A random sample
of 2500 people is obtained. The number of people in the sample having the condition is denoted

by X.
(i) State, with a justification, a suitable approximating distribution for X, giving the values of
any parameters. [2]
(ii) Use the approximating distribution to calculate P(X > 0). [2]
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(b) The percentage of people having a different medical condition is thought to be 30%. A researcher
suspects that the true percentage is less than 30%. In a medical trial a random sample of 28 people
was selected and 4 people were found to have this condition.

Use a binomial distribution to test the researcher’s suspicion at the 2% significance level. [5]
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270. 9709 w21 _qp_63 Q: 7
The masses, in grams, of apples from a certain farm have mean u and standard deviation 5.2. The

farmer says that the value of uis 64.6. A quality control inspector claims that the value of u is actually
less than 64.6. In order to test his claim he chooses a random sample of 100 apples from the farm.

(a) The mean mass of the 100 apples is found to be 63.5 g.

Carry out the test at the 2.5% significance level. [5]
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(b) Later another test of the same hypotheses at the 2.5% significance level, with another random
sample of 100 apples from the same farm, is carried out.

Given that the value of p is in fact 62.7, calculate the probability of a Type II error. [5]
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271. 9709 _m20 qp_ 62 Q: 3

In the past, the mean time taken by Freda for a particular daily journey was 39.2 minutes. Following
the introduction of a one-way system, Freda wishes to test whether the mean time for the journey
has decreased. She notes the times, f minutes, for 40 randomly chosen journeys and summarises the
results as follows.

n=40  ELr=1504 X =57760
(a) Calculate unbiased estimates of the population mean and variance of the new journey time. [3]
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272. 9709 _m20 qp_ 62 Q: 7

A national survey shows that 95% of year 12 students use social media. Arvin suspects that the
percentage of year 12 students at his college who use social media is less than the national percentage.
He chooses a random sample of 20 students at his college and notes the number who use social media.
He then carries out a test at the 2% significance level.

(a) Find the rejection region for the test. [4]
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(b) Find the probability of a Type I error. [1]

(¢) Jimmy believes that the true percentage at Arvin’s college is 70%. Assuming that Jimmy is
correct, find the probability of a Type II error. [3]
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273. 9709 _s20_qp_61 Q: 2

In the past the yield of a certain crop, in tonnes per hectare, had mean 0.56 and standard deviation
0.08. Following the introduction of a new fertilizer, the farmer intends to test at the 2.5% significance
level whether the mean yield has increased. He finds that the mean yield over 10 years is (.61 tonnes
per hectare.

(a) State two assumptions that are necessary for the test. [2]
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274. 9709 s20 qp_ 61 Q: 4
A fair spinner has five sides numbered 1, 2, 3, 4, 5. The score on one spin is denoted by X.

(a) Show that Var(X) = 2. [1]

Fiona has another spinner, also with five sides numbered 1, 2, 3, 4, 5. She suspects that it is biased so
that the expected score is less than 3. In order to test her suspicion, she plans to spin her spinner 40
times. If the mean score is less than 2.6 she will conclude that her spinner is biased in this way.

(b) Find the probability of a Type I error. [4]
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275. 9709 _s20_qp_62 Q: 2

A shop obtains apples from a certain farm. It has been found that 5% of apples from this farm are
Grade A. Following a change in growing conditions at the farm, the shop management plan to carry
out a hypothesis test to find out whether the proportion of Grade A apples has increased. They select
25 apples at random. If the number of Grade A apples is more than 3 they will conclude that the
proportion has increased.

(a) State suitable null and alternative hypotheses for the test. [1]

In fact 2 of the 25 apples were Grade A.

(¢) Which of the errors, Type I or Type 11, is possible? Justify your answer. [2]
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347

The score on one spin of a 5-sided spinner is denoted by the random variable X with probability

distribution as shown in the table.

X 0 1

P(X=x)| 01 | 02

04

0.2

0.1

(a) Show that Var(X) = 1.2.

The spinner is spun 200 times. The score on each spin is noted and the mean, X, of the 200 scores is

found.

(b) Given that P(}? > a) = 0.1, find the value of a.
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(¢) Explain whether it was necessary to use the Central Limit theorem in your answer to part (b).

[1]

(d) Johann has another, similar, spinner. He suspects that it is biased so that the mean score is less
than 2. He spins his spinner 200 times and finds that the mean of the 200 scores is 1.86.

Given that the variance of the score on one spin of this spinner is also 1.2, test Johann’s suspicion
at the 5% significance level. [5]
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277. 9709 _s20_qp_63 Q: 3

The number of customers who visit a particular shop between 9.00 am and 10.00 am has the distribution
Po(A). In the past the value of A was 5.2. Following some new advertising, the manager wishes to test
whether the value of A has increased. He chooses a random sample of 20 days and finds that the total
number of customers who visited the shop between 9.00 am and 10.00 am on those days is 125.

Use an approximating distribution to test at the 2.5% significance level whether the value of A has
increased. [6]
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278. 9709 _s20 _qp_63 Q: 7

A market researcher is investigating the length of time that customers spend at an information desk.
He plans to choose a sample of 50 customers on a particular day.

(a) He considers choosing the first 50 customers who visit the information desk.

Explain why this method is unsuitable. [1]

The actual lengths of time, in minutes, that customers spend at the information desk may be assumed
to have mean u and variance 4.8. The researcher knows that in the past the value of p was 6.0. He
wishes to test, at the 2% significance level, whether this is still true. He chooses a random sample of
50 customers and notes how long they each spend at the information desk.

(b) State the probability of making a Type I error and explain what is meant by a Type I error in this
context. [2]
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(¢) Given that the mean time spent at the information desk by the 50 customers is 6.8 minutes, carry
out the test. [5]

(d) Give a reason why it was necessary to use the Central Limit theorem in your answer to part (c).

[1]
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279. 9709 w20 _qp 61 Q: 5

The number of absences per week by workers at a factory has the distribution Po(2.1).

(a) Find the standard deviation of the number of absences per week. [1]

(c¢) Find the probability that the number of absences in a 3-week period is more than 4 and less
than 8. 2]
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Following a change in working conditions, the management wished to test whether the mean number
of absences has decreased. They found that, in a randomly chosen 3-week period, there were exactly
2 absences.

(d) Carry out the test at the 10% significance level. [5]

(e) State, with a reason, which of the errors, Type I or Type II, might have been made in carrying
out the test in part (d). [2]
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280. 9709 w20 _qp_ 61 Q: 6

The time, in minutes, for Anjan’s journey to work on Mondays has mean 38.4 and standard deviation

6.9.

(a) Find the probability that Anjan’s mean journey time for a random sample of 30 Mondays is
between 38 and 40 minutes. [5]
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Anjan wishes to test whether his mean journey time is different on Tuesdays. He chooses a random
sample of 30 Tuesdays and finds that his mean journey time for these 30 Tuesdays is 40.2 minutes.
Assume that the standard deviation for his journey time on Tuesdays is 6.9 minutes.

(b) (i) State, with a reason, whether Anjan should use a one-tail or a two-tail test. [1]
(ii) Carry out the test at the 10% significance level. [5]
(iii) Explain whether it was necessary to use the Central Limit theorem in part (b) (ii). [1]
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281. 9709 w20 qp_62 Q: 4

The areas, X cm?, of petals of a certain kind of flower have mean ucm?. In the past it has been found
that u = 8.9. Following a change in the climate, a botanist claims that the mean is no longer 8.9. The
areas of a random sample of 200 petals from this kind of flower are measured, and the results are
summarized by

rx = 1850, rx% = 17 850.

Test the botanist’s claim at the 2.5% significance level. [8]
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358 CHAPTER 5. HYPOTHESIS TESTS

282. 9709 w20 _qp 62 Q: 6

A biscuit manufacturer claims that, on average, 1 in 3 packets of biscuits contain a prize offer. Gerry
suspects that the proportion of packets containing the prize offer is less than 1 in 3. In order to test the
manufacturer’s claim, he buys 20 randomly selected packets. He finds that exactly 2 of these packets
contain the prize offer.

(a) Carry out the test at the 10% significance level. [5]
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(b) Maria also suspects that the proportion of packets containing the prize offer is less than 1 in 3.
She also carries out a significance test at the 10% level using 20 randomly selected packets. She
will reject the manufacturer’s claim if she finds that there are 3 or fewer packets containing the
prize offer.

Find the probability of a Type II error in Maria’s test if the proportion of packets containing the
prize offer is actually 1 in 7. [3]
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283. 9709 w20 qp_63 Q: 5
The number of absences per week by workers at a factory has the distribution Po(2.1).

(a) Find the standard deviation of the number of absences per week. [1]

(c¢) Find the probability that the number of absences in a 3-week period is more than 4 and less
than 8. [2]
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Following a change in working conditions, the management wished to test whether the mean number
of absences has decreased. They found that, in a randomly chosen 3-week period, there were exactly
2 absences.

(d) Carry out the test at the 10% significance level. [5]

(e) State, with a reason, which of the errors, Type I or Type II, might have been made in carrying
out the test in part (d). [2]

= EXAMINENT

== Eminent Exam Preparation Resources

-WWW.EXAMINENT,COM




-WWWKEXAMINENT.COM

362 CHAPTER 5. HYPOTHESIS TESTS
284. 9709 w20 _qp_63 Q: 6

The time, in minutes, for Anjan’s journey to work on Mondays has mean 38.4 and standard deviation
6.9.

(a) Find the probability that Anjan’s mean journey time for a random sample of 30 Mondays is
between 38 and 40 minutes. [5]
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Anjan wishes to test whether his mean journey time is different on Tuesdays. He chooses a random
sample of 30 Tuesdays and finds that his mean journey time for these 30 Tuesdays is 40.2 minutes.
Assume that the standard deviation for his journey time on Tuesdays is 6.9 minutes.

(b) (i) State, with a reason, whether Anjan should use a one-tail or a two-tail test. [1]
(ii) Carry out the test at the 10% significance level. [5]
(iii) Explain whether it was necessary to use the Central Limit theorem in part (b) (ii). [1]
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285. 9709 _ml19 qp 72 Q: 3

At factory A the mean number of accidents per year is 32. At factory B the records of numbers
of accidents before 2018 have been lost, but the number of accidents during 2018 was 21. It is
known that the number of accidents per year can be well modelled by a Poisson distribution. Use an
approximating distribution to test at the 2% significance level whether the mean number of accidents
at factory B is less than at factory A. [6]
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286. 9709 _m19 qp_ 72 Q: 6

The time taken by volunteers to complete a certain task is normally distributed. In the past the time,
in minutes, has had mean 91.4 and standard deviation 6.4. A new, similar task is introduced and the
times, f minutes, taken by a random sample of 6 volunteers to complete the new task are summarised
by Xt =568.5. Andrea plans to carry out a test, at the 5% significance level, of whether the mean time
for the new task is different from the mean time for the old task.

(i) Give areason why Andrea should use a two-tail test. [1]

(ii) State the probability that a Type I error is made, and explain the meaning of a Type I error in
this context. 2]
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You may assume that the times taken for the new task are normally distributed.

(iii) Stating another necessary assumption, carry out the test. [7]
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287. 9709 _s19_qp_ 71 Q: 2

The time, in minutes, that John takes to travel to work has a normal distribution. Last year the mean
and standard deviation were 26.5 and 4.8 respectively. This year John uses a different route and he
finds that the mean time for his first 150 journeys is 27.5 minutes.

(i) Stating a necessary assumption, test at the 1% significance level whether the mean time for his
journey to work has increased. [6]

(ii) State, with a reason, whether it was necessary to use the Central Limit theorem in your answer
to part (i). [1]
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288. 9709 _s19 _qp 71 Q:3

Sumitra has a six-sided die. She suspects that it is biased so that it shows a six less often than it would
if it were fair. She decides to test the die by throwing it 30 times and noting the number of throws on
which it shows a six.

(i) It shows a six on exactly 2 throws. Use a binomial distribution to carry out the test at the 5%
significance level. [5]

EXAMINENT

Eminent Exam Preparation Resources



(ii) Later, Sumitra repeats the test at the 5% significance level by throwing the die 30 times again.
Find the probability of a Type I error in this second test. [2]
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289. 9709 _s19_qp 72 Q: 3

It is claimed that, on average, a particular train journey takes less than 1.9 hours. The times, ¢ hours,
taken for this journey on a random sample of 50 days were recorded. The results are summarised

below.
n=50 Lr=925 2 =17525
(i) Calculate unbiased estimates of the population mean and variance. [3]
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(ii) Test the claim at the 5% significance level. [5]
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290. 9709 _s19_qp_72 Q: 5

The manufacturer of a certain type of biscuit claims that 10% of packets include a free offer printed
on the packet. Jyothi suspects that the true proportion is less than 10%. He plans to test the claim by
looking at 40 randomly selected packets and, if the number which include the offer is less than 2, he
will reject the manufacturer’s claim.

(i) State suitable hypotheses for the test. [1]
(ii) Find the probability of a Type I error. [3]
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On another occasion Jyothi looks at 80 randomly selected packets and finds that exactly 6 include the
free offer.

(iii) Calculate an approximate 90% confidence interval for the proportion of packets that include the
offer. [3]
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291. 9709 s19 qp 72 Q: 7

All the seats on a certain daily flight are always sold. The number of passengers who have bought
seats but fail to arrive for this flight on a particular day is modelled by the distribution B(320, 0.005).

(i) Explain what the number 320 represents in this context. [1]

(ii) The total number of passengers who have bought seats but fail to arrive for this flight on
2 randomly chosen days is denoted by X. Use a suitable approximating distribution to find

P(2< X <6). [3]
(iii) Justify the use of your approximating distribution. [2]
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After some changes, the airline wishes to test whether the mean number of passengers per day who
fail to arrive for this flight has decreased.

(iv) During 5 randomly chosen days, a total of 2 passengers failed to arrive. Carry out the test at the
2.5% significance level. [5]
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292. 9709 _s19 _qp_73 Q: 5

The amount of money, in dollars, spent by a customer on one visit to a certain shop is modelled by
the distribution N(u, 1.94). In the past, the value of u has been found to be 20.00, but following a
rearrangement in the shop, the manager suspects that the value of u has changed. He takes a random
sample of 6 customers and notes how much they each spend, in dollars. The results are as follows.

17.60 23.50 17.30 22.00 31.00 15.50

The manager carries out a hypothesis test using a significance level of o%. The test does not support
his suspicion. Find the largest possible value of «. [6]
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293. 9709 _s19_qp_73 Q: 8

The four sides of a spinner are A, B, C, D. The spinner is supposed to be fair, but Sonam suspects
that the spinner is biased so that the probability, p, that it will land on side A is greater than Alf. He
spins the spinner 10 times and finds that it lands on side A 6 times.

(i) Test Sonam’s suspicion using a 1% significance level. [5]
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Later Sonam carries out a similar test at the 1% significance level, using another 10 spins of the
spinner.

(ii) Calculate the probability of a Type I error. [2]
(iii) Assuming that the value of p is actually %, calculate the probability of a Type II error. [3]
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294. 9709 w19 gp 72 Q:2

The heights of a certain species of animal have been found to have mean 65.2cm and standard
deviation 7.1 cm. A researcher suspects that animals of this species in a certain region are shorter on
average than elsewhere. She takes a large random sample of # animals of this species from this region
and finds that their mean height is 63.2 cm. She then carries out an appropriate hypothesis test.

(i) She finds that the value of the test statistic z is —2.182, correct to 3 decimal places.

(a) Stating a necessary assumption, calculate the value of n. [4]

EXAMINENT

Eminent Exam Preparation Resources



(b) Carry out the hypothesis test at the 4% significance level. [3]
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295. 9709 w19 qp 72 Q: 6

The number of accidents per month, X, at a factory has a Poisson distribution. In the past the mean
has been 1.1 accidents per month. Some new machinery is introduced and the management wish to
test whether the mean has increased. They note the number of accidents in a randomly chosen month
and carry out a hypothesis test at the 1% significance level.

(i) Show that the critical region for the test is X > 5. Given that the number of accidents is 6, carry
out the test. [6]
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Later they carry out a similar test, also at the 1% significance level.

(ii) Explain the meaning of a Type I error in this context and state the probability of a Type I error.

(2]
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296. 9709 w19 qp_ 73 Q: 4

A train company claims that 92% of trains on a particular line arrive on time. Sanjeep suspects that
the true percentage is less than 92%. He chooses a random sample of 20 trains on this line and finds
that exactly 16 of them arrive on time. Making an assumption that should be stated, test at the 5%
significance level whether Sanjeep’s suspicion is justified. [6]
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386 CHAPTER 5. HYPOTHESIS TESTS

297. 9709 w19 qp 73 Q: 7

Bob is a self-employed builder. In the past his weekly income had mean $546 and standard deviation
$120. Following a change in Bob’s working pattern, his mean weekly income for 40 randomly chosen
weeks was $581. You should assume that the standard deviation remains unchanged at $120.

(i) Test at the 2.5% significance level whether Bob’s mean weekly income has increased. [5]
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Bob finds his mean weekly income for another random sample of 40 weeks and carries out a similar
test at the 2.5% significance level.

(ii) Given that Bob’s mean weekly income is now in fact $595, find the probability of a Type II error.
[51
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298. 9709 ml8 qp 72 Q: 4

A store sells two types of computer, laptops and tablets. The number of laptops sold per hour is
modelled by a random variable with distribution Po(0.9). The number of tablets sold per hour is
modelled by an independent random variable with distribution Po(1.5).

(i) Find the probability that, during a randomly chosen hour, the total number of laptops and tablets
sold in the store is less than 4. [3]
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(ii) The manager claims that on sunny Saturdays fewer laptops than usual are sold. In order to test
this claim, an employee notes the number of laptops sold during a 4-hour period on a randomly
chosen sunny Saturday. In fact only 1 laptop is sold during this period. Test the manager’s claim
at the 10% significance level. [3]
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390 CHAPTER 5. HYPOTHESIS TESTS

299. 9709 _ml8 qp 72 Q: 5

Packets of Frugums contain 30 sweets. The manufacturer claims that, on average, 17% of the sweets
are orange flavoured. Angela suspects that the average is actually less than 17%. In order to test the
manufacturer’s claim, she buys a packet of Frugums. If there are fewer than 3 orange flavoured sweets
in the packet, she will conclude that the claim is false.

(i) State appropriate null and alternative hypotheses. [1]

(ii) Explain what is meant by a Type I error in this situation. [1]

(iif) Calculate the probability of a Type I error. [3]
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(iv) Given that the true percentage of orange flavoured sweets is 5%, calculate the probability of a
Type I error. [3]
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392 CHAPTER 5. HYPOTHESIS TESTS

300. 9709 _s18 qp_71 Q: 5
The mass, in kilograms, of rocks in a certain area has mean 14.2 and standard deviation 3.1.

(i) Find the probability that the mean mass of a random sample of 50 of these rocks is less than
14.0kg. [3]

(ii) Explain whether it was necessary to assume that the population of the masses of these rocks is
normally distributed. [1]
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(iii) A geologist suspects that rocks in another area have a mean mass which is less than 14.2kg. A
random sample of 100 rocks in this area has sample mean 13.5 kg. Assuming that the standard
deviation for rocks in this area is also 3.1 kg, test at the 2% significance level whetherthe geologist
is correct. [5]
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301. 9709 _s18_qp 71 Q: 7

The number of absences by girls from a certain class on any day is modelled by a random variable with
distribution Po(0.2). The number of absences by boys from the same class on any day is modelled by
an independent random variable with distribution Po(0.3).

(i) Find the probability that, during a randomly chosen 2-day period, the total number of absences
is less than 3. [3]

(ii) Find the probability that, during a randomly chosen 5-day period, the number of absences by
boys is more than 3. 2]
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(iii) The teacher claims that, during the football season, there are more absences by boys than usual.
In order to test this claim at the 5% significance level, he notes the number of absences by boys
during a randomly chosen 5-day period during the football season.

(a) State what is meant by a Type I error in this context. [1]

(b) State appropriate null and alternative hypotheses and find the probability of a Type I error.
[3]

(¢) In fact there were 4 absences by boys during this period. Test the teacher’s claim at the 5%
significance level. [3]
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302. 9709 _s18_qp 72 Q: 4

The mean mass of packets of sugar is supposed to be 505 g. A random sample of 10 packets filled by
a certain machine was taken and the masses, in grams, were found to be as follows.

500 499 496 495 498 490 492 501 494 494

(i) Find unbiased estimates of the population mean and variance. [3]

The mean mass of packets produced by this machine was found to be less than 505 g, so the machine
was adjusted. Following the adjustment, the masses of a random sample of 150 packets from the
machine were measured and the total mass was found to be 75 660 g.

(ii) Given that the population standard deviation is 3.6 g, test at the 2% significance level whether
the machine is still producing packets with mean mass less than 505 g. [5]
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303. 9709 _s18_qp 72 Q: 7

A ten-sided spinner has edges numbered 1, 2, 3, 4, 5, 6, 7, 8, 9, 10. Sanjeev claims that the spinner
is biased so that it lands on the 10 more often than it would if it were unbiased. In an experiment, the
spinner landed on the 10 in 3 out of 9 spins.

(i) Test at the 1% significance level whether Sanjeev’s claim is justified. [5]
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In fact the spinner is biased so that the probability that it will land on the 10 on any spin is 0.5.

(iii) Another test at the 1% significance level, also based on 9 spins, is carried out. Calculate the
probability of a Type II error. [6]
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304. 9709 _s18_qp_73 Q: 5

The time taken for a particular train journey is normally distributed. In the past, the time had mean
2.4 hours and standard deviation 0.3 hours. A new timetable is introduced and on 30 randomly chosen
occasions the time for this journey is measured. The mean time for these 30 occasions is found to be
2.3 hours.

(i) Stating any assumption(s), test, at the 5% significance level, whether the mean time for this
journey has changed. [6]
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(ii) A similar test at the 5% significance level was carried out using the times from another randomly
chosen 30 occasions.

(a) State the probability of a Type I error. [1]
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305. 9709 w18 qp 71 Q: 2

A headteacher models the number of children who bring a ‘healthy’ packed lunch to school on any
day by the distribution B(150, p). In the past, she has found that p = % Following the opening of a
fast food outlet near the school, she wishes to test, at the 1% significance level, whether the value of
p has decreased.

(i) State the null and alternative hypotheses for this test. [1]

On a randomly chosen day she notes the number, N, of children who bring a ‘healthy’ packed lunch
to school. She finds that N = 36 and then, assuming that the null hypothesis is true, she calculates
that P(N < 36) = 0.0084.

(ii) State, with a reason, the conclusion that the headteacher should draw from the test. [2]

(iii) According to the model, what is the largest number of children who might bring a packed lunch
to school? [1]
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306. 9709 w18 qp 71 Q: 7

A mill owner claims that the mean mass of sacks of flour produced at his mill is 51 kg. A quality
control officer suspects that the mean mass is actually less than 51 kg. In order to test the owner’s
claim she finds the mass, x kg, of each of a random sample of 150 sacks and her results are summarised
as follows.

n=150 YXx=7480 rx? = 380000

(i) Carry out the test at the 2.5% significance level. [7]
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You may now assume that the population standard deviation of the masses of sacks of flour is 6.856 kg.
The quality control officer weighs another random sample of 150 sacks and carries out another test at
the 2.5% significance level.

(i) Given that the population mean mass is 49 kg, find the probability of a Type II error. [5]
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405

The numbers of basketball courts in a random sample of 70 schools in South Mowland are summarised

in the table.

Number of basketball courts

1

2

3

4

>4

Number of schools

28

26

10

4

0

(i) Calculate unbiased estimates for the population mean and variance of the number of basketball

courts per school in South Mowland.

[4]

The mean number of basketball courts per school in North Mowland is 1.9.

(ii) Test at the 5% significance level whether the mean number of basketball courts per school in
South Mowland is less than the mean for North Mowland.

[5]
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(iii) State, with a reason, which of the errors, Type I or Type II, might have been made in the test in
part (ii). [1]
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308. 9709 w18 qp 72 Q: 6

In the past, Angus found that his train was late on 15% of his daily journeys to work. Following a
timetable change, Angus found that out of 60 randomly chosen days, his train was late on 6 days.

(i) Test at the 10% significance level whether Angus’ train is late less often than it was before the
timetable change. [5]
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Angus used his random sample to find an «% confidence interval for the proportion of days on which
his train is late. The upper limit of his interval was 0.150, correct to 3 significant figures.

(ii) Calculate the value of « correct to the nearest integer. [5]

= EXAMINENT

== Eminent Exam Preparation Resources



409

309. 9709 w18 qp_73 Q: 2

A headteacher models the number of children who bring a ‘healthy’ packed lunch to school on any
day by the distribution B(150, p). In the past, she has found that p = % Following the opening of a
fast food outlet near the school, she wishes to test, at the 1% significance level, whether the value of
p has decreased.

(i) State the null and alternative hypotheses for this test. [1]

On a randomly chosen day she notes the number, N, of children who bring a ‘healthy’ packed lunch
to school. She finds that N = 36 and then, assuming that the null hypothesis is true, she calculates
that P(V < 36) = 0.0084.

(ii) State, with a reason, the conclusion that the headteacher should draw from the test. [2]

(iii) According to the model, what is the largest number of children who might bring a packed lunch
to school? [1]
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310. 9709 w18 qp 73 Q: 7

A mill owner claims that the mean mass of sacks of flour produced at his mill is 51kg. A quality
control officer suspects that the mean mass is actually less than 51kg. In order to test the owner’s
claim she finds the mass, x kg, of each of a random sample of 150 sacks and her results are summarised
as follows.

n =150 Xx=7480 £ x? = 380000

(i) Carry out the test at the 2.5% significance level. [7]
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You may now assume that the population standard deviation of the masses of sacks of flour is 6.856 kg.
The quality control officer weighs another random sample of 150 sacks and carries out another test at
the 2.5% significance level.

(ii) Given that the population mean mass is 49 kg, find the probability of a Type II error. [5]
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311. 9709 _ml7 qp_ 72 Q:2

Karim has noted the lifespans, in weeks, of a large random sample of certain insects. He carries out a
test, at the 1% significance level, for the population mean, p. Karim’s null hypothesis is u = 6.4.

(i) Given that Karim’s test is two-tail, state the alternative hypothesis. [1]

Karim finds that the value of the test statistic is z = 2.43.

(ii) Explain what conclusion he should draw. [2]
(iiif) Explain briefly when a one-tail test is appropriate, rather than a two-tail test. [1]
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312. 9709 ml7 qp_ 72 Q: 4

At a doctors’ surgery, the number of missed appointments per day has a Poisson distribution. In the
past the mean number of missed appointments per day has been 0.9. Following some publicity, the
manager carries out a hypothesis test to determine whether this mean has decreased. If there are fewer
than 3 missed appointments in a randomly chosen 5-day period, she will conclude that the mean has
decreased.

(i) Find the probability of a Type I error. [3]

(iii) Find the probability of a Type II error if the mean number of missed appointments per day is 0.2.

[31]
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313. 9709 _s17_qp_71 Q: 2

Past experience has shown that the heights of a certain variety of plant have mean 64.0 cm and standard
deviation 3.8 cm. During a particularly hot summer, it was expected that the heights of plants of this
variety would be less than usual. In order to test whether this was the case, a botanist recorded the
heights of a random sample of 100 plants and found that the value of the sample mean was 63.3 cm.
Stating a necessary assumption, carry out the test at the 2.5% significance level. [6]
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314. 9709 _s17_qp_71 Q: 6

The number of sports injuries per month at a certain college has a Poisson distribution. In the past the
mean has been 1.1 injuries per month. The principal recently introduced new safety guidelines and
she decides to test, at the 2% significance level, whether the mean number of sports injuries has been
reduced. She notes the number of sports injuries during a 6-month period.

(i) Find the critical region for the test and state the probability of a Type I error. [6]
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(iii) During the 6-month period there are a total of 2 sports injuries. Carry out the test. [3]

(iv) Assuming that the mean remains 1.1, calculate the probability that there will be fewer than 30
sports injuries during a 36-month period. [4]
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315. 9709 _s17_qp_72 Q: 3

Household incomes, in thousands of dollars, in a certain country are represented by the random
variable X with mean y and standard deviation o. The incomes of a random sample of 400 households
are found and the results are summarised below.

n=400 Ix=923 Ix’=3170

(i) Calculate unbiased estimates of g and . [3]

(ii) A random sample of 50 households in one particular region of the country is taken and the sample
mean income, in thousands of dollars, is found to be 2.6. Using your values from part (i), test at
the 5% significance level whether household incomes in this region are greater, on average, than
in the country as a whole. [5]
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316. 9709 _s17_qp 72 Q: 4

It is claimed that 1 in every 4 packets of certain biscuits contains a free gift. Marisa and André both
suspect that the true proportion is less than 1 in 4.

(i) Marisa chooses 20 packets at random. She decides that if fewer than 3 contain free gifts, she
will conclude that the claim is not justified. Use a binomial distribution to find the probability of
a Type I error. [2]

(ii) André chooses 25 packets at random. He decides to carry out a significance test at the 1% level,
using a binomial distribution. Given that only 1 of the 25 packets contains a free gift, carry out
the test. [5]
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317. 9709 _s17_qp 73 Q: 4

Last year the mean level of a certain pollutant in a river was found to be 0.034 grams per millilitre.
This year the levels of pollutant, X grams per millilitre, were measured at a random sample of 200
locations in the river. The results are summarised below.

n =200 rx=6.7 rx? =0.2312

(i) Calculate unbiased estimates of the population mean and variance. [3]
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318. 9709 _s17_qp 73 Q: 7

In the past the number of accidents per month on a certain road was modelled by a random variable
with distribution Po(0.47). After the introduction of speed restrictions, the government wished to test,
at the 5% significance level, whether the mean number of accidents had decreased. They noted the
number of accidents during the next 12 months. It is assumed that accidents occur randomly and that
a Poisson model is still appropriate.

(i) Given that the total number of accidents during the 12 months was 2, carry out the test. [6]
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(ii) Explain what is meant by a Type II error in this context. [1]

[tis given that the mean number of accidents per month is now in fact 0.05.

(ifi) Using another random sample of 12 months the same test is carried out again, with the same
significance level. Find the probability of a Type II error. 4]
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319. 9709 _wl17_qp 71 Q: 7

In the past the number of cars sold per day at a showroom has been modelled by a random variable
with distribution Po(0.7). Following an advertising campaign, it is hoped that the mean number of
sales per day will increase. In order to test at the 10% significance level whether this is the case, the
total number of sales during the first 5 days after the campaign is noted. You should assume that a
Poisson model is still appropriate.

(i) Given that the total number of cars sold during the 5 days is 5, carry out the test. [6]
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The number of cars sold per day at another showroom has the independent distribution Po(0.6).
Assume that the distribution for the first showroom is still Po{0.7).

(ii) Find the probability that the total number of cars sold in the two showrooms during 3 days is
exactly 2. [3]
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320. 9709_w17_qp 71 Q: 8

In order to test the effect of a drug, a researcher monitors the concentration, X, of a certain protein in
the blood stream of patients. For patients who are not taking the drug the mean value of X is 0.185.
A random sample of 150 patients taking the drug was selected and the values of X were found. The
results are summarised below.

n =150 rx=27.0 x> =5.01

The researcher wishes to test at the 1% significance level whether the mean concentration of the
protein in the blood stream of patients taking the drug is less than 0.185.

(i) Carry out the test. [7]
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(ii) Given that, in fact, the mean concentration for patients taking the drug is 0.175, find the probability
of a Type II error occurring in the test. [5]
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321. 9709 w17 _qp 72 Q: 3

The masses, m kg, of packets of flour are normally distributed. The mean mass is supposed to be
1.01 kg. A quality control officer measures the masses of a random sample of 100 packets. The results
are summarised below.

n=100 Im =982 T m* = 104.52

(i) Test at the 5% significance level whether the population mean mass is less than 1.01 kg. [7]
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[1]
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322. 9709 _wl17_qp 72 Q: 6

In a certain factory the number of items per day found to be defective has had the distribution Po(1.03).
After the introduction of new quality controls, the management wished to test at the 10% significance
level whether the mean number of defective items had decreased. They noted the total number
of defective items produced in 5 randomly chosen days. It is assumed that defective items occur
randomly and that a Poisson model is still appropriate.

(i) Given that the total number of defective items produced during the 5 days was 2, carry out the
test. [6]
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(ii) Using another random sample of 5 days the same test is carried out again, with the same
significance level. Find the probability of a Type I error. [3]
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323.9709_ w17 _qp 73 Q: 7

In the past the number of cars sold per day at a showroom has been modelled by a random variable
with distribution Po(0.7). Following an advertising campaign, it is hoped that the mean number of
sales per day will increase. In order to test at the 10% significance level whether this is the case, the
total number of sales during the first 5 days after the campaign is noted. You should assume that a
Poisson model is still appropriate.

(i) Given that the total number of cars sold during the 5 days is 5, carry out the test. 6]
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The number of cars sold per day at another showroom has the independent distribution Po(0.6).
Assume that the distribution for the first showroom is still Po(0.7).

(ii) Find the probability that the total number of cars sold in the two showrooms during 3 days is
exactly 2. [3]
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324. 9709 w17 qp_73 Q: 8

In order to test the effect of a drug, a researcher monitors the concentration, X, of a certain protein in
the blood stream of patients. For patients who are not taking the drug the mean value of X is 0.185.
A random sample of 150 patients taking the drug was selected and the values of X were found. The
results are summarised below.

n=150 £x=270 £x’*=5.01

The researcher wishes to test at the 1% significance level whether the mean concentration of the
protein in the blood stream of patients taking the drug is less than 0.185.

(i) Carry out the test. [7]
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(ii) Given that, in fact, the mean concentration for patients taking the drug is 0.175, find the probability
of a Type II error occurring in the test. [3]
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325. 9709 _ml6_qp 72 Q:2

Jill shoots arrows at a target. Last week, 65% of her shots hit the target. This week Jill claims that she
has improved. Out of her first 20 shots this week, she hits the target with 18 shots. Assuming shots
are independent, test Jill’s claim at the 1% significance level. [5]

326. 9709 _ml16_qp_ 72 Q: 3

In the past, Arvinder has found that the mean time for his journey to work is 35.2 minutes. He tries
a different route to work, hoping that this will reduce his journey time. Arvinder decides to take a
random sample of 25 journeys using the new route. If the sample mean is less than 34.7 minutes he
will conclude that the new route is quicker. Assume that, for the new route, the journey time has a
normal distribution with standard deviation 5.6 minutes.

(i) Find the probability that a Type I error occurs. [4]

(ii) Arvinder finds that the sample mean is 34.5 minutes. Explain briefly why it is impossible for
him to make a Type Il error. [1]

327. 9709 s16_qp_71 Q: 1

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]

328. 9709 _s16_qp_71 Q: 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. [3]

(ii) 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]

329. 9709 _s16_qp_72 Q: 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]
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330. 9709 _s16_qp 72 Q: 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]

331.9709_s16_qp_73 Q: 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. [3]

332.9709_s16_qp_73 Q: 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]

333.9709 w16 qp 71 Q: 2

A die has six faces numbered 1, 2, 3, 4, 5, 6. Manjit suspects that the die is biased so that it shows a
six on fewer throws than it would if it were fair. In order to test her suspicion, she throws the die a
certain number of times and counts the number of sixes.

(i) State suitable null and alternative hypotheses for Manjit’s test. [1]

(ii) There are no sixes in the first 15 throws. Show that this result is not significant at the 5% level.

2]

(iii) Find the smallest value of n such that, if there are no sixes in the first n throws, this result is
significant at the 5% level. [2]
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334.9709_wl16_qp 71 Q: 7

In the past the time, in minutes, taken for a particular rail journey has been found to have mean 20.5
and standard deviation 1.2. Some new railway signals are installed. In order to test whether the mean
time has decreased, a random sample of 100 times for this journey are noted. The sample mean is
found to be 20.3 minutes. You should assume that the standard deviation is unchanged.

(i) Carry out a significance test, at the 4% level, of whether the population mean time has decreased.

(5]

Later another significance test of the same hypotheses, using another random sample of size 100, is
carried out at the 4% level.

(ii) Given that the population mean is now 20.1, find the probability of a Type II error. [5]

(iif) State what is meant by a Type II error in this context. [1]

335. 9709_wl6_qp 72 Q: 2

A die has six faces numbered 1, 2, 3, 4, 5, 6. Manjit suspects that the die is biased so that it shows a
six on fewer throws than it would if it were fair. In order to test her suspicion, she throws the die a
certain number of times and counts the number of sixes.

(i) State suitable null and alternative hypotheses for Manjit’s test. [1]

(ii) There are no sixes in the first 15 throws. Show that this result is not significant at the 5% level.

[2]

(iii) Find the smallest value of n such that, if there are no sixes in the first n throws, this result is
significant at the 5% level. [2]

336. 9709 w16 _qp 72 Q: 7

In the past the time, in minutes, taken for a particular rail journey has been found to have mean 20.5
and standard deviation 1.2. Some new railway signals are installed. In order to test whether the mean
time has decreased, a random sample of 100 times for this journey are noted. The sample mean is
found to be 20.3 minutes. You should assume that the standard deviation is unchanged.

(i) Carry out a significance test, at the 4% level, of whether the population mean time has decreased.

[5]

Later another significance test of the same hypotheses, using another random sample of size 100, is
carried out at the 4% level.

(ii) Given that the population mean is now 20.1, find the probability of a Type II error. [5]

(iii) State what is meant by a Type II error in this context. [1]
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337.9709_wl16_qp 73 Q: 4

The manufacturer of a tablet computer claims that the mean battery life is 11 hours. A consumer
organisation wished to test whether the mean is actually greater than 11 hours. They invited a random
sample of members to report the battery life of their tablets. They then calculated the sample mean.
Unfortunately a fire destroyed the records of this test except for the following partial document.

the table,

Sample size, n &

Sample mean (hours) 11.8

Test of the mean batte'\D

Is the result significant
at the 5% level?

Is the result significant No

at the 2.5% level?

Yes

Given that the population of battery lives is normally distributed with standard deviation 1.6 hours,
find the set of possible values of the sample size, n. [5]

338. 9709 w16 _qp 73 Q: 5
Itis claimed that 30% of packets of Froogum contain a free gift. Andre thinks that the actual proportion
is less than 30% and he decides to carry out a hypothesis test at the 5% significance level. He buys 20
packets of Froogum and notes the number of free gifts he obtains.
(i) State null and alternative hypotheses for the test. [1]
(ii) Use a binomial distribution to find the probability of a Type I error. [5]

Andre finds that 3 of the 20 packets contain free gifts.

(iii) Carry out the test. [2]

339. 9709 _s15_qp_ 71 Q: 2

Sami claims that he can read minds. He asks each of 50 people to choose one of the 5 letters A, B, C,
D or E. He then tells each person which letter he believes they have chosen. He gets 13 correct. Sami
says “This shows that I can read minds, because 13 is more than I would have got right if I were just
guessing.”

(i) State null and alternative hypotheses for a test of Sami’s claim. [1]

(ii) Test at the 10% significance level whether Sami’s claim is justified. [5]

= EXAMINENT

== Eminent Exam Preparation Resources

-WWW.EXAM\NENT,COM




-WWWKEXAM\NENT.COM

438 CHAPTER 5. HYPOTHESIS TESTS

340. 9709 _s15_qp 71 Q: 4

In the past, the time taken by vehicles to drive along a particular stretch of road has had mean
12.4 minutes and standard deviation 2.1 minutes. Some new signs are installed and it is expected that
the mean time will increase. In order to test whether this is the case, the mean time for a random
sample of 50 vehicles is found. You may assume that the standard deviation is unchanged.

(i) The mean time for the sample of 50 vehicles is found to be 12.9 minutes. Test at the 2.5%
significance level whether the population mean time has increased. [4]

(ii) State what is meant by a Type II error in this context. [2]

(iii) State what extra piece of information would be needed in order to find the probability of a Type 11
erTor. [1]

341.9709_s15_qp_72 Q: 2

Cloth made at a certain factory has been found to have an average of 0.1 faults per square metre.
Suki claims that the cloth made by her machine contains, on average, more than 0.1 faults per square
metre. In a random sample of 5 m? of cloth from Suki’s machine, it was found that there were 2 faults.
Assuming that the number of faults per square metre has a Poisson distribution,

(i) state null and alternative hypotheses for a test of Suki’s claim, [1]

(ii) test at the 10% significance level whether Suki’s claim is justified. [4]

342. 9709 s15_qp 72 Q: 4

In the past, the flight time, in hours, for a particular flight has had mean 6.20 and standard
deviation 0.80. Some new regulations are introduced. In order to test whether these new regulations
have had any effect upon flight times, the mean flight time for a random sample of 40 of these flights
is found.

(i) State what is meant by a Type I error in this context. [2]
(ii) The mean time for the sample of 40 flights is found to be 5.98 hours. Assuming that the standard
deviation of flight times is still 0.80 hours, test at the 5% significance level whether the population

mean flight time has changed. (4]

(iii) State, with a reason, which of the errors, Type I or Type II, might have been made in your answer
to part (ii). [2]
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343. 9709 _s15_qp_73 Q: 2

Marie claims that she can predict the winning horse at the local races. There are 8 horses in each
race. Nadine thinks that Marie is just guessing, so she proposes a test. She asks Marie to predict
the winners of the next 10 races and, if she is correct in 3 or more races, Nadine will accept Marie’s
claim.

(i) State suitable null and alternative hypotheses. [1]
(ii) Calculate the probability of a Type I error. [3]
(iii) State the significance level of the test. [1]

344. 9709_s15_qp_73 Q: 5

The mean breaking strength of cables made at a certain factory is supposed to be 5 tonnes. The quality
control department wishes to test whether the mean breaking strength of cables made by a particular
machine is actually less than it should be. They take a random sample of 60 cables. For each cable
they find the breaking strength by gradually increasing the tension in the cable and noting the tension
when the cable breaks.

(i) Give a reason why it is necessary to take a sample rather then testing all the cables produced by
the machine. [1]

(ii) The mean breaking strength of the 60 cables in the sample is found to be 4.95 tonnes. Given that
the population standard deviation of breaking strengths is 0.15 tonnes, test at the 1% significance
level whether the population mean breaking strength is less than it should be. [4]

(iii) Explain whether it was necessary to use the Central Limit theorem in the solution to part (ii).

(2]

= EXAMINENT

== Eminent Exam Preparation Resources

-WWW.EXAM\NENT,COM




440 CHAPTER 5. HYPOTHESIS TESTS

345. 9709 _wl5_qp 71 Q: 7

At a certain hospital it was found that the probability that a patient did not arrive for an appointment
was 0.2. The hospital carries out some publicity in the hope that this probability will be reduced.
They wish to test whether the publicity has worked.

(i) It is suggested that the first 30 appointments on a Monday should be used for the test. Give a
reason why this is not an appropriate sample. [1]

A suitable sample of 30 appointments is selected and the number of patients that do not arrive is
noted. This figure is used to carry out a test at the 5% significance level.

(ii) Explain why the test is one-tail and state suitable null and alternative hypotheses. [2]
(iii) State what is meant by a Type I error in this context. [1]

(iv) Use the binomial distribution to find the critical region, and find the probability of a Type I error.
[5]

(v) In fact 3 patients out of the 30 do not arrive. State the conclusion of the test, explaining your
answer. 2]

346. 9709 w15 _qp_ 72 Q: 7

At a certain hospital it was found that the probability that a patient did not arrive for an appointment
was 0.2, The hospital carries out some publicity in the hope that this probability will be reduced.
They wish to test whether the publicity has worked.

(i) Tt is suggested that the first 30 appointments on a Monday should be used for the test. Give a
reason why this is not an appropriate sample. [1]

A suitable sample of 30 appointments is selected and the number of patients that do not arrive is
noted. This figure is used to carry out a test at the 5% significance level.

(ii) Explain why the test is one-tail and state suitable null and alternative hypotheses. [2]
(iii) State what is meant by a Type I error in this context. [1]

(iv) Use the binomial distribution to find the critical region, and find the probability of a Type I error.
[3]

(v) In fact 3 patients out of the 30 do not arrive. State the conclusion of the test, explaining your
answer. [2]
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347.9709_wl15_qp 73 Q: 5

(a) Narika has a die which is known to be biased so that the probability of throwing a 6 on any
throw is ﬁ She uses an approximating distribution to calculate the probability of obtaining no
6s in 450 throws. Find the percentage error in using the approximating distribution for this
calculation. (4]

(b) Johan claims that a certain six-sided die is biased so that it shows a 6 less often than it would if
the die were fair. In order to test this claim, the die is thrown 25 times and it shows a 6 on only
2 throws. Test at the 10% significance level whether Johan’s claim is justified. [5]

348. 9709 _wl5 _qp_73 Q: 6

Parcels arriving at a certain office have weights W kg, where the random variable W has mean p and
standard deviation 0.2. The value of pused to be 2.60, but there is a suspicion that this may no longer
be true. In order to test at the 5% significance level whether the value of p has increased, a random
sample of 75 parcels is chosen. You may assume that the standard deviation of W is unchanged.

(i) The mean weight of the 75 parcels is found to be 2.64 kg. Carry out the test. [4]
(ii) Later another test of the same hypotheses at the 5% significance level, with another random

sample of 75 parcels, is carried out. Given that the value of u is now 2.68, calculate the
probability of a Type II error. [5]
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Appendix A

Answers

1.9709 m22 ms 62 Q:7

Question Answer Marks Guidance
(@) | 0.024 x 50 [=1.2] and 0.018 x 60 [= 1.08] B1
(1—e2(1+1.2)) < (1 — %1 + 1.08)) M1 | For (1 —e™(1+4)) x (1 — e#(1+z)) any A, z (A # 1)
Allow one end error on either or both terms
=0.0991 (3 sf) Al | Unsupported answer scores maximum SC B1 B1
SC Use of binomial 0.0994 scores B1 only
3
(@)(i) | A=0.024 %50+ 0.018 x 60 M1 | or their 1.2 + 1.08 (NB 0.024+0.018 is M0)
ey iy 2.28+£+ 2283 M1 | any 4 and allow one end error
2! 3!
=0.197 (3 sf) Al | Unsupported answer scores maximum SC B2
3
O P M1
2 2 M1
e? x%: k[ef‘[ X y]
M X 2l =) x e X 1P M1 | OE. Use of 4 = 2u to find equation in 4 and k only (or 4
and k only)
k=2 Al
4
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444 APPENDIX A. ANSWERS
2.9709 22 ms 61 Q:5
Question Answer Marks Guidance
(a) A=45 B1
2 3 4
l—e* (1445t 45° 45 45 M1 Allpw one end error Allow any A.
21 31 41 Poisson expressions must be seen
=0.468 (3 sf) Al | If MO awarded allow SC B1 for 0.468
3
(b) A=162 B1
(X~ Po(162) =X ~N(162, 162))
149.5-°162 4 160.5—-162’ M1 | One of these: allow with incorrect or no continuity
an :
J962° J162° correction
(=-0.982 and —0.118)
O(“0.982°) - ¢(°0.118%) oe M1 | Area consistent with rheir values (both standardisations
must be seen)
=0.290 (3 sf) Al | Allow 0.29
4
Question Answer Marks Guidance
(c) 1= 13‘6.5 +3_6x% OE or 4.65 M1 | Attempt to find A
o5 4.65% . 4.65° N 4.65° ) M1 | Allow any L Allow one end error
41 51 6! Poisson terms not be seen
0.494 (3 sf) Al | If MO allow SC B1 for 0.494
3
3.9709 s22 ms 62 Q:3
Question Answer Marks Guidance
(a) Poisson B1 | SOI
Mean =3.6 B1 | Can be awarded for N(3.6, ...)
36 3.6 M1 | Allow any A
e N(1+36+ 2 ) Allow one end error
Expression must be seen
0.303 (3s.f) A1l | If MO awarded allow SC B1 for 0.303
SC Use of binomial: B1 for answer 0.300 (3 sf)
4
(b) [Binomial with] 200 > 50 B1
[200 x 0.018 =] 3.6 <5 or [p=] 0.018 < 0.1 B1 | If BO BO then SC n large, p small: B1 or n large np < 5:
B1 or n > 50 and either np < 5 or p < 0.1: Bl
2
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4.9709 $22 ms 62 Q: 7

Question Answer Marks Guidance

X ~N(@29. 22 OR Totals method N(290, 290) Bl | Bl for N29, ...) OR N(290, ...)

B1 | 1 for Var= % OR for var =290 SOI

288-290 1 288 —290 M1 | Standardising with their values Allow without —ve sign
29 [=-0.1174] OR J290 AND/OR with incorrect continuity correction
100 No mixed methods

1- ®(°0.1174%) M1 | For area consistent with their values

0.453 (3 sf) A1l | As final answer

Alternative method for question 7

B1 | BI for N(2.9. ...) OR N(290. ...)

X ~N@29, % ) OR Totals method N(290, 290)

Bl | B} for var= 22 OR Var = 290 stated or implied

100

M1 | Standardising with their values Allow without —ve sign
[=-0.1468] OR (287.5 — 290)/\[290 AND/OR with incorrect continuity correction
No mixed methods

1
2.88-—-—-)-290
( 200)

29
100

1—§(‘0.1468") M1 | For area consistent with their values
0.442 (3 sf) Al | As final answer
5

5.9709 s22 ms_63 Q: 5

Question Answer Marks Guidance
(a) 1=6.6 B1
&6 x 6.6° M1 | Any A
6!
0.156 (3 s.f) Al | If MO0 awarded SC B1 for 0.156
3
(b) 1—e®(1422+ 2_722+2_3_2!3+24_2'4) M1 :Ll;)\: one end error. Need 1 — ...
0.0725 (3 s.f) Al | If M0 awarded SC B1 for 0.0725
2
Question Answer Marks Guidance
(c) N(26.4, 26.4) B1 | Give at early stage 2.2 x 12
19.5-'26.4" [=-1.343] M1 Sran_dardising witl_l their values. Allow wrong or no
J26.4 continuity correction
$(-1.343)=1-§('1.343") M1 | Area consistent with their working
0.0897 or 0.0896 (3 s.f.) Al
4
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6. 9709 m21_ms_62 Q: 4

APPENDIX A. ANSWERS

Question Answer Marks Guidance
B1 .
@ B(1000, $) Accept Bin and n = 1000, p =ﬁ .
1
(b) Po(2.5) B2 | Bl for Po. Bl for A=2.5.
2
(©)(®) 25, 254 M1 | FT their (b) for Normal must have a continuity
€ A correction.
Allow any 4
0.134 (3 sf) Al | CWO

11 2 3 4
(o)1) 23232, 250 |25

M1 | FT their (b) for Normal must have a continuity

21 3! A correction.
Allow with one term extra or omitted or wrong. Allow
any 4.
0.604 (3 sf) Al | CWO

(d) 4=2.5x0.7 or A= 700x-L [=1.75]

M1 | Must see A or use of Poisson.

1-¢et? M1 | Allow any 4. Allow 1 —P(0,1).
0.826 A1l | SC B1 Use of B(700,0.0025) leading to 0.826.
3
7.9709 s21 _ms_ 61 Q: 1
Question Answer Marks Guidance

A=(B.1+17)x2

M1 | Attempt combined mean. Allow 3.1 + 1.7 for M1

=96

Al | Correct mean

1-e?(1+9.6+ 28 128

M1 | Allow incorrect mean. Allow one end error.

=0.986 (3 sf)

Al | SCIf 9.6 seen and unsupported 0.986 M1A1B1.
SC Unsupported correct answer of 0.986 only if 9.6
also not seen scores B2 only.

8.9709 s21_ms_61 Q:5

Question Answer

Marks Guidance

M1 | SOL Allow Po(0.133).

o Ing)
15
2

PX>1)=1-eb

M1 | Allow incorrect /4 allow one end error

=0.125 (3 sf)

Al | SC Partially unsupported final answet:
Po(%} stated B1 then unsupported 0.125 B1

SC Use of Binomial (0.1248) B1 only
Use of Normal scores MO
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Question Answer Marks Guidance
) - Bl
75000
_n M1 | Allow ="
e 00 >09 Allow incorrect 1
n M1 | Attempt In both sides
- >1n0.9 [n<7902.04]
75000
Largest value of n is 7902 Al | CWO. Must be an integer.

Alternative method for Question S(b)

e >09 M1 | Allow =’

—1>mn0.9 [u<0.10536] M1 | Attempt In both sides

n =y = 75000 Bl

Largest value of n is 7902 Al | CWO. Must be an integer.

Alternative method for Question 5(b)

74999 Bl
75000
" M1
74999 ~09
75000
M1 | Attempt In or log both sidk
74999 1009 empt In or log both sides
75000
Largest value of n is 7901 Al | CWO Must be an integer
4

9.9709_s21_ms_62 Q: 7

Question Answer Marks Guidance
(a) ., 42° M1 | P(4). allow any 4
e x
41
0.194 (3 sf) Al | As final answer.
SC Unsupported correct answer scores B1 only.
2
b 2 3 M1 | Allow M1 with incorrect 4. Accept one end error.
8.4~ 8.4
I—e ™ 1+84+—+"—
2 3!
0.968 (3 sf) Al | As final answer.
SC Unsupported correct answer scores B1 only.
2
(c) N(50.4, 50.4) M1 | SOI
39.5-504 _ 1.535 M1 | Allow wrong or no continuity correction.
[50.4 [=-1.539] Must have V
D(—1.535")=1-D(°1.535%) M1 | For correct probability area consistent with their working.
0.0624 (3 sf) or 0.0623 Al
4
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10. 9709_s21 _ms_63 Q: 1

Question Answer Marks Guidance
A=10x%1.36 [=13.6] M1
E(amount) = 5 X 13.6 = [$]68 Al
Var(amount) = 52 X 13.6 [= 340] M1 | 5% ..

M1 | ... X their A

Standard Deviation = [$]18.4(4) (3 s.f)) Al | cAO condone 2+/85

11. 9709 _s21 _ms_ 63 Q: 5

Question Answer Marks Guidance
(a) Po(2.5) B1 | Accept Poisson with mean = 2.5 not just np =2.5
n=25000> 50 and np (or A) = 2.5 whichis <5 B1 | Must see 2.5 (or 0.0001) and 25000 OE, not just np < 5
or n=25000> 50 and p = 0.0001 < 0.1 (orp<0.1)and n > 50
2
(b) 231 +25+ E_‘_ E) M1 | Any 4, accept one end error.

2 31 FT binomial from part (a) scores M1 only for equivalent
binomial expressions

FT normal from part (a) must use correct continuity
correction and tables scores M1 only for complete
method

0.758 (3 sf) Al | Unsupported answer of 0.758 scores B1 instead of
MIAL

25F _ e 25 5 2.5 M1 | Any i

[G] - (k+1)! FT binomial from (a) scores M1 only for equivalent
binomial expression

FT from (a) normal for equivalent expressions
continuity correction must be included

(©) e 5%

k=4 Al | No errors seen

SC k = 4 unsupported scores B1 only, but see full
Poisson expressions for P(4) and P(5) and 0.134 scores
MI1Al

Question Answer Marks Guidance

(d |1-e*= 0963 M

=

Accept their attempt at 4

A =-In0.037 (= 3.2968 or 3.30 or 3.3) M1 | Correct use of Ins

n=233000 (3 sf) Al | Allow n =32 950 to 33 050 (must be an integer)
SC use of binomial leading to 32 967 scores

B1 for (0.9999)" = 0.037

B1 for 33 000 to 3sf (32 967)
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12.9709_w21 ms 61 Q:2

Question Answer Marks Guidance
N(45.2, 45.2) B1 | SOIL
60.5-45.2 [=2.276] M1 | Allow with wrong or no continuity correction.
Jas2
1-$(‘2.276") M1
0.0114 Al
4

13. 9709 w21 _ms_62 Q: 5

Question Answer Marks Guidance
(a) e2(1+2+ 22_2!) M1 | P(X < 3) any /. Allow one end error.
0.677 (3sf) Al | Unsupported correct answer scores SC B1 only.
2
(®) N(40, 40) M1 | SOL
50.5—-40 [= 1.660] M1 | For slanc.lardising with their values.
Allow with wrong or no cc must have square root.
P(z>°1.660") =1 - ®(“1.660") M1 | Correct area consistent with their working.
0.0485 or 0.0484 (3s1) Al
4
(c) A=10 B1 | Condone mean = 10.
e [E . E . ﬁ . EJ M1 | Allow any 4 (allow one end error).
8! 9! 10! 11!
0.477 (3sf) A1 | Unsupported correct answer scores SC B2 only.
3

14. 9709 _w21_ms_63 Q: 2

Question Answer Marks Guidance
N(45.2,45.2) B1 | SOI
60.5-45.2 [=2.276] M1 | Allow with wrong or no continuity correction.
Jas2
1-6(°2.276%) M1
0.0114 Al
4

15.9709_m20_ms_62 Q:1

Question Answer Marks Guidance
(A=) =0.417 or better B1
-5 M1 | 1 - P(X=0 or 1), by Poisson, using any 4, allow
1-e2(1+3) ( ). by g any 4.

1-P(X=0o0r1 or2)for M1

=0.0661 or 0.0662 (3 sf) Al | Final answer
SC use of Binomial (from 0.06607...) B1 only
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16. 9709 _m20_ms 62 Q: 4

Question Answer Marks Guidance
(a) A(=0.4x365+50)=2.92 B1
(142,92 + %) M1 | Any /. Allow one end error
=0.441 (3 sf) Al
3
(b) e*>0.95 M1 | Allow ‘=" throughout
—A>1n0.95 or £ <0.051293 OE M1 | Attempt In both sides
0.051293° X 50 + 0.4 (= 6.411) M1
Largest n is 6 (3 sf) A1l | SC Trial and Improvement
Allow n =6 0rn < 6 (NOT 7 <6 0rn > 6 as final answer) M1 for e > 0.95 SOL: M1 for A :nx% : M1 for use of both
n =6 giving 0.9531 and n =7 giving 0.9455; Al n=6
4
17.9709_s20 _ms_61 Q: 5
Question Answer Marks
(@)@ 29 29" M1
41
0.162 (3 sf) Al
2
@0 e‘“xﬂxe‘“B +e‘“x£xe‘°"‘x0 8 B
41 31
(B1 for either expression correct, M1 for P(4, 0) + P(3, 1)) M1
0.113 (3 sf) Al
3
(b) N(29,29) M1
M(= —0.83563) M1
V29
1—®(0.836”) M1
0.202 (3sf) Al
4
(c) 29 is large or 29> 15 Bl
1
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18. 9709 s20 ms_62 Q: 3

451

Question Answer Marks
(@@d) B(3600, 0.0012) B1
1
(a)(ii) Po(4.32) B2
(B1 for Po. B1 for A =4.32)
1 =3600 which is large. p = 0.12 which is small and np =4.32 which is <5 B1
3
(a)(iii) 2 M1
1-e*3% 1+4.32+ﬁ
2
0.805 (3 sf) Al
2
(b) e*>0.1 M1
(-4>1n0.1)
(4 <1n10)
0.0012n <1nl0 Al
(n<1918.8) Al
largest n is 1918
3
19. 9709 20 ms_ 62 Q: 5
Question Answer Marks
(@)1 0.1.2.3,.... B1
1
(a)(ii) 3 B1
1
(a)(iii) 73[34 35 35J M1
7| —+—+—
41 51 6!
0.319 (3 sf) Al
2
(b) @&7(0.0668) (=—-1.500) M1
N #) M1
455-u — 1,500 M1
Ju
u—=1.500"/ut—45.5=0 M1
"1.5"+ ("—1.5");l +4x%45.5
= (: 7.5369)
2
1=56.8 (3 sf) Al
5
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20. 9709 20 _ms_63 Q: 4

Question Answer Marks
(a) A=3 B1
e>(1+3) M1
=0.199 (3 sf) Al
3
Question Answer Marks
(b) P41 =1 and 4 + 4> <2)=P(41= 1) X P(4> = 0) M1
e x 1.5 x e =0.0747 Al
P(Al=1and A1+ 42 <2) M1
P(Al =1 |A1 +A2<2):
P(Al+ A42<2)
2
L5x(e*) g o7
4?0199
3 Al
3 or 0.375 (3 sf)
4
(©) Takes negative values B1
1
21.9709_w20_ms_ 61 Q:1
Question Answer Marks Guidance
(a) 2 B1 | Poisson with correct mean stated (to at least 3 sf) or implied in
Po 3 working.
2 M1 | 1 - P(X=0 or 1); allow incorrect A; allow one end error
1-e?3 (1 + —J
=0.144 (3 sf) A1l | SC BI for use of binomial or no working shown leading to correct
final answer.
3
(b) 2 1 B1 | Accept p or np clearly stated in part (a).
n>50and np= 3° Sorn>50andp = <0.1 Do not accept n is large and p is small.
3
() 11 B1 | Poisson with correct mean stated (to at least 3sf) or implied in
Po 3 working.
2 3 M1 | P(X=0, 1. 2, 3); allow incorrect 4; allow one end error. Must not
11 11 b ..
1 n 3 3 be multiplied by any additional values.
e 3| 1+—+ o
3 2! 3!
=0.501 (3sf) Al | As final answer.
3
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22. 9709 w20 ms_62 Q: 1

Question Answer Marks Guidance
Poisson, any 4 M1 | Used
32 M1 | Allow one end etror
1-e3|1+43+—
2
=0.577 (3sf) Al | SC Use of Binomial (or unsupported correct answer) scores B1
only
3

23.9709 w20 ms_62 Q: 5

Question Answer Marks Guidance
(a) Customers arrive independently or singly or at random B1 | Any one of these in context
1
(b) 2.3 M1 | Attempt correct expression seen
23,23
3!
=0.203 (3sf) Al
2
© Po(4.6) B1 | SoI
460 4.6 M1 | Correct expression, with any A, allow one end error
- 1+4.6 4+ —+—
! 31
=0.674 (3sf) Al | As final answer.
3
) P(none arrive) = e™>* (= 0.10026) M1 | Must be clearly their P(none arrive)
*Cae) (1 —e ) M1 | FT their e™*
=0.0732 or 0.0733 (3sf) Al
3
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24. 9709 w20 _ms_63 Q: 1

Question Answer Marks Guidance
(a) 2 B1 | Poisson with correct mean stated (to at least 3 sf) or implied in
Po 3 working.
2 M1 | 1-P(X =0 or 1); allow incorrect 4; allow one end error
1-e? (1 + —J
=0.144 (3 sf) Al | SC BI for use of binomial or no working shown leading to correct
final answer.
3
(b) 2 1 B1 | Accept p or np clearly stated in part (a).
n>50 and np = 3 <Sorn>50andp= 300 © 0.1 Do not accept » is large and p is small.
3
(c) 11 B1 | Poisson with correct mean stated (to at least 3sf) or implied in
Po 3 working.
2 3 M1 | P(X=0, 1. 2, 3); allow incorrect ; allow one end error. Must not
11 11 b i
u 1 3 3 be multiplied by any additional values.
e 3| 1+—+ +
2! 3!
=0.501 (3sf) Al | As final answer.
3
25. 9709 ml9 ms 72 Q: 5
Question Answer Marks Guidance
(i 1-e¥1 +1.8) M1 | Accept any A. Accept 1-P(0,1,2)
=0.537 (3 5f) Al
2
(ii) A=22 B1
e2X1+22+ szf + 2'3—2,3+ 2‘%‘4 ) M1 | Attempt expr'n for
. P(X < 4).allow one end error, allow any 4
=0.928 (3 sf) or 0.927 Al
3
Question Answer Marks Guidance
(iii) 1-¢e% 3099 orl—e™*>099 M1 | Condone = signs/incorrect inequality signs
< 0.01 or e < 0.01 M1 | Valid attempt take logs (must have single term on each side)
—1.8¢ < 1n0.01
t>2.56 Al | or 2 hours, 34 mins or better. No errors seen
She must watch for at least 2.56 (hours)
3
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26. 9709 _s19 ms_71 Q: 5

455

Question Answer Marks Guidance
(a)(i) 2 # N ZTir’ N % M1 | Allow one end error
=0.585 Al
2
@) | (=46 Bl
1-e*9(1 +4.6+ %) M1 | any 4, Allow one end error
=0.837 (3 sf) Al
3
(a)(iii) §~N(115, 115) B1 | May be implied
110.5-115 M1 | Allow with wrong or no cc OR no v
s (=-0.420)
1—®(*0.420%) (=1-0.663) M1
=0.337 Al | Accept alternative method using N(2.3, 2.3) no mixed methods.
4
(®) et x ’;—?:eﬁ*x ’1?? M1
PB= % or 12=20 oe Al | any correct simplification without e™® or !
2 =20 or 25 or 4.47 (3 sf) Al
3
27. 9709 s19 ms 72 Q: 1
Question Answer Marks Guidance
[6) 0.0842 (3 sf) Bl
1
(ii) 5n 5+ B1 5n 5+l
edx — =e’x or — = or better
n! (n+l)' n! (n+l)!
ISW
1
(iii) =5 Bl
n+l
n=4
1
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28. 9709 s19_ms_73 Q: 7

APPENDIX A.

ANSWERS

Question Answer Marks Guidance
(6] Use of Po(2.8) M1 | May be implied
1— e'“(l 128+ z_zsl)) M1 | Any A allowing one end error
=0.5310r 0.53(0) (3 sf) Al | SC Binomial 0.534 B1
3
(ii) Use of Po(5.8) M1 | May be implied
58 5_68!5 M1 | Any A
=0.16(0) (3 sf) Al
3
Question Answer Marks Guidance
(iii) Use of N(58, 58) M1 | May be implied
or N(58, 55.38)
50.5—'58' (= -0.985) M1 | Standardised with their values, allow wrong or incorrect cc
NETY
D('0.985") M1 | Correct area consistent with their working
or ®("1.008)
=0.838 (3 sf) Al | or0.843
4
29. 9709 w19 ms 72 Q: 1
Question Answer Marks Guidance
[63] Binomial Bl
n=7500and p= L or 0.00667 Bl Or B(SOO,LJ for B1B1
150 150
2
(ii) Poisson Bl

10 N
n large and mean = 3 or 3.3 or better, whichis <5

B1 | Acceptn > 50

2
(iii) 10} Ml | I-P(X=0,1,2)
1- ei? x| 1+ 2 + @
3 2
=1-0.353 Al | Correct expression with 1=3_3 or better
=0.647 (3 sf) Al | SC Use of Binomial scores B1 for 0.648. Use of Normal

scores B1 for 0.67(0) to 0.677
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30. 9709 w19 ms_73 Q: 2

Question Answer Marks Guidance
@ | (A(=2x24)=43) M1 | Any 2
2 3
e*"“{1+4+ 48 + 48 ]
3!
0.294 (3 sf) Al
2
() | (A(=60x2.4)=144) M1 | N and ¢’ SOI
N(‘144°, <144)
139.5-"144" M1 | Allow with no continuity correction
———(=-0375)
+'144"
$(°0.3757) M1 | Correct area consistent with their working
0.646 (3 sf) Al
4

31.9709_wl9 ms 73 Q: 5

Question Answer Marks Guidance
) Po(3) B1 | SOI
(3 3 3 M1 | Allow one or two extra terms (2 or 6 or both)
53,3, 3
314t 51
0.493 (3 sf) Al
3
(i) A correct equation from P(0)=P(2) M1
2
leading to1= A
2
A=+/2 or 1.41 (3 5) Al | CWO
2
Question Answer Marks Guidance
(iii)(a) 52" 5oml B1
Correct inequality | leading to —— < —
nt (n+1)
1
(1ii)(b) t1<52 1< 52 M1 | Simplify to a stage without exponentials, powers or factorials.
n 2 or —
n+l
Largestnis 4 Al
2
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32. 9709 ml8 ms_72 Q: 2

APPENDIX A. ANSWERS

Question Answer Marks Guidance
A=984 B1
N(98.4, 98.4) seen or implied B1
90.5-"98.4" — i
TS (=-0.796) M1 zsi(lll/c‘)]\:rwmrltgwrong or no cc. No
$("0.796™) M1 | Correct area consistent with
working
=0.787 (3 sf) Al
5
33.9709 s18 ms 71 Q: 3
Question Answer Marks Guidance
N(153, 153) B1 | Seen or implied
13\?';15%31"53 (=-1.091) M1 | Allow with wrong or no cc
¢("-1.091") =1 —$("1.091™) M1 | For area consistent with their working
=0.138 (3 sf) Al
4

34.9709_s18_ms_72 Q: 1

Question Answer Marks Guidance
A=44 B1
= a4 2 : )
P(X<4) =e*(1+ 4.4+ 2 4 48 M1 | Allow any / allow one end error
=0.359 Al
3
35. 9709 s18 ms_ 72 Q: 6
Question Answer Marks Guidance
) Accidents occur independently or B1 | In context. Allow ‘singly’.
randomly
1
(ii) o2y 2 54 M1 | Poisson P(4), allow any 4
41
=0.134 (3 sfs) Al
2
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Question Answer Marks Guidance
(i) i=2 or2.08(333) B1
o5 252 253 M1 | 1 —Poisson P(0, 1, 2, 3), allow any A allow one end error
1-e 2a+ 25+ 13+ 12
=0.158 (3 sfs) Al | As final answer
3
iv) N(%,%) or N(21.7(26). 21.7(26)) B1 | Stated or implied
29_5,%5 M1 | Allow with wrong or no cc with their mean/sd
\/ﬁ
84
D(“1.668™) M1 | Correct area consistent with their working
=0.952 (3 sfs) Al
4

36. 9709 s18 ms 73 Q: 1

Question Answer Marks Guidance

1) Po(2.25) B1 | Stated or implied

2 M1 | Allow any A, one end error
22501 4205 + 2.25 ’
e 25

=0.609 (3 sf) Al | SCBI Use of B(75,0.03) leading to 0.608
3
(ii) 4=2.25, which is less than 5: n large B1 | Allow np<5 and n large or p<0.1 and n>50, no
contradictions
1

37.9709 s18 ms 73 Q: 4

Question Answer Marks Guidance

-

(i) No of males leaving (to do eng) each yr has const mean or B1 | One of these or any equiv statement in context.
Males leave (to do eng) indep of other males leaving (to do eng) or

Males leave (to do eng) at random

1
(i) A=39 B1
2 3
1—e>(1+39+ 329I . 339I ) M1 | Any A. Allow one end error or extra term.
0.546753 or 0.547 (3 sf) Al
3
(iii) P(F=0and M>3)= M1 | Attempt P(F = 0) x P(M > 3) allow one end error for
2 3 P(M > 3) provided A=3.1
e 08, 12_3'1[1+3.1+3'l +—3'l }
21 3!
(=0.16857)
P(F=0 and M>3) M1 | Attempted, allow any probability/their (ii) provided the
P(M+F>3) answer is <1
"0.16857"
"0.54675"
=0.308 (3 sf) Al
3
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38.9709_ w18 ms_ 71 Q: 4

Question Answer Marks Guidance
(6))] A=10x0.25+10x0.36 (=6.1) B1
1-e*(1+61+ % + %) M1 | 1 - P(X < 3), any 4 Allow one end error
=0.857 Al | Allow 0.858
3
(ii) A=61 B1 ft | Ft from (i)
N(o1’, ‘617) M1 | N with g = 4, any L. May be implied
% (=-0.192) M1 | Standardise with their mean and variance
Allow no or wrong cc. not 61/100
D(‘-0.192°)=1-®(‘0.192") M1 | Correct area consistent with their working
=0.424 Al
5

39.9709_wl8 ms_72 Q:1

Question Answer Marks Guidance
e 2_;2 + 23_3‘3 + ZTJ"‘) M2 | MI for one term wrong or one end error or 1 — P(2, 3, 4)
=0.585 (3 s) Al
3

40. 9709 w18 ms 73 Q: 4

Question Answer Marks Guidance
(1) A=10x0.25+10x0.36 (=6.1) B1
1-e*(1+6.1+ % + %) M1 | 1 - P(X < 3), any A Allow one end error
=0.857 Al | Allow 0.858
3
(ii) A=61 B1 ft | Ft from (i)
N(61’, ‘617) M1 | N with ¢ = A, any L. May be implied
% (=-0.192) M1 | Standardise with their mean and variance
Allow no or wrong cc. not 61/100
O(‘-0.192°)=1-D(“0.192") M1 | Correct area consistent with their working
=0.424 Al
5
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41. 9709 _ml17 ms_72 Q: 7

461

Question Answer Marks Guidance
(i) Planes arrive at constant mean rate B1
Planes arrive at random B1 | or Planes arrive independently
Must be in context
Total: 2
(11)(a) “A=)52+4 M1
e—1.3(% n %) M1 | Allow any 1, allow one end error
=0.330 (3 sfs) Al | Accept 0.33
Total: 3
(11)(b) 1- e **%(1+3.467 +% +#) M1 | Allow any 4 except 5.2 or 1.3, allow one
end error
=0.456 (3 sfs) Al
Total: 2
(111) N(52, 52) stated or implied B1
60552 (= 1.179) M1 | ft their mean and var.
V52
Allow wrong or no cc or no v
O(“1.179”) M1
=0.881 (3 sf) Al
Total: 4
42,9709 _s17_ms_71 Q: 1
Question Answer Marks Guidance
(1) Poisson with 1= 0.2 B1
12 (1+02+ %) M1 | 1 - Poisson P(0. 1, 2, 3) attempted. any A. allow one end
€rror
=0.00115 (3 sf) Al | SR: using Bin, ans 0.00115: B1
Total: 3
(ii) n large (n > 50) B1
np=10.2 <5 or p small B1
Total: 2
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43.9709_s17_ms_72 Q: 2

APPENDIX A. ANSWERS

Question Answer Marks Guidance
o) E(X)=4.197 B1
Var (X)=4.196 B1 | Both to 3dp or better
Total: 4
(i1) E(X) = Var(X) B1 | Condone =
(iii) o= 1968 (1 +4.1968 + 19;31 4 1;533 + 4,13?3‘) M1 | Any A. Allow with one end error
=0.59(0) (3 sfs) Al | Allow 0.591
Total: 2
44. 9709 _s17_ms_72 Q: 6
Question Answer Marks Guidance
&) e x 22—4r2 M1 | Allow incorrect A
=0.261 (3 sfs) Al
Total: 2
(ii) N(60, 60) B1 | seen or implied
545-60 _ . o
e (=-0.710) M1 | allow with wrong or missing cc
1- §("~0.710") = $("0.710") M1 | For area consistent with their working
=0.761 (3 sf) Al
Total: 4
(iii) A=3.6+12+7 (= 186/35) (=5.314) M1
g5 (1 +5314+334% 4 5,314‘) M1 | Allow incorrect . Allow one end error.
N 2 3
=0.224 (3 sfs) Al
Total: 3
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45.9709_s17_ms_73 Q: 5

Question Answer Marks Guidance
D@ | X~N@42.42) B1 | stated or implied
39.5-"42" (=-0386) M1 | allow with wrong or no cc
\/@
1-¢ ("0.386") =¢ ("0.386") M1 | correct area consistent with their working
=0.65(0) (3 sf) Al
Total: 4
(1)(b) 42 > (e.g. 15) or mean is large B1 | 1> 15 or higher, 4 = large
ignore subsequent work if not undermining what already
written
Total: 1
(ii)(a) Y~Po(1.2) B1 | stated or implied
1—e™(1+12+ %) M1 | allow any A allow one end error
=0.121 (3 sf) Al | Using binomial: 0.119 SR B1
Total: 3
(ii)(b) 60 % 0.02=1.2 <5 or mean is small B1FT | or large » small p
FT Poisson only
Total: 1

46.9709_wl7_ms_71 Q:1

Question Answer Marks Guidance
40.5-31 (= 1.706) M1 | standn correct but allow with no or
a2 incorrect cc
1 — ¢(“1.706™) M1 | indep correct area consistent with
working
=0.0441 (3 sf) or 0.0440 Al | not 0.044
3

47.9709_wl7_ms_T71 Q:2

Question Answer Marks Guidance
Poisson B1 | seen or implied
A=4.03 B1 | seen or implied
e 31 + 4.03 + %) M1 | any /; e.g. allp\h{ A=4
no extra or missing terms
=0.234 (3 sf) Al
4
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464 APPENDIX A. ANSWERS

48.9709 w17 _ms_72 Q: 1

Question Answer Marks Guidance
(a)(i) Po(2.54) M1 | seen or implied Po(2540 = 0.001)
1-e?¥(1 +2.54) M1 | any 4 Allow 1 end error

=0.721 (3 sf) Al
3
(a)(ii) n large and p small (or np (= 2.54) < 5) Bl |n>50,p<0.1
1
(b) H=56 Bl
=237 (3s) B1 | Accept V5.6
2

49. 9709 wl7 ms 73 Q:1

Question Answer Marks Guidance

40.5-31 (= 1.706) M1 | standn correct but allow with no or
incorrect cc

1 —d(“1.706™) M1 | indep correct area consistent with
working
= 0.0441 (3 sf) or 0.0440 Al | not 0.044
3

50. 9709 w17 _ms_73 Q: 2

Question Answer Marks Guidance
Poisson B1 | seen or implied
A=4.03 B1 | seen or implied
(1 + 4.03 + 4.3!32 ) M1 | any /; e.g. allp\h{ L=4
no extra or missing terms
=0.234 (3 sf) Al
4
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51. 9709 _ml6_ms 72 Q: 6

465

Q Answer Mark Notes
(i) A=33x B =275 Bl
e (1 +2.75+ %) M1 Allow any & Allow one end error
=0.481 (3 sf) Al [3] | As final answer. Accept 0.482
(i) (a) |A(=33x ¥5)=40.15 Bl Accept 40.1 or 40.2
(X ~Po(40.15) = X ~N(40.15, 40.15))
% (=1.633) M1 Allow with incorrect or no cc OR no Y sign
1 —®("1.633") M1 For correct area consistent with their working
=0.0513 (3 sf) Al [4] | Accept 0.0512
(b) | A>15 B1 [1] | or similar
(i) A=2 oeor1.1+1.33=2.43 (3 sf) Bl
1 -8 +243 + % + %) M1 Allow any L. Allow one end error
=0.228 (3 shH) Al [3]
52. 9709 s16_ms 71 Q: 7
Q Answer Mark Notes
(a) (@) | 0.01 x 80 and 0.015 x 60 M1 (1—eM)x(1—e*yany A, u (A £ u)
(1-e®x(1-e) M1 allow one end error
=0.327 (3 sf) Al [3]
(i) | 2=0.02x40+0.015 % 60 M1 or their 0.8 + 0.9
T x (1+ 1.7+ LE) M1
=0.757 (3 sf) Al 3]
(b) e’xi=pande’x £ =15p M1 ore”x £ =1.5x¢” x ] seenor
implied
A=3 Al
p=¢’x3 M1 their A
=0.149 (3 sf) Al [4]
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53.9709_s16_ms_72 Q: 6

APPENDIX A. ANSWERS

Q Answer Mark Notes
(i) 1=6.8 B1
e® x 6% M1 any A
=0.135 (3 sf) Al [3]
(i) (a) |e™*(1+34+ % +% + %) M1 any 4, allow one end-error
=0.744 (3 sf) Al [2]
(b) | ‘0.744 + ¢34 x % M1 or complete method, any 4, allow one
=0.87(0) (3 sf) or 0.871 Al [2]| end-error
(iii) P(X < 6) = ‘0.870" + ¢ x 34 Ml or complete method, any A
=0.94 Al fully correct un-simplified expression or
better
Need 6 hair driers Al [3]| dep M1AT1 with numerical justification
(0.94 or better)

54.9709_s16_ms_73 Q: 3

Q Answer Mark Notes
@) Use of Poisson B1
Mean =2.4 B1
1—e(1+24+ %) M1 Allow any /4 (Allow one end error)
_ Final answer
=043(0) 3 AT 4] | SR Use of binomial: B for ans 0.431 (3sh)
(i) 240 > 50 or n>50 B1
240 x 0.01 =24 <5ornp<5Sorp<0.1 | Bl [2] | SR nularge, p small: Bl
55. 9709 w16 _ms 71 Q: 3
Q Answer Mark Notes.
@) (A)=3.6+3=1.2 B1 1.2 seen
1—e’”(1+1.2+%+%) M1 Allow any 1
=0.0338 (3 sf) Al [3] | As final answer
(ii) N(60 x 3.6, 60 x 3.6) M1 Stated or implied
% (=1.667) M1 Allow with no or wrong cc (no sd/var mixes)
1- D(*1.6677) M1 Area consistent with their working
=0.0478 (3 sf) Al [4]
SR use of Poisson 0.0497 scores 4/4
56. 9709 w16 ms 73 Q: 1
Q Answer Mark Notes
e (1+3.5+ 22
=0.321 (3 sh) M2 Allow M1 if extra term e > x 32 or
1 -. % or omit P(0)
Al [3]
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57.9709_wl6_ms_73 Q: 7

467

Q Answer Mark Notes
@) l-e'@+1 (=0.26424) B1 B1 for either A correct.
l-e™Pa+15+ 12_5‘2) (=0.19115) Bl B1 for either correct expression with
) correct L
‘0.26424° x ‘0.19115° M1 product of their values for 2 and < 3
from Poisson,
need correct form “ 1 - .. “, but allow
incorrect A values and end errors
=0.0505 (3 sf) Al accept 0.0504
[4]
Q Answer Mark Notes.
(i) =30 B1
N(30, 30) B1¥ seen or implied, need N(A,A)
% (=1.004) M1 allow with wrong or no cc or no V
@ (°1.004%) M1 consistent with their working
=0.842 (3 sf) Al
[5]
58.9709 s15 ms 71 Q: 6
Q Answer Mark Notes
O , (o)
e’ X > M1 P(2), allow any 1
=0.198 (3 sf) Al [2]
@, 2
l—e™|1+2+— Ml M1 allow any A and/or lend error
2 Ml Correct expression , correct A
=0.323 (3 sf) Al (3]
(iif) N @@ M1 seen or implied
33
49.5- % . .
T =-2.102) Ml For standardising allow either wrong or no
Vs cc No sd/var mix
O('-2.102) =1 - ®('2.102") Ml For finding area consistent with their
=0.0178 (3 sf) Al  [4] | working
[Total: 9]
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59. 9709 s15_ms_72 Q: 3

Q Answer Mark Notes
A=5x%0.15 (=0.75) | M1
E(amount) = 200%0.75 = 150 Al
Var(weekly no of hole-in-ones) =0.75 | B1¥"
Var(amount) = 200% x 0.75 M1 Allow 2007 x their variance (with nothing
=30,000 Al 5 | added/subtracted at any stage)

(SR probability table can score M1AO srB1 if var
rounds to 30,000 (2sf) )

Total 5
60. 9709 _s15 ms 72 Q: 7
Q Answer Mark Notes
(i) | Poisson B1
(Actually binomial with) Allow without “binomial”
n>50 Bl Accept n large
and sp (or ) (= 2.1) whichis <5 Bl 3 | Accept p small (p <0.1)
(i) | A=2.1 B1
e ! (1 +2.1 +% +23—1,3) M1 Attempt P(0,1,2,3) any 4 allow 1 end error
SR, Ft Normal N(2.1,2.1) B1 standardising M1
Al 310.833 Al
=0.839 (3
(3 1) SR, Ft Binomial B(10500,0.0002) B1 calculating
binomial prob P(0,1,2,3) M1 = 0.8386 Al
(i) | PX=1=1-¢* (=0.87754) | Ml Any 4
P(Y=123)= e'2'1(2.1 +2L 420
) ¢ > -2.1
Any 4
P(X =123) P(X=123)
ST Ml Allow any attempted ST Any 4
(: 071619)
0.87754
=0.816 (3 sf) Al 4 | SRy Ft Normal P(>0.5)=0.86523 M1 P(1,2,3)=0.698
M1 0.698/0.86523 =0.807 M1A1
SR, FT Binomial M1 M1 M1 Al
Total 10
Total for paper 50
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61. 9709 s15_ms 73 Q: 6
Q Answer Mark Notes
o | s 35
(i | e " x a M1 P(X=3)any 1
=0.216 (3 sf) Al [2]
(ii) | N(42, 42) stated or implied Bl

% =-1.929) Mil Allow with wrong or no cc OR without V
42

P(z> *-1.929") = ®(‘1.929°) Ml For correct area consistent with their working

=0.973 (3 sf) Al [4]

(i) | ) =24 Bl

24 24 2.4

1-e™|1+2.4+ + 3 M1 for 1 — P(X'=< 3), any 4 allow one end error

: Ml Correct expression any A
=0.221 (3 sf) Al 4 | NB For combination method B1 attempting
10 combinations with A=1, A=1.4 M1 6
expressions M1 10 expressions 0.221 Al
Total 10
62. 9709 w15 ms 71 Q: 1
Q Answer Mark Notes
A=(12+23)+2 M1 Attempt combined mean, allow 1.2 +2.3
=1.75 Al Correct mean
2 3
e 17 L1757 + 175 M1 Allow incorrect mean.
2 3! Allow end errors (1 and/or 4)
=0.421 (3 sf) Al [4]
Total: 4
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470 APPENDIX A. ANSWERS
63. 9709 w15 ms 71 Q: 5
Q Answer Mark Notes
@) Po(1.6) stated or implied M1
6 16 16° Ml ‘
P(X>3)=1-¢ 1416+ —+—— Allow M1 for 1 — P(X <3), incorrect 4
2 3! and allow one end error
=0.0788 (3 sf) Al [3] SR Use of Bin scores B1 only for 0.0788
- n or or
ii A= B1 -
) 2500 ¢“c005 M1 | 2499 B1
_n 2500
e P <0.05 Allow = M1 n
2499
Allow incorrect A — | <0.05
2500
Ml
n —2<In0.05 Ml 2499
———<1n0.05 Attempt In b M1 H nln <1n0.05
2500 " cmprinbs (1> 2.9957) 0
n>7489.3 (1 dp) Ml
Smallest n = 7490 Al [4] |n=ux2500 Bl | Smallestn=7488
Smallest n = 7490 Al
Al
Total: 7
64. 9709 _wl5 ms 72 Q:1
Q Answer Mark Notes
A=(12+23)+2 M1 Attempt combined mean, allow 1.2 +2.3
=1.75 Al Correct mean
2 3
e 75 i + i M1 Allow incorrect mean.
2 3! Allow end errors (1 and/or 4)
=0.421 (3 sf) Al [4]
Total: 4
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65. 9709 w15 _ms_72 Q: 5

Q Answer Mark Notes
@) Po(1.6) stated or implied M1
p 1.6° 16 _ :
P(X >3)=1-¢ 1+16+—— 422 M1 Allow M1 for 1 — P(X <3), incorrect A
2 3! and allow one end error
=0.0788 (3 s) Al [3] SR Use of Bin scores B1 only for 0.0788
n or or
ii = B1 -
® = 2500 “<005 M1 | 2499 -
_n 2500
e P00 <0.05 Allow = M1 n
2499
Allow incorrect 4 — | <0.05
2500
M1
_ 2499
- 1n0.05 Attempt In bs M1 #<m0.05 ML 1y, <In0.05
2500 (u>2.9957)
n>7489.3 (1 dp) M1
Smallest n = 7490 Al [4] |n=px2500 Bl | Smallestn=7488
Smallest » = 7490 Al
Al
Total: 7
66. 9709 w15 ms_ 73 Q: 2
Q Answer Mark Notes
(07(0.99)=)2.326 seen B1 must be @', not ©
N(4, 1) seen or implied M1
35.5-A4 _ 4« 396n M1 allow with wrong or no cc & ©(0.99)
A (=0.8389)
must = “z * or attempt at z
(0.99/0.01 MO)
A+%2326"Y1 —555=0
13 kil (19 7’2
Ji=1Z= 2.326" £ \/ 2;26 +4x35.5 M1 for correct method of solving their quad
in VA and squaring to find A
(=6.377..0r—8.703..))
4=40.7 (3 sf) Al [5] | cao, one ans only
Without cc, A =40.2: lose final Al
Total [5]
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67. 9709 _m22 ms_62 Q: 5

APPENDIX A. ANSWERS

Question Answer

Marks

Guidance

(a) Mean = 5x18.3 and Variance = 5x2.5> [=N(91.5, 31.25)]

B1 | SOI

95-'91.5

M1 | FT their mean and variance

=0.626
\'31.25" L 1
1 —®(°0.626%) M1 | For finding area consistent with their values
0.266 (3 sf) Al
4
(b) EMD)=0 Bl |OrE(D-1)=-1
Var(D) = 2.5 x 2 [=12.5] Bl
1-0 -1-0 M1 | FT their E and Var
[=0.283] or [=-0.283]
V'12.5' V'12.5"
D(°0.2837) — (1 — $(0.283)) [= 0.6115 — 0.3885] M1 | For finding area consistent with their values
0.223 (3 sf) Al
5
68. 9709 22 ms 61 Q:3
Question Answer Marks Guidance
D=X-(h+Y:+13)OE B1 | Give at early stage
E(D)=6.2-24x3[=-1]OE
Var(D)=0.36 + 3 x 0.25 [= 1.11] B1 | Give at early stage
0—(-1)_ 0.949 M1 | No standard deviation/variance mixes
Fir [=0.949] Var must come from a combination attempt
1—-®(0.949") M1 | Area consistent with rheir values
=0.171 3 s.f) Al
5
69. 9709 s22 ms 61 Q: 4
Question | Answer Marks | Guidance
(2) 20 1 3] 15 B1 | Both
E(Y)= —|=5|, Var() = 20x —x—|=—
M= [=3]. var(m) 253173 OE, 801
Var(x) =2 B1 | SOT or standard deviation = ~/2
E(X-30N)=-13 B1
Var(X -31)=2+9x % " [=35.75] M1 | Correct formula using their values
Standard deviation of (X—3Y) =598 (3 s.f.) or %x/143 Al | CWO
5
Question Answer Marks Guidance
(b) (0. 0) and (1, 15) M1
e2Zx (%)20 +e? %2 x 205 (%)5 (i)ls M1
0.000430 (3 sf) Al | CWO (must have evidence of addition)
Allow 0.00043 or 4.3(0) x 107
3

= EXAMINENT

== Eminent Exam Preparation Resources




70. 9709 22 ms_62 Q: 6

473

Question Answer Marks Guidance
(a) ED)=53-(4x14)=-3 B1 | OE Give at early stage
— 2 .
Var(D) =11 +4% x 3 [= 59] Bl | . (11+42 « 3) (=7.68 (35.£))
Give at early stage
0—(-3) _ 0391 M1 | For standardising with their values (var must be from a
J59 [=0391] combination attempt)
Ignore continuity correction attempts
1-®(°0.3917) M1 | For area consistent with their values
0.348 (3s.f) Al | As final answer
5
(b) E(T)=12 x 53 +25 x 14 [= 986] B1 | Give at early stage (N.B. accept E(T— 1000)=—14)
Var(T) =12 x 11 +25 x 3 [= 207] Bl or f12x11+25x3) (= 14.4 (3sD)
Give at early stage
1000—986 _ M1 | For standardising with their values (var must be from a
[=0.973] L
207 combination attempt)
Ignore continuity correction attempts
D(°0.9737) M1 | For area consistent with their values
0.835 (3 sf) Al | As final answer
5
71.9709_s22_ms_63 Q:1
Question Answer Marks Guidance

1300+-L —1250

M1 | Allow with incorrect or omitted continuity correction

200 1300-1250 [_ Must have 10
or [=1.042]
480 480 Accept totals method
10 10
1—-®(°1.042%) M1 | For area consistent with their values
0.149 (3 s.f) Al
3
72.9709 22 ms 63 Q: 4
Question Answer Marks Guidance

(a) T-N(515, 74)

B1 | B1 for N(515, ..) give at early stage

B1 | Bl for Var =45 + 25 + 4 = 74 give at early stage

S00_'515' (= _; 744)

M1 | Standardise with their values. No standard

J'74" deviation/variance mix
Need combination for variance. Allow continuity
correction.
O(’1.7447) M1 | Area consistent with their working
0.959 or 0.96[0] (3 5.f)) Al
5
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474 APPENDIX A. ANSWERS

Question Answer Marks Guidance
(b) E(S - 1.4R) = 300-1.4x200 =20 B1 | Give at early stage
Var(S— 1.4R) =45+ 1.4%x25=94 B1 | Give at early stage
SC: if BOBO awarded allow SC B1 for 14 and 105.84
0-(20) M1 | Standardise with their values. No standard
Jox [=-2.063] deviation/variance mix. Need combination for
variance.
1 - ®(°2.063%) M1 | Area consistent with their working
0.0196 (3 s.f) Al
5

73.9709_m21_ms_62 Q: 5

Question Answer Marks Guidance
(a) E(LitLotLs+51+5:+55+8s) = 3x5.10+ 4% 2.51 [=25.34] B1 | OE (E(3L +4S - 25.5) =-0.16)
Var(Li+Lo+L3+$1+52+S85+81) = 3x0.0102 + 4x0.0036 [= 0.045] B1 32
or SD=——=0.2121.
20
25.5-"25.34" [= 0.754] M1 | No SD/variance mix.
J'0.045 ’ Standardising with their values (must be from a
combination attempt).
D(‘0.7547) M1 | For the correct area consistent with treir working.
0.775 (3 sf) Al
5
(b) E(L -2S)=5.10-2x2.51[=0.08] B1 | OE
Var(L — 28) = 0.0102 + 2% x0.0036 [=0.0246] B1 | OrSD=0.1568.
0-'0.08' [=-0.510] M1 | No SD/variance mix.
V/'0.0246' Standardising with their values (must be from a
combination attempt).
P(Z>"0.510") = $(‘0.510°) M1 | For the correct area consistent with 2eir working.
0.695 (3 sf) Al
5
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475

Question Answer Marks Guidance
(a) E(T)=3x55+6x27 [= 327] B1 | OE. Accept unsimplified.
Var(T) = 3%3% + 6x2.5% [= 64.5] B1 | Accept unsimplified.
340-'327" M1 | Must have v
———— [=1619]
V'64.5'
P(z<'1.619)=®('1.619") M1 | Correct probability area consistent with their
working.
0.947 (3 sf) Al
5
(b) E(L-81-52) =55 -2 x 27 [=1] Bl | OE e.g. E(S1+S2 — L)=—1. Accept unsimplified.

Var(L— Si—8) = 3%+ 2 x 2.52[=21.5]

B1 | Accept unsimplified.

0-'1'

M1 | Standardising with their values. Must come from a

215 [=-0.216] combination attempt.
P(L-51—S2> 0) =®(‘0.216") M1 | Correct probability area consistent with their
working.
0.586 or 0.585 (3 sf) Al
5

75.9709_s21_ms_62 Q: 2

Question Answer Marks Guidance
(a) Var(X) =400 x 0.01 x 0.99 (=3.96) M1
Var(4X +2) = 16 x Var(X) M1 | For 16 x their Var(X)
63.36 Al | Accept 63.4
3
d)(@) Po(4) B1
n =400 > 50 and either np =4 <5 or p=0.01 < 0.1 B1 | Must quote values 400 and 4 or clearly see n=400 and np=4
(or p=0.01) in working
2
(b)(ii) I DT AT M1 | FT their ‘4
€ o + En + ar + . Allow one end error
: : : : FT from (b)(i) Use of Normal allow M1 for attempt at
standardising (with correct continuity correction) using their
N(4,3.96) and attempt at probability.
FT from (b)(i) Use of Binomial allow M1 for attempt at
P(2.3.4.5) Binomial terms clearly seen and added
0.694 (3 sf) Al | CWO
SCB1 only for unsupported answer of 0.694
2
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476 APPENDIX A. ANSWERS

76. 9709 s21 ms 62 Q: 4

Question | Answer Marks | Guidance
(a) Mean = 15.0+32.0+8.6 [= 55.6] B1 | Allow unsimplified
Var = 1.1%3.5%41.22 [= 14.9] B1 | Allow unsimplified
2
(b) 60-"55.6" M1 | FT their 55.6 and 14.9
W [=1.140] Ignore continuity correction
1-¢("1.140") MI1 | For correct probability area consistent with their working
0.127 (3 s Al | CWO
3
(c) 54.5-"55.6" 817.5-834 M1 | FT their 55.6 and 14.9
\/,.14_9., or J2235 [=-1.104] No mixed methods
15
1-¢("1.104™) M1 | For correct probability area consistent with their working
0.135 (3 sf) Al | As final answer
3
77.9709 _m20 ms 62 Q: 6
Question Answer Marks Guidance
(a) N(310, 50) B1 | SOI
300-"310' (=-1.414) M1 | Standardise using their values
NET
O(-1.4147)=1-¢('1.414") M1 | Area consistent with their values
=0.0786 or 0.0787 (3 sf) Al | As final answer
4
Question Answer Marks Guidance
(b) P(L-25>0) M1 | OE SOI
E(X) =200-2x110 or =-20 B1 | OE seen
Var=30+2"%20o0r =110 B1 | Seen
N(-20, 110) M1 | Standardising with their values. Mean and variance must come
0-("-20") = 1.907) from a combination attempt.
NGTTT
1-®(*1.907") M1 | Correct area consistent with their working
=0.0283 (3 sf) Al | Final answer
6
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78. 9709 _s20 ms_61 Q: 3

Question Answer Marks

(a) N(240, 6 x 1.5%) or N(240, 13.5) M1
245-"240" (=1361) M1
1-®(*1.3617) M1

0.0867 (3 sf) Al

4

(b) Use of L —4S or similar M1
E(L—48)=-8 Bl

Var(L —48)=1.5"+16 = 0.7 or 10.09 Bl
%(:2.519) M
D(*2.519”) M1

0.994 (3 sf) Al

6

79. 9709 20 _ms_62 Q: 1

Question Answer Marks
N(242.4,162.24) B1
722?;3;‘;2;4' (=-1.759) M1
0(-1.759)=1-¢(1.759")=0.0393 M1
3.93% Al

4

80. 9709 _s20_ms_63 Q: 2

Question Answer Marks
Y- W-X~N(90, ...) B1

Var(Y— W—X)=1050+450 + 720 or 2220 B1

% (=-1.910) M1
D(-1.910")=1-D(‘1.910%) M1

0.0281 Al

5
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81.9709 w20 ms_61 Q:3

APPENDIX A. ANSWERS

Question Answer Marks Guidance
F-05M M1 | SOIL
~N(17, 272+ 0.25 x 55%) B1 | for 102 -0.5(170) (= 17) or 34
B1 | for 272 +0.25 x 55 (= 1485.25) or 22 x27% + 557 (= 5941)
0-'17" M1 | Must have an attempt at combining F and M. No standard
11485.25"' (=-0.441D) deviation/variance errors.
P(F-05M<0)=¢(-0.4411")=1—§('0.4411" M1 | Correct area consistent with their figures.
=0.330 (3 sf) A1 | Allow 0.33 if no greater accuracy given
Alternative method for question 3
2F-M
~N(34, 22% 272 +552) B1 | for 102 -0.5(170) (= 17) or 34
B1 | for 27 + 0.25 x 557 (= 1485.25) or 2>x27% +55° (= 5941)
0-'34" 04411 M1 | Must have an attempt at combining F and M. No standard
5941' =-o ) deviation/variance errors.
P2F —-M<0)=§("-0.4411") =1 — $('0.4411") M1 | Correct area consistent with their figures.
=0.330 (3 sf) A1 | Allow 0.33 if no greater accuracy given
6
82.9709 w20 ms 62 Q: 7
Question Answer Marks Guidance
a P(S>L +200)=P(S—-L>200 B1 | These may be implied by next line
y p y
E(S —L) = 380210 (=170) or E(S—L—200)= 380-210-200
(=30)
Var(S — L) = 140480 (=220) or Var(S-L—-200)= 140+80 (=220) B1
200-"170"  0-"-30" M1 | Standardising with their values (must be from a combination
J220" 1 J220" (=2.023) attempt) Allow with attempted continuity correction.
1—¢("2.023") M1 | Area consistent with their values
=0.0216 (3s1) Al | (0.0234 with continuity correction)
5
Question Answer Marks Guidance
®) E(total cost) = 380 x 20 + 210 x 50 (= 18 100) B1 | or $181
Var(total cost) = 140 x 20% + 80 x 50° (= 256 000) B1 | or 25.6 (dollar®) These may be implied by next line
19000-"18100" 190-"181" M1 | Standardising with their values (must be from a combination
256000" J25.6" =1.778) attempt). No mixed methods.
’ Allow with attempted continuity correction.
. rea consistent with their values
"1.778" M1 | A i ith th al
=10.962 or 0.963 (3 sf) Al | (0.953 or 0.954 with continuity correction)
5
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479

Question

Answer

Marks Guidance

F-0.5M

M1 | SOI

~N(17,27%+ 0.25 x 55%)

Bl | for 102 — 0.5(170) (= 17) or 34

B1 | for 272 +0.25 x 55 (= 1485.25) or 22 x27% + 557 (= 5941)

0-'17"

\'1485.25"

(= -0.4411)

M1 | Must have an attempt at combining F and M. No standard
deviation/variance errors.

P(F— 0.5M < 0) = §(-0.4411") = 1 — $('0.4411")

M1 | Correct area consistent with their figures.

=0.330 (3 5f)

A1 | Allow 0.33 if no greater accuracy given

Alternative method for question 3

2F-M

~N@4. 2°x27% +55%)

Bl | for 102 - 0.5(170) (= 17) or 34

Bl | for 27 + 0.25 x 557 (= 1485.25) or 2>x27% +55° (= 5941)

0-"34"
'5941"

(=-04411)

M1 | Must have an attempt at combining F and M. No standard
deviation/variance errors.

PQF - M < 0) = (-0.4411") = 1 — $('0.4411")

M1 | Correct area consistent with their figures.

=0.330 3 sf) A1 | Allow 0.33 if no greater accuracy given
6
84.9709 ml9 ms 72 Q: 2
Question Answer Marks Guidance
E(X-31)=02 B1 | oe
Var(Y—3¥)=12.1+9 x 8.6 (= 89.5) B1

0-02

M1 | For area consistent with their working

Fos (=-0.021)
®(0.021%) M1
=0.508 (3 sfs) Al
5
85.9709 s19 ms 71 Q: 1
Question Answer Marks Guidance
) Mean =115 B1
SD = 40 Bl
2
(ii) Mean = 15 x *115° = 1725 Bi1ft
15 x 407 (=24000) M1 | or SD =15 x ‘40", ft their (i)
SD = V24000 Al | Accept V24000 SC: Allow correct answers in dollars
SD = 155 (cents) (3 sf)
3
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86. 9709 s19 ms_72 Q: 2

APPENDIX A.

ANSWERS

Question Answer Marks Guidance
(6] Normal with mean 372 B1
\/E or variance = —— M1
=9) Al | (=81)Al
3
(ii) Pop normal B1 | Allow X is normal
1
87.9709 s19 ms 72 Q: 4
Question Answer Marks Guidance
Use of 1.5X7 — X2 or similar B1
E(1.5X—X;) =1.5(110) —110 (= 55) B1 | or E(X;—1.5X3) =110 — 1.5(110) (= —55)
Var(1.5X-X2) =1.5%x1050+1050 (or 3412.5) M1 | Correct expression or result
0-55 0—(-55) M1 | Their ‘55°. Allow incorrect var (dep > 0 and # 1050)
NETVEd or NP (=+0.942)
1-®(°0.942) M1 | Area consistent with their working
=0.173 Al
Ans 0.346 (3 sf) B1 | FT double their prob (must be <1)
7
88.9709 s19 ms 73 Q: 4
Question Answer Marks Guidance
Total ~ N(1208, .....) Bl
Var(total) (= 10%1.2 + 20x0.7 (+ 0)) = 26 B1 | May be implied by next line
+ 1200-"1208" (=-1.569) M1 | FT their mean and var of total mass, e.g. allow 1200 and 11.24
26" (from 10 x 1.22+ 20 x 0.7
1-®(“1.569™) M1 | Correct area consistent with their working
=0.0583 (3 sf) Al
5
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89.9709 w19 ms_72 Q: 5

Question Answer Marks Guidance

i = L= Bl .
@ mean = 3250 var. =61 Or mean = 325 var. :T—Ol

3240-3250 (: 128 0) M1 | Standardise with their values (no mixed methods)
J61
$(-1.280" =1 - ¢('1.280) M1 | Area consistent with their figures
0.100 Al | Allow 0.1
4
(ii) E(D)=325-2x167=-9 B1 | Accept +9
Var(D) = 6.1 + 2% x 5.6 (= 28.5) Bl
0— (,9) M1 | Standardising with their values. Must have a combination
J285 (: 1 '686) attempt on denominator and J
1- $(1.686" M1 | Area consistent with their figures
0.0459 Al
5

90. 9709 w19 ms 73 Q: 1

Question Answer Marks Guidance
(6] 9.6,12.4 B1B1
2
(if) 6.6,49.6 B1 Bl
2

91.9709_ml8 ms 72 Q: 3

Question Answer Marks Guidance
) E(H ) =6 B1
Var(H,) =5 x 0.03* M1
=0.0045 or 9/2000 Al
3
(ii) E(H,—2Hg) =0 B1 | From 6-6
Var(H, - 2Hp) ='0.0045" + 4x5%0.02° M2 | Allow M1 for '0.0045' — 4x5x0.02*
0r'0.0045" + 2x5x0.02% 0r'0.0045'
+4x0.02% 0r '0.0045' + 4x5%x0.02?
=0.0125 (3 sf) or 1/80 Al
4
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92. 9709 _s18_ms_71 Q: 4

Question Answer Marks Guidance
1) mean= 155.1 B1
var=1.5"x10.2 (=22.95) M1 | or 1.5 x V10.2
sd ="22.95"
=4.79 Al
3
Question Answer Marks Guidance
(1) mean = 103.4 + “155.1” (= 258.5) Bift | Both. ft their 155.1 and 22.95. Accept
var = 10.2 + “22.95” (=33.15) sd.
250-"258 5" (=-1.476) M1 | Standardising — no sd/var mix. Their
V'33.15" mean/sd must be from an attempt at
combination
- §(-1.476) = §(1.476) M1 | For area consistent with their working
=0.930 (3 sf) Al | Allow 0.93
4

93.9709_s18 ms_72 Q: 2

Question Answer Marks Guidance
A:N(6,4.8) B1B1 | Bl for N(6, ..) for either A or B. B1 for 4.8 (or 2.19%) (or SD=2.19)
B:N(6.2.4) B1 | Bl For 2.4 (or 1.55%) (or SD=1.55) (SR 3/3 but error seen withhold B1 so 2/3 scored)
3
94. 9709 s18 ms 73 Q: 6
Question Answer Marks Guidance
(i) E(1)=45+23 (=6.8) M1 | Both methods seen or implied
Va(D) = 1.1° + 0.7 =17
85-"6.8" (= 1.304) M1 Cmre.ct st_and'n using their Fand o must be a
NOwL combination of the two variables
$("1.304") M1 | Area consistent with their working
=0.904 (3 sf) Al
4
(i) E(D)=45-2x23 or—0.1 M1
Var(D) = 1.12 + 22x0.7% or3.17 M1 | Both can seen or implied
0—(-0.19 - M1 | Correct stand'n using their zzand o? must be a
J317 (50.056) Combination of the two variables
1—¢("0.056") M1 | Area consistent with their working
=0.478 (3 sf) Al
5
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483

Question Answer Marks Guidance
0] T, +T,~N(5,04°+0.5%) Bl | orN(5,041)
% (= 1.562) M1 | Allow cc
D(‘1.562") M1 | Correct area consistent with their working
=0.941 Al
4
(ii) Var(T - 1.27)) = 0.5 + 1.2° x 0.4° B1 | Or similar using 1.2T, — T,
(=0.4804)
T, —1.27, — N(0.16, 0.4804) B1 ft | Only ft attempt at combination. no ft for neg
var.
0-'0.16' M1 | Standardise with their mean and variance.
W (=-0.231) Allow cc
P(T,-1.2T71)>0
=d(‘0.231) M1 | Correct area consistent with their working
=0.591 (3 sfs) Al
5

96. 9709 w18 ms_72 Q: 3

Question Answer Marks Guidance
E(T)=2x250+5 x 160 (=1300) B1
Var(T)=2» 10+ 5 x 9 (=65) B1
1313/;% (= 1.240) M1 | Standardise using their values (must come from a combination attempt). Ignore cc
1—6("1.240%) M1 | Correct area consistent with their working
=0.1075 Al | Allow 0.107 to 0.108 (no errors seen)
5
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97. 9709 w18 ms_73 Q: 5

APPENDIX A. ANSWERS

Question Answer Marks Guidance
) T, + T, ~N(5,04°+05%) Bl | orN(5,041)
65 (=1.562) M1 | Allow cc
'0.41'
D(1.5627) M1 | Correct area consistent with their working
=0.941 Al
4
(ii) Var(Ts - 1.27)) = 0.5 + 1.2% x 0.4* B1 | Or similar using 1.2T, — T,
(=0.4804)
T, —1.27, — N(0.16, 0.4804) B1 ft | Only ft attempt at combination. no ft for neg
var.
0-'0.16' M1 | Standardise with their mean and variance.
— (=-0.23])
'0.4804" Allow cc
P(T,-1.2T71)>0
=0(‘0.2317) M1 | Correct area consistent with their working
=0.591 (3 sfs) Al
5
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485

Question Answer Marks Guidance
(1) Assume cartons are random sample(s) B1 | or masses of cartons are independent of
each other oe
E(7) =816.4 B1 | Both
Var(T) = 1570.08
_ 900-"816.4" _
7= oo (C2110) Mi
1 - ®(“2.110”) M1
=0.0174 =1.74% (3 sfs) A1l | % only (accept 1.7% if 0.0174 seen)
Total: 5
(i1) P(F — 5> 0) stated or implied M1 | P(S—F<0)
62.0 —78.8 (=-16.8) B1 | 78.8-62.0 (=16.8)
& 10.0°+12.6> (= 258.76) & 12.6°+10.0° (=258.76)
_ 0-("-16.8" ,_ — _0-"168" (—
27 e (=1.044) Ml [7258.76" (=-1.044)
1 — D(<1.044”) M1 | O(“-1.0447) = 1 — D(<1.0447)
(=1-0.8517) Al
=0.148 (3 sfs)
Total: 5
99. 9709 s17 ms 71 Q:5
Question Answer Marks Guidance
(1) W ~N(6210, 171.88) B2 | seen or implied. B1 each parameter
6200-"6210" _ M1 | Standardising with their values. No sd / var mix
J"171.88" =07
1-®(*0.763") M1 | For area consistent with their mean
=0.223 (3 sfs) Al
Total: 5
Question Answer Marks Guidance
(ii) E(C-2B)= —50 M1 | “6210"-2(3130) (or E(2B—C)=50
Var(C — 2B) ="171.88" + 2% x 12.1° M1
(=757.52)
0—(-50) _ M1 | Standardising with their values
NGEET (=1.817)
O(*1.8177) M1 | For area consistent with their mean
=0.965 (3 sfs) Al
Total: 5
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100. 9709 s17_ms_72 Q: 7

APPENDIX A. ANSWERS

Question Answer Marks Guidance
(a) E(Xi+X5)=2x42=84 B1 | Both. Seen or implied (or sd = 1.56)
Var(Xi+X) =2 x 1.12=2.42
1"2*‘3: (=1.029) M1 | Standardising with their mean and var (no sd / var mix)
1-¢("1.029") M1 | For area consistent with their working
=0.152 (3 sf) Al
Total: 4
(b) E(X)=20.5 Bl
Var(X) = 105+0.5%x 15 (=108.75) M1 | correct expression oe
% (=-1.966) M1 ic;ifizt as;;n:;;f;;:isglg Cusing their E & V (no sd/var mix)
d("—1.966") = 1— $("1.966") M1 | For area consistent with their working
(=(1-0.9754))
=0.0246 or2.46% (3 sf) Al | Accept 0.0247
Total: 5
101. 9709 _s17_ms 73 Q: 3
Question Answer Marks Guidance
10 x 0.46” (=2.116) or 046 BL| SOt
V1o
Total mass of ore ~N(70, 2.116) or B1
~ {7,[0-46)2}
Jio
L 71-"70" or & 7.1-"7.0" (= 0.687) M1 | correct. usj;lgﬁ?f:ir sd or V(their var)
J2116" 0.46/\/5 e.g. allow 23 for M1
1-¢("0.687") M1 | for correct area consistent with their working
=0.246 (3 sf) Al
Total: 5
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102. 9709 w17 _ms_71 Q: 6

Question Answer Marks Guidance
@) Mean = 3.2 x 90 =288 B1
Variance = 0.4% x 90 M1
=1296 Al
3
(i1) Mean = ‘288" + 4.3 x 95 = 696.5 B1FT
Variance = 1296” + 0.6 x 95 = 4545 B1 FT | FT their (i)
670-696.5 (=-0.393) M1 | FT Var provided both given Vars used
standardising (ignore cc)
no sd / Var mix
1 — ¢(*—0.393%) = $(*0.393) M1 | correct area consistent with their
working ( 1.e. their mean )
=0.653 (3 sf) Al
5

103. 9709 w17 ms 72 Q: 5

Question Answer Marks Guidance
6 E(X- )= 56-43 (=13) Bl
Var(X— ¥)=6"+5 (=61) M1
0-13 (=-1.664) M1 | Ignore any attempted cc/no SD/var mixes.
Jor var must be attempt at a combination
1—¢(—1.664") = §('1.664") M1 | For area consistent with their working
=0.952 (3 sf) A1l | Similar scheme for use of Y- X
5
Question Answer Marks Guidance
(ii) E(M) =56 +1.5(43) (=120.5) B1
Var(M) = 6” + 1.5°x5” (=92.25) M1
135-120.5 (=1.510) M1 | Ignore any attempted cc/no SD/var mixes.
'92.25 var must be attempt at a combination
1-¢(1.510") M1 | For area consistent with their working
=10.0655 or 0.0656 or 6.55% or 6.56% (3 sf) Al | Allow 6.6% or 6.5% or 7% if correct working seen
As final answer
5
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104. 9709 w17 _ms_73 Q: 6

Question Answer Marks Guidance
@) Mean = 3.2 x 90 =288 B1
Variance = 0.4% x 90 M1
=1296 Al
3
(i1) Mean = ‘288" + 4.3 x 95 = 696.5 B1FT
Variance = 1296” + 0.6 x 95 = 4545 B1 FT | FT their (i)
670-696.5 (=-0.393) M1 | FT Var provided both given Vars used
standardising (ignore cc)
no sd / Var mix
1 — ¢(*—0.393%) = $(*0.393) M1 | correct area consistent with their
working ( 1.e. their mean )
=0.653 (3 sf) Al
5

105. 9709 _ml16_ms_72 Q:1

Q Answer Mark Notes
E(X) =2 oe Var(X) = £ oe B1 For E(X) and Var(X)
E(Y)=10 Var(Y)=5 B1 For E(Y) and Var(Y)
OR For E(X) and E(Y)
For Var(X) and Var(Y)
EX+Y)=%0e orl33(3sf) Bl
Var (X +Y)="2"+"5" M1 For adding 2 (appropriate) variances
sd= @ oe or 2.79 (3 sf) Al [S] | orsd=or ﬁx%

106. 9709 _m16_ms_ 72 Q: 4

Q Answer Mark Notes
X—2Y~N(0.1,0.2* + 4 x 0.1%) soi B1BI1 B1 for+ 0.1 B1 for 0.2 + 4 x 0.1°
(=N(0.1, 0.08))
% (=-0.354) M1 For standardising. Allow without  sign
D("-0.354 ") =1 —-0("0.354") M1 For correct area consistent with their working
=0.362 (3 s0) Al [5]
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107. 9709_s16_ms_71 Q: 5

Q Answer Mark Notes
) T~N(6x24,6x0.3%)
(=N(14.4, 0.54) M1 seen or implied
% (=2.177) M1 ft their E and Var; allow without V
10.54" )
(Accept alternative method
N(2.4,(0.3%)/6))
1— (2.177) M1 correct area consistent with their
working
=0.0147 (3 sf) Al [4]
(ii) D=X-1.1X;
E(D)=-0.24 B1
Var(D)=0.3*+ 1.1 x 0.3* (= 0.1989) | M1
lj;%i;:,) (=0.538) M1 ft their E and Var; allow without
(°0.538%) M1 correct area consistent with their
working
=0.705 (3 sf) Al [5]

108. 9709 _s16_ms_72 Q: 1

Q Answer Mark Notes
= or62 B1 seen or implied
50
6521:52—0 (=-2.281) M1 allow without +V50
P(z > “-2.281") = $(‘2.281") M1 for finding correct area consistent with
=0.989 (3 sf) Al [4]| working
as final answer

109. 9709 s16_ms_72 Q: 5

Q Answer Mark Notes
(i) T~N(520, 70) B1 for N(520,..) or N(500,..) if
530-520 (— isi i
NG (=1.195) B1 standard_lsmg with 51.0 ‘
for Var = 70 seen or implied
(‘1.195%) M1 ft their E and Var; allow without
=0.884 (3 sf) M1 finding correct area consistent with
working
Al [5]| CWO
(ii) E(T)=-10 B1 or+10for T <0
Var(T) =50 + 4.17 x 20 (= 386.2) B1 Seen or implied
?/% (=0.509) M1 ft th.eir E and Var; allow .without‘\/
] , M1 finding correct area consistent with
11— (°0.509) working
=0.305 (3 sf) Al [5]| cwo
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110. 9709_s16_ms_73 Q: 7

APPENDIX A. ANSWERS

Q Answer Mark Notes
(i) E(7) =20.8 B1
Var(T)= 20 x 0.03* + 0.01*(=0.0181) | B1 or V(20 x 0.032 +0.01% ) = 0.135 (3sf)
206208 (— _| 487)
o018t M1 For standardising (¢ must come from
« ”» combination)
—10_(%(841 '483 6)8 6 M1 Area consistent with their working
e 0. Al [5] | Any answer within range
(ii) E(D)=0
Var(D) =2 x 0.0181(= 0.0362) B1+ Both (Seen or implied)
«/‘9(.)?(?3_602) (=0.105) M1 Allow without
®(“0.105”) = 0.5418 or 1-0(0.015) | Al Allow to 3sf
=0.4582
CD(“O.]OS”) _ (1 _ (I)(“O.IOS”) M1 orl— 2(1 — @(“0105”))
(= 0.5418 — 0.4582) (=1-2x0.4582)
= 0.0836/0.0837 Al [3]
111. 9709 _wl6_ms_71 Q: 4
Q Answer Mark Notes.
@) 6080 (litres) B1
106 (litres) B1 [2]
(ii) E(21Y-2X) =635 B1
Var(21Y - 2X) = B1 correct expression or result or sd = 273 seen
217 x 122+ 2% x 532
(= 74740)
0-635 —_— .
g3t (=-2.323) |M1 no sd/var mixes
1-®(*-2.323") = ®(‘2.323") M1 Area consistent with their working
=0.99(0) (3 sf) Al [5] | No errors seen
112. 9709 w16 ms_73 Q: 3
Q Answer Mark Notes
N(178, ...) B1 stated or implied
Var=3.2"+4.17+ 3.8 or 41.49 B1 or sd = 6.44 stated or implied
175178 1804 M1 need V15 but allow var / sd mix for
Jaraoeis (& -1.8049 “41.49”
allow cc for method marks
@(:71 804’) =1_ (D (11 8047) Ml independent M1 fOr arca / prob
-0 03.56 @3 sf) ' Al consistent with working
' (5]
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Q Answer Mark Notes
@ | 34 Bl
222+ 137+ 2.6 (=13.29) Bl  [2] | Accept 13.3 or 3.65" Allow at early stage
i) | 33-'34'
@ (=-2.295)
13.29'
70
M1 correct standardisation method for either
35734 (=2.295)
/ 1320 M1 For attempt to use tables to find the
probability between two z values ,may be
D(°2.295%) — O(*-2.295") implied by next line
Ml For a correct method to find the area
between their two z values
=®(‘2.295") — (1 - ®(‘2.295%)) oe Al [4]
=0.978 (3 sf)
[Total: 6]
114. 9709 _s15_ms_71 Q: 7
Q Answer Mark Notes
(i) | 7E(X) + SE(Y) -2 Ml allow incorrect means
(=7x8+5x3)-2
= 69 Al [2]
(i) | Var(X) = 1.6, Var(})=3 Bl both
16Var(X) + 9Var(Y) Ml M1 for mult by 16 and 9; allow with ‘+ 3’
Ml M1 for add without ‘+ 3’; allow incorrect
(=16x1.6 +9 x 3) multipliers
=526 Al 4]
(iii) | X=10,Y=2and X=9,Y=0 B1 both pairs seen or implied
2
0.8 x ¢ x 37 or 10%0.8° % 0.2 x &= Ml or 0.0241 or 0.0134 (3sf) one correct
2 product
, M1
0.8 x ¢ x 2 + 10x0.8° x 0.2 x ¢ Al 4] | all correct
2
=0.0374/5
[Total: 10]
115. 9709 _s15_ms_72 Q:1
Q Answer Mark Notes
Var = 16x9 + 25x36 (=1044) | Bl M1 for 16 (or 4) & 25 (or 5) used
M1 M1 for add any multiples of 9 and 36 only
sd =32.3 or 6¥29 or \1044 Al
Total
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116. 9709_w15_ms_71 Q: 6

APPENDIX A. ANSWERS

Q Answer Mark Notes
(i) E(T)=9x78+7x66  (=1164) Bl Or9 x 78 + 7 x 66 — 1200
Var(T) =9 x 72+ 7 x 52 (=616) B1
1200-"1164" M1 + Allow without \/
il ia (= 1.450)
4/'616'
P(z < 1.450) = @ (1.450) M1
=0.927 (3 sf) Al [5] | Correct tail consistent with their mean
(ii) E(D) = 66— 78 (=-12) B1 Both needed
Var(D) =72 + 52 (=74)
_(_ [ + :
0—(-12) (= 1.395) M1 + Allow without
V74
P(D>0)=1-D(“1.395%) M1 Correct tail consistent with their mean
0.0815 (3 sf) Al [4] | Similar scheme for P(M — W) <0
Total: 9
117. 9709 w15 ms 73 Q: 7
Q Answer Mark Notes
(i) | estu=2.087 Bl allow 2.09
esto? = 100 (43357 5 o0 M1 1/99 (435.57 —208.72/100 )
99 { 100
. 100 .
~ 0.000132(3232) or 131/99 0000 Al | [3] | Without S557:0.000131 MOAO
(i) E(Y-X)=2.12-2.087 (= 0.033) B1 or2.12-2.087-0.01 forY - X -0.01 <
0 allow 2.09 for 2.087
Var(¥Y —X) = 0.000144 + °0.00013232° M1 or \J'(O.OIZQ +°0.00013232%) M1
=0.000276(32) Al =0.016623 Al
0.01-'0.033' --1.384) | M1 Jtheir E(Y — X) & Var(Y - X)
~'0.00027632" var must be a combination of the two
vars
O(-1.384) =1 -D("1.384") M1 correct area/prob consistent with their
working
=0.0832 Al [6] | SR use of biased var ( 0.000131 ) in (i)
and (ii)
scores in (ii)) BIM1 A1 for 0.000275
and MIM1 A1 for 0.0827
( 6/6 available)
Total 9]
Total for paper [50]
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118. 9709 m22 ms_62 Q: 6

493

Question Answer Marks Guidance
(a) Quadratic curve, hence symmetrical B1 | OE. Allow sketch and ‘symmetrical’ or just ‘curve
symmetrical’
1
(b) 302 _ M1 | Attempt to integrate f(x) and ‘= 1°. Ignore limits at this
%L (F—dx+3)dx =1 Ctnge
R Al | Fully correct expression (correct integration and limits)
—k| ——2x"+3x ]
4 Al | AG. OE. Correctly substitute limits and ‘= 1" and
—kx 0_5 =1 or kx_=1 correctly obtain result with no errors seen.
=2
4
3
c 3 M1 | Attempt to integrate x* f(x) from 1 to 3
© —% l(x"—4x3+3x?‘)dx P grate x* fx)
S 3 A1l | Correct integration and limits
e T S
1
3 28 21
B
5 5
Al
21 2102
5
3
Question Answer Marks Guidance
(d) 33 M1 | OE. Attempt to integrate f{x). from 2.5 to 3 (or 1 to
—= [(¥* —ax+3)ar 2.5)
4
25
3 3 Al
—3E o ha] =2 o oase2s
4 |3 32
25
1,1,-i-3 M1 | OF. FT theirs; .
32
=0.399 (3 sf) Al
4
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119. 9709 _s22 ms_61 Q: 6

APPENDIX A. ANSWERS

Question Answer Marks Guidance
(a) a B1
2
1
® |1 Bl
4
1
(©) f(x) = 1 B1 | SOI (may be seen in part (a) or part (b))
a
EX=4 B1 | SOI
2
j“ 1%dy M1 | Attempt integrate their f(x) x x> with correct limits
)
N Al
" |3alo 3
2 2 2 2 A1l | Must see previous line and answer
a4 _(aylord _a =4
3 (2) or 3 4 [ 12 AG] No errors seen
5
Question Answer Marks Guidance
(d) px<by— P M1 | SOI (could be on a diagram)
(X< §) 3 OR by integration: prob = 1-(2/3)(b/a)
b by_,_ 2P Al
P(Z <X<a-.2)=1-—/
3 a3 3
2
120. 9709 22 ms 62 Q: 5
Question Answer Marks Guidance
(a) 34 5 5 M1 | Attempt to integrate xf(x) Ignore limits
16 { (4" —x")dx (must see a power increase for attempted integration)
3[4 4 M1 | Attempt integrate xf(x) with correct limits
16l 3 4|2 (must see a power increase for attempted integration)
_3 (@7 64— (Q —a))= 11 (AG) A1 | Correct substitution of correct limits (at least 2 terms
16 ° 3 3 4 seen) and answer seen. No errors seen i.e. NO recovery of
errors and no non-exact decimals (e.g. 21.33) seen
3
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Question Answer Marks Guidance
(b) 3 } (4 — x*)de *M1 | Attempt to integrate x* f(x) with correct limits
16 (integration must be seen not implied. Must see a power
increase for attempted integration)
_3 | x 4 =32 or7.8] DML | i J.xzf(x)dx— (12 with J-xzf(x)dx evaluated, not
16 512 ' o
19 n necessarily simplified
v _<39-_ 11y
ar(y =32 (1L
_1 Al 39 19
R0 or0.2375 (or 0.238 (3 sf)) SC If MO then score B1 for ?and B1 for %
3
(c) 3 M1 | Attempt to integrate correct integral and limits
3 [(4x—xP)dx - - .
16 5 must see a power increase for attempted integration
Oe (Integrate 3 to 4)
OR ALTERNATIVE METHOD integrate from m to 4 or
2 to m and equate to 0.5 to obtain cubic (m® -6m> +
24=0 oe)
(NB Integrating from m to 3 and equating to 0.5MO0)
32 23 3 ( 8) [ 11} Their [£(x)de — L oe (12— 5/16)
=3 | X ~2[(18_9_(g_8 1l
16[" 3}2 [16189 83 16 J 2
1 1 M1 | OR
) 6 T- 2 ALTERNATIVE METHOD m obtained from cubic (m =
2.69459) and attempt to integrate f(x) from ‘their m” (2 <
m <4) to 3 must see a power increase for attempted
integration and limits substituted
3 or0.1875 Al | Condone 0.187 or 0.188
3
121. 9709 s22 ms 63 Q: 7
Question Answer Marks Guidance
(a)(i) 1 B1 | no ambiguity
1
(a)(ii) 1 B1 | No ambiguity
2
1
(a)(iii) lg=1 % » B1 | Accept2g=p
1
(b) 4 . M1 | Attempt to integrate f(x) and equated to 1
pj(a —x")dx =1
0
lalp =1 A1 | OE, simplified
3
a a M1 . . o 3
"ﬁ"J(“z"* Pydx=3 or ";?"J.(azx— Py =3 Attempt to integrate xf(x), with multiplier p or 2
° 0 or their p, and equate to 3
» at _ 3 A1l | May be implied by next line
PEy
w3 at _ 3 M1 | OE. Substitute from one equation into the other.
243 4 FT their equations
a=38 Al
6
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122. 9709 _m21_ms_62 Q: 2

APPENDIX A. ANSWERS

Question Answer Marks Guidance
@ 1,1 _ M1 k _
7% Ek xk =1 Or use of j‘[—%x+ %k] dx =1 and attempt at integral.
0
k=2 A1 | Unsupported answers MO A0. Do not accept £2.
2
N [ S BLEL | ot ioir b from y=—Lx+ Lk .
2 272
2 12 B3 o2]2 M1 | Attempt integration of xf(x) limits 0 to &
[(—5x" +x)dx = {—?+7}0 FT their f(x).
0 Could be in terms of k.
% or 0.667 (3 sf) Al
3
Question Answer Marks Guidance
(c) 1 1 M1 | FT their equation of line; correct integral and limits
j(_a x+1D)dv [=0.25] (could be reversed) stated or %(l—p)(l—%p +%) [=
? 0.25].
<2 1 M1 | Attempt substitution of correct limits (not reversed) into
e +x P =025 their integral or attempt expand must equal 0.25.
) OE
1 P -
——+1+ 5 -—p=025
4 a7
Pl—4p+2=0 M1 | Obtain 3-term quadratic set equal to 0, obtain at least 1
solution.
p=2-20r0.586 Al|CAO
4
123. 9709 _s21_ms_61 Q: 3
Question Answer Marks Guidance
20 20 1 M1 | For either expression seen.
27 27 2
20 20 20 1
= 12| 22
27 27 27 2
13 Al | OE. Accept 0.481 or 0.482.
27
2
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124. 9709 _s21_ms 61 Q: 6

497

Question Answer

Marks Guidance

E(X) =3

B1 | N.B. E(X)=108k is B0 until correct & substituted in.

(6x—x")dx =1

M1 | Attempt integration of f(x) and =1.
Ignore limits at this stage.

]
g
!

108——) =1

Al

=—or
108 36
*MI1 | Attempt integration of their k x x*f(x).
1 08 _'.(5’5 —x)dv Ignore limits at this stage. Accept in terms of k.
3 16
B S S LA
108| 2 510
'10.8' - '3% DM1 | Their 10.8 (from use of limits 0 and 6) minus their
E@)*.
Accept in terms of k: 388.8k—(108k)*

9 Ls Al | CWO. Must be convincingly obtained as AG.

—orl.

5

6
125. 9709 _s21_ms_62 Q: 3
Question Answer Marks Guidance
(a) 1 M1 | For area =1

EP(P =1 1
For verification methods accept EX 2x1=1or
1 1 R
EXZX(p—l):lor EXIXp =1as indication that area=1

p=2 Al | AG - Convincing method and answer.

Must see quadratic rearranged to =0 and no errors seen.
N.B. Accept convincing verification methods (e.g. statement
such as ‘assume p =2’ or ‘if p =2’ or ‘using p = 2’ or showing

. 1 .
by clear substitution that p = 2 fits 3 p(p—1)=1 with clear

conclusion)
2
(b) Gradient = 2 M1 | Award for attempting equation of line y=mx+c with m =2, -2,
equation of line is y=2x+ ¢ 1 1 .
line passes through (1. 0). hence ¢ = -2 B OI_E"Hd numerical ¢ (c#0)
y=2x-2 Al | May be seen in (a)
M1 can be implied by correct answer
2 . M1 | For attempting [xf(x)dx.
ZJI (x" —x)dx Ignore limits, FT their equation.
1
£ 22 A1 FT | Correct integration FT their f{(x)and correct limits
o] [P,
3 21
5 Al
— or 1.67 (3 sf)
3
5
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126. 9709 _s21 _ms_63 Q: 6

Question Answer Marks Guidance
m . : : .
(a) P> 10) = I 3 (x—2 0)2 ax M1 | Attempt integration of f(x), ignore limits.
10 8000
20 20 M1 | Substitute correct limits 10 to 20
(x—-20)° 3 (% a0x? o e
- |3 « or x 4 400 or 1 — ... limits 0 to 10 in their integral
8000 3 8000| 3 2
ho 10
_ 1 13
~ 8000 [o-¢107]
1 Al 1
g 0.125 SC Unsupported answer of § scores Bl only
(%)2 - 617 o1 0.0156 (3 sf) B1FT | FT their P(X > 10) dependent on first M1 gained
4
© UCLES 2021 Page 11 of 13
Question Answer Marks Guidance
20 1 1 imi
(b) _[ 3 (x* —40x + 400x)dx M1 | Attempt integration of xf(x). Ignore limits.
o 8000
20 Al | Correct integral
4 3 2
ﬁl}? - 40; + 403 ] 0 (by expanding or by parts)
3 4
=20 =20
or | 35 (x-20)" | 1 [(x-20)
8000 3 8000 4
3 [160000 _40%8000 , 550 400} M1 | Subst correct limits in their (4th degree) integral
8000 4 3
5 Al
4
(c) J-m 3 (x=20)dx =05 M1 | Attempt to integrate f(x) and equate to 0.5. Ignore limits.
o 8000
3" 5 ) m M1 | Attempt integral and substitute limits 0 and m
3 =207 ) s 3 A0 ox | =05 or m and 20 and = 0.5
8000 3 8000| 3 2 A
0
m[(m =20’ = (-20)*| =05
(m — 20)* =—4000 Al | AG. Found convincingly.
(m= 20+ 3/-4000) B1
m=4.13 (3 sf)
4
Question Answer Marks Guidance
(d) Doesn't allow for trains > 20 mins late or Doesn't allow for trains being early B1 | or any relevant comment e.g. trains on Sun may be
different to trains on Mon
1
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127. 9709 w21 _ms_61 Q: 4

499

Question Answer Marks ‘Guidance
(a) 1 2 M1 | Attempt to integrate f(x), ignore limits.
n [ (9-x")dx Must see an increase of power.
0
1[g £ 12 Al | Correct integration and correct limits.
18773 o
L 01 0.568 Al | SC unsupported answer scores B2 only.
125 ’
3
Question Answer Marks Guidance
(b) 3 5 M1 | Attempt to integrate xf(x), ignore limits.
ﬁj(gx —x7)dx Must see an increase of power.
0
1 ﬁ i 3 Al | Correct integration and correct limits.
18| 2 410
9 Al | SC unsupported answer scores B2 only.
— orl.125
8
3
() 1 3 m M1 | Attempt to integrate f(x) with correct limits and = 0.5.
18 9x—% 0 0.5 OE. Accept limits m to 3.
Allow x instead of m.
1 3 Al | Any correct cubic equation in m or x.
| 9m-2-|-05=0
18 3
m—2Tm+27=0 Al | AG. Correctly obtain this equation. No errors seen.
3
128. 9709 w21 ms 62 Q: 7
Question Answer Marks Guidance
(a)@d) M1 | Attempt integral f{x) and = 1. Ignore limits

2
kj(4x—x2)dx =1
0

(must see a power increase for attempted integration).

A1 | Correct integration and correct limits.

16 3 Al | OE AG
e 3 1k= 16 Convincingly obtained. At least one interim step. No
€ITOIS Seell.
3
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500 APPENDIX A. ANSWERS

Question Answer Marks Guidance
(a)(ii) s 2 , s M1 | Attempt integral xf(x). Ignore limits.
rﬂj(4x —x7)dx (must see a power increase for attempted integration).
0 Condone missing k.
3[4x2 22 A1 | Correct integration and correct limits. Condone
6l 2 "3 lo missing k.
5 A1l | Unsupported correct answer scores SC B2 only.
4
3
ymmetrical frequency density graph, 0 to 5, showing area 0.2 to left of a ith a to the left of centre.
S ical fi densi h. 0 to 5, showi 0.2 to left of B1 | With the left of
Either 0.2 between 5—« and 5-or 0.8 between 0 and 5-a B1 | Shown on graph or stated (5—a seen or implied).
a must be non-numerical.
[P(2.5<Y<5-a)]=0.3 B1 | Must be clearly final answer.
a must be non-numerical.
3
129. 9709 w21 ms 63 Q: 4
Question Answer Marks Guidance
(a) 1 1.2 2 M1 | Attempt to integrate f(x), ignore limits.
N ] (9-x")dx Must see an increase of power.
1], SN2 Al | Correct integration and correct limits.
187773 o
1 51 0.568 Al | SC unsupported answer scores B2 only.
125
3
Question Answer Marks Guidance
(b) . 3 5 M1 | Attempt to integrate xf(x), ignore limits.
1—3_'.(93‘1 —x7)dx Must see an increase of power.
0
1 E 3 Al | Correct integration and correct limits.
18| 2 4 o
9 Al | SC unsupported answer scores B2 only.
—orl.125
8
3
(c) 1 3 m M1 | Attempt to integrate f(x) with correct limits and = 0.5.
18 9X—T 0 0.5 OE. Accept limits m to 3.
Allow x instead of m.
1 3 Al | Any correct cubic equation in m or x.
—=om-"_1_-05=0
18 3
wr —2Tm+27=0 Al | AG. Correctly obtain this equation. No errors seen.
3
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130. 9709 _m20_ms 62 Q: 5

501

Question Answer Marks Guidance
(a) s [ 100— )y M1 | Attempt integration of f(x). ignore limits. Condone omission
o [, 100 3
10
=2 [100x - %] 4000
5
= ﬁ (1000 — @ — 500+ %) M1 | Correct limits 5 and 10. OE SOI
0.156 G sf) 5 A1l | For fully correct working seen including substitution of limits
=0. sf) or —
32
3
b 10 M1 . . . L 1 3
® o5 J. (100—x")dx = L Attempt integration of f(x) with any limits and =197
P
- 3
seen. Condone omission of ——
4000
10 A1l | Correct integration with correct limits seen (or implied for
3o[100x—£] =1 o & p.
4000 sip 4 limits p and 10) and = £ OE
Condone omission of
4000
3_(1000 - 190 _ 100p + 7 y=1 M1 | Attempt substitution correct limits in their integration of f(x).
4000 3 3 4 Accept limits 0 to p if clearl t limits —10 and
P ly seen, accept limits and p.
Substitution must be seen.
3
e.g 20 _100p+ &4 = 100 Al AG
gg 3(3)0 . 100PO (3) 3 No errors seen
p—>Wp =
4
Question Answer Marks Guidance
(c) Curve is symmetrical about x =0 B1 | May be implied by sketch. No contradictions
or integrate f(x) between —g and +¢ and equate to 0.5 leading
to ¢°-300g + 1000 =0 oe
g=3.47 B1
2
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131. 9709 _s20_ms_61 Q: 6

APPENDIX A. ANSWERS

Question Answer Marks
(a) “Tails down’ parabola only from x =0 to 20 shown B1
1
(b) Symmetrical Bl
1
© 2 4 £ 20 M1
3T (207 —*)ax=—| 20L - L
4000 s 4000 4 510
3 s M1
Var(T) = ——x160000—-10
4000
20 Al
3
(d) P-0.35)x2 or 1-2(1-p) M1
2p-1 Al
2
Question Answer Marks
(e) 12 M1
3 (20f - tz)dx
4000 ¢
2 312 Al
3 ZOL—L -3 1440—576—640+&
4000 2 3|8 4000 3
Al
i or 0.296
125
3
® Does not allow times greater than 20 minutes Bl
1
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132. 9709 20 _ms_62 Q: 6

Question Answer Marks
(a) a M1
I%dx:l
lJC
Al
2
x]1
k[l_l]=1
a
- Al
k a 1]=1
a
(k=L] AG
a—1
3
(b) q M1
@ (14
a-lix
Al
S
a-1 1
alna Al
a—1
3
Question Answer Marks
(c) m M1
a I%dx=f
a—llx
a [ 1}m_3 Al
a— x]1 5
a ;b3
a-1 m 5
3(q— Al
1, 3a-) 1 _2a+3
m 5a m 5a
5a Al
m=
2a+3
4
133. 9709 s20 ms 63 Q: 6
Question Answer Marks
(a) 75 B1
1
(b) 6 M1
—J(—x4+15x3—5012)dx
125 3
5 4 3710 M1
S 5T 50X |10 Ly se
125 5 4 3105
1.25 (3 sf) Al
3
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Question Answer Marks
() 6 & M1
—J.(—xz +15x - 50)dx
125
3
S X 15X sox
125 3
6 625 M1
— (-102+ —) oe
125 6
0.104 Al
2X('0.104'x (1-'0.104") M1
0.186 (3 sf) Alft
5
134. 9709 w20 ms_61 Q: 4
Question Answer Marks Guidance
(@ 1 Bl
(k=) =
a
1
(b) 2 B1FT | OE seen. FT their k
(Mean =) their kx> | =2
2 2
a vy M1 | Attempt at correct integral and use of limits. Accept in terms of &
1 I > a - N
—|xfdxl = — or incorrect &.
ay 3
o2 ) M1 | For subtracting mean®, allow if integration not complete.
| a||=L FT incorrect values of k.
2 12
& Al | Can be in terms of k.
2 _3)4=
12
4
135. 9709 w20 ms_ 62 Q: 3
Question Answer Marks Guidance
(a) 1 B1 | Must see this line, oe, and result
— x3xe=
2 (Alternative method involving equation of line [ y= (TCJ X+ CJ
(== AG) )
3 must have all relevant working shown)
1
®) 1P M1 1 .
[_j Allow M1 for 3 seen as a linear scale factor
3
or Attempt to find equation of line (of form y = mx + ¢ where ¢
# 0) and interval from 2 to 3 OE
2
or Attempt to find the point (2, 5) using the equation of the line
(of form y = mx +c where ¢ # 0) and then use area of friangle
1 Al
= — or 0.111(3sf)
9
2
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Question Answer Marks Guidance
() . o 2 (2 *M1 | OE Must be of form y =mx + ¢ (¢ # 0).
Equation of line is y = 3 §+3 x
HE) DMI1 | Attempt integration x < their f(x), ignore limits
E(X) = J[—x——rzjdx
3
[}
2 2813 A1 FT | Correct integration and limits. FT their equation of line
RERFAL
=1 Al
4
136. 9709 w20 ms_63 Q: 4
Question Answer Marks Guidance
(@ 1 Bl
(k=) =
1
(b) 2 B1FT | OE seen. FT their k
(Mean =) their kx| =2
2 2
e vy M1 | Attempt at correct integral and use of limits. Accept in terms of &
7Ix2dx =4 or incorrect k.
ag 3
o2 ) M1 | For subtracting mean?, allow if integration not complete.
N N FT incorrect values of k.
2 12
& Al | Can be in terms of k.
—=3|a=6
12
4
137. 9709 m19 ms 72 Q: 7
Question Answer Marks Guidance
(i) NG J-;' cos xdx M1 | Attempt integ f(x) with correct limits
H
= /2 [sinx] ¢
3
= 222 4601 0.293 (3 sf) Al | SC Final answer of 0.707 scores Blsc
> .
2
(ii) m _ M1 | Attempt to integ f(x) & = 0.5. Ignore limits. Condone missing
NG J.o cosxdx =0.5 2
2 [si m _ Al | Correct integral and limits 0 to unknown & = 0.5 Condone
2 [sinv] 0 035 missing V2
V2 sinm=0.5
sinm = —L= oe M1 | For rearranging their expression to the form sinm=... (sinm =
e 0.35355.... or 0.354)
seen or implied
m=0.361 (3 sfs) Al | No errors seen
(Note 20.705 can score M1 A1 M1 A0)
4
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uestion swer arks uidance
Questi An Mark Guid
il 7 M1 | Attempt to integ xf(x). Ignore limits. Condone missing V2
(i) ﬁj(:xmsxdx p g xf(x). Ig g
i z T M1 | Attempt to integ by parts leading to expression of form
=2 {[x(sinx)] 8 - _[0 sinxdx } ysinxtcosy with correct limits
z Al | For V2(xsinx —(—cosx)) with correct limits
=2 {5 — 0~ [-cosx] o
=2 (% +cost — 1} Al

=Z +1- 2 oeor0371 (35D

4
138.9709 s19 ms 71 Q: 4
Question Answer Marks Guidance
(a)(i) 0.5% 1l/a= (OTS) M1 | Or attempt to integrate f{x) (=1/a) between 0 and 0.5
= 2; oe A1l | Accept 0.5/a for Al
2
(a)(ii) . B1
1
(a)(iii) J-ﬂ P _ ey M1 | Integ their x?f(x) from 0 to  and sub their mean’
o @ 2
Var(X) = % _ % Al | Must see this line oe
2
(Var)= 7 AG)
2
(b) b M1 | Attempt integ g(r) ignore limits
[ptt
21
2
, 1P Al | Correct integral
|:7 2(-1) } 2
@D =17 M1 | Attempt subst correct limits in their integ and = 2
A-g5=3)
b=3 Al
4
139. 9709 _s19 ms 72 Q: 6
Question Answer Marks Guidance
[63] b M1
a J.ﬁa’x= 1 Attempt int f(x) and = 1, ignore limits
1
1.0 Al | correct integ and limits = 1
a[—x]1, =1
1
all - %] -1 oraX%: 1 Al | No errors seen
b=-%£ AG
a-1
3
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Question Answer Marks Guidance
(i) 3 M1
a J' ﬁ dx = % Attempt int fx) with limits 1 to 3 and = }
1
1 % 1
al—%1 172
_27=1 Al | oe correct equn in a
all 5 1 3 q
a=%,b=3 Al | Both
3
(1i1) 3 M1 | Attempt int xf(x), ignore limits — condone missing a
3 (1
3 Ifdx
1
3 [l +] Al | FT Correct integ and their limits 1 to b — condone missing a
=3 [lnx
= %1113 or 1.65 (3 sf) Al | FT their a and b (valid b i.e. >1)
3
140. 9709 _s19 ms 73 Q: 6
Question Answer Marks Guidance
1 a M1
¢ i-‘-xzdx . I 3
@ 2 Attempt to integrate f(x) with limits 0 and a (condone missing —-)
a
_ 3|8
o [3 }0)
= 3a Al 34°
T 38 — —0 or better seen
3a
=1 Hence f'is pdf for all a Al | Answer = 1 and comment
3
(i) 2 ) M1
3 =
a3 E‘)- xidx =05 Attempt to integrate f(x)=0.5, limits 0 and 2 oe, condone missing %
a
3[x7]2
= T}O 0.5
3«8 = Al | 3
X . 2 . 3
a 3 0.5 oe 5 —0 or better, condone missing —
a
a*=16o0ra= 316 Al | Convincingly obtained
(=2.52 AG) Note: Attempt to verify 2.52, M1 as stated except not equated to 0.5.A1 as
’ stated, A1 for evaluation to 0.499._.apprx 0.5
3
Question Answer Marks Guidance
(i1i) 252 s a 5 M1
3 3
16 '([ xXdx o 16 ()x dx Attempt integ xf(x), correct limits, condone missing i}
a
3| x4 2.52 3| x4 |@
= 3 40317 Al 4
6% % % —0 or better, condone missing %
a
=1.89(3sf) Al
3
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141. 9709 _ w19 ms 72 Q: 4

APPENDIX A. ANSWERS

Question Answer Marks Guidance
) 1 a 14 M1 | Attempt at triangle area or integral f(x) and =1,
—xax—=1 or —dex:l
2 2 2 °
2
£ 10k
4
a=2 Al
2
(ii) 1% 5 M1 | Attempt integral xf(x)
— | x7dx
2 0
<2 M1 | Correct integral and limits 0 to their “a’
16 o
( 8 ) 4 Al | AG
"6 ) 3 CwWO
3
Question Answer Marks Guidance
(iif) M1 | Attempt integral f(x) between correct limits

4 Al 5
== or —
9 9
1 ' M1 1
P(E(X)<X<m)=—— = oYy
2 9
1 Al
18
Alternative method for question 4(iii)
Attempt to find m M1
m=v2 Al
M1
Integrate f(x) between % and 'V2'
1 Al
18
4
142. 9709 w19 ms 73 Q: 6
Question Answer Marks Guidance
1) 3 M1 | Attempt to integrate f(x) and =1

Al

Correct integral and limits

Al

AG
No errors seen
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Question Answer Marks Guidance
(ii) 2 K L2 2 g 3 1 M1 | Attempt to integrate f(x) dx with limits 1 and 2
—J-(Sx—xz)dx P e == —_—— = OE
. 912 311 9 3 2 3
13 Al
— or 0481 (3 s
> (3 sh)
2
(iii) a2 : -3 M1 3
y = 3x—x° symmetrical about x > Attempt % J‘ (3x2 7x]) ar
0
Ex)=2 Al
M1 | Attempt to integrate x*f(x)

aTaet w13, 2. 243_27 M1 | Subtract their (E(X)) from their integral x*f(x) with correct
3% %] 09" %0 10 limits substituted
10 2
2% or 0.45 Al
5
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143. 9709 m18 ms 72 Q: 6
Question Answer Marks Guidance
) 07 M1 03
176_[(x—x2)dx 0r2x6j(x—xz)dx or similar
0.3 0
correct expression before
integration
2 5707 A1 | or similar correct expression after
1- |:6(T - T)] 03 integration
072 07 032 03° M1 | Attempt subst correct limits in this
1-6 T3 T, + 3 or other correct expression
=0.432 (or 54/125) Al | (SR1 Omission of ‘1-° scores B2
for 0.568 or 71/125)
(SR2 Omission of 2x’ scores B2
for 0.216 or 27/125)
4
(i1) Correct shape between x = 0 and 1 B1 | No curve outside this range.
E(X)=0.5 B1
2
... 1 . 2 . ..
(111) 6 _[ (x3 A ) dr M1 | attempt int x“f(x), ignore limits
0
NPl
4 5[0
6[% - % (=0.3) M1 | attempt subst correct limits in
correct integ
Var(X) ='0.3'—'0.5" A1FT | FT their mean, dep their Var(X)> 0
=0.05
3
EXAMINENT
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144. 9709_s18_ms_71 Q: 6

Question Answer Marks Guidance
@) J-lo gy -1 M1 | Attempt integration f(x) and ‘=17;
5 40 ignore limits
[ +110 | A1l | Correct integration and limits and ‘=1
—-£ =1o0e
X 5
6D
k=10 AG A1 | No errors seen
3
.. 10 . . -
(i1) 10 _[ Ly M1 | Attempt integ xf(x); ignore limits.
10
10[lnx] or 10(In 10 — In 5)
=10ln2 AG Al | No errors seen
2
0 ‘ . .
(111) 10 L x% dx M1 | Attempt integ f(x) with correct limits

10
ao[-21")

10 [_% + %] A1 | Substitute correct limits in correct
integration
=+ or0.111 (3 sf) Al
3
(iv) ja gy =06 M1 | Attempt integration of f(x) with correct
5 % ’ limits and = 0.6
a
10{-%|_ =06
e
10[% _i 1=0.6 A1l | Substitute correct limits in correct
integration
=30 or 7.14 (3 sf) Al
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145. 9709 s18_ms_72 Q: 5

Question Answer Marks Guidance
@ Ixaxb =1 M1 | Attempt A area = 1 or [(b—bx/a) dx = 1 with correct limits
_2 Al
b=3
2
(ii) grad= -2 or 7% B1 | allow without ‘- sign (could be implied or seen in (i))
y- (% )= grad x x or y = grad x (x — a) M1 | correct use of y = mx + ¢ or y - y1 = m(x — x1) with (0.b) or (a.0) including attempt at
substitution of their b
y_(%):,a%xmy:,a%(x,a) Al | No errors seen
=2_2
andy= 5 ) x AG
3
Question Answer Marks Guidance
(iit) a M1 | Attempt int xf(x) ignore limits
J@x—2x"ax
0
2 5.4 A1l | Correct integration ignore limits
=[3x -]
a 3a 0
a- %a =05 M1 | Sub correct limits into their integral and = 0.5
a=15 Al
4
146. 9709 s18 ms 73 Q: 7
Question Answer Marks Guidance
i 2 M1 | Attempt integ f(x) & ‘= 1’; ignore limits
1 1
ki Lyar=
1 x X
2 A1l | Correct integral & limits & ‘=1’
P R W
x5 J[2 1
k[— 1. 1,..,1 ] -1 A1 | Sufficient working must be shown, no errors seen
2 8 2
_ 8
k=2 AG
7
3
(ii) 2 M1 | Attempt integ xf(x), ignore limits
SIS
1Y x
_ 8 a1 2 A1 | Correct integral & limits, condone missing k
et
= %(mu%) or 1.36 (3 s) Al
3

=
o
o
-
=
&
z
=
<
=
“
=
2
3

= EXAMINENT

== Eminent Exam Preparation Resources




513

Question Answer Marks Guidance
(iii) 8 1.5 1 1 M1 | Attempt integration f(x) between 1 and 1.5 or between
S (+—)dx
7 [ 5+3) 1.5and 2
1 x X
_s { 1 _;}1-5
7 x 4 xZ 1
_ 4 Al 19
=G ro6%... Or — or 0.302
63
A4y A4 M ir 44
6 76" FT their o3
%3 M1 | Independent provided answer is <1
=0.191 Al
5
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147. 9709 w18 ms_71 Q: 6

Question Answer Marks Guidance
. . . _ .
(1) i I lde =1 M1 | Attempt integrate f(x) & = 1. Ignore limits
2
6 Al | correct sub of correct limits in correct
Je[nx ]2 =1 integral leading to correct ans. No errors
k(n6 -In2)=1lorkn3=1 seetl.
k=3 AG
2
(1) 1 jﬁ | de M1 | Attempt integ xf(x). Ignore limits
3
A1l | Correct integral and limits
=], Eas(6-2)
= % =364 AG Al | No errors seen
3
(iif) 364 M1 | Attempt integ f{x) from 2 to % or 3.64 oe
PX<EX) =& [ x'dx puntes 1) s
2
3.64 Al | Correct sub correct limits into correct integral
- i ]
= a5 (In3.64 —1n2) (=0.545)
P(m <X <E(X)) =“0.545"-0.5 M1 | Subt 0.5 from their P(X < E(X))
art 0.045 . ft their P(X <E(X) (> 0.5)
=0.045 (2 sfs) Al | equivalent method
M1 method for median-need 0.5
and limits 2tomormto 6
Al sqrt 12 or 3.464
MI calc area from “3.464” to 3.64
A1l 0.045 or better, not 0.046
4
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515

Question Answer Marks Guidance
(1) r Ege=1 M1 | Any attempt integ f(x) and = 1. Ignore limits
o Gy
L 19 _ M1 | Attempt subst correct limits into correct integral
{&], =1
—k( -D=1
a+l1
Al | No errors seen
kx —1and k=2 Ac
a+ a
3
Question Answer Marks Guidance
(ii) Max time allowed by model (for runners B1 | Allow: All runners finish in time « or less or Longest time (taken by any runner) oe
to finish)
1
0s M1 . _3. L o .
(iii) a+1 J- Lde=2 Attempt integ f{x) and = 3 : ignore limits ce. Condone missing / incorrect k
a 3 (a1
a+lp | 105 _, M1 | Attempt subst correct limits into correct integral. Condone missing / incorrect k
T [(xi—l)] 0o 4
a+l ,
_Ar 2 qy=3
—G-D=3
a=0.8oe Al
3
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149. 9709 w18 ms_73 Q: 6

Question Answer Marks Guidance
. . . _ .
(1) i I lde =1 M1 | Attempt integrate f(x) & = 1. Ignore limits
2
6 Al | correct sub of correct limits in correct
Je[nx ]2 =1 integral leading to correct ans. No errors
k(n6 -In2)=1lorkn3=1 seetl.
k=3 AG
2
(1) 1 jﬁ | de M1 | Attempt integ xf(x). Ignore limits
3
A1l | Correct integral and limits
=], Eas(6-2)
= % =364 AG Al | No errors seen
3
(iii) 364 M1 | Attempt integ f{x) from 2 to % or 3.64 oe
PX<EX) =& [ x'dx puntes 1) s
2
3.64 Al | Correct sub correct limits into correct integral
- i ]
= a5 (In3.64 —1n2) (=0.545)
P(m <X <E(X)) =“0.545"-0.5 M1 | Subt 0.5 from their P(X < E(X))
art 0.045 . ft their P(X <E(X) (> 0.5)
=0.045 (2 sfs) Al | equivalent method
M1 method for median-need 0.5
and limits 2tomormto 6
Al sqrt 12 or 3.464
MI calc area from “3.464” to 3.64
A1l 0.045 or better, not 0.046
4
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517

Question Answer Marks Guidance
(a)(@) k=1 B1
Total: 1
(a)(ii) fo: area> 1 (area # 1) B1 | oe
f;: includes negative values of f3 B1 | oe
Total: 2
(b)) a M1 | Integ f(x) = 1, ignore limits
6I(a2 —x)dx =1
5 5. 4a A1l | Correct integral and limits
fax-%5] =1
—a
6(2a° -22) =1 A1 | Correctly obtained. No errors seen.
N ’ : (SR Verification scores M1A]1 only max
Ha =1or8a’ =1
3 2/3)
a=1/2 AG
Total: 3
Question Answer Marks Guidance
(b)(i1) 0 B1
Total: 1
(b)(111) o M1 | attempt int x*f(x) & correct limits
6 [ (5—x"dv
0.3
s 5105
=6[5-%] o5 =009
Var =0.05 - 0°
=0.05 oe A1 | cao; allow omission of — 0°
Total: 2
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151. 9709 _s17_ms_71 Q: 4

Question Answer Marks Guidance
(i) Greater area where x < 7.5 thanx > 7.5 B1 | Allow Graph higher for x < 7.5 than forx > 7.5
or Graph decreasing or equiv expl'n
Total: 1
(ii) ]3 k M1 | Attempt Integ f(x) = 1 ignore limits
—dx=1
s X
10 Al | Correct integration and limits
-1, =1 &
5
kx £=1
k=10 AG Al | No errors seen
Total: 3
Question Answer Marks Guidance
(1it) 10 M1 | Attempt Integ xf(x) ignore limits
104 dr
5
—10 [ln t]“’ M1 | Correct integration and limits
-5
=10(In10 — In5)
=10In2 or 6.93 (3 sf) Al | OE
Total: 3
(iv) 10 M1 | Attempt (Integ x*f(x)) — (E(x))*. No limits M0
10 jl dx—"6.93"
5
= 1.95 (accept 1.96) Al | Use of 6.93 gives 1.97 A0
Total: 2
152. 9709 _s17_ms 72 Q: 5
Question Answer Marks Guidance
(i) 0.5x1x h=0.25 M1 | P(X<2)=4xPX<1) M1
h=0.5
grad=0.5
f(x) = 0.5x Al [ P(X<2)=1 Al
a=2 Al
0.5%ax05a=1 M1 |05x2xk =1 M1
H=1
a=2 Al | grad=0.5
PX<2)=1 Al | f(x) =0.5x Al
Total: 5
(i) j(',"O.Sxdx =05 M1 Attempt J-f(x) dx=0.5 Ignore limits
2T A1FT | Correct integration (ft f(x) ) & limits = 0.5
(2] -os
= . Al
m=v2 or 141 Gsh) or by similarity m =Lx 2 M2
V2
=2 Al
Total: 3
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153. 9709_s17_ms_73 Q: 6

Question Answer Marks Guidance

@ . M1 | Attempt integ f(x) and "= 1", ignore limits
kJ' (x—xP)dr=1
0

A1l | correct integration, limits 0 and 1

= k[% 7%] =1or % =1 Al | correctly obtained, no errors seen
Total: 3
() |Em®=05 B1

L M1 | Attempt integ x*f(x), limits 0 to 1

.. 2 - 2
= 6[% ,ﬂ =0.3) M1 | their int x*f(x) — their (E(X))~ dep +ve result
"0.3" — 0 5"
=0.05( = 1/20) Al
Total: 4
(iii) L M1 2
5)' (x—xY)dx ignore limits, eg M1for ej (x—x%) dv
04 04
—6{l_1_(o4 _osyy AIFT | subst correct limits into correct integration
2 3 2 3
=0.648(= 81/125) Al | condone incorrect “k” for Al
Total: 3

154. 9709 w17 _ms_71 Q: 5

Question Answer Marks Guidance
@) 2 s e T M1 | Attempt integ xf(x), ignore limits
ﬂ(x +x)dx = Z[Jf7+%]0)
0
= %(% +2) (- 0) A1 | Subst correct limits in correct
integration
=21 OEor1.17(3sf) Al
3
(i1) . ) m M1 | attempt integ {(x), limits 0 to unknown
%j.(x+1)dx ~05 %|:x—+x} ~0.5) (or unknown to 2) and = 0.5
2
0 0
%(m% +m)=0.5 A1l | a correct equation in m (any form)
m*+2m—4=0
_ 244116
m=—=3—OE or V5-1
m=124 A1l | must reject the negative value if there
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155. 9709 w17 _ms_72 Q: 4

Question Answer Marks Guidance
i) a M1 | Attempt int f(x) and = 1 ignore limits
k[-Ldx =1
oV
05,@ A1 | OE; a correct eqn in £ & a after sub limits
(2Hx"] =1)
0
2%ka® =1 ora=—1_
ak*
a M1 | Attempt int xf(x) and =3
k[-=dx =3
oVx
0
eg 2kal®=3 ora®= 8L A1 | OE; a correct eqn in & and a after sub limits
S 3 p)
4k
e.g a =8l oreg k= % M1 | Attempt eliminate one letter
4x9
a=9 Al | Convincingly obtained
=9 Al
eg k 1
_1
k= 5 AG
7
Question Answer Marks Guidance
(ii) m M1 | Attempt int f(x), unknown limit and = 0.5
5 |J-dx =05 OE
0 X
% m =05 A1 | acorrect equn in m after sub limits
m=225 Al
3
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Question Answer Marks Guidance
1) 2 s . L2 M1 | Attempt integ xf(x), ignore limits
%j.(x +x)dx = %[x?+%]o)
0
= %(% +2) (= 0) A1 | Subst correct limits in correct
integration
=21 OEor1.17 (3 sf) Al
3
(1) . 5 m M1 | attempt integ f(x), limits 0 to unknown
%j.(X‘I'].)dX =0.5 (%|:x7+xi| :05) (OI' unknown to 2) and=0.5
0 0
%(mTz +m)=0.5 A1 | a correct equation in m (any form)
m’+2m—4=0
_ 244416
" z OF or v5-1
m=1.24 A1l | must reject the negative value if there
3
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157. 9709 _m16_ms 72 Q: 7

APPENDIX A. ANSWERS

Q Answer Mark Notes
(@ @) |EX)=15 Bl
z _|':(3x3 —xh)dx M1 Attempt integ x*f(x) ignore limits
4 XS 3
- %[3% - ?] 0
= %[2%:3 —%] (=2.7) M1 Sub correct limits into correct integral
Var(X) (=2.7 - 1.5%)=0.45 oe Al [4] | Ft their E(X), but no ft for —ve Var.
() |05 B1 [1]
3
Gi) | (1-8)+2 Ml or 3 [(3x—+?) dv oe
2
= 27—7 or 0.259 Al [2] | As final answer
) Ix2x2a=1 or Llaxdx =1 M1 Attempt correct equation in ‘a’
a= % Al
+xbxtb=1 or f%xdx =1 M1 or +xbhxab=1 or faxdx =1 attempt correct
orb=2x 2 equation in (a and) b
b=22 Al [4]| Allow b= /8 or2.83 (3 sf)
Ft incorrect a, both Ms needed
Total for
paper 50
158. 9709 _s16_ms 71 Q: 6
Q Answer Mark Notes
@) 2m B1 [1] | allow without units
(ii) k L (2-x)dx = M1 attempt integ f(x) and ‘= 1°. Ignore
) limits
[23“3 f: ]0 Al correct integration and limits
kx [8—4] =lorkx4=1o
k=3 AG Al [3] | No errors seen
o 3 2 3 . ..
(iii) T L X7 (2—-x)dx M1 attempt integ xf(x), condone missing k
2 . . -
= % % [Zf _'?SJ Al correct integration and limits, condone
0 missing k
1.2moe Al [3] | allow without units
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Q Answer Mark Notes
(iv) 3 j:xz (2-x)dx M1 attempt integ f(x), 0 to 1, condone
missing k
(=3 x(3-1)
=2 or0.3125 oe Al
400 x 7 =125 ALft [3] | fttheir
159. 9709 _s16_ms_72 Q: 7
Q Answer Mark Notes.
(a) 0.30r1—-0.60r0.4or 0.2 seen M1
0.8 Al [2]
5
(b) (D) kj: (225-x")dx =1 M1 attempt integ f(x) and ‘= 1°. Ignore
limits
;715 . . -
k[Q.QSx—%J 0 =1 Al correct integration and limits
kx[3375-1.125] =lork =% =1o¢c
k=3AG Al [3]| No errors seen
Q Answer Mark Notes
K
(i) | £ £ (2.25x — x*)dx M1 attempt integ xf(x), ignore limits,
15 condone missing &
=4 [2.25% - YT“J ' Al correct integration and limits, condone
0 missing £
=0.5625 or 0.563
Mean no. of hours = 56.25 or 56.3 56 hrs Al .
15mins AlY [4]] ft their 0.5625
(iii) | Max x is 1.5, less than 2.9 or 150 < 290 B1 [1]| Needs numerical justification
(iv) | any a such that 2.9 < a < 5 B1 [1]
Total for paper 50

160. 9709 _s16_ms_73 Q: 5

Q Answer Mark Notes
@ 10 5
k [(0r—¢7)de=1 M1 Attempt to integrate, ignore limits
5
, 5710
k[St _T] 5 =1 Al Correct integral and limits
k(500 — 190 — (125 - 1)) =1
kxZ0=1
=3
(k=357 AG) A1 [3] | No errors seen; No inexact decimals seen
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Q Answer Mark Notes
10
(ii) 7% j(l 0 —*)dt M1 Attempt to integrate, ignore limits
5
_ 3 [@ _i}lo Al Correct integral and limit. Condone missing k
303 4]
— 3 (10000 _ 10000 _ (1250 _ 625
250 V3 4 3 4
=6.875 or 55/8 Al [3] | Allow 6.88
., [en 7"6875" . .
(i) | P(T<E(T)= 2 [5: —ﬂ s M1 ft their E(7)
=0.5361
“0.5361” - 0.5 DM1* | allow 0.036

P(T between E(7) & median =0.0361 | A1 [3]
Alternative Method
Integrate f(t)limits 5 and m equated to 0.5 M1*

Integrate f(t)limits their 6.736 (provided between
5 and 10) and their 6.875DM1

Allow without "minutes"

(iv) 10 (minutes) B1 [1]

161. 9709 _w16_ms_71 Q: 6

Q Answer Mark Notes
@) my, my, mg,myw ot X, Y, Z, W B2 [2] | BI if two adjacent means interchanged, i.e.
my, My, Mz, My OF My, Mz, My, My
Oor My, My, My, Mz
B1 for correct order reversed.
3
@) (a) J.Silx“dx M1 Attempt int xf(x). Ignore limits
0
513 . . L.
= [gil x?] Al Correct integration and limits (condone
0 -
missing 4/81)
= &x % or £x28 or 22 oe Must see correct expression as well
asZor2.4
=2 or24 AG | Aq 3] No errors seen
3 24
(b) I%Jf dx orl— J.%fdx M1 Attempt int f(x) ignore limits
24 0
3 24
= I:Si]%] orl-— I:gi]%:] Al Correct integration and limits (condone
24 0 el
missing 4/81)
=1-2x2t oe
= % or 0.59(0) (3 sf) Al [3] | As final answer
© |1 B1 [1]

= EXAMINENT

== Eminent Exam Preparation Resources

-WWWKEXAMINENT.COM




525

162. 9709 w16 _ms_ 72 Q: 6
Q Answer Mark Notes.
i) my, my, mgmy or X Y, Z, W B2 [2] | BI1 if two adjacent means interchanged, i.e.
my, My, Mz, My OF My, Mz, My, My
Oor My, My, My, Mz
B1 for correct order reversed.
3
(i) (a) J.Silx“dx M1 Attempt int xf(x). Ignore limits
0
513 . . .
= [gil ”?] Al Correct integration and limits (condone
0 -
missing 4/81)
= &x % or =x2 or 22 oe Must see correct expression as well
asZor2.4
=L or24 AG | g 3] No errors seen
3 2.4
(b) I%Jﬁ dx orl— J.%fdx M1 Attempt int f(x) ignore limits
24 0
3 24
= I:Si]%] orl— I:gi]%:] Al Correct integration and limits (condone
24 0 el
missing 4/81)
.
=1-&x2- oe
= % or 0.59(0) (3 sf) Al [3] | As final answer
© |1 B1 [1]

= EXAMINENT

== Eminent Exam Preparation Resources

-WWW.EXAMINENT,COM




526 APPENDIX A. ANSWERS

163. 9709_w16_ms_73 Q: 8

Q Answer Mark Notes.
(i) Oy, Oz, Oy, owor X, Z, Y, W B2 B1 if two adjacent sds interchanged, ie
0z, Ox, Oy, Ow Or Oy, Oy, Oz, Ow
or Oy, Oz, Ow, Oy
BI1 for correct order reversed
(2]
(i) (a) Mean = 0 stated or found
or “— 0" seen B1
3 . 2 ..
1[4 Attempt integral ~ f(x). Ignore limits
L -0 .
18 . X Ml Allow without “—0”
3
= 1|5
18 |: 5 J_3
— 13 3
ﬁ[ 5 ?i| oe
=54
sd =54 or %[?+%J or 2.324 Al Must see \/correct expression or 5.4
sd=2.32 (3 Sﬂ AG or 2.324 or better
[3]
() 2
118 j x“dx M1 Attempt to integrate f(x), ignore limits
2324"
L[i] 3 L[i _M] Al Sub correct limits into correct integral
18| 3 12324 18] 3 3
=0.268 (3 sf) Al Allow 0.269
[3]
(c) 0 B1 [1]
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164. 9709 s15 ms 71 Q: 1
Q Answer Mark Notes
12 Tode =
sa =1 Ml or dex =1
a=\2 Al Allow 1.41 or better
2
x dy Ml ignore limits
0
V2
= {x_} Alf correct integral and limits, but ft their a
3 0
( \E )3 Al [5] | must see this rjlumerical expression, or equiv
v .83 SR Equating Jx f(x) to 0.943 scores M1
T3 or 3 or 3 or 0.9428 Solving to find @ = 1.41 scores Al
(=0.943 AG)
[Total 5]
165. 9709 s15_ms_72 Q: 6
Q Answer Mark Notes
15
i | & I(ZZS —dr =1 M1 Attempt integ f(x) and = 1. Ignore limits
0
£ |15 . . .
k| 225t ——| =1 Al Correct integration and limits
310
ko [3375 ~ 1125} =1 or kx2250 = 1 Al 3| No errors seen
=—— AG
(k= 2250 )
(ii) j (225-7)dt M1 Attempt integ, ignore limits
2250 5
3115
= |25-21|7) Al Or 1-[,1°
2250 3 10 Correct integration and limits.
Condone missing k&
[2250 — (2250 — @ )] s
2250 Al 3
4
=— or0.148(3s
27 (3D
iii 225¢—¢t)dt M1* Attempt integ xf(x) , ignore limits
(i) | =25 I( Y pt integ xf(x) , ig
1 225¢° ,t_ 15 Al Correct integration and limits. Condone missing &
2250 2 410
1 [ 50625 50625 | M1*dep | Sub correct limits into their integral
2250 2 4 Al 4 | Accept S mins 37 or 38 secs
= %or 5.625 or 5.63 (3 sf)
Total 10
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166. 9709 s15_ms_73 Q: 7

APPENDIX A. ANSWERS

Q Answer Mark Notes
@ | 39 2 . .
2 I (cx -x )abc =1 M1 Attempt integ f(x) and = 1. Ignore limits
4]
e xPc . . .. _
NniEEEl e 1 Al Correct integration and limits (condone ¢ =2
No errors seen
3 3 3 3
3 C__C_ :101'2)(0—:101'—:1 Al [3]
412 3 4 6
(c=2AG)
(i) | Inverted parabola B1
Through (0, 0) and (2, 0) and zero B1 Must not extend beyond [0,2]
elsewhere
Median = 1 Bl [3]
(i) | 317 ) . . .
2 (2x -x M1 Attempt integ f(x) ignore limits
0
31 ¥ |15 . . . ..
= 21 310 Al Correct integration ignore limits
3 , LS -
7 1.5 - =5 Bl Use of correct limits [0,1.5] or 1-1.5,2]
= 2 or 0.844 (3 sf) Al [4]
32
Q Answer Mark Notes
27 1
i ———0r0.844-0.5
() (32 2 )
11 e
BEY) or 0.344 (3 sf) B1f  [1]] ft their (iii) For use of symmetry Note If do
not use “hence” and start again B1 for cwo
Total 11

= EXAMINENT

== Eminent Exam Preparation Resources



167. 9709_w15_ms_71 Q: 4
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Q Answer Mark Notes
2
(i) k I(3 —x)dx =1 M1 Attempt [f(x) = 1, ignore limits or
! k
= +hy)=1
5 (hi +hy)
2
k[3x _ i} =1 Al Correct integration & limits or
2 k
~2+Dh=1
! L+
(k(6—-2-(3-05)=1)
= 3_ =L
kx15=1orkx 5 lork 5 o¢
k=2 AG Al [3] | Noerrors seen
3
(i) % I(3 —xX)dx=0.5 oe [fromm to 2 M1* Attempt Int f(x) = 0.5, ignore limits oe
1
Or use of area of trapezium
2 m
23X | —os
3 2
1
2 Im— ”i _25/=05 dep M1* Sub of correct limits into their integral.
3 2 ' ' Or trapezium using | and m/m and 2
Any correct 3-term QE =0 or (m—-3)?
=2.5
m* —6m+6.5=0 oe Al
+4/36 —
[m - w —1.42 0r4‘58]
m=142 (3 sf) Al [4] | or 6= \/ﬁ oe; single correct ans
Total: 7
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168. 9709 w15 _ms_73 Q: 4

APPENDIX A. ANSWERS

Q Answer Mark Notes
2
( k(4 —x*)dx =1 M1 attempt Integral f(x) = 1, ignore limits
-2
x® 2
k[4x — ?] , =1 Al correct integration & limits
e a)
3
ko % =1oeNote.g. kx10.7=k
k= % AG Al [3] | exact answer correctly found

Est (u) = e or 199.833 or 200 or 212 [mm]

(i) Inverted parabola, vertex on y axis B1 parabola must finish on x axis at + 2,
labelled (ignore markings on y axis )
E(X) =0 B1 [2]
3 1 2 3 2 2 . N
(iii) = [(4—x")dx M1 orl— = [(4—x")dx ignore limits
32 5 32
3 x’ 3 x* 42
= [4x — =— 1 - == [4x— =—
32[)( 3]_2 Al or 32[x 3]l
3 1 8 correct integration and correct limits
24—l (g2 g
S8y IR S
32 3 3
_ 27
=3 O 0.844 (3 sf) Al [3]
Total [8]
169. 9709 _m22 ms_ 62 Q: 1
Question Answer Marks Guidance
(a) 1199 398 B1 | Accept in any form

12 6

1 2 " 2
Bst () = %[479226_ 1199 ]or ﬁ['ugzz@— 23‘28

)

M1 | Use of their values in correct formula (may be implied)

=2.33 (3 sf) [mm?]

Al 7
Accept 3

(b) Small sample

B1 | Accept not ‘not representative’ unless qualified.
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170. 9709 _m22 ms 62 Q: 3

Question Answer Marks Guidance
est(p) =0.4 B1
L o4x(1-'04) M1 | OE . .
0.4'+z BT a— [=0.445] Use of their 0.4 in a correct expression
"0.4%(1-'0.4") Al | Condone 2.053 and 2.05
z|=0045+, | — 7| =2.054
500
0.98 —(1-0.98) M1
96% confidence Al | CWO. must be integer
5

171. 9709 _s22 ms 61 Q: 1

Question Answer Marks Guidance
(a) _ 2520 _ B1 | OE
Est() = 520 [~ 12.6]
2520 M1 | Allow M1 if 290 omitted
Est(e?) = M(LSSZ—‘IZ.G’Z) L l31850
o) = 199200 o 199 200 1
100 Al | CWO or ¢ = 0.7088 or 0.709

=0.5025 or 0.503 or —
199

z=196 B1
“12.6" + = x J0.5025 =200 M1 | For expression of correct form Any z but must be z
CI=12.51t012.7 (3 sf) Al | CWO Must be an interval
Note:
Use of biased can score maximum B1 M1 A0 B1 M1 A0
6
(b) 0.95 x 40 [= 38] B1 | Give at early stage
1

172. 9709 _s22_ms_62 Q: 1

Question Answer Marks Guidance
(a) 643 M1 | Expression of correct form (allow only one side for M1).
723 iz\/% Must be a z value
z=1.751 B1 | Accept 1.75 if nothing better seen
CLis 70.3 to 74.3 metres (3 s.f.) A1 | Allow without units Must be an interval
3
(b) Not random sample B1 | Need ‘random’ or ‘not representative/biased because...’
OE
1
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173. 9709 _s22 ms_63 Q: 6

APPENDIX A. ANSWERS

Question Answer Marks Guidance
(a) 13% B1 Accept 2+3+z+5+a_
Do not ignore subsequent working
1
(b) N s 13 2° M1 | Use of correct formula using their value from (a), in
5 M—(M) —4orl 47+a2—@ =4 terms of a, and equate to 4
4 5 5 4 5
2a°~13a-7=0 Al | Any correct three-term quadratic equation rearranged
to a form ready to solve
a=17 Al | Condone the other value of @ (7%)
3
174. 9709 _m21 _ms 62 Q: 1
Question Answer Marks Guidance
@ Est(u) = 4820 or 241 o1 803 (3 sf) B1
60 3
60,392050 _ 48202 M1 | Use of biased (80.72) score MO AQ.
Est(e?) = o e L) (80.72)
59 60 60
82.0904 [%) to 82.635 or SD = 9.0604 to 9.0904 (3sf) Al
z=2.326 B1
4820 , . ['82.0904' M1 | Expression of the correct form — must be z value.
60—\ 60
77.6t083.1(3sf) Al | CWO
Use of biased 77.6 to 83.0(3) can score BIM1A1 (max
4/6).
6
(b) Population distribution of times unknown B1 | Accept ‘not normal’.
1
175.9709_s21 ms_61 Q: 2
Question Answer Marks Guidance
(a) 4123125 [=-2.108...] M1 | Must have V40
6 No standard deviation/variance mix. Ignore any
V40 continuity correction attempts for this mark.
P(z <-2.108")=1-®(°2.108") M1 | For correct probability area consistent with their
working.
=0.0175 or 0.0176 (3 sf) Al
3
(b) No, population is normal B1 | Need both.
1
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176. 9709 _s21_ms_61 Q: 4

Question Answer Marks Guidance

3820 B1
—[=38.2]

100

1 38202 M1 | Use of biased (362.76) scores MO

ﬂ(@- '38.2'2} or —| 182200-—"——

99 100 99 100
12092 Al | Accept SD=19.1422 or 19.1(3sf)

=5 or 366.424 or 366 (3 sf)

1366.424" M1 | Expression of the correct form must be a z-value.
3827k | —
100
z=1.881o0r1.882 Bl | Seen.
34.6 to 41.8 (3 sf) Al | Allow use of biased giving (34.6,41.8)
Must be an interval.
6
177. 9709 _s21 _ms 62 Q: 6
Question Answer Marks Guidance
(a) 7570 Bl
est ()= —— (=75.7
=750 ¢ )
M1 | Attempted
100( >0 1 7570° P
est(c”) = —{Z— —'75.7'2] or —[588050—
99| 100 99 100 (Note: Biased variance (150.01) scores M0 )
_ 100588050 _ 5 ;2 [=151.525]
99 100
=152 (3sf) Al 15001
Or
99
3
(b) '151.525" MI | For expression of correct form. Must be a z value. Condone
STtz just + or just -.
100
z=2576 B1 | Accept2.574 t0 2.579
72.5t0 78.9 A1FT | FT biased variance only
Must be an interval
3
(c) 0.99* Bl
0.961 (3 sf) Bl
2
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178. 9709 _s21_ms_63 Q: 4

APPENDIX A. ANSWERS

Question Answer Marks Guidance
(a) 4509 [=50.1] B1
90
M1 | Attempted.
90 ,225950 ) 1 4509 pte
= —'50.1" —| 225950 - =
39 90 ) or 9 20 Use of biased = 0.5455 scores MOAO
% or 0.552 (3 sf) Al
3
(b) 491, M1 | Expression of the correct form, allow any z-value but
50.1° + 74320 must be a z-value
90
z=12.326 B1 | Accept 2.326 to 2.329
49.9 to 50.3 (3 sf) Al | FT from biased variance. Must be an interval.
3
(c) Population of masses is unknown B1 | Accept population of masses is not normal
1
(d) 1-098 M1 | 0.02 seen
0.02+2=0.01 Al | As final answer
2
179. 9709 w21 _ms_ 61 Q: 1
Question Answer Marks Guidance
(@) | N(125,..) B1
Variance = 0.4096 B1 10.
Accept 0.410 (3sf). condone
2
(b) 13-"12.5" [=0.781] M1 | For standardising with their values. Accept standardising
+/'0.4096' with 12.
$(0.781") —(1-D(‘0.7817)) M1 | For attempting to find their central area.
0.565 (3sf) Al
3
180. 9709 w21 ms 61 Q: 3
Question Answer Marks Guidance
15 B1 | SOI
est(p) =0.2 accept —
75
02x08 M1 | Expression of the correct form.
2xzx 75 0.162 Condone missing 2x.
75 Al | Correct z. Condone 3sf accuracy.
z | =0.081x =1.754
0.2x0.8
@(°1.754”) = 0.96[03] M1 | OE. Using rheir z to find alpha.
'0.96'— (1 -'0.96")
a=92 Al | Following correct working.
5
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181. 9709 w21 _ms_61 Q: 6

Question Answer Marks Guidance
(@ 560 Bl
est £ =14 accept —
u P 10
2 M1
esto?= 40[ T80 ;121 1] 78593607
390 40 39 40
0.25641 or 0.256 (3sf) Al 10
Accept —
39
Without % ie. biased: est > = 0.25 MO A0.
3
(b) ES-T)=142- ‘14 [=0.2] B1 FT | FT their 14.
B1FT 217
Accept —
Var(S—T) =03+ 0.256" [=0.55641] 2 )
FT their 0.256 including FT biased.
Var(S—I) =0.55.
0.1-'0.2" [=-0.134] M1 | Standardising with their values (note biased gives
4/'0.55641" —0.135). FT their E & Var.
PS-T>0.1)=1-0("-0.134") = P(*0.134") M1 | Finding correct area consistent with their values.
0.553 (3sf) Al | Use of biased gives 0.554 (3sf) can score the Al.
Similar scheme for P(T— S) <-0.1.
Similar scheme for S —T—0.1> 0.
AndT-S+0.1<0.
5
182. 9709 w21 _ms_62 Q: 1
Question Answer Marks Guidance
B1
@ g =0.5125 Accept 0.513 or ﬂ . Condone & .
80 40
2 M1
40(10.728 _(.0 5125.2) or 1 10.728 — 20.50 Biased variance (0.005544 or 887 ) scores MO AO0.
390 40 ’ ' 40 160 000
Al | CAO
0.0056859 or 0.00569 (3 sf) or ﬂ
156 000
3
b 491 B1FT | FT their 0.5125
® [11%0.5125" +0.5)) = 6.1375 or "_"or 6.14 (3sf) e
11% x “0.0056859 M1 | With nothing added.
Using their variance in (a) (no sd/var confusion)
0.688 (3sf) Al | CAO
3

183. 9709 w21 _ms_62 Q: 2

Question Answer Marks Guidance

(a) E.g. Bias towards students who play instruments or only music students B1 | OE

Or any reason that some are excluded e.g. because it is
or e.g. the six will possibly be friends/have similar music preferences lunchtime or because the music building is chosen

or any suggestion that opinions may not be
independent.

Note: “not representative of all students’ needs

qualifying
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536 APPENDIX A. ANSWERS

Question Answer Marks Guidance
(b) 28,119,207 B1 | B1 for 28, 119 (condone 028).
B1 | Bl for 207 and only 3 values stated.
2
184. 9709 w21 ms_62 Q: 3
Question Answer Marks Guidance
(a) 025+~ /ozf:g,vs M1 | Expression of correct form (allow M1 for just one side
stated). Must be a z-value.
z=2.054 or 2.055 B1
0.175 to 0.325 (3sf) Al | Must be an interval.
3
(b) 0.90 x 0.95 % 0.01 M1 M1 | M1 for one correct triple product.
+0.90 % 0.05 x 0.99 M1 for all correct and added.
+0.10 ¥ 0.95 x 0.99
0.147 A1l | SCIf zero scored award B1 for a 2 or 3 term
expression of the form 0.90 x 0.95 [<c] OE.
(0<egl)
3
185. 9709 w21 _ms_63 Q: 1
Question Answer Marks Guidance
(a) N(12.5, ...) B1
Vari =0.4096 B1 .
anance Accept 0.410 (3sf), condone 1024
2
13-"12.5" r_ M1 | For stan ising with their values. Accept standardisin;
[=0.781] : dardising with th I D dardising
+'0.4096' with 12.
$(0.781°) —(1—D(0.7817)) M1 | For attempting to find their central area.
0.565 (3sf) Al
3
186. 9709 w21 _ms 63 Q: 3
Question Answer Marks Guidance
15 B1 | SOI
est(p) = 0.2 accept —
75
02x08 M1 | Expression of the correct form.

2%z X s T 0.162 Condone missing 2x.

75 Al | Correct z. Condone 3sf accuracy.
z|=0.081% =1.754

0.2x0.8
@O(‘1.7547) = 0.96[03] M1 | OE. Using their = to find alpha.
'0.96' — (1 -'0.96"
a=92 Al | Following correct working.
5
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187. 9709 w21 _ms_63 Q: 6

537

Question Answer Marks Guidance

(a) 560 B1

est £ =14 accept —

14 P 20
2 M1

esto? = 40 @—142 or L | 7850290
390 40 39 40

0.25641 or 0.256 (3sf) Al

10
Accept —
P 39

Without % ie. biased: est > = 0.25 MO A0.

3
® |ES-T=142-“14’[=02] B1 FT | FT their 14.
B1FT 217
Accept —
Var(S—T) =03+ 0.256" [=0.55641] 2 )
FT their 0.256 including FT biased.
Var(S —T) =0.55.
0.1-'0.2" [=-0.134] M1 | Standardising with their values (note biased gives
V'0.55641" —0.135). FT their E & Var.
PS-T>0.1)=1-0("-0.134") = P(*0.134") M1 | Finding correct area consistent with their values.
0.553 (3sf) Al | Use of biased gives 0.554 (3sf) can score the Al.
Similar scheme for P(T— S) <-0.1.
Similar scheme for S — T —0.1 > 0.
AndT-S+0.1<0.
5

188.9709_m20_ms_62 Q: 2

Question Answer Marks Guidance
2xzx 32 =125 M1 | OE Allow without ‘2 x
z=1.953 Al | SOI
O(“their 1.953%) (= 0.9746) M1
=1-2(1-°0.9746") M1 | OE
=0.9492
a=94.9 or 95 Al | CWO
5
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538 APPENDIX A. ANSWERS

189. 9709 20 _ms_61 Q: 1

Question Answer Marks

@) % - % —4.9571 or 4.96 (3 sf) B1
(2} =175.15)
7("175.15" M1
- -"4.9571"
6 7
0.523 (3 sf) Al

3

M1
® 4,96 % /—0"’;23

(FT their mean and standard deviation)

=196 Bl
4.42 t0 5.49 (3 sf) Al
3

190. 9709 20 ms_63 Q: 1

Question Answer Marks
Estp=15.56 B1
100( 29004 M1
Esto’= —| =——-"15.56"
99 \ 100
2
or :L 29004—1556
99 100
48.4105=48.4 (3 sf) Al
3

191. 9709 _s20 _ms_63 Q: 5

Question Answer Marks
a 70 B1
@ p=——o010.14
500

z=2.576 B1
,.0_14..(1_,.0_14.,) M1

"0.14" £:zX —m ————~

500

0.100 to 0.180 Al
4
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Question Answer Marks
(b) 0.1666... is within confidence interval B1
Belief supported or justified
1
(c) .-0_14"(1_u0_14u) M1
X |—————>=0.02
500
z=1.289 Al
D(1.289°)=0.9013 M1
a=°0.9013"-(1-"0.9013") M1
80.3% (3 sf) Al
5

192. 9709 w20 _ms_61 Q: 2

Question Answer Marks Guidance
(a) 102 « 250-102 M1 | Any z but must be a z value. One side of the interval scores M1.
250 3250 (= 0.000966144)
250
102 +2+/'0.00096614"
250
z=1.645 Bl
Confident Interval is 0.357 to 0.459 (3 sf) Al | Must be an interval.
3
B1 | Allow without units. Allow 3s.f. $202.
® Estimate of mean [M] =5$201.84
2 2 M1
@ 19854200_ 50460 or L 19854200—50460
249 250 250 249 250
Estimate of variance = 38 832.75 dollars® or 38 800 (3 sf) Al | Allow with missing units. (Calculation of biased gives 38 700
scores MOAO)
3
2(c) e.g. Every house doesn’t have an equal chance of being selected B1 | Or other similar e.g. Houses in streets with few houses are more
or most houses have no chance of being selected. likely to be selected. Not just ‘biased’, OE, without explanation
1
193. 9709 w20 ms_62 Q: 2
Question Answer Marks Guidance
(a) M1 | For expression of the correct form. Must be a z value
z=2.054 0r 2.055 B1
0.14(0) to 0.233 (3sf) or 0.141 to 0.233 (3sf) Al | Must be an interval
3
b) 1 B1FT . . ., 1 56 .
5 (=0.167) Note if confidence interval set up with 300 it should be the
This is within confidence interval, so no reason to believe die is value used here.
biased.
FT their confidence interval. Not definite, e.g. not ‘Die not
biased’.
1
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540 APPENDIX A. ANSWERS

194. 9709 w20 _ms_63 Q: 2

Question Answer Marks Guidance
(a) 102 % 250-102 M1 | Any z but must be a z value. One side of the interval scores M1.
250 3250 (= 0.000966144)
250
102 +2+/'0.00096614'
250
z=1.645 B1
Confident Interval is 0.357 to 0.459 (3 sf) Al | Must be an interval.
3
i 50460 B1 | Allow without units. Allow 3s.f $202.
® Estimate of mean | —— | =$201.84
250
2 2 M1
2501 19854200 (50460 or e 19854200—50460
249 250 250 249 250
Estimate of variance = 38 832.75 dollars® or 38 800 (3 sf) Al | Allow with missing units. (Calculation of biased gives 38 700
scores MOAO)
3
(c) e.g. Every house doesn’t have an equal chance of being selected B1 | Or other similar e.g. Houses in streets with few houses are more
or most houses have no chance of being selected. likely to be selected. Not just ‘biased’, OE, without explanation
1
195. 9709 m19 ms 72 Q: 1
Question Answer Marks Guidance
(i) z=2.326 B1
13.2 M1 | Any z. Expression of correct form. Must be a ‘z”
623 +z
200
60.1 to 64.5 (3 sfs) A1l | Must be an interval
3
(ii) Yes, because pop not (given to be) normal, or pop distribution unknown B1 | No contradictions
1
196. 9709 _m19 ms_ 72 Q: 4
Question Answer Marks Guidance
(@) T=0-g4 B1
= S0 (a0 M1 | Or 1/49(27530 — (420)%/50)
=489.8(36....) Al | Must see > 4 sf
3
Question Answer Marks Guidance
(ii) @ 1(0.9377) = 1.536 Bl
SJ%:' =_1536 M1 | Attempting to standardise — must have correct form
n= (1536)? x 490 (= 100.0048) M1 | Attempting numerical expression for n or Vn (must have used
4 a ‘z’ value) may be implied by answer
n =100 Al | No errors seen. Must be whole number
4
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197. 9709 _s19_ms_71 Q: 6

Question Answer Marks Guidance

(1) Biased towards people who like tennis B1 | or other sensible
Excludes people who don't like tennis

1
(ii) Obtain a list of all people in the town B1
Use random numbers B1 | or. e.g. pick numbers from a hat or other sensible
2
47 (1_ 47
o Var(p) = %_Ozﬁ) (= 0.000332152) "
z=1.645 B1

M1 | Must be a z value

474, [0
350 350
0.104 to 0.164 (3 sf) A1l | Must be an interval
4
(iv) 1.25 x 1.645 (=2.056) M1 47141
R ) . 350(1 350
or 1.25 x their width + 2 + their 350 (Complete method)
©(°2.0567) (=0.980) M1 | Attempt @(their z)
x=96 (2sf) Al | Allow 0.96 (2 sf) CWO
3
198. 9709 s19 ms 73 Q: 1
Question Answer Marks Guidance
0.6+ ./ 0:4x0.6 M1 | Recognisable value of z
: 100
z=2.326 B1 | 2.326 to 2.329
0.486 t0 0.714 (3 sf) Al | Must be an interval
3
199. 9709 s19 ms 73 Q: 2
Question Answer Marks Guidance
% %*Ez) =9.62 ML o e 5(5329) =9.62 BOD regarding symbols used
xl= % - 9_62x%: 77.7924 AL | (Zx)’ = 4361 x 50— 9.62 x 50 x 49 = 194481lor Zx=441 (Zx) or (¥) must be
correctly identified
X =8.82(3sf) Al | SC use of ‘biased’ leading to 8.81 Bl
3
200. 9709 _s19 _ms_73 Q: 3
Question Answer Marks Guidance
(6] D more likely to be chosen B1 | oe, e.g. P(D) > P(4) e.g. P(A)=P(B)=P(C)=1/6 P(D)=1/2 no contradictions
1
(ii) Reject scores of 5 or 6 B1 | or other correct: choose D when the score is 4
1
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542 APPENDIX A. ANSWERS

Question Answer Marks Guidance
(1i1) AB AC AD BC BD CD B1
Allocate as follows: B1 | or similar
1: AB: 2: AC: 3: AD: 4: BC: 5: BD 6: CD
2
201. 9709 w19 ms 72 Q: 3
Question Answer Marks Guidance
i 25110 Bl
@ est(u)= —— (=502.2)
50
2 M1 | OE
50(12610300 25110 50 58
est(0?) = | == - | | =T_ox-=1.1836
49 50 50 49 50
Al =1.
118 (3 sf) or 38 Accept SD = 1.0879
49
z=2.054 or 2.055 Bl
1836 M1 | Must be of correct form.
50224+ zx———
Js0
501.9 to 502.5 (1dp) Al | CWO. Must be in interval.
SC accept use of biased variance (1.16) for M1 Al
6
(ii) More confident or z would be greater, Bl | OE
Hence wider. Reason needed
1
202. 9709 w19 ms 73 Q: 3
Question Answer Marks Guidance
1) Assume population is normally distributed Bl
x=259 Bl
Allow 2
10
z=2.17 B1
3 M1 | Must have correct form and z.
'259'+zx
1o
23.8t0 28.0 (3 sf) Al | CWO
5
(i) 0.03%  (=0.0009) Bl
1
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203. 9709 _ml18 ms 72 Q: 1

Question Answer Marks Guidance
5-49 M1 | Correct stand'n. Must have V75
(=0.392)
2.21
J75
1 —®(0.392™) M1 | Correct area consistent with
working
=10.348 (3 sts) Al
3

204. 9709 m18 ms_ 72 Q: 7

Question Answer Marks Guidance
(@ x =11.83 Bl
118347 2L ML | any 2z
Jio
z=12.576 B1 | accept 2.574 to 2.579
[11.75to 11.91] Al | orequiv. Accept 11.7to 11.9
4
(i) No because pop normal (so X normally distr) B1
1
(iii) 11.7 not within CI B1FT
1
@iv) No because 95% CI is narrower than 99% CI B1 | OE
1
W) =’ (=1399.67) M1 | attempted
o - 190["1391%.67" _[..1 lli'y']z) oF M1 ;g:ﬁlcl:ifasub of their Xs into correct
=0.0201 (3 sf) or 181/9000 Al
3
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544 APPENDIX A. ANSWERS

205. 9709 _s18 ms_71 Q: 1

Question Answer Marks Guidance
est(y) (= 153.2 +75) =2.04 (3 sf) B1
est(0”) = 23 (34024 —2,04267") oe M1
=0.369 (3 sf) Al | Accept 0.368
3

206. 9709 _s18 ms_71 Q:2

Question Answer Marks Guidance
@) % Lox W M1 | Anyz
z=1.881 or 1.882 B1
=0.125 10 0.275 Al
3
(i) 1 is within this range B1ft | Both statements needed

No evidence of bias concerning 2

1
207. 9709 s18 ms_ 72 Q: 3
Question Answer Marks Guidance
i) 524z % M1 | Expression of the correct form. Any z
15
z=196 B1 | Seen or used
48.7 t0 55.3 (3 sf) A1l | Must be an interval
3
Question Answer Marks Guidance
(i) Narrower B1 | oe
because more information or Accept ‘sample size is larger’ ‘more employees” “width inversely proportional to sq root of n’
because -Z smaller “if n increases width decreases’ ‘95% CI is 49.7 to 54.3°
o or similar. No contradictions
1
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208. 9709 _s18 ms_73 Q: 2

545

Question Answer Marks Guidance
(6] 213, 165,73, 196 Allow 073 B1 | For 3-digit no, < 265, consisting of three consecutive
integers from given digits,
backwards or forward. (73 or 073 counts as a 3-digit
no.)
B1 | For another three such.
Other answers may be valid. If other method used,
method must be clear
2
Question Answer Marks Guidance
(i) % = % or20.4 B1
2 M1 2
25 13225{&) 1| 3095310
24| 25 5 24 25
2821 Al
118 (3 sf) or
@D 24
3
(1i1) (Average) weekly earnings of all students in Amy’s year B1 | Not “All students in Amy’s year’
1
209. 9709 s18 ms 73 Q: 3
Question Answer Marks Guidance
8a-8y M1 1,7
L= S (= —L— 0r0.00171) OE.eg 8 8
64 4096 64
7 M1 | Correct equation using their variance
2xz,["—=—"=0.130
4096
z=1.572 Al
®("1.572") (= 0.942) M1 | 2¢(their z) -1
(0.942 — (1-0.942) = 0.884)
a=88 Al | CAO
5
210. 9709 _wl18 ms 71 Q: 1
Question Answer Marks Guidance
(1) 176 + z x L M1 | need correct form must be z
200
z=2.24 B1 | allow 2.241 and 2.242
175 to 177 Al | cwo
3
(i1) Sample random B1 | oe. both words essential
1
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546 APPENDIX A. ANSWERS

211. 9709 _wl8 ms_ 71 Q:3

Question Answer Marks Guidance
12.2-12 M1 | Standardisation.
25/ \/; Allow cc. need correct form incl sqrt
=) 196 B1 | Correctz
Jn =196x25+02 M1 | Rearrange equation in n or sqrt n with

numerical z to the stage n= or sqrt n = allow
arithmetical slips only

n =600 Al | accept 601
SR whole number ans from 595 to 605 can
score full marks if fully justified

4
212. 9709 w18 ms_72 Q:2
Question Answer Marks Guidance
i) z=1.96 B1 | seen
-y A8 { X z
3301 £z x 0 M1 | Must be of correct form. Any
=329.4t0 330.8 (1 dp) Al | Must be to 1 dp. Must be an interval.
3
(i1) Yes, because vol of all cans not stated to B1 | Or Yes, population not stated to be normal
be normal
1
213. 9709 w18 ms 72 Q: 7
Question Answer Marks Guidance
® e x STF;Z M1 | Allow any 4
=0.108 (3 sf) Al
2
(ib) P=2 & Y=1)=¢*'x 2P e %35 M1
(0.2700 % 0.10569 = 0.028538)
% attempted ML | For attempt at fraction with their (i) as denominator or % x 3.5+ 53—63 M2
— 0.028538
'0.108234
=0.264 (3 sf) Al
3
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Question Answer Marks Guidance
(iii) Var(X)=2.1 B1 | soi
X ~N(2.1. 21) or N(210.210) B1 | soi Bl for N(2.1. ...)

B1 | B1 for 2 oe

Standardise with their values. Allow with or without cc or with incorrect cc

2221 ge (220 -210)/V210 (=0.690) ML | or % or (220.5—210)/V210) (= 0.725)
10 100
no mixed methods

:I

1—-(°0.690%) M1 | Correct area consistent with their working or 1—¢(*0.7257)
=0.245(3sf) Al | =0.234(3sf)
6

214. 9709 w18 ms_73 Q: 1

Question Answer Marks Guidance
(1) 176 + z % M1 | need correct form must be z
z=224 B1 | allow 2.241 and 2.242
175 to 177 Al | cwo
3
(i1) Sample random B1 | oe. both words essential
1

215.9709_ w18 ms 73 Q: 3

Question Answer Marks Guidance
12.2-12 M1 | Standardisation.
2.5/n Allow cc. need correct form incl sqrt
=) 1.96 B1 | Correctz
Jn =1.96x25+02 M1 | Rearrange equation in n or sqrt n with

numerical z to the stage n= or sqrt n = allow
arithmetical slips only

n =600 Al | accept 601
SR whole number ans from 595 to 605 can
score full marks if fully justified
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548 APPENDIX A. ANSWERS
216. 9709 _ml17 ms 72 Q:1
Question Answer Marks Guidance
Var(Ps) = 0-3(112*00-3) (=0.00175) M1 | Attempt correct values in correct formula
03+2zJ"0.00175" M1 | must be a z-value, not a prob
z=1.645 B1
CI=0.231 10 0.369 (3 sf) Al
Total: 4
217. 9709 _ml7 ms 72 Q:3
Question Answer Marks Guidance
i 53-52 _
@) P (= 1.420) M1
51-52 — " "
= (=-1.420) M1 | or "1.420" seen
O(*1.420”) — O(*-1.420) M1
=0.844 (3 sfs) Al
Total: 4
(il) Need fo assume )_( (approx_) norl'nally B1 | or Xnot Stated to be nOrmaHy distributed
distributed
Total: 1
218. 9709 s17 _ms 71 Q:3
Question Answer Marks Guidance
(a) sx [26 M1 | Expression of correct form must be z (note MR var = 2.6? can
T \/; sccﬂ‘e M1) t t (et
seen
z=1751 B1
6.77 to 7.43 (3 sfs) Al | Must be an interval
Total: 3
(b) 0.04° M1 | Allow 0.08° for M1
=0.000064 Al
Total: 2
(c) e.g. Particular day or time of day B1 | Allow "Not random"
Total: 1
EXAMINENT
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219. 9709 _s17_ms_72 Q: 1

549

Question Answer Marks Guidance
0.801x(1-0.801) M1
L =7 (= 0.0000797)
2000
0.801+ z x +/"0.0000797" M1 | Allow any z-value
z=1.96 B1
0.784 to 0.818 (3 sf) A1 | As final answer. Must be an interval
Allow 0.783 to 0.819
Total: 4
220. 9709 s17_ms_ 73 Q: 1
Question Answer Marks Guidance
573, 43 (or 043), 289 B1B1B1 | Ignore incorrect numbers. But allow other correct use of table
(i.e. 573, 650, 431)
Total: 3
221. 9709 _s17_ms_73 Q: 2
Question Answer Marks Guidance
@ z=1751 Bl
w0 (B M1 | all correct except for recognisable value of z, allow for one
200 T\ o€ side only
=0.453 to 0.577 (3 sf) as final answer Al | must be an interval
Total: 3
(if) 0.08 0e 8%, 8/100 Bl
222.9709 _wl7 ms 71 Q:3
Question Answer Marks Guidance
153 ,, 200-153 M1
153 2007200 _
oy TZX% 200 =0.835
(Var(P;) = 0.000898875)
(s.d. 0.02998)
z=2.335 Al | allow 2.33 or 2.34
20 ( z) -1 M1 | or equivalent method
indep
a=98 A1l | allow 98.0 but not e.g. 98.04
4
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223. 9709 w17 _ms_71 Q: 4

APPENDIX A. ANSWERS

Question Answer Marks Guidance
(1) 3001 + 2z x 22 M1 | allow any value of z
75
z=12.576 B1 | allow 2.574 to 2.579
299.83 to 300.37 (2 dps) A1l | answer must be seen to 2 dps
need an interval
3
(i1) CI includes 300 so claim supported or B1 FT | or equivalent
justified or probably true FT from CI in (i)
1
224. 9709 w17 ms_72 Q: 2
Question Answer Marks Guidance
i) . 1420 M1 | Must be a z value
4820+ = NiE
£=2326 B1 | Accept 2.326 - 2.329
4524/4525 to 5115/5116 or 4520 to 5120 (3 sf) Al | Must be an interval
3
Question Answer Marks Guidance

(i) X =4840

B1 | or width = 280 or half width = 140

4840+ 1.96 x 22 =4980 OE

M1 ol~140=1.96x% OE

n=395

Al | CAO must be an integer

225. 9709 w17 _ms_73 Q: 3

Question Answer Marks Guidance
153, 200-153 M1
B +zx 20320 - (835
200
(Var(P;) = 0.000898875)
(s.d. 0.02998)
z=12.335 Al | allow 2.33 or 2.34
2(1)( Z) -1 M1 | or equivalent method
indep
o=98 A1l | allow 98.0 but not e.g. 98.04
4
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226. 9709 w17 _ms_73 Q: 4

551

CI=95.8t0103 (3 sf)

Al [6] | (NB Use of biased Var can score 5/6 max)

Question Answer Marks Guidance
(1) 3001 + 2z x 22 M1 | allow any value of z
- J75
z=2.576 B1 | allow 2.574 to 2.579
299.83 to 300.37 (2 dps) A1l | answer must be seen to 2 dps
need an interval
3
(i1) CI includes 300 so claim supported or B1 FT | or equivalent
justified or probably true FT from CI in (i)
1
227.9709 ml6 ms 72 Q: 5
Q Answer Mark Notes
(0] Est(u) = 1352 (=99.4) B1
Est(c?) = 1501525000 _ ngg 4%) M1 Allow ML if 120 omitted
=288.228 Al
z=2.576 B1 Accept 2.574-2.579
"99.4" + z x /288.228 +150 M1 Any z

(ii) 100 lies within this CI
Hence yes B1¥'  [1] | Both needed, ft their CI
Q Answer Mark Notes
(iii) To avoid bias or
Necessary to enable statistical inference | Bl [1] | Or any equivalent
228. 9709 s16 ms 71 Q: 2
Q Answer Mark Notes
i) Each employee has an equal chance of | Bl [1] | oe
being chosen
(ii) Est(u)=4 B1
Est(07) = 2(1222 _147) M1 sub in correct formula attempted
=436 (3 sf) Al [3] | working may not be seen
(iii) Distances travelled by all employees at | B1 [1] | oe
the firm
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229. 9709 s16_ms_71 Q: 3
Q Answer Mark Notes
@) ((0.5672 + 0.6528) + 2) B1 [1]
=0.61
(ii) 0,617 + 2,/ 280080 _ ) 6578 Ml oe
z=10.0428 x| )% oe M1 c8r6rect rearrangement of correct equn, ft
13 i 1 b
=2.321 Al
98% confidence Alft [4] | fttheirz
(dep on both Ms)
230. 9709 s16_ms_72 Q: 3
Q Answer Mark Notes
(i) Pop too big or takes too long oe B1 [1]]| or too expensive oe
or testing destroys articles oe or pop inaccessible oe
(i) (a) [z=196 B1 seen
65.7+ z x % M1 Expression of correct form (must be ‘z’
=64.910 66.5 (3 sf) Al [3]| must be 65.7)
Must be an interval
(b) | CI does not include 64.7 allow 64.7 not within CI
Probably has affected (or increased) mean
bounce ht. B1+ [1]]| both needed. fi their CI ft 65.7/64.7 mix
231. 9709 s16_ms 73 Q: 1
Q Answer Mark Notes
1924 2353 M1 Allow 3£ Allow one side for M1
z=2.326102.329 B1 Condone \(43.6/149 ) oe
191 to 194 (3 sf) Al [3] | cwo
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Q Answer Mark Notes
(i) A=3.9 Bl
e x 34_9;' M1 M1 allow any A
=0.195 Al [3] | SR Combination method
B1 for A =1.6 AND A =2.3 used in combination
method (at least 3 combinations)
M1 All correctly combined and added
(i) X ~N(1.6, L5 Bl B1 for N(1.6, ....)stated
Bl [2] | BI for Var = & stated
SR, not stated but all implied in (iii): B1
(iii) LIS (= 0.685) M1 For standardising (using their values or correct
V% values .Ignore cc
1- (*0.6857) Mi Correct area consistent with their working
=0.247 (3 sf) Al 13 Accept use of 1/2n correction leading to 0.233.
[3]'| NB Use of Poisson sum Po(120) and N(120,120)
with p=127.5 leads to 0.247, or 0.233 with cc
(iv) X not normally distr. So CLT needed B1 [1]| Not“it”
233.9709_ w16 _ms 71 Q: 1
Q Answer Mark Notes.
(2£) =635 Bl
(Ex* = 32360.12)
%('32320.12' —‘63,5'2) M1 oe
=14.6 (3 sf) or 2553/175 Al [3] | From correct working
234. 9709 w16 ms 71 Q:5
Q Answer Mark Notes
(a) 63 tzx2 M1 B1 | Expression of correct form, any z
Ji00 p Y
z=1.645 B1 Seen
61.5 to 64.5 (3 sf) Al [3] | Must be an interval
Q Answer Mark Notes
®) @) [z-1 (=0.98) M1 Allow 2=
O(<“0.98™) (= 0.8365)
“0.8365” — (1 —*0.83657) M1
(=0.673)
a=:67.3 (3 sf) Al 3] Allow 67 from correct working
(ii) 4=(2x’2’x’0”)\n M1 Attempt to solve equ of correct form
n=200 Al [2] | SR B1 forn=100
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235. 9709 _wl16_ms_72 Q: 1

Q Answer Mark Notes.
() =63.5 B1
(Zx* = 32360.12)
| 12" 12
%(—323680 12 _163.5 ) M1 oe
=14.6 (3 sf) or 2553/175 Al [3] | From correct working

236. 9709 w16 _ms 72 Q: 5

Q Answer Mark Notes
(2) 63 £z x ﬁ M1 B1 | Expression of correct form, any z
z=1.645 B1 Seen
61.5 to 64.5 (3 sf) Al [3] | Must be an interval
Q Answer Mark Notes.
by @) |z= 18 (=0.98) M1 Allow ==
D(“0.987) (=0.8365)
“0.8365” — (1 —“0.8365™) M1
(=0.673)
a=:67.3 (3 sf) Al 3] Allow 67 from correct working
(ii) 4=(2x’2’x’c")\n M1 Attempt to solve equ of correct form
n =200 Al [2] | SR B1 for n =100

237.9709_wl6_ms_73 Q: 2

Q Answer Mark Notes
() 59 B1 (1]
(i) Any x such that 0.687 < x < 0.693 (3
sf) B1 [1] | or 0.69 or ... 0.686.. < 0.693 rec
(iii) Possible repeats B1 [1]

238. 9709 _wl6_ms_73 Q: 6

Q Answer Mark Notes
@ est(p) = fo'o“ e a 3111 1/99 (1356 — 340%100)
est(0?)= (45 —'3:47) Al or 200/99
=2.02(0202)
z=1.96 Bl
[2.020202'
34+zx 100 M1 correct working only
=3.12to 3.68 (3 sf) Al allow from unbiased or biased variance
[6]
(ii) Mean should be 3 B1* stated or implied
CI does not include 3
Machine probably not working DB1+Y V" their CI
properly or evidence that....
[2]
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239. 9709 _s15_ms_71 Q: 5

555

Q Answer Mark Notes
(i) | 4200/80 (=52.5) Bl
22
=E(ﬂ—'52.5@j (=107595) | M!
79 80 Al [3]
=108 (3 sf)
(i) | '52.5tz 255 Ml Correct form — must be z-value — allow one
side only
z=2326 Bl Seen
49.8t0 55.2 Alf  [3] ft their 52.5 and 107.595. Must be an
interval
(iii) | 49 Bl 1]

[Total: 7]

240. 9709_s15_ms 72 Q: 5

Q Answer Mark Notes
(i) | 14800/50 or 296 B1
4
@[—390000 ~1296 'ZJ (= 187.755) | M! Oe
49 50
=188 (3 sf) Al 3
ii '187.755' '187.755'
(D) |55z, /ﬂ =545  oe M1 If 2 x” omitted: z xJﬂ =545 Ml
50 Al 50
z=1.406 or 1.405 z=2.8120r2.810 A0
@(*1.406%) (= 0.92 or 0.9199) O(2.812°) (= 0.9975)
M1 =9950r9 or 100 MI A0
o =284 (2sf) allow 83.98 | Al 4 | For complete method to find «
SR use of biased var(184) scores M1 A1(1.4205)
A=84.5MI1Al
(iii) | 0.96' M1
=0.849 (3 sf) Al 2
Total 9
241. 9709 _s15 _ms_73 Q: 1
Q Answer Mark Notes
(i) | Eg: Only students who use canteen B1 or any reason that some are excluded
The five will probably be friends Bl [2]| B1 each sensible reason must be in context
(ii) | 2—digits Bl
ignore > 82 (anything too big) B1
Ignore repeats B1 [3]
[Total 5]
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242. 9709 _s15_ms_73 Q: 3

APPENDIX A. ANSWERS

Q Answer Mark Notes
0.22x(1-0.22
(i) | Var(py) = 022x(1-022) Ml pq/100
100
__429 or 0.001716
250000
[ 429 , 1 their vari
0224z Ml Expression of correct form with their variance
250000 Any z (must be a z value) accept one side only
z=2.17or2.168/9 or 2.171 Bl Seen
0.13(0) to 0.31(0) (2 sf) Al [4]| Must be an interval
(i) | 2> % (1-0.97) x 0.97 M1
=0.0582 Al [2]
Total 6
243. 9709 _s15_ms_73 Q: 4
Q Answer Mark Notes
1
(i) (z—ggJ =30.16 (30.2) B1 Allow any form
@[_5 1825 ~(30.16 )) Ml
491 50 (129.46367)
=129 (3 sf) Or 130 Al [3]
(i) | (1.5 x 30.16° + 10)
=55.24 Blft ft their 30.16
(1.5 % <129....7) Ml 1.5% x their(129) with nothing added at any
stage
=291 (3sf) Alft  [3]| Allow 290
Total 6
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244. 9709 w15 _ms_71 Q: 2

Q Answer Mark Notes
() & oe seen B1 Or 6%/120 oe seen
120
30-29 (= 1.826) M1 +
6 Allow without V120. No sd/var mix
120
P(z>°1.826") =1 — ®(‘1.826) M1 Correct tail consistent with their
=0.034 (2 sf) Al [4] | working
0.0339
(ii) No B1 1* B1 for either comment
n is large (=30)
Sample mean is (appr) normally distrib 2™ B1 for’"No’with 2™ comment
or The CLT applies oe B1 [2] | (No mark for ‘No’ alone)
Total: 6

245. 9709 w15 ms 71 Q: 3

Q Answer Mark Notes
. 3420
60
60195200 (= 4.40678) M1 Oe
59 60
=4.41 (3 sf)

Al [3] | As final answer

(ii) 57 '4.40678' M1
60
z=12.326 B1 2.326 —2.329 (accept 2.33 if no better
seen)
[56.4 to 57.6] (3 sf) Al [3] | NB: use of biased variance in (ii) can
score in full
Total: 6
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246. 9709 w15 ms_72 Q: 2

Q Answer Mark Notes
() 6 oe seen B1 Or 6%*/120 oe seen
120
30-29 (= 1.826) M1 +
[ 6 ] Allow without V120. No sd/var mix
V120
P(z>°1.826")=1—-®(*1.826") M1 Correct tail consistent with their
=0.034 (2 sf) Al [4] | working
0.0339
(ii) No 23 1* B1 for either comment
n is large (>30)
Sample mean is (appr) normally distrib 2™ B1 for'No’with 2" comment
or The CLT applies oe B1 [2] | (No mark for ‘No” alone)
Total: 6

247. 9709 _wl5_ms_72 Q: 3

Q Answer Mark Notes
. 3420
) ——(=57) Bl
60
@ 195200 —'572 (=4.40678) M1 Oe
590 60
=441 (3sh)

Al [3] | Asfinal answer

(i) 57y, | 440678 M1
60

z=2.326 B1 2.326 —2.329 (accept 2.33 if no better
seen)
[56.4 to 57.6] (3 sf) Al [3] | NB: use of biased variance in (ii) can

score in full

Total: 6
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248. 9709 w15 ms_73 Q: 1

Q Answer Mark Notes
(i) N(352,...) B1 no recovery in (ii) for each B mark
Variance = 2.9 Bl | [2] | acceptsd =1 2.9 =1.70(29) stated
(ii) % (=1.174) M1 with their mean and var
2.9 Or 334.05 352
V2.9
or correct restart (= 1.204)
1 -@(°1.174%) M1 (accept sd/var mix)!
—D(“1.204%)
=0.114 (3 sf)
=0.120 (3 sf) Al [3] | Incorrect cc can score MIM1AO
Total I51
249. 9709 w15 ms_73 Q: 3
Q Answer Mark Notes
(i) 0.4 or 2/5 or 26/65 B1 [1] | no recovery in (ii) for the B mark

() | “04”+zx ,/—0-46"50-6 =0.516 oc M1 or“0.4“—zx 1/—0-4550-6 =0.284 or
0.4x0.6
1/7 =011
z X 5 0.116 oe

2= 0116%.— | = 1.909 Al
0.4x0.6
( q)g‘1_9q9’) =0.97(18)) M1 for fully correct method to find o from
20097 1) their 7
Al [4] | allow 94.36 or 94.4 or 94.374
o=94
Total I5]

250. 9709_m22 ms_62 Q: 2

Question Answer Marks Guidance
B(300, 1) — N(60,48) Bl | SOI
45.5-60 M1 | Condone with wrong or no continuity correction
NIt
=-2.093 Al
2.093” > 1.96 M1 | Valid comparison

Note: $('-2.093") (= 0.0182),
0.0182< 0.025

[Evidence to reject Ho] There is evidence that P(landing on blue) # + AL FT | Allow ‘There is evidence that the spinner is biased.’
In context, not definite, no contradictions

Condone critical values method (critical value 46.42
M1 Al and 45.5 < “46.42" M1 for valid comparison
Al for correct conclusion)

SC: 0.0182 unsupported:

0.0182 < 0.025

And there is evidence that the spinner is biased.
In context, not definite B1 only
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251. 9709 m22 ms 62 Q: 4

Question Answer Marks Guidance
(a) Ho: p=25.5 B1
Hyp<255
23.7-255 M1 | Must have V40
5.2+4/40

=-2.189 Al

'2.189'<2.326 M1 | For valid comparison
For two-tailed test: allow compare 2.576 if Hy: u #
255

[Accept Ho] No evidence that mean time has decreased A1 FT | In context, not definite, no contradictions

FT their 2.189 but no FT for two-tailed test

N.B. Use of two-tailed test can score max BO M1 Al
M1 A0

Condone use of critical value method

(23.59 M1 Al and 23.7 > 23.59 M1 Al correct
conclusion or 25.612 M1 Al and 25.5 <25.612 M1 Al
with correct conclusion)

5
(b) No, because Ho was not rejected B1FT | FT their conclusion in (a)
1
252. 9709 _s22 ms_61 Q: 2
Question Answer Marks Guidance

Ho: P(correct) = é Bl | Allow p= é

Hi: P(correct) > % Allow p > %

1 (5Cs % (2w (LY 150, w (32 (L3 150, « (23w (Ly2 4 15 % M1 | Expression must be seen

G (6) (6) y (6) (6) : (6) (6) Allow one end error
Sy, 1 45y

()7 %2+ ()

0.0898 or 0.0897 (3 sf) Al | SC if MO scored allow SCB1 for 0.0898 or 0.0897

0.0898 < 0.1 M1 | Valid comparison
For valid comparison with 0.9 (0.9102 > 0.9 seen the
previous M1and Al can be recovered

[Reject Ho] There is evidence (at the 10% level) that Arvind can predict FTAL1 | Not definite, e.g. not “He can predict’ or ‘Claim true’

scores In context and no contradictions

5
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253. 9709 22 ms_61 Q: 7

Question Answer Marks Guidance
(a) H,: pop mean run time = 28.2 mins B1 | Allow ‘u’. Not ‘mean journey time’
Hi: pop mean run time < 28.2 mins
1
(b) 27-28.2 _ M1 | For standardising
272282 (=1 897]
a/J40 Must have V40
O(< ‘-1.897) =1 -P(1.897") M1 | For correct area consistent with these values
0.0289 (3 sf) Al
3
(c) Hj is not rejected so... M1
Type II error can be made and Type I error cannot be made Al | Both needed (accept ‘only a Type II error could be
made”)
2
254. 9709 22 ms_62 Q: 2
Question Answer Marks Guidance
Ho: Pop mean height =2.3 B1 | Not just ‘mean’
H;: Pop mean height >2.3 Allow g
% M1 | For standardising, must have N
V60
1.936 or 1.937 or 1.94 Al
“1.936’ < 1.96 M1 | Valid comparison with 1.96
Or 2.64% > 2.5% OE
Accept 1.936 <2.24 or 2.64% > 1.25% OE if Hip # 2.3
[Do not reject Hg] A1FT | FT their z
No evidence that (mean) height (with fertiliser) is more than without In context, not definite. E.g. not ‘Mean height is not
greater” with no contradictions
No FT for 2 tail test (max BO M1 A1 M1 A0 3/5)
Accept critical values method 2.401 (M1 A1) 2.4 < 2.401
(M1) Condone 2.299 (M1 A1) <2.3 (M1)
Al conclusion
5
255. 9709 22 ms_62 Q: 4
Question Answer Marks Guidance
(a) Ho: Pop mean = 4.6 [or 9.2] B1 | or A=4.6 or i (Not just ‘mean’)
Hi: Pop mean < 4.6 [or 9.2] oriA<4.6
1
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Question Answer Marks Guidance
(b) Use of Poisson with 1 =9.2 B1 | SOI
_ 2 922 ,92° _ M1 | At least one of these attempted correct 4
PA<3) (1+9.2+ 2 * 31 )=0.0184 0r 0.018 [< 0.02] (with Poisson expression seen not implied)
4
P(Y < 4)=00184 + &2 x%: 0.0486 or 0.049 [> 0.02] +A1 | Both correct
SC Use of 4 =4.6 scores B1 for P(X=0) = 0.01[0][1]
and P(X < 1) = 0.056[3]only
CRis X3 DA1 | From CWO and at least one comparison seen
SC If M0 awarded allow *B1 for both 0.018 and 0.049 or
better and DB1 for correct critical region from CWO and
at least one comparison seen.
4
(c) 5 is not in critical region OR P(X < 5) =0.104 > 0.02 M1 | For a comparison (i.e. 5> 3) OE
50 [not reject Ho] no evidence that number of cars arriving is now fewer A1 FT | In context, not definite No contradictions
e.g. not ‘No. of cars arriving is not fewer’
ft their critical region if used (but must be from Poisson
and integers)
2
(d) No, because Hy was not rejected B1FT | OE. FT their (c)
1
Question Answer Marks Guidance
(&) | N(276,276) B1 | SOI
300.5-276 - M1 | Standardising with their values
[=1.475] . - .
276 Allow with wrong or no continuity correction
1—-¢(‘1.4757)=0.0701 (3 s.f.) A1 | SC Use of Poisson: B1 for answer 0.0727 (3 sf)
3
256. 9709_s22 ms_63 Q: 2
Question Answer Marks Guidance
(a) Conclude more than 10% of the students are left handed when this is not true B1 | OE. Must be in context (accept use of p).
Need the context of one tail test.
1
() 1—(0.9%°+20 % 0.9 % 0.1 +2°C, 0.9 x 0.17+ 2°C3 x 0.9" x 0.1° + 2°Cy x M2 | M2: fully correct
0.91x 0.1%) MIl: attempt 1 —P(X=0, 1, 2,3, 4);
allow 1 -P(X=0.1.2.3.4.5)or 1 - P(X =0.1.2.3)
need 1 — ...
the method mark cannot be implied
0.0432 (3 s.f) Al | If M0 awarded allow SC B2 for 0.0432
3
Question Answer Marks Guidance
© 0.7+ 20 x 0.7 x 0.3 + 2C2 % 0.7 x 0.3+ 2°C3 % 0.7 x 0.3°+ °C4 x 0.7'° M1 | Attempt to find P(< 4) using B(20,0.3)
%034
Allow one end error
The method mark cannot be implied
0.238 0or 0.237 (3 s.f) Al | If MO0 awarded allow SC Blfor 0.238 or 0.237
2
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257. 9709 _s22 ms_63 Q: 3
Question Answer Marks Guidance
(a) Batteries unusable after testing or Population too big B1
or too costly or too time consuming to use the whole population oe
1
(b) Ho: =150 B1 | Or population mean = 150; not just ‘mean’ = 150
Hy:u <150
147 -150 M1 | Allow with continuity correction
225 +4/120 Need 120
-2.191 Al | Condone —2.19
—2.191 <-2.054 [or —2.055] M1 | OE. For valid comparison with 2.054 or 2.055
Or 0.0143 (or 0.0142) < 0.02
For two tail test allow comp —2.326 OE if Hy: i # 150
(can score BOM1A1IMI1AO max 3/5)
[Reject Ho] There is evidence that the (mean) life of type B is less than type A1 FT | In context, not definite with no contradictions
A (or less than 150) Accept critical value method 147.19 M1A1
147 < 147.19 M1 conclusion Al
Or 150 > 149.81
5
Question Answer Marks Guidance
(c) 147 42 x L3 M1 | Expression of correct form must be a = value
V120
z=1.881 [or 1.882] B1
14410 150 (3s.f) Al | Must be an interval
Incorrect z value can only score M1IBOAO
3
258. 9709 m21 ms 62 Q:3
Question Answer Marks Guidance
(a) One-tail because investigating whether "higher" B1 | OE. Must have both parts.
1
(b) Ho: Population mean (or x) in city same as for others B1 FT | If (a) two-tail:

Hi: Population mean (or x) in city greater than for others

Ho: Pop mean (or x) in city same as for others.
Hi: Pop mean (or x) in region different from others.

2.41>2.326 or 0.008 < 0.01 or 0.992 > 0.99

M1 | If (a) two-tail: 2.41 < 2.576 or 0.992 < 0.995.

There is evidence that buildings are higher [on average].

A1 FT | In context, not definite. No contradictions.
If (a) two-tail: There is no evidence that the [average]
height of buildings is different.
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259. 9709 _m21_ms_62 Q: 6

Question Answer Marks Guidance
(a) Ho: population proportion = 0.08 OE B1 | Allow ‘p=0.08" etc.
Hi: population proportion > 0.08 OE
PX>4)=1-P(X<3)= M1 | Allow 1 — (one term omitted or extra or wrong).
1-(0.92%+ 25x0.922x0.08 +°C2x0.92%x0.08 + 2C3x0.92%2x0.08%)
0.135 (3 sf) Al
0.135>0.05 M1 | Valid comparison.

Note: ‘0.865'<0.95 can score M1 Al and can recover
previous M1 Al for 0.865.

There is no evidence that proportion owning Chantor has increased A1FT | In context. Not definite, e.g. not ‘Proportion not
increased’. No contradictions.

5
(b) Ho was not rejected. *B1 FT | Ho was rejected (consistent with (a)).
Hence Type IT might have been made. DB1 FT | Type I error.
2
(c) PX>5)=1-P(X<4) =M1 | Attempted.
=1- ((1 -0.1351)+ *C, x0.92" XO.084) [=0.0451] Note: If critical region method used in (a) marks can be

awarded here.

0.0451 < 0.05 A1 | Comparison of 0.045[1] with 0.05.
Note: If critical region method used in (a) marks can be
awarded here.

P(Type I error) = 0.0451 or 0.0452 A1l | Dependent on M1%* only.
SC Unsupported answers score: B1 for 0.0451<0.05
and B1 for final answer 0.0451 only.

3
260. 9709 s21 ms_ 61 Q: 8
Question Answer Marks Guidance
(a) Not representative (of all students in the school) B1 | OE idea of ‘not being representative’ e.g. different
grades in the school have different
characteristics/proportions....
Don’t accept ‘not random’ or ‘biased’ without
further explanation.
1
(b) Ho: P(not cotrect uniform) = 0.15 B1 | Allow "p"
H.: P(not correct uniform) < 0.15
1
(c) Any two probs attempted using B(50,0.15) M1
P(X < 3)=0.85""+ 50 x 0.85% % 0.15 + *°C, x 0.85" x 0.15% + *°C; % 0.85* x M1 | Attempt the tail probability P(0.1.2,3) with
0.15* B(50,0.15) must be added.
P(X < 4) = 0.04605 + ¥C4x0.85%x0.15* M1 | OE. Their P(X < 3) + P(X = 4) or P(0.1,2,3.4) with
B(50,0.15) must be added.
P(X < 3)=0.0460 or 0.0461 [<0.05] Al | Both correct.
P(Y < 4)=0.112 or [>0.05] OR if P(X < 4) not seen; P(4)=0.06606 and
0.06606>0.05 and P(X < 3)=0.0460 scores M1 Al
P(Type I) = 0.0460 or 0.0461 (3 sf) Al | Dependent on second M1.
SC If MIMIMI1AQO scored allow A1FT for
incorrect P(X < 3) as long as <0.05
5
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Question Answer Marks Guidance
(d) 4 is outside critical region (<3) OE or P(X < 4) = 0.112 which is > 0.05 M1 | FT working from (c).
No evidence that proportion not wearing the correct uniform has decreased Al | In context not definite, e.g. not ‘Proportion has not
(Accept Ho) decreased’. No contradiction.
2
(e) Not rejected Hy *B1 FT | FT If Reject Hy in (d)
Type I DB1 FT | FT Type I
2

261. 9709 _s21_ms_62 Q: 1

Question Answer Marks Guidance
(a) o1 Bl | or Ho: u=25
Hoep=7 or Hy: p# 25
1
Hi: -
Lp# 1
1
75 B1 | SOL
®) N[ZS,*} 75
4 Allow BI for N(ZS,I] or N(0.25.0.001875) SOL.
15.5 M1 | Standardise with rheir N(25....)
155-25 100 -0.25 Allow with no or wrong continuity correction.
75 Jo.zs %0.75
4 100
+-2.194 (2.19) Al
—2.326 <-2.194 or 0.0141 > 0.01 or 0.9859 < 0.99 M1 | For valid comparison (accept 2.326 to 2.329)
. . I | Al FT | OE must be in context and not definite. e.g. not ‘Claim untrue’.
No evidence to reject that the probability is 2 No contradictions.
FT their = ; dependent on two—tailed test (one-tailed test can
score B1 M1 A1 M1 A0)
SC for use of Binomial B(100,0.25) P =0.0111 for Bl and
then comparison with 0.01 and correct conclusion for B1,
maximum 2 out of 5 marks.
5
262. 9709 s21 _ms_62 Q: 5
Question Answer Marks Guidance
(a) Conclude that (population) mean time has changed (or is not 42.4) Bl | OE. In context.
although i has not changed (or is still 42.4)
1
(b) He: population mean (or ¢) =42.4 B1 | Not just ‘mean’. (could be seen in (a))
Hi: population mean (or ) # 42.4
4 A5.6-424 M1 | For standardising (must have /20 )
T J382+20
+ 2315 Al
2.240 <2315 M1 | For valid comparison (accept 2.241)
or P(z>2.315)=0.0103 < 0.0125 oe
There is evidence that 4 or mean time has changed A1 FT | FT their z
In context, not definite. No contradictions.
Note: Accept correct alternative methods
SC: One tail test no FT. Can score BO M1 Al M1 (comparison
with 1.96) A0 (maximum 3 out of 5)
5
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263. 9709 _s21_ms_63 Q: 2

Question Answer Marks Guidance
(a) Conclude (mean) (journey) time has not decreased when in fact it has. B1 | OE in context
1
(b) Ho: Pop mean (or )= 1.4 B1 | May be seen in (a)
H,: Pop mean (or ) < 1.4
1.36-14 M1 -
o012 Accept totals method _68-70
. \50%0.12
V30 No mixed methods or no standard deviation/variance
mixes
—2.357 or—2.36 Al | Correct z or correct area if used
—2.357 <-1.96 or 0.0092 < 0.025 or 0.9908 > 0.975 M1 | valid comparison
Or CV method 1.36 < 1.367
There is evidence that (mean) (journey) times have decreased A1 FT | in context not definite no contradictions

NB use of two tail test scores max BOM1AIMI1AO no ft
for two tail test

5
(c) Ho was rejected OE *B1 FT | FT Hp was accepted OE
Type I DB1 FT | FT Type Il
2
264. 9709 s21 _ms_63 Q: 3
Question Answer Marks Guidance
(@A) |Hoi=24 B1 | Acceptloryu
Hi:i>24 Accept 2.4 or 0.8 (per year)
1
53 2 3 4 -
(a)(ii) - e’“(l o4y 24 + 24 24 ) M1 | Any 4: allow one end error
2 3! 41
0.0959 (3 sf) Al | SC unsupported answer 0.0959 scores B1 only not
MIlAl
0.0959 > 0.05 M1 | Valid comparison
Use of 0.9041 < 0.95 can recover either M1Al or B1
There is evidence that Jane’s claim not justified A1 FT | OE. In context, not definite, e.g. not ‘Jane is wrong’, no
or There is insufficient evidence to support Jane’s claim contradictions.
Condone omission of Jane.
4
(b) Mean not constant so Poisson model not valid B1
1
265. 9709 w2l ms 61 Q: 5
Question Answer Marks Guidance
(a)(i) | Po(0.025) B1 | For Poisson and correct parameter.
B1 | Must show 2500 and 0.025.
= = 1 .
n=2500>50,np=0.025 <5 Acceptp= < 0.1 in place of np = 0.025 < 5.
100000
2
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Question Answer Marks Guidance
(a)(ii) 1 _ 0025 M1 | Allow any A.
FT their (a)(i) if normal; must have continuity correction.
0.0247 (3sf) Al | Must be from Poisson.
Unsupported correct answer scores B1 instead of M1 Al.
2
(b) Hep=03 B1
Hyi:p<03
0.7+ 28 x 0.77 % 0.3 + 8C2 x 0.7 % 0.3% + %C3 % 0.7% x 0.3 + 2C4 x M1 | Use of B(28, 0.3 ). Addition of terms must be intended.
0.7%x0.3* Allow one term wrong or omitted or extra.
0.0474 Al | Unsupported correct answer scores B1 instead of M1 Al.
0.0474>0.02 [Not reject Hp | M1 | Valid comparison.
No evidence that suspicion is true. Al ft | Not definite e.g. not “Suspicion is not true’, in context, no
contradictions.
SC use of N(8.4, 5.88) leading to 0.054 > 0.2 OE can
score B1 only for comparison and correct conclusion.
Correct hypotheses with p will also score B1.
5
266. 9709 w2l ms 61 Q: 7
Question Answer Marks Guidance
(a) Ho: = 64.6 B1 . Lo )
Hy i< 64.6 Allow population mean. not just ‘mean’.
63.5-64.6 M1
i ..
(£] 5.2+4100 Standardising. Must have /100 .
[£]-2.115 AL | Accept -2.12 (3sf)
2.115>>1.96 or ‘-2.115* <—-1.96 [do not accept Ho] M1 | Valid comparison (0.0172 < 0.025 for area comparison).
There is evidence that i < 64.6 A1 FT | Not definite, e.g. not ‘u < 64.6°. in context. No
contradictions.
Accept critical value method leading to 63.5 < 63.58 or
64.6 > 64.52.
5
m-646 _ M| . . 5.2
® 52+-/100 1.96 Finding the critical value using N(64.6, ﬁ} and a
z value.
m = 63.5808 Al
63.5808—62.7 [= 1.694] M1 .. . 5.2 .
5.2+/100 Standardising using N| 62.7, m and a critical value.
1-®(°1.694") M1 | For area consistent with their values.
0.0451 Al | Accept answers that round to 0.045.
5
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267. 9709 w2l _ms_62 Q: 4

APPENDIX A. ANSWERS

Question Answer Marks Guidance
(a) Fireworks are destroyed when tested. B1
1
(b) Ho: Pop mean time lasted (or ) = 30 B1 | Not just ‘mean’.
H;: Pop mean time lasted (or ) < 30
+29-30 ; 30 ML | For standardising. Must have Jioo.
ey . (2900-3000)
100 Use of totals N(3000,2500) giving ~—————
/2500
scores M1. No mixed methods.
-2 Al
—2 >-2.326 [Do not reject Hq] M1 | Accept —2.326 to —2.329.
Valid comparison or area comparison 0.0228>0.01 or
0.9772<0.99.
Accept CR method 28.837<29 or 30.163>30.
There is not enough evidence that mean time lasted is less than 30 seconds A1 FT | In context (if used need mean or time / condone
OR Not enough evidence to support the inspector’s suspicion average instead of mean). not definite. e.g. not ‘mean
time lasted is not less than 30 seconds’.
No contradictions.
Note 2 tailed test can score B0 M1 A1 M1
(comparison with 2.574-2.579) A0 (no FT).
5
(c) Yes. Because population distribution is unknown [condone not Normal]. B1 | Both needed.
Condone X for parent population.
1
268. 9709 w2l ms_62 Q: 6
Question Answer Marks Guidance
(a) Hy: P(0) = ﬁ B1 | Acceptp.
Hi: P(0) < 55
1
(b) For B(30.0.1) M1 | Used not just stated.
P(X=0)=0.9%°[=0.0424] [<0.1] M1
P(X=0or 1) = 0.9 + 30x0.9x0.1=0.184 [>0.1] B1 | Accept 0.184 or 0.183.
Rejection region is 0 zeros Al | Dependent on M1 M1 and at least one comparison, no
€ITOTS Seer.
SC One unsupported correct answer 0.0424/0.184(or
0.183) and correct rejection region scores B1; with
comparison with 0.1 scores B2.
Two unsupported correct answers 0.0424 and 0.184(or
0.183) and correct rejection region scores B2 or if with
one comparison with 0.1 scores B3.
4
(c) 0.0424 B1 | FT their (b) must have a critical region (only follow
though Binomial), dependent on answer < 0.1.
1
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Question Answer Marks Guidance
(d) Bin(30, %) B1 | SOI
1-0975% M1 | FT their rr and with Bin(30, 1/40)).
0.532 (3dp) A1l | SC Unsupported correct answer scores B2 only.
3
(e) Not concluding that the probability is less than -, when in fact it is. B1 | In context.
1

269. 9709 w2l _ms_ 63 Q: 5

Question Answer Marks Guidance
(a)(i) | Po(0.025) B1 | For Poisson and correct parameter.
B1 | Must show 2500 and 0.025.
1=2500> 50, np =0.025 <3 Acceptp = < 0.1 in place of np =0.025 < 5.
100000
2
Question Answer Marks Guidance
(a)(ii) 1 _ 0025 M1 | Allow any A
FT their (a)(i) if normal; must have continuity correction.
0.0247 (3sf) Al | Must be from Poisson.
Unsupported correct answer scores B1 instead of M1 Al.
2
(b) Hop=03 B1
Hyi:p<03
0.7+ 28 x 0.77 % 0.3 + 8C2 x 0.7 % 0.3% + %C3 % 0.7% x 0.3 + 2C4 x M1 | Use of B(28, 0.3 ). Addition of terms must be intended.
0.7% % 0.3* Allow one term wrong or omitted or extra.
0.0474 Al | Unsupported correct answer scores B1 instead of M1 Al.
0.0474 > 0.02 [Not reject Ho | M1 | Valid comparison.
No evidence that suspicion is true. Al ft | Not definite e.g. not ‘Suspicion is not true’, in context, no
contradictions.
SC use of N(8.4, 5.88) leading to 0.054 > 0.2 OE can
score B1 only for comparison and correct conclusion.
Correct hypotheses with p will also score B1.
5
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570 APPENDIX A. ANSWERS

270. 9709 w21 _ms_63 Q: 7

Question Answer Marks Guidance
(a) Ho: = 64.6 Bl . s )
Hy < 64.6 Allow population mean, not just ‘mean’.
63.5-64.6 M1
+ L
] 52100 Standardising. Must have /100 .
[+]-2.115 Al | Accept-2.12 (3sf)
2.115" > 1.96 or “-2.115> <-1.96 [do not accept Ho] M1 | Valid comparison (0.0172 < 0.025 for area comparison).
There is evidence that ¢ < 64.6 A1l FT | Not definite, e.g. not ‘¢ < 64.6. in context. No
contradictions.
Accept critical value method leading to 63.5 < 63.58 or
64.6 > 64.52.
5
_m=64.6 __ M| i, - 5.2
®) 52+4/100 1.96 Finding the critical value using N(64.6, m] and a
z value.
m=63.5808 Al
63.5808-62.7 [= 1.694] M1 Standardisi e N[ 62.7 52 i a critical val
. . tandardising usin 7, — | and a critical value.
5.2+4/100 gusing J1o0
1-®(°1.694%) M1 | For area consistent with their values.
0.0451 Al | Accept answers that round to 0.045.
5

271. 9709 _m20_ms_62 Q: 3

Question Answer Marks Guidance

B1
@ est (1) =37.6or 1504 188

5

2016 M1 | Correct substitution in any correct formula
est (o) = [ 7 3767 |- 310154 = = o v
65 $[ 57760 1582 |

=31.(00(3s Al 2016
© (3D Accept or 31%
3

(b) Ho: Pop mean (or u) = 39.2 B1 | Both. Not just ‘mean’

Hi: Pop mean (or u) < 39.2

37.6-39.2 M1 | Allow use of biased variance (30.2). must have V40

+/'31.0154'
Jao
=-1.817 Al | SCFT use of biased =—1.840 for Al
‘1.817°>1.645 OE M1 | Valid comparison ‘their 1.817" with 1.645 or valid area
comparison 0.0346 < 0.05 OE
There is evidence that mean time has decreased A1FT | FT their 1.817; in context, not definite, no contradictions

SC For 2 tail test: H;: ¢ # 39.2 and comp 1.96, max
BOMI1AIMIAO (no FT for final mark)
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272. 9709 _m20_ms_ 62 Q: 7

Question Answer Marks Guidance
(a) P(X < n) (n < 20) attempted, using B(20, 0.95) M1 | OE
P(X' < 17) or P(X < 16) attempted, using B(20, 0.95) M1 | OE
(P(X < 17)) =0.0755 and (P(X < 16)) = 0.0159 Al | OE (0.925 and 0.984) both correct
Rejregionis X € 16 or X < 17 Al | Dependent on M1MI1 and previous answers correct to at least
0.075/0.076 and 0.016 or 0.92/0.93 and 0.98
Correct unsupported answers of 0.0755 and 0.0159 OE scores
M1 M1 A0
4
Question Answer Marks Guidance
(b) 0.0159 B1 | FT their rejection region, from Binomial in a,
if PCX in rejection region) < 0.025
1
(c) Use of B(20, 0.7) M1
PX>16|p=0.7) M1 | Correct method using B(20, 0.7)
=0.107 Al
3
273.9709_s20_ms_61 Q: 2
Question Answer Marks
(a) Assume standard deviation unchanged or standard deviation = 0.08 B1
Assume yields normally distributed Bl
2
(b) Ho: Population mean yield (or ) = 0.56 B1
H;: Population mean yield (or ) > 0.56
0.61-0.56 M1
0.08
Jio
1976 Al
Comp 1.96 M1
There is evidence that mean yield has increased Al
5
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572 APPENDIX A. ANSWERS

274. 9709 _s20 ms_61 Q: 4

Question Answer Marks

(a) (1P+22+3%+4*+5%)+5-3> (=2AG) Bl
1

(®) NG.2) M1
—z'j/_z_w(=—1.7s9) M1

40

B(-1.7897) =1 — B(*1.789”) M1

0.0367 to 0.0368 Al

4

(c) Concluding that spinner is unbiased when it is biased B1
1

275. 9709 _s20_ms_62 Q: 2

Question Answer Marks

(a) Ho: Proportion = 0.05 B1
H:: Proportion > 0.05

1

(b) 1—(0.95% +25 % 0.95% x 0.05 + 2*C; x 0.95% % 0.057 + (3 x 0.957 % 0.05%) M1

Completely correct expression Al

0.0341 Al

3

(© Type I B1

Will conclude proportion not increased B1

2
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276. 9709 _s20 ms_62 Q: 4
Question Answer Marks
(a) EX=2 B1
02x1+04x22+02x37+0.1x4°-2?(=12) AG Bl
2
b a-2 M1
® mﬂb—l(‘m) -
(M1 for LHS, M1 for RHS)
a=2++/1.2+200%1.282 putl
2.10 3 sf) Al
4
(c) Yes, because X is not normally distributed. Bl
1
(d) Ho: pop mean=2 B1
H;. pop mean < 2
1.86-2 M1
1.807 Al
comp z= 1.645 M1
There is evidence that the spinner is biased so that mean is less than 2 Al
5
277. 9709 _s20_ms_63 Q: 3
Question Answer Marks
Ho: 4=104 (or 5.2) Bl
Hi:A>104 (or5.2)
N(104, 104) stated or implied B1
124.5-104 M1
V104
2.010 Al
2.010>1.96 M1
There is evidence that 4 has increased Al
6
278. 9709 s20 ms_63 Q: 7
Question Answer Marks
(a) Later customers might spend times different from first ones B1
1
®) 0.02 Bl
Concluding that  # 6.0, when actually =6.0 B1
2
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574 APPENDIX A. ANSWERS

Question Answer Marks
(c) Hp: u=6.0 B1
Hi: u#6.0
6.8—6.0 M1
[
50
2.582 Al
comp 2.326 M1
Evidence that u# 6.0 Al
5
(d) Population distribution unknown B1
1

279. 9709 w20 ms_61 Q: 5

Question Answer Marks Guidance
(a) V2.1 or 1.45 (3 sf) Bl
1
b | i=42 Bl
1-e*%(1+42) M1 | 1-P(X < 1) any /, allow one end error.
=0.922 (3 sf) Al
3
(c) A =63 M1 | P(X=>5. 6. 7) any /, allow one end error.
63 63 637
e {— —
5! 6! 7
=0.455 (3 sf) Al
2
(d) Hop:A=63 B1 | Accept u, accept 2.1 (per week)
HizA<6.3
6.3 M1
PXg2)=e"? 1+6_3+T
=0.0498 or 0.0499 Al | Accept 0.0499
‘0.0498” < 0.1 M1 | For valid comparison.

For CV method the comparison can be ‘2 lies in CR of X £ 2°

There is evidence that mean number of absences has decreased. A1 FT | In context, not definite, e.g. not ‘Mean number of absences has
decreased.” No contradictions.

5
Question Answer Marks Guidance
(e) Ho rejected *B1FT | OE
Hence Type I error possible DB1 FT
2
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280. 9709 w20 _ms_61 Q: 6

Question Answer Marks Guidance

(a) 40-384 38-384 M1 | M1 for either correct expression must have Y30 (condone
6.9 ’ 6.9 : continuity correction)

Al | Al for £1.270 or for 1.27 or AWRT

Al | Al for £ (-0.3175) must be opposite sign or for 0.317 or 0.318 or

AWRT
@(°1.270") — (1 — $('0.3175") M1 | For correct method consistent with their values
=0.523 (3 sf) or 0.522 Al
5
(b)(i) | 2-tail because looking for ‘change’, not decrease or increase B1 | OE
1
Question Answer Marks Guidance
(b)(ii) | Ho: Population mean journey time (or ) = 38.4 B1 | Not just ‘mean journey time”
H;: Population mean journey time (or z) # 38.4
40.2-38.4 M1 | For standardising (must have V30 )
6.9
30
=1.429 Al
‘1.429” < 1.645 M1 | For valid comparison (area comparison 0.0765 > 0.05 )
There is no evidence that mean journey time has changed. A1 FT | In context. Not definite (e.g. not ‘mean journey time has not

changed’). No contradictions. FT their ‘1.429’
(Note use of 1-tail test scores BO M1A1M]1(comparison with
1.282) A0 max)

Alternative method for question 6(b)(ii) — critical values method

Ho: Population mean journey time (or x) = 38.4 B1 | Not just ‘mean journey time”
H,: Population mean journey time (or ) # 38.4

38+1.645 [%} M1

=40.47 Al

40.2 <40.47 M1 | For valid comparison

There is no evidence that mean journey time has changed. A1 FT | In context. Not definite (e.g. not ‘mean journey time has not

changed’). No contradictions.
5
Question Answer Marks Guidance
(b)(iii) | Yes, because population distribution unknown. B1 | Allow: Yes, because population distribution not normal.

1
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281. 9709 w20 ms_62 Q: 4
Question Answer Marks Guidance
1850 B1
est(u) = or 9.25
“ 200
2 2 M1
200| 17850 (1850 1 1850
est(e?) = —| ———| ——| |or —[17850——"—"
199{ 200 200 199 200
Al
=3.71 or 3.7060 or 1473
398
Ho: £ =8.9 B1 | Accept Population mean (not just mean)
Hiip #8.9
1850 8.9 M1 | Use of biased variance (3.6875) still scores M1
200
"3.706"
200
=2.57(3sf) (or using areas 0.00507 —0.0051) Al | Accept 2.58 (3sf) or using areas 0.0049—0.005 where biased
variance used.
2.24 <2.57 or 0.00507 <0.0125 M1 | For valid comparison with 2.240 or 2.241 or valid comparison
with 0.0125
Accept 2.24 < 2.58 or 0.00496 < 0.0125 where biased variance
used
(Reject Hg) There is evidence that u is not 8.9 A1 FT | Not definite, e.g. NOT “u # 8.9° Must be in context. No
contradictions.
(Accept cv method)
(Note: Use of 1 tail test scores Max BIM1AIBOMIAIMI1AO,
max 6 out of 8)
8
282. 9709 w20 ms_62 Q: 6
Question Answer Marks Guidance
(a) . 1 B1 | Allow p for P(contains offer) but not just proportion
Ho: P(contains offer) = 3
. 1
Hi: P(contains offer) < 3
P(0.1 or 2 offers in 20 | Ho) M1
20 19 18 2
= 3 +20 E 1 +2°¢, E l
3 3 3 3 3
=0.0176 (3s0) Al
“0.0176” < 0.1 M1 | For valid comparison.
SC comparison of 0.982(4) > 0.9 scores M1 and recovers the
previous M1 Al
(Reject Ho ) No evidence (at 10% level) to support A1 FT | In context. Not definite. No contradictions.
manufacturers claim (Note 2 tail test scores max BOM1AIM1A0, max 3 out of 5)
Accept critical region method: M1 A1l for correctly finding
critical region of < 4 ; 2 in critical region M1; Al conclusion
L 20 40
SC Use of Normal approximation N[?,?] scores B1 M1 A0
2
M1 Al max; the first M1 for L3 requires use of correct
40
9
continuity correction and the comparison 0.024 < 0.1 OE must
be a valid comparison
5
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Question Answer Marks Guidance
(b) 1-PX<3) M1 | Ml for 1 — (one term omitted or extra or incorrect) or omit 'l -’
20 19 13 2 17 3 Al | for all correct expression
=1-|[&] +20(8] [L +%c, AN +2¢, SY(L
7 7 7 7 7 7 7
=0.318 (3sf) Al | As final answer.
3
(c) Concluding that prop is 1 in 3 when it is actually less(1 in 7) B1 | OE, in context.
1

283. 9709 w20 _ms_63 Q: 5

Question Answer Marks Guidance
(@) | V2.1or1.45(3sf) Bl1
1
(b) A=42 B1
1-e*4(1+42) M1 | 1 -P(X < 1) any A, allow one end error.
=0.922 (3 sf) Al
3
(©) A =63 M1 | P(X=35, 6, 7) any 4, allow one end error.
eﬁ{ﬁJr 63 63’ }
5! 6! 7
=0.455 (3 sf) Al
2
(d) Hp:4=6.3 B1 | Accept u. accept 2.1 (per week)
Hi:A<63
R 6.3 M1
PXg2)=e (1+6.3+7]
= 0.0498 or 0.0499 Al | Accept 0.0499
0.0498” < 0.1 M1 | For valid comparison.
For CV method the comparison can be ‘2 lies in CR of X € 2”
There is evidence that mean number of absences has decreased. A1 FT | In context, not definite, e.g. not ‘Mean number of absences has
decreased.” No contradictions.
5
Question Answer Marks Guidance
(e) Ho rejected *B1FT | OE
Hence Type I error possible DB1FT
2
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284. 9709 w20 _ms_63 Q: 6

Question Answer Marks Guidance

(a) 40-384 _ 38-384 _ M1 | M1 for either correct expression must have V30 (condone
6.9 ’ 6.9 ’ continuity correction)

Al | Al for +1.270 or for 1.27 or AWRT

Al | Al for +(—0.3175) must be opposite sign or for 0.317 or 0.318 or

AWRT
@(‘1.270°) — (1 — $('0.3175") M1 | For correct method consistent with their values
=0.523 (3 sf) or 0.522 Al
5
(b)(i) | 2-tail because looking for ‘change’, not decrease or increase B1 | OE
1
Question Answer Marks Guidance
(b)(i1) | Ho: Population mean journey time (or ) = 38.4 B1 | Not just “mean journey time”
H,: Population mean journey time (or ) # 38.4
40.2-384 M1 | For standardising (must have V30 )
6.9
V30
=1.429 Al
‘1.429° < 1.645 M1 | For valid comparison (area comparison 0.0765 > 0.05 )
There is no evidence that mean journey time has changed. A1 FT | In context. Not definite (e.g. not ‘mean journey time has not

changed’). No contradictions. FT their <1.429°
(Note use of 1-tail test scores BO M1A1M]1(comparison with
1.282) A0 max)

Alternative method for question 6(b)(ii) — critical values method

Ho: Population mean journey time (or ) = 38.4 B1 | Not just “mean journey time”
H.: Population mean journey time (or x) # 38.4
6.9 M1
38+1.645 —
o
=40.47 Al
40.2 < 40.47 M1 | For valid comparison
There is no evidence that mean journey time has changed. A1 FT | In context. Not definite (e.g. not ‘mean journey time has not

changed’). No contradictions.

5
Question Answer Marks Guidance
(b)(iii) | Yes, because population distribution unknown. B1 | Allow: Yes, because population distribution not normal.
1
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285. 9709 _ml19 ms_72 Q: 3

Question Answer Marks Guidance
Ho: A=32 B1
Hi: A<32 Accept ‘population mean’ ()
X ~N(32,32) B1 | seen or implied
21.5-32 M1 | Standardise with their values. Allow with no or wrong cc
32
=-1.856 Al
cv of z=-2.054 (or —2.055 or —2.053)
‘1.856° <2.054 M1 | Valid comparison
or comp §(*1.856™) with 0.98 i.e. 0.9682 < 0.98 oe
No evidence that fewer accidents at B than at A Alf | No contradictions
Note Use of CV method
X =20.38 M1 Al comparison 21.5 > 20.38 M1 conc Al
6
286. 9709 ml19 ms 72 Q: 6
Question Answer Marks Guidance
(i) Test is for “difference” oe B1 | Test is not for “increase’ or ‘decrease” oe No contradictions
1
(ii) 0.05 B1
Conclude mean time is different when it is not B1 | oe, in context
2
Question Answer Marks Guidance
(iit) Assume 6= 6.4 B1
Ho: pop mean = 91.4 B1 | Allow g, but not “mean’
H;: pop mean #91.4
¥ = 22 (=94.75) B1
'94.75'-91.4 M1 | Must have V6
%
=1.282 Al
cvofz=1.96
‘1.282° < 1.96 M1 | Valid comparison
or comp $(*1.282) with 0.975 0.9(001) < 0.975 or 0.0999
(or 0.1)>0.025
consistent use of one tail test can score M1 for comparison
with 1.6450e but not A1t
oe. No contradictions. ft their z.
No evidence mean time different Al ft | CV method x = 96.52 M1 Al 94.75 <96.52 M1 Conc Al
7
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580 APPENDIX A. ANSWERS
287. 9709 _s19 ms_71 Q: 2
Question Answer Marks Guidance
(1) Assume sd still 4.8 or is unchanged B1 | or Assume the 150 times can be treated as a random sample / are independent
Ho: Pop mean = 26.5 B1 | Allow ‘g’ but not just ‘mean’
H;i: Pop mean > 26.5
27.5-26.5 M1 | Standardise, with v
% Accept CV method
=2.552 Al
Comp with z-value M1 | or comp 1 — ®(*2.5527) with 0.01
‘2.552° > 2326 1-0.9946 = 0.0054 < 0.01
There is evidence time has increased Alft | oe No confradictions
(2 tail test scores max. B1 BO M1 A1 M1 (for comparison with 2.576) A0 no ft)
[
Question Answer Marks Guidance
(ii) No because pop is normal so distr of X is B1 | Condone just “No because pop is normal’
normal
1
288. 9709 s19 ms_71 Q: 3
Question Answer Marks Guidance
@ Ho: P(6) = 1 B1
Hi: P(6)< L
(%)30 + 30(%) x (%)29 + 3"(:2(% P x (%)13 M1 | Allow one term incorrect, omitted or extra
=0.103 Al
‘0.103” > 0.05 M1
No evidence (at 5% level) that die biased Alft | oe No confradictions
5
(i) (2Y°+30(3) % (2)* M1
P(Type I) = 0.0295 Al
2
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581

Question Answer Marks Guidance
(6] Est(u)=1.85 B1
50(175.25 > Mi 50(175.25
Est(o”) = —| ——~'1.85" Allow || —=="_'185” | o0r0.0290 for M1
9L 50 49\ 150
33 Al | Cao
=0.0842 (3 sf) or — 50
392 If ) omitted (giving var = 0.0825 or sd = 0.287) MOAO
3
(ii) Ho: Pop mean time = 1.9 (h) B1
H,: Pop mean time < 1.9 (h) Allow ‘u” but not just ‘mean’
1.85-1.9 M1 1.85-1.9
—_—_— 0290 Accept totals method (92.5-95)/ v4.21
50 V50
=-1.22 Al [ =-122
comp z =—1.645 M1 | Or other valid comparison 0.888 or 0.889 < 0.95 OR 0.111 or 0.112>0.05
No evidence that mean time < 1.9 h Al | FT their z. Correct conclusion. No contradictions
If 32 not used in (1): var = 0.8225, sd = 0.907, cr = 1.17 can score all marks in (i)
Note- 2 tail test can score BO M1 Al M1 (comparison with 1.96) A0 (no ft) max3/5
5
290. 9709 s19 ms_72 Q: 5
Question Answer Marks Guidance
[6) Ho:p=0.1 Bl
Hip<0.1
1
(ii) B(40, 0.1) stated or implied by use of Bl | e.g by “Cxor 0.9°x0.19 (p + g = 40)
0.9 + 40%0.9%%0.1 M1 | Correct working (if seen). If working not seen, M1 may be implied by 0.0805
=0.0805 Al
3
Question Answer Marks Guidance
(1i1) z=1.645 B1 | seen
6 5(80-6) M1 | Formula of correct form. Must be a ‘z*
6 ,.,/8 80
80 80
=0.0266 to 0.123 (3 sfs) Al | Allow 0.03 to 0.12 or better
Must be an interval
3
@iv) 10% (or manufacturer’s claim) is within CI B1 | FT Allow ‘10% is within CI, accept claim’ oe
Hence no reason to question claim Must include both parts. No contradictions.
FT their CI
Note if CI is centred on 0.1 allow ft 0.075 is within CI, accept claim
1
291. 9709 _s19 ms 72 Q: 7
Question Answer Marks Guidance
@) Max no. of passengers plane can take oe B1 | oe e.g. No of passengers who bought tickets
1
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APPENDIX A. ANSWERS

Question Answer Marks Guidance
(ii) A=32 B1
&3 33_2‘3 + % + 35_2‘5 ) M1 | Any A. Allow one end error
=0.5146=10.515 (3 sfs) Al | SR Use of Bin(640,0.005) scores B1 (only) for 0.516
3
(1ii) n>50 B1 | Acceptn is large
np = 1.6, which is < 5 or p=0.005 which is <0.1 Bl | Allownp =32
2
@iv) Ho: Pop mean (for 5 days) =8 B1 | or Pop mean (for 1 day)=1.6
Hi: Pop mean (for 5 days) <8 Pop mean (for 1 day) <1.6
Allow A or u but not just “mean’
F1+8+ 872') M1 | Any A (# 1.6) No end errors. Accept use of Bin(1600,0.005) P(0,1,2)=0.0136
=0.0138 Al
Comp 0.025 M1 | Valid comparison
Evidence that mean no. failing to arrive has A1l | FT their “0.0138” or ‘0.0136’. No contradictions
decreased
5
292. 9709 s19 ms 73 Q: 5
Question Answer Marks Guidance
Ho: Pop mean = 20 Bl
H;i: Pop mean # 20 Accept p
% = 122.9 =21.15) M1 | Attempted
or 126.9 and 11.64 attempted
121.15-20 M1 | Must have /6
Jrat 120-1269 .
or ——=——— no mixed method
v11.64
=2.022 Al
2(1 - §(°2.022) ) 2 (1 - '0.9784) = 0.0432) ML | FT 2x(1- 9784 )
a=432(3sf) Al | FT Allow 4.3 or 4, if correct working seen, or clearly implied, as far as 0.0216
FT their z, no error seen
One-tail test scores maximum 3/6
6
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293. 9709 _s19 _ms_73 Q: 8

Question Answer Marks Guidance
® Hop=1 B1
Hip> %
10, 10, 10 i i
Cs (%)5 (%)4 + 10C, (%)7 (%)3 + 10Cg (%)8 (%)2 + M1 | Correct terms, allow one term incorrect or omitted or extra
9 10
10 (N RNE)) or summing all correct terms from 0 to 5 allow one term incorrect or omitted or
extra
=0.0197 Al | or0.9803
comp '0.0197' with 0.01 M1 | Valid comparison with 0.01

or valid comparison with 0.99

No evidence to conclude p > + Al | FT No contradictions
Use of two-tail test can score BOM1A 1M1 (comparison with 0.005) A0

5
@ 100, 1y 3y + OCs 22 +10 Y @)+ (1° ML | Their p(X 2 6)— °C,(0.25)°(0.75)"
P(Type I) = 0.00351 (3 sf) Al | Accept 0.00348 to 0.00351
2
(iii) CRisX>7 M1 | May be implied
P(TypeI)=1-P(X>7|p=23)=
1-(Cr @@+ GO @A+ ) M1 | Accept 1 -P(Y > 8[p=3)or 1 -P(X>6|p= 1)
=0.618 Al
3
294. 9709 w19 ms 72 Q: 2
Question Answer Marks Guidance
(i)(a) Assume standard deviation for the region is 7.1 B1 | Or standard deviation is same as for whole population OE
63 .2;65.2 _o1m M1 | Attempt to find correct equation (accept +2.182)
Vo
n={2182x 7.1+ (-2)}* Al | Any correct expression for n or /7 . SOI
n==60 Al | CWO. Must be an integer
4
(i)(b) Ho: population mean (or x) = 65.2 B1 | Not just ‘mean’
H,: population mean (or x) < 65.2
2.182>1.751 M1 | Or valid area comparison.
There is evidence that animals are shorter in this region Al | CWO. No contradictions
3
(ii) Population unknown or population not given as normal B1 | Allow population not normal. Accept distribution of X
unknown.
1
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295. 9709 w19 ms_72 Q: 6

APPENDIX A. ANSWERS

Question Answer Marks Guidance
(i) Ho: Pop mean (or A or u) is 1.1 B1
H;: Pop mean (or 4 or x) is more than 1.1
112 1.1 M1 | Correct expression for either P(X 3 4) or P(X > 5)
P(X>4)=1 7e’1'1[1+ 1'1+T+?J
0.0257 Al | Correct value of either P(X > 4) or P(X > 5)
4
P(X;S) 00257 —e M x it 000544 B1 | B1 for the other value
4! (Note use of P(X < 4) = 0.9743 and P(X < 5) = 0.99456 can
score only if comparison with 0.99 seen)
0.00544 < 0.01 < 0.0257 M1 | OE stated (valid comparison)
There is evidence mean has increased Bl | SCP(X > 6)=0.000968 M1A1
Conclusion Bl
6
(i) Concluding mean has increased when it has not B1 | In context
0.00544° BIFT | FT their P(X > 5), dep < 0.01
2
(iii) 70 723 gt M1 | Correct expression for P(X < 4 | A= 7.0)
e 1+7+—+—+—
2 3 4
0.173 (3 sf) Al
2
296. 9709 w19 ms_73 Q: 4
Question Answer Marks Guidance
Assume trains are independent OR probability of being on time is B1 | Must be in context
constant
Ho: P(on time)=0.92 B1 | Both.
H;: P(on time)<0.92 Allow ‘p’or T
1- M1 | Allow one end error
(€, x0.927x0.08> + *C,; x0.92" x0.08" +20x0.92° x0.08 +0.92”) Musthave I ...
=0.0706 (3 sf) Al
Compare with 0.05 M1 | Valid comparison needed
No evidence that percentage less than 92% AIFT | OE
No contradictions.
Method using normal approximation:
If the first BIB1 is earned then:
16.5-20x0.92 . . .
CV -1.566 ﬁ‘omix, with continuity correction
+20%0.92x0.08
or
CV=1.978 (without continuity correction)
comp z=1.645
No evidence that % decreased (1.566) or evidence that %
decreased (1.978) is awarded SC2 after B marks
6
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297. 9709 w19 ms_73 Q: 7

Question Answer Marks Guidance
(i) Ho: Pop mean=546 B1 | Both. Allow just g, but not just ‘mean’
H;i: Pop mean>546
581546 M1 . 120
20 Standardising. Need ﬁ
Jao
=1.845 allow 1.844 Al | Allow 1.84 or 1.85 AWRT
1.845<1.96 M1 | OE. Or area comparison 0.0325>0.025 or large probabilities
No evidence that mean weekly income has increased ALFT | No contradictions.
If Hi: =, and 2.241 used, max BOM1AIMI1AO
5
(i) ﬂ =1.96 M1 Standardise to find a. Need ﬂ and 546 and a value of z
120 Ji0
Jio
a=583.19 Al | Allow 583 to 3sf
'583.19'-595 M1 _ 120
T(: -0.622) Standardise. Need T and 595
J40
$(—0.6227)=1 — $(“0.622") M1 | Consistent area
0.267 Al
5
298. 9709 _ml8 ms 72 Q:4
Question Answer Marks Guidance
@) (Po)(2.4) B1 | seen or implied
2 3
124+ 2 4 . 24 ) M1 | allow + P(4)/one end error. Allow
ST T T wrong /
2 3!
=0.779 (3 sfs) A1 | Final answer (Note: accept
combination method)
3
(i1) Hy: A (or mean) = 3.6 (or 0.9) B1 | Accept
H;: A (or mean) < 3.6 (or 0.9) for both
e (1+3.6) M1 | Allow any A
=0.126 Al
0.126>0.1 M1 | Valid comparison. (Comparison
with 0.9 could recover previous
M1A1)
No evidence that fewer than usual sold A1FT | Correct conclusion. No
contradictions
5
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299. 9709 ml18 ms 72 Q: 5
Question Answer Marks Guidance
@) Hy: P(Orange) = 0.17 H;: P(Orange) <0.17 B1 | or Hp: p=0.17 Hy:p < 0.17
(1) Wrongly concluding that % age is less than 17% B1 | OE in context
allow "fewer than 3 orange in
packet even though average 17% is
correct"
1
(1ii) B(30, 0.17) stated or implied M1 | egby 0.17% x 0.83% (p + ¢ = 30) or
0C, (r<30)
(1=0.17)* +30(1 = 0.17)% x 0.17 + *°Cy(1—- M1 | correct, but allow + *°C5(1-0.17)*"x
0.17)* x 0.17> 0.17°
=0.0949 (3 sf) Al | (SR: use of N(5.1,4.233) M1
standardising (with or without cc)
M1 max 2/3)
3
Question Answer Marks Guidance
@iv) P(> 3 orange | p = 0.05) M1 | stated or attempted; can be implied
= 1-[(0.95)* + 30(0.95)” x 0.05 + *°C,(0.95)* M1 | allow + *°C5(0.95)"7 x 0.05° in
x 0.05%] bracket, or ans 0.0608
=0.188 (3 sfs) Al
3
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587

Question Answer Marks Guidance
(1) 14 —3 }4.2 = 0456) M1 | For stand'n; must have V50
V50
1 — ®(“0.456™) M1 | for area consistent with their working
=0.324 (3 sf5) Al
3
(i1) No because » large B1 | Acceptn > 30
1
(111) Ho: =142 B1
Hi:u<142 or ‘pop mean’, but not just ‘mean’
13.5-14.2 M1 | For stand'n; must have V100
%
=-2.258 Al
comp —2.054 (or -2.055) M1 | Valid comparison of z values or areas
(0.0119 <0.02)
There is evidence (at 2% level) that mean A1ft | Ft their z. Correct conclusion no
mass in this area < 14.2 contradictions
5
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301. 9709 _s18_ms_71 Q: 7

APPENDIX A. ANSWERS

Question Answer Marks Guidance
(1) Po(1.0) B1 | Seen or implied
e'(1+1+ % M1 | Allow any A. Allow one end error.
=0.920 (3 sf3) Al
3
(1) P(X>3)=1-e3(1+1.5+ % +% M1 | Allow any A. Allow one end error
=0.0656 Al
2
(iii)(a) Incorrectly concluding that more absences B1 | In context
than usual when there are not oe
1
(ii)(b) | Ho: A=1.5(or 0.3) Bl | Orp
H;: 4> 1.5 (or 0.3) Both
P(X> 4) = “0.0656” — e™* x L3 ML | or1 - e™5(1+1.5+ L5 4 15 4 150
=0.0186 (3 sf)
P(Type I) = 0.0186 or 0.0185 Alft | Ft their P(X > 4) if less than 0.05
3
(111)(c) P(X>3)="0.0656" B1ft | Ft their (ii)
0.0656 > 0.05 M1
No evidence of more than usual male Alft | Ft their P(X>3). Correct conclusion.
absences No contradictions.
3
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302. 9709 s18 ms 72 Q: 4

Question Answer Marks Guidance
(1) Est(x) = 495.9 B1 | Accept 496
Est(c®) = 10(285928 495 9"%) M1 | Attempt Zx* and subst in correct formula (1/9(“2459283” — “4959"%/10)).
May be implied by correct answer
=12.8 (3 sf) or 383/30 Al | (Note: Biased var “11.49” scores M0 A0)
3
(ii) Ho: 1t =505 B1 | Allow ‘Pop mean’ but not just ‘mean’
Hy: i< 505
75660_:
150 505
3.6+V150
=-2.04 M1 | Correct stand'n; must have V150. No sd/var mixes. Condone sample SD (3.58/3.39)

Accept standardisation of totals ((75660-75750)/44.091) Accept CV method

Al | Accept +2.04 (Note: if valid area comparison done 0.0207/0.0206 or 0.979 needed for Al)

comp z =-2.054 M1 | Valid comparison of z’s or area (0.0207/6>0.02; 0.979(3)<0.98)

No evidence (at 2%) that machine pkts Alft | oe No contradictions.

mean mass < 505 SC Two tail test can score BO M1 A1l M1 for comparison with 2.326 A0 (max 3/5)
5

Question Answer Marks Guidance
(iii) Large sample, so sample mean approx B1 | Allow just “Sample is large” or “n is large’ n>30

normally distr'd

1

303. 9709 _s18_ms_72 Q: 7

Question Answer Marks Guidance
1) Ho: P(10)=0.1 B1 | Both. Allow ‘p’ for P(10)
Hi: P(10)> 0.1
B(%.0.1) M1 | Allow one extra term in bracket
P(X>3)=
1-(09"+9x09% x 0.1+°C, %09 =
0.1%)
=0.05297... or 0.053(0) Al
comp 0.01 M1 | Valid comparison. (comparison with 0.99 can recover previous M1 A1 for 0.9470)
No evidence (at 1% level) to reject Hy Alft | No contradictions
Claim not justified
5
(ii) H, not rejected oe B1
1
(iii) P(X>4) M1 | or 1-(0.9°+9 % 0.9 x 0.1 +°C, % 0.9 x 0.1 +°C5 % 0.9° x 0.1%)
="0.05297" - °C3%0.9°:0.1°
=0.00833 Al | Note: 0.05297 and 0.00833 both needed in (i) or (iii) to justify CV
Hence crit value is 4 B1 | Allow without working. Or in (i) May be implied by attempt at P(X < 4) below
B(9.0.5) M1 | stated or implied
PX<4)
=0.5"+9x0.5°%05+°C, x 0.5 x M1 | Attempt P(X < 4) with p = 0.5
0.5° +°Cyx0.5%0.5°
P(Type II) = 0.254 (3 sf) Al
6
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304. 9709 _s18 ms_73 Q: 5

APPENDIX A. ANSWERS

Question Answer Marks Guidance
(6] Assume (pop) sd same (0.3) B1
Ho: Pop mean=2.4
H,: Pop mean # 2.4 B1 | Allow ’ but not just ‘mean’
4+23-24 M1 | Must have 30 ,
03 Critical region approach (2.293, 2.507) or (2.193,
V30 2.407)
=+1.826 Al
comp z = +1.96 M1 | Valid comparison (e.g. compare 0.034 with 0.025)
No evidence that mean time changed A1lf | In context, allow accept Hy if correctly defined, no
contradictions.
One-tail test can score B1, B0, M1, A1, M1, A0 Max
4/6
[
(ii)(a) 0.05 B1
1
(i1)(b) Concluding mean time has not changed when it has. B1 | OE, must have e.g. conclude/accept
SR Allow mean has decreased if a one tailed test in
Part (i)
1
305. 9709 w18 ms_71 Q: 2
Question Answer Marks Guidance
1 ey = 1 - 1
@  |Hgp=1 Hpp<li Bl
1
(i) 0.0084 < 0.01 Bl | Allow P(N < 36)<0.01 or 1%
There is evidence that p has decreased B1dep | Allow ‘p has decreased' or p < %
2
(iii) 150 Bl
1
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591

Question Answer Marks Guidance
(1) Ho: e = 51 Hpu< 51 B1 | Or popn mean ...
¥ = 18 =49.8667 =49.9 B1
5t = % % _(%)2) M1 Correct subst in s> or \/3_2 formula
=46.9620 =47.00r s=6.85 Biased var scores M0
49866751 g][yy 29251 M1 | Allow 49.8667 to 49.9 in numerator
NSt V% Need sqrt 150
=(=)2.025 =(-)1.965 Al | Accept 2.02 or 2.03
Accept —2.0264 —1.9651 provided correct
working
comp z=1.96 M1 | or comp | — §(2.025) with 0.025
There is evidence that ¢ < 51 Al ft | no contradictions
biased var BIBIMOM1AOMI1A1ft (max 5/7)
accept cv method
Xt = 49.9028 MI1AL1
49867 <499... MIAl
7
(11) IS5l =196 M1 | Need 51 and sqrt 150 and correct form
x=51-1.097=49.9 A1 | This may have been found in part (i)
Rejection region is x <49.9
4%%;29 (=1.608 to 1.614) M1 | Need 49 and sqrt 150 and correct form
Ji50
P(Xx >499|u=49)=1-®(‘1.608") M1
P(Type II error) = 0.0539 Al | Allow 0.0533 to 0.0539
5
307. 9709 w18 ms_72 Q: 5
Question Answer Marks Guidance
@ =58 or ¥ or 1.8 0e Bl
Zchf: 286 B1 | Seen or implied
Est(c?) = E(ﬂ7 1.87) M1 | oe attempted
@~ 70 :
=0.858 or 296/ 345 Al | Note: Final answer for var 0.846 (biased) and no working implies B1 for 286
4
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592 APPENDIX A. ANSWERS

Question Answer Marks Guidance

(i)

B1 | Or ‘pop mean’; not just ‘mean’

M1 | Standardise with their values from (i). Must have sqr 70. No SD / Var mix

=-0.903 Al | Accept+
0.903 < 1.645 M1 | comp 1.645 allow comp 1.96 if Hy: u= 1.9
or comp 1 —§(*0.903°)=0.182 or 0.183 with 0.05 (or 0.025 if Hy: = 1.9)
No evidence that mean no courts in S is Alft | No contradictions. ft their 0.903, but not comp 1.96 i.e. no ft for a 2 tail test
less than in N Accept cv method: cv=1.718 M1A1 1.718 < 1.8 M1 conclusion Al (cv centred on 1.8

gives 1.982 M1A1 and M1 for 1.982 > 1.9 A1 conclusion)

5
(iii) Type II because H, was not rejected B1ft | ft their conclusion, i.e. if Hy rejected, ‘“Type I because Hy rejected’ Bl
Answer must be consistent with their conclusion. No conclusion in (ii) will score BO
1
308. 9709 w18 ms 72 Q: 6
Question Answer Marks Guidance
i) H,:p=0.15 B1 | Accept Hy: =9
Hy:p<0.15 Hi:p<9
Use of Normal approximation:
(N(60 x 0.15, 60 x 0.15 x 0.85) ) (N(0.15, 212085 y)
_ N, 7.65) =N(0.15, 0.002125)
% M1 For standardising (or % =-0.904) Allow wrong or no cc
=-0.904 Al | Accept
‘0.904° < 1.282 M1 | Valid comparison of z values or $('—0.904")=0.183 > 0.1
ft their 0.904
No evidence train late less often A1ft | Use of Bin (60,0.15) to give Pr (<=6)=0.1848 M1Al
Valid comparison with 0.1 M1 Conclusion A1ft
5
(if) 0.1+2% 2B — 0150 M1 | For V(0.1 x 0.9/60) seen
M1 | for 0.1 +zx...=0.150 or 2z...=0.1
z=1.291 Al
®(“1.291°) (= 0.90(16)) M1 | for correct method to find o
a=280 A1ft | ft their z. Must be a +ve non-zero integer < 100
5
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309. 9709 w18 ms_73 Q: 2

593

Question Answer Marks Guidance
1 Hpop=1 Hpp<i B1
1
(i1) 0.0084 < 0.01 B1 | Allow P(N £ 36)<0.01 0or 1%
There 1s evidence that p has decreased Bl dep | Allow ‘p has decreased' or p < 1
2
(111) 150 B1
1
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310. 9709 w18 ms_73 Q: 7

APPENDIX A. ANSWERS

Question Answer Marks Guidance
(6))] He:pe= 51 Hpu<S5l B1 | Or popn mean ...
¥ = 18 =49.8667 =49.9 B1
5t = % % _(%)2) M1 Correct subst in s> or \/3_2 formula
=46.9620 =47.00r s=6.85 Biased var scores M0
49866751 g]gyy 40951 M1 | Allow 49.8667 to 49.9 in numerator
Nt V% Need sqrt 150
=(=)2.025 =(-)1.965 Al | Accept 2.02 or 2.03
Accept —2.0264 —1.9651 provided correct
working
comp z=1.96 M1 | or comp | — §(2.025) with 0.025
There is evidence that i < 51 Al ft | no contradictions
biased var BIBIMOM1AOMI1A1ft (max 5/7)
accept cv method
Xt = 49.9028 MIAL
49867<49.9... MIAIL
7
(11) IS5l =196 M1 | Need 51 and sqrt 150 and correct form
x=51-1.097=49.9 A1 | This may have been found in part (i)
Rejection region is x <49.9
4%%;29 (=1.608 to 1.614) M1 | Need 49 and sqrt 150 and correct form
V150
P(Xx >499|u=49)=1 - ®(‘1.608") M1
P(Type II error) = 0.0539 Al | Allow 0.0533 to 0.0539
5
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Question Answer Marks Guidance
1) H):np£64 B1
Total: 1
(i1) comp 2.43 with a z-value M1 | oe valid comparison
z=12.576 AND
No evidence that y is not 6.4 Al | Allow “Accept it = 6.4”
or do not reject 4 = 6.4 Must mention g, not just “Hy” or “H;”
Total: 2
(iii) Testing for an increase in y, or for a B1 | Any equiv statement
decrease in u, rather than a change
312. 9709 _ml17 ms_72 Q: 4
Question Answer Marks Guidance
@ (2=)45 B1
e(1+45+ % M1 | Allow any 4. Allow one end error
=0.174 Al
Total: 3
(i1) Accept reduction in mean no. of B1 | or Mean is 0.9 (or 4.5) but < 3 missed
missed appts although untrue appts. In context
Total: 1
(111) P(X > 3) M1 | Attempted
—l-e(1+1+ 12—2!) M1 | Allow any A except 4.5 or 0.9, Allow one
end error
=0.0803 (3 sfs) Al
Total: 3
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313. 9709 _s17_ms_71 Q: 2

APPENDIX A. ANSWERS

Question Answer Marks Guidance
Assume sd still = 3.8 B1 | or sd unchanged
Ho: 1=64.0 Hiy: 4 <64.0 B1
£33-640 M1 | Standardising with their values (no sd / var mixes) Must have
ko V100
=-1.842 Al
comp "1.842" with z-value M1 | comp +ve with +ve or —ve with —ve
"1.842" < 1.96 or comp @ ("1.842") with 0.975
0.9672 <0.975 OE
No evidence that heights are shorter AI1FT | OE FT their zcac
Total: 6
314. 9709 _s17_ms_71 Q: 6
Question Answer Marks Guidance
(6] mean = 6.6 B1 | B1 for 6.6 (could be scored in iii)
P(X< 1)=¢*°(1+6.6)=0.0103 M1 | Allow incorrect 2 in both probs
P(XY<2)=e°%1 +6.6+ # )= 0.0400 MI1AL1 | Al for both values
CRisX<g1 DA1 | Dep on at least one M
P(Type I error) = P(X < 1) = 0.0103 BI1FT | FT their PLX < 1)
Total: 6
(ii) Wrongly concluding that (mean) no of (sports) injuries has decreased B1 | Must be in context
Total: 1
Question Answer Marks Guidance
(iii) Hy: A=6.6H;: A<6.6 B1 | Can be scored in (i). Allow gor A/1.1 or 6.6
or P(X' < 2) = 0.0400 > 0.02
2 not in CR M1
No evidence mean no. of injuries has decreased AIFT
Total: 3
(iv) N(39.6, 39.6) B1 | May be implied
29.5-39.6 (=-1.605) M1 | Allow with wrong or no cc
V39.6
O(“-1.605")=1—D(“1.6057) M1 | For area consistent with their mean
=0.0543 (3 sfs) Al
Total: 4
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315. 9709 _s17_ms_72 Q: 3
Question Answer Marks Guidance
(6] Est (1) = 923/400 or 2.3075 or 2.31 (3 sf) B1
Est(c?) = %{%—"2.3075"2) OE M1
=2.60696 or 2.61 (3 sf) A1 | (Note: Biased Var=2.600 scores MO0)
Total: 3
(i) H,: Pop mean (or z) = "2.31" or "2310" B1FT
H;: Pop mean (or z) >"2.31" or "2310"
+ %: 1.27 M1 A1l | Standardising using their values, Accept 1.28
Comp 1.645 (OE) M1 | Valid comparison z values or areas
No evidence that incomes in the region greater A1FT | OE FT their z. No contradictions
(No FT for 2 tail test — max score BO M1 A1 M1 for
comp 1.96 A0)
Note: Accept alternative CV method
Total: 5
316. 9709 _s17_ms 72 Q: 4
Question Answer Marks Guidance
(i) 0.75+ 20 x 0.75"° % 0.25 + °C, x 0.75'¥ x 0.25% M1 | No end errors
=0.0913 Al | As final answer
Total: 2
(ii) H,: Pop proportjlonzO.ZS B1 | Allow p or z not "proportion”
H;: Pop proportion<0.25 (Accept anywhere in the question)
0757+ 25 x 0.75*x 0.25 M1 | Must be B(25,0,25) No end errors
=0.00702 Al
comp 0.01 M1 | Valid comparison
There is evidence that the claim is not justified A1FT | OE. No contradictions
Total: 5
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598 APPENDIX A. ANSWERS
317. 9709 _s17_ms_73 Q: 4
Question Answer Marks Guidance
(&3] X=6.7/200 (= 67/2000 = 0.0335) B1
M1
§2= @x 0'2312,"0_0335"2 § = w70.03352 MO
199 200 200
=0.0000339(2) = 27/796000 Al [ =0.00003375 A0
Total: 3
(ii) Ho: Pop mean level = 0.034 B1
H,: Pop mean level # 0.034 not just "mean", but allow just “u”
"030335"-0.034 M1 | st have /200
+/"0.00003392"
200 0.0335-0.034 Mi
+"0.00003375"
200
=-121(4) (3 sfs) (-1.22¢>—1.21) Al | =-1217 (3 sfs) Al
Comp with z=—1.645 (or 0.1124>0.05) M1 | 0.112>0.05
valid comparison z or areas
No evidence that (mean) pollutant level has changed, accept H, (if A1FT | correct conclusion no contradictions
correctly defined)
SR: One tail test: B0, M1A1 as normal, M1 (comparison
with 1.282 consistent signs) A0
Total: 5
318. 9709 s17_ms_73 Q: 7
Question Answer Marks Guidance
) Ho: Pop mean no. accidents = 5.64 B1 | or “= 0.47 (per month)”
H,: Pop mean no. accidents < 5.64 not just "mean", but allow just "A" or “u”
Use of A =5.64 B1 | used in a Poisson calculation
=e ™ (1+564+ #) M1 | Allow incorrect 4 in otherwise correct
=0.08(0) Al
Comp with 0.05 M1 | Valid comparison (Poisson only). no contradictions.
No evidence to believe mean no. of accidents has decreased; accept H, (if A1FT | Normal distribution: MOMO
correctly defined)
Total: 6
(i1) Mean < 0.47 but conclude that this is not so B1 | (Mean) no. of accidents reduced, but conclude not reduced.
Must be in context.
Total: 1
(iii) (Need greatest x such that P(X' < x) <0.05) B1 | Both, could be seen in (i)
PX<1)=e"%(1+5.64)=0.024
P(X< 2)=0.08
Hence rejection region is X < 1 B1 | Can be implied
With 4 =12x 0.05 = 0.6, M1 | }=0.6and 1 —P(X < 1)
1-PX g 1) =1-¢2%1+0.6)
=0.122 (3 sf) Al | Normal scores 0
Total: 4
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Question Answer Marks Guidance
1) Hp: mean no. sales = 3.5 B1 | or “ ... =0.7 (per day)”
H;: mean no. sales > 3.5 M1 | allow ‘A4’ or ‘¢ but not just ‘mean’
PX>5)=1-e¢(1+35+ M1
=0.275 A1l | allow 0.274
Comp with 0.10 M1 | valid comparison using Poisson
No evidence (at 10%) to believe that sales A1 FT | correct conclusion FT
per day have increased no contradictions
6
Question Answer Marks Guidance
(i) A=39 B1
e x 32—9,2 M1 | any A (# 0.7 or 0.6), single term
=0.154 (3 sf) Al
3
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320. 9709 w17 _ms_71 Q:8

APPENDIX A. ANSWERS

Question Answer Marks Guidance
1) X=27/150 (= 0.18) B1
150 [5.01 M1 | or var = 1/149(5.01 — 27.0*/150)
5= |—x,|=—=0.18 or variance
149 150
(=0.031729)
(var = 3/2980 = 0.0010067)
Hyg: Pop mean = 0.185 B1 | allow just g/
H;: Pop mean < 0.185
0.18—-0.185 M1 standardising, need /150
'0.031720'
J150
= (—)1.930 (3sfs)or 1.93 Al
Comp with z=(—)2.326 M1 | consistent signs
or using probs 0.0268 > 0.01 or 0.9732
<0.99
or using X; 0.18 > 0.17897
There is no evidence (at 1% level) that A1 FT | conclusion FT
concentration with drug is less than no contradictions
without drug
7
Question Answer Marks Guidance
(1) cv—0.185 M1 | must use 0.185 and V150
'0.031729' (=-2.326)
150
=0.17897 or 0.179 A1 | acceptance region ( for Hp ) is > (0.179
"0.17897"-0.175 _ M1 | must use 0.175 and 150
(=1.534)
'0.031729'
V150
1 - $(*“1.534”) M1 | indep mark
=0.0625 (3 sf) Al | Accept 0.0610 to 0.0628
5
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Question Answer Marks Guidance
0] aie 282 _ 0 ogn B1 | Accept either
10
M1
o= 100 L0452 gen (=0.28582)
99 100
or var = 0.08169
Hy: Pop mean mass = 1.01 B1 | not just “mean’. but allow just ‘x’
H;: Pop mean mass < 1.01
— M1 -
0.982-1.01 0.982-1.01 M1
028582 0284387
100 V1o
=—0.980 (3 sf) accept + Al | =-0.985 (3 sfs) accept + Al
Comp with z =— 1.645 (or areas 0.1635 > 0.05) M1 | Valid comparison of z°s or area’s
No evidence that (mean) mass is less than 1.01 A1 FT | Correct conclusion FT their =
7
Question Answer Marks Guidance
(i) Distr of X normal (so distr of X normal) B1 | X/parent population
Must state or imply No
1
322. 9709 w17 ms_72 Q: 6
Question Answer Marks Guidance
i) H,: Pop mean no. defectives = 5.15 B1 | or ‘= 1.03 (per day)’
H,: Pop mean no. defectives < 5.15 not just “mean’. but allow just ‘A’ or ‘u’
P(XK2) M1 | Attempted. Any one term error/end error/incorrect A/expression
1—...
eI (1+515+ 5152 ) M1 | Correct expression attempted
’ 2
=0.113 Al
Comp with 0.1 M1 | Valid comparison
No evidence to believe mean no. of defectives has decreased A1 FT | Correct conclusion (FT their value)
No contradictions
6
Question Answer Marks Guidance
(ii) BOTHP(X < 1)=e"° (1 +5.15) (= 0.0357) ANDP(X < 2) = = B1* | (Could be seen in (i))
2
e (1+5.15+ %F (0.113)
Comp either with 0.1 DB1 | One comparison with 0.01 (could be seen in (i))
P(Type I error) = 0.0357 (3 sf) B1
3
(iii) Actually mean = 1.03 but conclude that mean < 1.03 B1 | Mean no. of defectives not reduced, but conclude that it is
reduced.
1
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323.9709_ w17 _ms_73 Q: 7

APPENDIX A. ANSWERS

Question Answer Marks Guidance
(1) Hp: mean no. sales = 3.5 B1 | or “ ... =0.7 (per day)”
H;: mean no. sales > 3.5 M1 | allow ‘A4’ or ‘¢ but not just ‘mean’
PX>5)=1-e¢(1+35+ M1
=0.275 A1l | allow 0.274
Comp with 0.10 M1 | valid comparison using Poisson
No evidence (at 10%) to believe that sales A1 FT | correct conclusion FT
per day have increased no contradictions
6
Question Answer Marks Guidance
(i) A=39 B1
e x 32—9,2 M1 | any A (# 0.7 or 0.6), single term
=0.154 (3 sf) Al
3
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324.9709_wl17_ms_73 Q:8

Question Answer Marks Guidance
1) X=27/150 (= 0.18) B1
150 [5.01 M1 | or var = 1/149(5.01 — 27.0*/150)
5= |—x,=—=0.18 or variance
149 150
(=0.031729)
(var = 3/2980 = 0.0010067)
Hyg: Pop mean = 0.185 B1 | allow just g/
H;: Pop mean < 0.185
0.18—-0.185 M1 standardising, need /150
'0.031720'
J150
= (—)1.930 (3sfs)or 1.93 Al
Comp withz=(—)2.326 M1 | consistent signs
or using probs 0.0268 > 0.01 or 0.9732
<0.99

or using X; 0.18 > 0.17897

There is no evidence (at 1% level) that A1 FT | conclusion FT
concentration with drug is less than no contradictions
without drug
7
Question Answer Marks Guidance
(1) cv—0.185 M1 | must use 0.185 and V150
'0.031729' (=-2326)
150
=0.17897 or 0.179 A1 | acceptance region ( for Hp ) is > (0.179
"0.17897"-0.175 - M1 | must use 0.175 and /150
(=1.534)
'0.031729'
V150
1 —d(“1.534™) M1 | indep mark
=0.0625 (3 sf) Al | Accept 0.0610 to 0.0628
5
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325. 9709 _ml16_ms_72 Q: 2

APPENDIX A. ANSWERS

Q Answer Mark Notes
Hy: P(hit target) = 0.65 Allow p =0.65
H;: P(hit target) > 0.65 B1 Allow p > 0.65
200, % 0.35 % 0.65" + 19 x 0.35 x 0.65" | M1 Allow one end error. Allow p/q mix. Allow (1-)
+0.65% for M mark
=0.0121 (3 sf) Al A mark recovered following valid comparison
For valid comparison
Comp 0.01 M1 She has probably not improved. No
There is no evidence (at the 1% level) Al [5] | contradictions.
that she has improved (SR Use of Normal M0, but M1A1 for valid
comparison could be awarded)
326.9709_ml16_ms_ 72 Q:3
Q Answer Mark Notes
(i) Ho: pop mean journey time = 35.2 mins Allow "¢". Not "mean journey time"
Hi: pop mean journey time <352 mins | Bl
% (=-0.446) M1 For standardising (V25 needed)
D(<"-0.446") =1 — O("0.446") M1 For correct area consistent with their working
=0.328 (3 sf) Al [4] | As final answer
(i) H is rejected but Type IT error can only | Bl [1] | Allow just "Hy is rejected." oe
be made if Hy is not rejected
327.9709 _s16_ms_ 71 Q:1
Q Answer Mark Notes
B(200, +)—N(1, 20) Bl seen or implied
25.5-100 .
N M1 allow with wrong or no cc
=-1.486 Al (Accept alternative correct methods)
comp ‘1.486° with 1.282 M1 orcomp (°1.486) with 0.1
Evidence to reject Hy
There is some evidence thatp < +
or, e.g. It is likely that p < ¢ oe Al ft [5] | No contradictions
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Q Answer Mark Notes
@) Ho: =125
Hy:p#12.5 Bl
13.5-12.5 N
=1.68(4) Al
‘1.684° < 1.96 M1 comp 1.96 allow comp 1.645 if H1: pu >
12.5
orcomp 1 — (°1.684) with 0.025
No evidence that mean time has Alft [5] | No contradictions
changed ft their 1.684, but not comp 1.645
(ii) 0.05 B1 [1]
329. 9709_s16_ms_72 Q: 2
Q Answer Mark Notes
() Conclude less than 90% satisfied when this | B11 In context
is not true oe
(ii) 1-(09" +15%x0.9"x0.1 M1 Attempt (1-)P(X = 15,14,13,12) allow 1
+15C, 09" x 0.17+ 5C; x 0.9 x 0.1°)  |M1 end error
=0.0556 (3 sf) or 0.0555 Al [3]| Attempt fully correct expression
330. 9709_s16_ms_72 Q: 4
Q Answer Mark Notes
Hy: A (or n) =42 Or pop weekly mean =2.1 etc.
Hi: A (or p) #42 B1 . allow ‘population mean’ not just ‘mean’
Po(42) ~N(42, 42) stated or implied B1v ft their ‘42" (Accept alt method
N(2.1,2.1/20)
53.5-42
e M1
=1.77(4) (or 0.038 for area comparison) Al allow with wrong or no cc.
Accept alt method using N(2.1,2.1/20)
with or without cc
comp 1.96 M1 Valid compzor 1 — (‘1.774) with
0.025 seen
No evidence that mean has changed AlY [6]] allow comp 1.645 if H;: A (or u) > 42

No contradictions. No ft for H;: 4 (or u)
> 42

Note — accept other valid methods(e.g.
cv method)
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331. 9709 _s16_ms_73 Q: 2

APPENDIX A. ANSWERS

Q Answer Mark Notes
H,: Pop mean yield = 8.2 or u = 8.2(not just “mean”)
H,: Pop mean yield > 8.2 B1 u>8.2
(#) 252 M1 Allow without v sign (Allow cc)
= (3)1.667 Al .
Comp z = 1.645 Or Area comparison | M1 Or comp 1 - ®('1.667') with 0.05
0.0475-0.0478) Valid Comparison z-values (same sign) or areas
Reject Hy ) No Contradictions
Evidence that mean yield has increased | A1Y [5] | No follow through for 2 tail test
332. 9709 _s16_ms_73 Q: 4
Q Answer Mark Notes
(i) Hy: Pop mean = 2.5 (or 7.5) or A =2.5(Not just “mean”) Allow p
Hoy: Pop mean < 2.5 (or 7.5) B1 orA<25
A=75
P(X < 2)=e " *(1+7.5+ 25 ) = 0.0203
75 2.8} M1 Either P(X<2) or P(XK3), allow any 4
P(X<3)=0.0203 + ¢ x %3-= 0.0591 Al Both Correct
CRis X2 Al Clear statement
Reject Hy A1 [5] | Follow through their CR/their P(X<2)
Evidence that no of sightings fewer
(i) P(Type 1) = 0.0203 (3 sf) B1+ [1] | ft their P(X < 2)
(iii) H, was rejected oe B1 [1] | or Type II is P(not reject Hy)oe
333.9709_wl6_ms_71 Q: 2
Q Answer Mark Notes.
@) He: P(6) =" H:P(6) <Y B1 [1] | Allow He: p =" Hy:p<'s
(i) (g)15 M1
=0.065 > 0.05 Al [2] | Correct result and comparison needed for Al
SR if 2 tail test followed allow Al for
0.065 > 0.025
(iii) (2)°-0054and (2)"-0045 M1 both
Smallest n is 17 Al [2] | No errors seen
OR
(%)” <0.05and attempt to solve M1
nln (%) <1n 0.05
smallest n 1s 17 Al
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Q Answer Mark Notes

@) Ho: Pop mean time (or i) = 20.5
H,: Pop mean time (or ) <20.5 B1 Not just “mean”
f‘ﬁ}‘;j M1 Allow without V sign
1667 Al (accept £1.667/1.67)
or 0.0478/0.952 if areas compared
‘1.667° <1.751 M1 Correct comparison of their zg with
(or “-1.667° > -1.751) 1.751/1.75 oe valid comparison of areas
No evidence that (pop) mean time (0.0478 > 0.04)
has decreased Alft [51 | No contradictions (ft their z)

ii cv—205 —
cv=20.29 or 20.3 Al
% (=1.583 or 1.582) DM1 Allow f";—}go‘ (=1.667) M1
1—®(“1.583) M1 1-®(1.667) Ml
=0.0567 — 0.0569 (3 sf) Al [5] | = 0.0478 (3 sf) Al

(iii) Concluding (mean) time not Must be in context
decreased when in fact it has. B1 [1] | oe
335. 9709 w16 _ms 72 Q: 2

Q Answer Mark Notes.

@) He: P(6) =" H:P6) <Y B1 [1] | Allow He:p=" Hy:p<'s

.o 15

(ii) (%] M1
=0.065 > 0.05 Al [2] | Correct result and comparison needed for A1l

SR if 2 tail test followed allow Al for
0.065 > 0.025
(iii) (2)°-0054and (2)"-0045 M1 both

Smallest n 1s 17 Al [2] | No errors seen
OR
(%)n <0.05and attempt to solve M1
nln (%) <1n 0.05
smallest nis 17 Al
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336. 9709 w16 _ms_ 72 Q: 7

APPENDIX A. ANSWERS

Q Answer Mark Notes
@) Hy: Pop mean time (or ) = 20.5
H,: Pop mean time (or ) <20.5 B1 Not just “mean”
f‘l%(f M1 Allow without v sign
— 1667 Al (accept £1.667/1.67)
or 0.0478/0.952 if areas compared
‘1.667° <1.751 M1 Correct comparison of their ze with
(or *~1.667°>—1.751) 1.751/1.75 oe valid comparison of areas
No evidence that (pop) mean time (0.0478 > 0.04)
has decreased Alft [5] | No contradictions (ft their z)
ii ev—205 —
(i) o-f = -1.751 M1+
cv =20.29 or 20.3 Al
120.29'-20.1 — 203-20.1 [
Sy (=1.583 or 1.582) DM1 Allow i £ 1.667) M1
1 —-®(“1.583%) M1 1 - ®(‘1.667°) M1
=0.0567 — 0.0569 (3 sf) Al [5] | =0.0478 (3 sf) Al
(iii) Concluding (mean) time not Must be in context
decreased when in fact it has. B1 [1] | oe
337.9709_wl6_ms_73 Q: 4
Q Answer Mark Notes.
11.8-11 — M1 11811 —
eodn 1.645 M1 for eegy A0V Z
1811 — 1 96 allow var / sd mix for 1.6 but need Vn
1.6+n
#=10.8 (allow 11) B1 B1 for each correct z
n=154 (allow 15) Bl
Al for both
Possible values are 11, 12, 13, 14, 15 Al [5] not for just 11 < n <15 oe
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or No evidence to support claim

Q Answer Mark Notes
(i) Hy: P(free gift) = 0.3 or p = 0.3
H;i: P(free gift) < 0.3 orp < 0.3 B1 [1]
(ii) P(X<2)=
0.7°+20 x 0.7 x 0.3 + C, % 0.7" x
0.3% M1+ P(X < 2) attempted
=0.03548 or 0.0355 Al
PX3) =
“0.03548” + Cy%x 0.7 x 0.3% (= M1* P(X < 3) attempted
0.107)
One comparison with 0.05 seen M1* or implied by fully correct methods for
P(X < 2)and P(X < 3)
P(Type I error) = 0.0355 (3 sf) DA1+Y | [5] | deponall 3 Ms
(iii) P(X < 3)=0.107’
‘0.107” > 0.05
or cv = 2 and compare 3 >2 M1 Compare their P(X < 3) with 0.05
No evidence to reject claim oe A1 No evidence that 30% is not correct oe
[2] | ft their 0.107
339. 9709 s15 ms 71 Q: 2
Q Answer Mark Notes
(i) | Ho:p=02o0ru=10
Hi:p>02o0ru>10 B1 [1]
(ii) | N(10, 8) seen or implied Bl or N( 02, 02x 0.8)
125—1001_%—02 Mi
\/g N 2R For standardising allow with no or wrong cc
Al
=0.884
1.282 Mt
comp . Allow area comparison with 0.188
orcomp 1.645ifH, p#0.2
Claim not justified Al [S] | Allow accept Hy provided correctly defined.

Follow through their test statistic ;dep 1-tail
test
No Contradictions

SR; Use of B(50,0.2) scores B1 provided at
least two probabilities calculated. M1 For
finding P(X = 13) allow one end error. Al
for 0.186

[Total: 6]
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340. 9709 _s15_ms_71 Q: 4

APPENDIX A. ANSWERS

Q Answer Mark Notes
(i) | Ho: pop mean (or y) = 12.4
H;: pop mean (or i) > 12.4 Bl not just “mean”
129-124 Ml Allow with 50 instead of V50
2.1++/50 Al
1.684
BIf [4] | orP(z> 1.684)=0.0461 > 0.025

comp cvz=1.96 Allow accept Hy if correctly defined.
No evidence that pop mean time has Ft their test statistic. No contradictions
increased

(ii) | Not reject (or accept) that mean time is
unchanged (or is 12.4) oe B1
although mean time has increased (or is
more than 12.4) oe B1 [2]

(iii) | True (or new) mean Bl [1]

[Total: 7]
341. 9709 _s15 ms 72 Q: 2
Q Answer Mark Notes
(i) | He4=0.5 or Pop mean = (.5, not just Mean = 0.5
or Pop mean (per m’ )=0.1

H;: 2>0.5 Bl 1 | Accept y instead of 4

(i) | 1-e(1+0.5) M1 1 —P(X=0,1) attempted, any .. Allow 1 end error
=0.0902 (3 sf) Al Allow 0.09
comp 0.1 M1 Valid comparison NB 0.9098>0.9 recovers M1A1 M1
Claim justified or there is evidence to oe  Accept ‘Reject Hy’ if correctly defined
support claim AlY 4| No contradictions.

Total 5
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(ii) | Ho: Pop mean (or x) = 6.2

Hy: Pop mean (or x) # 6.2 B1
5.98-6.2 M1
0.8 Al

V40 B/
=-1.739 (£) Accept ()1.74
compz =196

No evidence that flight times affected

(iii) | Ho was not rejected oe BI*

Q Answer Mark Notes
(i) | Conclude flight times affected Bl Or accept pop mean changed from 6.2
when in fact they have not been. B1 although pop mean has not changed from 6.2

Type 1l Bl*dep

Allow with 40 instead of V40 Allow SD/Var mix
(CV method 5.952 or 6.2279 M1 A1)

For valid comparison

or P(z <-1.739) = 0.041 > 0.025 or 5.98 >5.952 or
6.2<6.228

and correct conclusion

If in (ii) Hy was rejected, then:
Hy rejected B1; Type I Bldep

Total 8

343. 9709 _s15_ms_73 Q: 2

Q Answer

Mark Notes

(i) | Ho: P(correct) =

OrHyp=1/8
Hip>1/8

M1 for attempt at correct expression accept 1
error only, e.g. 1 term extra, omitted or
wrong, or omit “1-" or incorrect p/q

Correct expression

Note Use of Poisson in (ii) could score M1
only for expression 1 —P(0,1,2) A =1.25

[17] ft their (ii) Must be a probability

Total 5
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344. 9709 _s15_ms_73 Q: 5

APPENDIX A. ANSWERS

Q Answer Mark Notes
(i) | Cables broken

or not all cables can be accessed oe

or Too many cables oe e.g. previous days’ stocks may have gone

or too time consuming oe Bl [1]

(ii) | Ho: Pop mean brk str (or u) =5 B1 Not just “mean”
H,: Pop mean brk str (or u) <5
495-5
(#)—— Ml Allow 60 instead of V60
Joo

(=+2.582) Al

comp +2.326

There is evidence that mean breaking BI ft Ft their —2.582

strength is less than it should be (No ft 2 tailed test)

Or reject Hy (Hy correctly defined) [4]| Correct comparison shown, no errors seen.
Accept area comparison 0.0049 with 0.01
[CR method (x — 5)/(0.15/760)
=-2.326 M1 Al
leading to x = 4.955 compared to 4.95and
correct conclusion B1ft
OR ((x — 4.95)/0.15/V60) leading to 4.995 M1
Al compared to 5and correct conclusion B1{t]

(iii) | Population not necessarily normal Bl SR BI1 For “it” is not necc normal (no
SO yes Bldep [2]| mention of population) AND Yes
Total 7
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345. 9709 w15 _ms_ 71 Q:7

Q Answer Mark Notes
(i) Prob could be different later in day B1 [1] | or any explanation why not random
or on a different day oe or “Not random” or “Not representative”
(ii) Looking for decrease (or improvement) B1 oe
Hy: P(not arrive) = 0.2 Allow “p=10.2”
H;: P(not arrive) < 0.2 B1 [2]
(iii) Concluding that prob has decreased (or B1 [1] | In context
publicity has worked) when it hasn’t oe
(iv) P(X'=0) and P(X'= 1) attempted M1 B(30, 0.2) Not nec’y added
May be implied by calc P(X < 2) or
P(XY<3)
PX<2)=08"+30x 08" %02+ M1
300, x 0.8% x 0.22
(=0.0442) Attempt P(X < 2)
PX<3)=08"+30x08"x02+ B1 Or “0.0442” +*°C; x 0.8 x 0.2°=0.123
0C,%0.8%x0.2% + 7°C;3%0.877%0.2°
=0.123
crisX2 Al
P(Type 1) = 0.0442 (3 sf) Al [5]
) 3 is outside cr M1 Comparison of 3 with their cr
or P(X < 3) =0.123 which is > 0.05
No evidence that p has decreased (or that Al [2] | Correct conclusion. No contradictions
publicity has worked)
Total: 11
Total for
paper: 50
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346. 9709 w15 _ms_72 Q: 7

Q Answer Mark Notes
(i) Prob could be different later in day B1 [1] | or any explanation why not random
or on a different day oe or “Not random” or “Not representative”
(i) Looking for decrease (or improvement) B1 oe
Hy: P(not arrive) = 0.2 Allow “p=0.2"
Hi: P(not arrive) < 0.2 B1 2]
(iii) Concluding that prob has decreased (or B1 [1] | In context
publicity has worked) when it hasn’t oe
(iv) P(X'=0) and P(X = 1) attempted M1 B(30, 0.2) Not nec’y added
May be implied by calc P(X < 2) or
PX<3)
PY<2)=08"+30%x 08 %02+ M1
0, % 0.8 % 0.2°
(=0.0442) Attempt P(X < 2)
P(X<3)=0.8+30x 087 %02+ B1 Or ‘0.0442” +3C; x 0.8%" x 0.2°=0.123
0C,%0.8%x0.2% + ¥C3x0.877%0.2°
=0.123
cris X2 Al
P(Type 1) = 0.0442 (3 sf) Al [5]
) 3 is outside cr M1 Comparison of 3 with their cr
or P(X < 3) =0.123 which is > 0.05
No evidence that p has decreased (or that Al [2] | Correct conclusion. No contradictions
publicity has worked)
Total: 11
Total for
paper: 50
EXAMINENT
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Q Answer Mark Notes
(a) |A=45 B1
e’ (=0.011109) | M1 alone allow any 4
450
99
— (=0.010860) M1
100
(10.011109'-'0.010860" )
U 70.010860 *100
=2.29% (3 sf) Al (4]
-1 -1
(b) | Ho: P(6) corP= ¢
Hy: P(6) < é orp < % Bl Both needed
5% 2 VB )
[—J + 25(—] x —+25C2(—j (—J M1 allow one error ( extra term/missing
6 6 6 term / incorrect term )
CR method: attempt at least P(0) and P(0
and 1) (0.010... and 0.06... < 0.1)
=0.189 (3 sf) Al CRis 0,1 and must see 0.189 for Al
comp 0.1 M1 valid comp “0.189” with 0.1 oe
valid comparison of 2 with CR
No reason to believe die biased Al [5] | correct conclusion, +* their 0.189
no contradictions
Total [9]
348. 9709 w15 ms 73 Q: 6
Q Answer Mark Notes
(i) Ho: 11 =2.60
Hy: u>2.60 B1 allow pop mean, not just ‘mean’
4 2.64-206
02475 Ml
= +1.732 Al accept £ 1.73 (3 sf)
valid comparison with 1.645
‘1.732° > 1.645 (0r0.0416<0.05)
Reject Ho. There is evidence that x4 has and correct conclusion ¥ their 1.732
increased Bl | [4] no contradictions
{or CV method x.; = 2.638 M1A1
comp 2.64 > 2.638 and concln B1 +)
SR two tail test, using 1.96 ( or using
0.025 ) can score BOM1A1B1{t max 3/4
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APPENDIX A. ANSWERS

Q Answer Mark Notes
. -26 _ -

(i) | 2—=2 =1.645 (x=2.638) | M1
02++/75
+ 2.638'-2.68 M1 for standardising with their * 2.638 *

0.2++/75 using 2.68
= £ 1.819 Al accept 1.82 (3 sf)
DO(-1.819)=1-D(°1.819°) M1 indep M mark, calculate correct
area/prob consistent with their working
=0.0345 or 0.0344 Al [5]
Total 91
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