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1 The 40 members of a club include Ranuf and Saed. All 40 members will travel to a concert.

35 members will travel in a coach and the other 5 will travel in a car. Ranuf will be in the coach and
Saed will be in the car.

In how many ways can the members who will travel in the coach be chosen? [3]

2 An ordinary fair die is thrown repeatedly until a 1 or a 6 is obtained.

(a) Find the probability that it takes at least 3 throws but no more than 5 throws to obtain a 1 or a 6.
[3]
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On another occasion, this die is thrown 3 times. The random variable X is the number of times that
a 1 or a 6 is obtained.

(b) Draw up the probability distribution table for X. [3]
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3 The weights of apples of a certain variety are normally distributed with mean 82 grams. 22% of these
apples have a weight greater than 87 grams.

(a) Find the standard deviation of the weights of these apples. [3]

(b) Find the probability that the weight of a randomly chosen apple of this variety differs from the
mean weight by less than 4 grams. [4]
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4  Richard has 3 blue candles, 2 red candles and 6 green candles. The candles are identical apart from
their colours. He arranges the 11 candles in a line.

(a) Find the number of different arrangements of the 11 candles if there is a red candle at each end.

(2]

(b) Find the number of different arrangements of the 11 candles if all the blue candles are together
and the red candles are not together. [4]
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5  In Greenton, 70% of the adults own a car. A random sample of 8 adults from Greenton is chosen.

(a) Find the probability that the number of adults in this sample who own a car is less than 6.  [3]
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A random sample of 120 adults from Greenton is now chosen.

(b) Use an approximation to find the probability that more than 75 of them own a car. [5]
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6  Box A contains 7 red balls and 1 blue ball. Box B contains 9 red balls and 5 blue balls. A ball is
chosen at random from box A and placed in box B. A ball is then chosen at random from box B. The
tree diagram below shows the possibilities for the colours of the balls chosen.

(a) Complete the tree diagram to show the probabilities. [3]
Box A Box B

Red

Red
Blue
Red

Blue
Blue
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(b) Find the probability that the two balls chosen are not the same colour. [2]

(¢) Find the probability that the ball chosen from box A is blue given that the ball chosen from box B
is blue. [4]
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7  Helen measures the lengths of 150 fish of a certain species in a large pond. These lengths, correct to
the nearest centimetre, are summarised in the following table.

Length (cm) | 0-9 10-14 | 15-19 | 20-30
Frequency 15 48 66 21

(a) Draw a cumulative frequency graph to illustrate the data. [4]
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(b) 40% of these fish have a length of d cm or more. Use your graph to estimate the value of d. [2]

The mean length of these 150 fish is 15.295 cm.

(¢) Calculate an estimate for the variance of the lengths of the fish. [3]
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2
1  The score when two fair six-sided dice are thrown is the sum of the two numbers on the upper faces.

(a) Show that the probability that the score is 4 is ﬁ [1]

The two dice are thrown repeatedly until a score of 4 is obtained. The number of throws taken is
denoted by the random variable X.

(b) Find the mean of X. [1]
(¢) Find the probability that a score of 4 is first obtained on the 6th throw. [1]
(d) Find P(X < 8). [2]
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2 (a) Find the number of different arrangements that can be made from the 9 letters of the word
JEWELLERY in which the three Es are together and the two Ls are together. [2]

(b) Find the number of different arrangements that can be made from the 9 letters of the word
JEWELLERY in which the two Ls are not next to each other. [4]
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3 A company produces small boxes of sweets that contain 5 jellies and 3 chocolates. Jemeel chooses
3 sweets at random from a box.

(a) Draw up the probability distribution table for the number of jellies that Jemeel chooses. [4]
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The company also produces large boxes of sweets. For any large box, the probability that it contains
more jellies than chocolates is 0.64. 10 large boxes are chosen at random.

(b) Find the probability that no more than 7 of these boxes contain more jellies than chocolates. [3]
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4  In a music competition, there are 8 pianists, 4 guitarists and 6 violinists. 7 of these musicians will be
selected to go through to the final.
How many different selections of 7 finalists can be made if there must be at least 2 pianists, at least
1 guitarist and more violinists than guitarists? [4]
© UCLES 2020
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5 On Mondays, Rani cooks her evening meal. She has a pizza, a burger or a curry with probabilities
0.35, 0.44, 0.21 respectively. When she cooks a pizza, Rani has some fruit with probability 0.3.
When she cooks a burger, she has some fruit with probability 0.8. When she cooks a curry, she never

has any fruit.

(a) Draw a fully labelled tree diagram to represent this information. [2]
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(b) Find the probability that Rani has some fruit. [2]
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6  The lengths of female snakes of a particular species are normally distributed with mean 54 cm and
standard deviation 6.1 cm.

(a) Find the probability that a randomly chosen female snake of this species has length between
50 cm and 60 cm. [4]
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The lengths of male snakes of this species also have a normal distribution. A scientist measures the
lengths of a random sample of 200 male snakes of this species. He finds that 32 have lengths less than
45 cm and 17 have lengths more than 56 cm.

(b) Find estimates for the mean and standard deviation of the lengths of male snakes of this species.

[5]
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7  The numbers of chocolate bars sold per day in a cinema over a period of 100 days are summarised in
the following table.

Number of chocolate barssold | 1-10 [ 11-15|16-30| 31-50 | 51 -60
Number of days 18 24 30 20 8

(a) Draw a histogram to represent this information. [5]
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(b) What is the greatest possible value of the interquartile range for the data? [2]

(c) Calculate estimates of the mean and standard deviation of the number of chocolate bars sold.

[4]
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For n values of the variable x, it is given that
Y(x—50)=144 and ZXx=944.
Find the value of n. [3]
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2 Atotal of 500 students were asked which one of four colleges they attended and whether they preferred
soccer or hockey. The numbers of students in each category are shown in the following table.

Soccer | Hockey Total
Amos 54 32 86
Benn 84 72 156
Canton 22 56 78
Devar 120 60 180
Total 280 220 500

(a) Find the probability that a randomly chosen student is at Canton college and prefers hockey.

[1]

(b) Find the probability that a randomly chosen student is at Devar college given that he prefers
soccer. [2]

(¢c) One of the students is chosen at random. Determine whether the events ‘the student prefers
hockey’ and ‘the student is at Amos college or Benn college’ are independent, justifying your
answer. [2]
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3  Two machines, A and B, produce metal rods of a certain type. The lengths, in metres, of 19 rods
produced by machine A and 19 rods produced by machine B are shown in the following back-to-back
stem-and-leaf diagram.

A B
21 (1 2 4
7 6 3 012212 4 5 5 6
8 7 4 3 1 1|23/0 2 6 8 9 9
5 5 3 2243 3 4 6
4 3 1 01256

Key: 7 | 22 | 4 means 0.227 m for machine A and 0.224 m for machine B.

(a) Find the median and the interquartile range for machine A. [3]
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It is given that for machine B the median is 0.232 m, the lower quartile is 0.224 m and the upper
quartile is 0.243 m.

(b) Draw box-and-whisker plots for A and B. [3]

(¢) Hence make two comparisons between the lengths of the rods produced by machine A and those
produced by machine B. [2]
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4  Trees in the Redian forest are classified as tall, medium or short, according to their height. The heights
can be modelled by a normal distribution with mean 40 m and standard deviation 12 m. Trees with a
height of less than 25 m are classified as short.

(a) Find the probability that a randomly chosen tree is classified as short. [3]

Of the trees that are classified as tall or medium, one third are tall and two thirds are medium.

(b) Show that the probability that a randomly chosen tree is classified as tall is 0.298, correct to
3 decimal places. [2]
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(c) Find the height above which trees are classified as tall. [3]
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5 A fair three-sided spinner has sides numbered 1, 2, 3. A fair five-sided spinner has sides numbered
1, 1, 2, 2, 3. Both spinners are spun once. For each spinner, the number on the side on which it
lands is noted. The random variable X is the larger of the two numbers if they are different, and their
common value if they are the same.

_ _ 1
(a) Show that P(X =3) = {5. [2]
(b) Draw up the probability distribution table for X. [3]

© UCLES 2020 9709/52/M/1/20
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6 (a) Find the number of different ways in which the 10 letters of the word SUMMERTIME can be
arranged so that there is an E at the beginning and an E at the end. [2]

(b) Find the number of different ways in which the 10 letters of the word SUMMERTIME can be
arranged so that the Es are not together. [4]
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(¢) Four letters are selected from the 10 letters of the word SUMMERTIME. Find the number of
different selections if the four letters include at least one M and exactly one E. [3]
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7  On any given day, the probability that Moena messages her friend Pasha is 0.72.

(a) Find the probability that for a random sample of 12 days Moena messages Pasha on no more
than 9 days. [3]

(b) Moena messages Pasha on 1 January. Find the probability that the next day on which she
messages Pasha is 5 January. [1]
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(¢) Use an approximation to find the probability that in any period of 100 days Moena messages
Pasha on fewer than 64 days. [5]
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1  Juan goes to college each day by any one of car or bus or walking. The probability that he goes by
car is 0.2, the probability that he goes by bus is 0.45 and the probability that he walks is 0.35. When
Juan goes by car, the probability that he arrives early is 0.6. When he goes by bus, the probability
that he arrives early is 0.1. When he walks he always arrives early.

(a) Draw a fully labelled tree diagram to represent this information. [2]

(b) Find the probability that Juan goes to college by car given that he arrives early. [4]

© UCLES 2020 9709/53/M/1/20



3
2 In acertain large college, 22% of students own a car.

(a) 3 students from the college are chosen at random. Find the probability that all 3 students own a
car. [1]

(b) 16 students from the college are chosen at random. Find the probability that the number of these
students who own a car is at least 2 and at most 4. [3]
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3 In a certain town, the time, X hours, for which people watch television in a week has a normal
distribution with mean 15.8 hours and standard deviation 4.2 hours.

(a) Find the probability that a randomly chosen person from this town watches television for less
than 21 hours in a week. [2]
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4 A fair four-sided spinner has edges numbered 1, 2, 2, 3. A fair three-sided spinner has edges numbered
—2, —1, 1. Each spinner is spun and the number on the edge on which it comes to rest is noted. The
random variable X is the sum of the two numbers that have been noted.

(a) Draw up the probability distribution table for X. [3]
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5 A pair of fair coins is thrown repeatedly until a pair of tails is obtained. The random variable X
denotes the number of throws required to obtain a pair of tails.

(a) Find the expected value of X. [1]
(b) Find the probability that exactly 3 throws are required to obtain a pair of tails. [1]
(¢) Find the probability that fewer than 6 throws are required to obtain a pair of tails. [2]
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On a different occasion, a pair of fair coins is thrown 80 times.

(d) Use an approximation to find the probability that a pair of tails is obtained more than 25 times.

[5]
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6  The annual salaries, in thousands of dollars, for 11 employees at each of two companies A and B are
shown below.

Company A | 30 | 32 | 35 | 41 | 41 | 42 | 47 | 49 | 52 | 53 | 64
Company B | 26 | 47 | 30 | 52 | 41 | 38 | 35 | 42 | 49 | 31 | 42

(a) Represent the data by drawing a back-to-back stem-and-leaf diagram with company A on the
left-hand side of the diagram. [4]
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(b) Find the median and the interquartile range of the salaries of the employees in company A. [3]

A new employee joins company B. The mean salary of the 12 employees is now $38 500.

(¢) Find the salary of the new employee. [3]
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10

(a) Find the number of different possible arrangements of the 9 letters in the word CELESTIAL.
[1]

(b) Find the number of different arrangements of the 9 letters in the word CELESTIAL in which the
first letter is C, the fifth letter is T and the last letter is E. [2]

(¢) Find the probability that a randomly chosen arrangement of the 9 letters in the word CELESTIAL
does not have the two Es together. (4]
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5 letters are selected at random from the 9 letters in the word CELESTIAL.

(d) Find the number of different selections if the 5 letters include at least one E and at most one L.

[3]
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1 Two ordinary fair dice, one red and the other blue, are thrown.
Event A is ‘the score on the red die is divisible by 3’.

Event B is ‘the sum of the two scores is at least 9°.

(a) Find P(A N B). (2]
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2 The probability that a student at a large music college plays in the band is 0.6. For a student who plays
in the band, the probability that she also sings in the choir is 0.3. For a student who does not play
in the band, the probability that she sings in the choir is x. The probability that a randomly chosen
student from the college does not sing in the choir is 0.58.

(a) Find the value of x. [3]

Two students from the college are chosen at random.

(b) Find the probability that both students play in the band and both sing in the choir. [2]
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3  Kayla is competing in a throwing event. A throw is counted as a success if the distance achieved is
greater than 30 metres. The probability that Kayla will achieve a success on any throw is 0.25.

(a) Find the probability that Kayla takes more than 6 throws to achieve a success. [2]

(b) Find the probability that, for a random sample of 10 throws, Kayla achieves at least 3 successes.

[3]
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4  The random variable X takes each of the values 1, 2, 3, 4 with probability %. Two independent values
of X are chosen at random. If the two values of X are the same, the random variable Y takes that
value. Otherwise, the value of Y is the larger value of X minus the smaller value of X.

(a) Draw up the probability distribution table for Y. [4]
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5 The time in hours that Davin plays on his games machine each day is normally distributed with
mean 3.5 and standard deviation 0.9.

(a) Find the probability that on a randomly chosen day Davin plays on his games machine for more
than 4.2 hours. [3]

(b) On 90% of days Davin plays on his games machine for more than ¢ hours. Find the value of 7.

[3]
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(c¢) Calculate an estimate for the number of days in a year (365 days) on which Davin plays on his
games machine for between 2.8 and 4.2 hours. [3]
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6  The times, f minutes, taken by 150 students to complete a particular challenge are summarised in the
following cumulative frequency table.

Time taken (f minutes) | 1<20 | <30 | 1<40 | t<60 | <100
Cumulative frequency 12 48 106 134 150

(a) Draw a cumulative frequency graph to illustrate the data. [2]
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(b) 24% of the students take k minutes or longer to complete the challenge. Use your graph to
estimate the value of k. [2]

(c) Calculate estimates of the mean and the standard deviation of the time taken to complete the
challenge. [6]
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7 (a) Find the number of different ways in which the 10 letters of the word SHOPKEEPER can be
arranged so that all 3 Es are together. [2]

(b) Find the number of different ways in which the 10 letters of the word SHOPKEEPER can be
arranged so that the Ps are not next to each other. [4]
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(c) Find the probability that a randomly chosen arrangement of the 10 letters of the word
SHOPKEEPER has an E at the beginning and an E at the end. [2]

Four letters are selected from the 10 letters of the word SHOPKEEPER.

(d) Find the number of different selections if the four letters include exactly one P. [3]
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1 A fair six-sided die, with faces marked 1, 2, 3, 4, 5, 6, is thrown repeatedly until a 4 is obtained.

(a) Find the probability that obtaining a 4 requires fewer than 6 throws. [2]

On another occasion, the die is thrown 10 times.

(b) Find the probability that a 4 is obtained at least 3 times. [3]
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2 A bag contains 5 red balls and 3 blue balls. Sadie takes 3 balls at random from the bag, without
replacement. The random variable X represents the number of red balls that she takes.

(a) Show that the probability that Sadie takes exactly 1 red ball is % [2]
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3  Piaruns 2km every day and her times in minutes are normally distributed with mean 10.1 and standard
deviation 1.3.

(a) Find the probability that on a randomly chosen day Pia takes longer than 11.3 minutes to run
2 km. [3]
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(¢) On how many days in a period of 90 days would you expect Pia to take between 8.9 and
11.3 minutes to run 2 km? [3]
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4  In acertain country, the weather each day is classified as fine or rainy. The probability that a fine day
is followed by a fine day is 0.75 and the probability that a rainy day is followed by a fine day is 0.4.
The probability that it is fine on 1 April is 0.8. The tree diagram below shows the possibilities for the
weather on 1 April and 2 April.

(a) Complete the tree diagram to show the probabilities. [1]
1 April 2 April
Fine
Fine
Rainy
Fine
Rainy
Rainy
(b) Find the probability that 2 April is fine. [2]
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Let X be the event that 1 April is fine and Y be the event that 3 April is rainy.

(¢) Find the value of P(X NY). [3]
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5  The following table gives the weekly snowfall, in centimetres, for 11 weeks in 2018 at two ski resorts,
Dados and Linva.

Dados 6 8 12 15 10 36 42 28 10 22 16
Linva 2 11 15 16 0 32 36 40 10 12

(a) Represent the information in a back-to-back stem-and-leaf diagram. [4]
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(b) Find the median and the interquartile range for the weekly snowfall in Dados. [3]

(¢) The median, lower quartile and upper quartile of the weekly snowfall for Linva are 12, 9 and
32 cm respectively. Use this information and your answers to part (b) to compare the central
tendency and the spread of the weekly snowfall in Dados and Linva. [2]
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6 Mr and Mrs Ahmed with their two children, and Mr and Mrs Baker with their three children, are
visiting an activity centre together. They will divide into groups for some of the activities.

(a) In how many ways can the 9 people be divided into a group of 6 and a group of 3? [2]

5 of the 9 people are selected at random for a particular activity.

(b) Find the probability that this group of 5 people contains all 3 of the Baker children. [3]
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All 9 people stand in a line.

(¢) Find the number of different arrangements in which Mr Ahmed is not standing next to Mr Baker.

[3]

(d) Find the number of different arrangements in which there is exactly one person between
Mr Ahmed and Mr Baker. [3]
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1  The time taken, ¢ minutes, to complete a puzzle was recorded for each of 150 students. These times
are summarised in the table.

Time taken (f minutes) | 1<25 | <50 | t<75 | t<100 | <150 | £<200
Cumulative frequency 16 44 86 104 132 150
(a) Draw a cumulative frequency graph to illustrate the data. [2]
(b) Use your graph to estimate the 20th percentile of the data. [1]

© UCLES 2022 9709/53/M/J/22



3

2 Twenty children were asked to estimate the height of a particular tree. Their estimates, in metres, were
as follows.

4.1 4.2 4.4 4.5 4.6 4.8 5.0 5.2 5.3 5.4
5.5 5.8 6.0 6.2 6.3 6.4 6.6 6.8 69 194

(a) Find the mean of the estimated heights. [1]

(¢) Give a reason why the median is likely to be more suitable than the mean as a measure of the
central tendency for this information. [1]
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3  The random variable X takes the values -2, 1, 2, 3. It is given that P(X = x) = kx?, where k is a
constant.

(a) Draw up the probability distribution table for X, giving the probabilities as numerical fractions.

[3]
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Ramesh throws an ordinary fair 6-sided die.

(a) Find the probability that he obtains a 4 for the first time on his 8th throw. [1]

Ramesh now repeatedly throws two ordinary fair 6-sided dice at the same time. Each time he adds
the two numbers that he obtains.

(¢) For 10 randomly chosen throws of the two dice, find the probability that Ramesh obtains a total
of less than 4 on at least three throws. (4]
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5  Farmer Jones grows apples. The weights, in grams, of the apples grown this year are normally
distributed with mean 170 and standard deviation 25. Apples that weigh between 142 grams and
205 grams are sold to a supermarket.

(a) Find the probability that a randomly chosen apple grown by Farmer Jones this year is sold to the
supermarket. [4]
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Farmer Jones sells the apples to the supermarket at $0.24 each. He sells apples that weigh more than
205 grams to a local shop at $0.30 each. He does not sell apples that weigh less than 142 grams.

The total number of apples grown by Farmer Jones this year is 20 000.

(b) Calculate an estimate for his total income from this year’s apples. [3]

Farmer Tan also grows apples. The weights, in grams, of the apples grown this year follow the
distribution N(182, 20?). 72% of these apples have a weight more than w grams.

(c) Find the value of w. [3]
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Sajid is practising for a long jump competition. He counts any jump that is longer than 6 m as a success.
On any day, the probability that he has a success with his first jump is 0.2. For any subsequent jump,
the probability of a success is 0.3 if the previous jump was a success and 0.1 otherwise. Sajid makes

three jumps.

(a) Draw a tree diagram to illustrate this information, showing all the probabilities. [2]
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(b) Find the probability that Sajid has exactly one success given that he has at least one success. [5]

On another day, Sajid makes six jumps.

(c¢) Find the probability that only his first three jumps are successes or only his last three jumps are
successes. [3]
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7 A group of 15 friends visit an adventure park. The group consists of four families.

* Mr and Mrs Kenny and their four children
* Mr and Mrs Lizo and their three children
e Mrs Martin and her child

* Mr and Mrs Nantes

The group travel to the park in three cars, one containing 6 people, one containing 5 people and one
containing 4 people. The cars are driven by Mr Lizo, Mrs Martin and Mr Nantes respectively.

(a) In how many different ways can the remaining 12 members of the group be divided between the
three cars? [3]

The group enter the park by walking through a gate one at a time.

(b) In how many different orders can the 15 friends go through the gate if Mr Lizo goes first and
each family stays together? [3]
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In the park, the group enter a competition which requires a team of 4 adults and 3 children.

(¢) In how many ways can the team be chosen from the group of 15 so that the 3 children are all
from different families? [2]

(d) In how many ways can the team be chosen so that at least one of Mr Kenny or Mr Lizo is
included? [3]
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1 A fair spinner with 5 sides numbered 1, 2, 3, 4, 5 is spun repeatedly. The score on each spin is the
number on the side on which the spinner lands.

(a) Find the probability that a score of 3 is obtained for the first time on the 8th spin. [1]

(b) Find the probability that fewer than 6 spins are required to obtain a score of 3 for the first time.
(2]
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2 Georgie has a red scarf, a blue scarf and a yellow scarf. Each day she wears exactly one of these
scarves. The probabilities for the three colours are 0.2, 0.45 and 0.35 respectively. When she wears a
red scarf, she always wears a hat. When she wears a blue scarf, she wears a hat with probability 0.4.
When she wears a yellow scarf, she wears a hat with probability 0.3.

(a) Find the probability that on a randomly chosen day Georgie wears a hat. [2]

(b) Find the probability that on a randomly chosen day Georgie wears a yellow scarf given that she
does not wear a hat. [3]
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3 The time spent by shoppers in a large shopping centre has a normal distribution with mean 96 minutes
and standard deviation 18 minutes.

(a) Find the probability that a shopper chosen at random spends between 85 and 100 minutes in the
shopping centre. [3]

88% of shoppers spend more than # minutes in the shopping centre.

(b) Find the value of . [3]
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4  The random variable X takes the values 1, 2, 3, 4 only. The probability that X takes the value x is
kx(5 — x), where k is a constant.

(a) Draw up the probability distribution table for X, in terms of &. [2]
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5 A driver records the distance travelled in each of 150 journeys. These distances, correct to the nearest
km, are summarised in the following table.

Distance (km) | 0-4 5-10 | 11-20 | 21-30 | 31 -40 | 41 -60
Frequency 12 16 32 66 20 4

(a) Draw a cumulative frequency graph to illustrate the data. [4]
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(b) For 30% of these journeys the distance travelled is d km or more.

Use your graph to estimate the value of d. [2]
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6 (a) Find the total number of different arrangements of the 11 letters in the word CATERPILLAR.
(2]

(b) Find the total number of different arrangements of the 11 letters in the word CATERPILLAR in
which there is an R at the beginning and an R at the end, and the two As are not together.  [4]
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(¢) Find the total number of different selections of 6 letters from the 11 letters of the word
CATERPILLAR that contain both Rs and at least one A and at least one L. [4]
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7  There are 400 students at a school in a certain country. Each student was asked whether they preferred
swimming, cycling or running and the results are given in the following table.

Swimming Cycling Running
Female 104 50 66
Male 31 57 92
A student is chosen at random.
(a) (i) Find the probability that the student prefers swimming. [1]

(i) Determine whether the events ‘the student is male’ and ‘the student prefers swimming’ are
independent, justifying your answer. [2]
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On average at all the schools in this country 30% of the students do not like any sports.

(b) (i) 10 of the students from this country are chosen at random.

Find the probability that at least 3 of these students do not like any sports. [3]

(if) 90 students from this country are now chosen at random.

Use an approximation to find the probability that fewer than 32 of them do not like any
sports. [5]
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1 A bag contains 12 marbles, each of a different size. 8 of the marbles are red and 4 of the marbles are
blue.

How many different selections of 5 marbles contain at least 4 marbles of the same colour? [4]
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2 A company produces a particular type of metal rod. The lengths of these rods are normally distributed
with mean 25.2 cm and standard deviation 0.4 cm. A random sample of 500 of these rods is chosen.

How many rods in this sample would you expect to have a length that is within 0.5 cm of the mean
length? [5]
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3 (a) How many different arrangements are there of the 8 letters in the word RELEASED? [1]

(b) How many different arrangements are there of the 8 letters in the word RELEASED in which the
letters LED appear together in that order? [3]
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(¢) An arrangement of the 8 letters in the word RELEASED is chosen at random.

Find the probability that the letters A and D are not together. [4]
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4  To gain a place at a science college, students first have to pass a written test and then a practical test.
Each student is allowed a maximum of two attempts at the written test. A student is only allowed
a second attempt if they fail the first attempt. No student is allowed more than one attempt at the
practical test. If a student fails both attempts at the written test, then they cannot attempt the practical
test.
The probability that a student will pass the written test at the first attempt is 0.8. If a student fails the
first attempt at the written test, the probability that they will pass at the second attempt is 0.6. The
probability that a student will pass the practical test is always 0.3.

(a) Draw a tree diagram to represent this information, showing the probabilities on the branches.

[3]

(b) Find the probability that a randomly chosen student will succeed in gaining a place at the college.

(2]
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(¢) Find the probability that a randomly chosen student passes the written test at the first attempt
given that the student succeeds in gaining a place at the college. [2]
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5  The times taken by 200 players to solve a computer puzzle are summarised in the following table.

8

Time (¢t seconds)

0<r<10

10<1<20

201 <40

40<t<60

60 <7< 100

Number of players

16

54

78

32

20

(a) Draw a histogram to represent this information.
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(b) Calculate an estimate of the mean time taken by these 200 players. [2]
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6  In Questa, 60% of the adults travel to work by car.
(a) A random sample of 12 adults from Questa is taken.

Find the probability that the number who travel to work by car is less than 10. [3]

(b) A random sample of 150 adults from Questa is taken.

Use an approximation to find the probability that the number who travel to work by car is less
than 81. [5]
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7  Sharma knows that she has 3 tins of carrots, 2 tins of peas and 2 tins of sweetcorn in her cupboard.
All the tins are the same shape and size, but the labels have all been removed, so Sharma does not
know what each tin contains.

Sharma wants carrots for her meal, and she starts opening the tins one at a time, chosen randomly,
until she opens a tin of carrots. The random variable X is the number of tins that she needs to open.

(a) Show that P(X =3) = &. (2]
(b) Draw up the probability distribution table for X. [4]
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(¢) Find Var(X). (3]
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1  An ordinary fair die is thrown repeatedly until a 5 is obtained. The number of throws taken is denoted
by the random variable X.

(a) Write down the mean of X. [1]
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2 The weights of bags of sugar are normally distributed with mean 1.04 kg and standard deviation o kg.
In a random sample of 2000 bags of sugar, 72 weighed more than 1.10 kg.

Find the value of o. (4]
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3 On each day that Alexa goes to work, the probabilities that she travels by bus, by train or by car are
0.4, 0.35 and 0.25 respectively. When she travels by bus, the probability that she arrives late is 0.55.
When she travels by train, the probability that she arrives late is 0.7. When she travels by car, the
probability that she arrives late is x.

On a randomly chosen day when Alexa goes to work, the probability that she does not arrive late
is 0.48.

(a) Find the value of x. [3]
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4 A fair spinner has sides numbered 1, 2, 2. Another fair spinner has sides numbered -2, 0, 1. Each
spinner is spun. The number on the side on which a spinner comes to rest is noted. The random
variable X is the sum of the numbers for the two spinners.

(a) Draw up the probability distribution table for X. [3]
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5  Every day Richard takes a flight between Astan and Bejin. On any day, the probability that the flight

arrives early is 0.15, the probability that it arrives on time is 0.55 and the probability that it arrives
late is 0.3.

(a) Find the probability that on each of 3 randomly chosen days, Richard’s flight does not arrive late.
[1]

(b) Find the probability that for 9 randomly chosen days, Richard’s flight arrives early at least 3
times. [3]
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(c) 60 days are chosen at random.

Use an approximation to find the probability that Richard’s flight arrives early at least 12 times.

[5]
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6 (a) Find the total number of different arrangements of the 8 letters in the word TOMORROW.  [2]

(b) Find the total number of different arrangements of the 8 letters in the word TOMORROW that
have an R at the beginning and an R at the end, and in which the three Os are not all together.

[3]
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Four letters are selected at random from the 8 letters of the word TOMORROW.

(c) Find the probability that the selection contains at least one O and at least one R. [5]
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10

The heights, in cm, of the 11 basketball players in each of two clubs, the Amazons and the Giants, are
shown below.

Amazons | 205 | 198 | 181 | 182 | 190 | 215 | 201 | 178 | 202 | 196 | 184
Giants 175 | 182 | 184 | 187 | 189 | 192 | 193 | 195 | 195 | 195 | 204

(a) State an advantage of using a stem-and-leaf diagram compared to a box-and-whisker plot to
illustrate this information. [1]

(b) Represent the data by drawing a back-to-back stem-and-leaf diagram with Amazons on the
left-hand side of the diagram. (4]
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(¢) Find the interquartile range of the heights of the players in the Amazons. [2]

Four new players join the Amazons. The mean height of the 15 players in the Amazons is now
191.2 cm. The heights of three of the new players are 180 cm, 185 cm and 190 cm.

(d) Find the height of the fourth new player. [3]
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1  The heights in cm of 160 sunflower plants were measured. The results are summarised on the following
cumulative frequency curve.

(a) Use the graph to estimate the number of plants with heights less than 100 cm.
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(b) Use the graph to estimate the 65th percentile of the distribution. [2]

(¢) Use the graph to estimate the interquartile range of the heights of these plants. [2]

© UCLES 2021 9709/53/M/J/21 [Turn over



4

2 The random variable X can take only the values —2, —1, 0, 1, 2. The probability distribution of X is
given in the following table.

X -2 -1 0 1 2
P(X =x) p p 0.1 q q
Given that P(X > 0) = 3P(X < 0), find the values of p and g. [4]
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3 A sports club has a volleyball team and a hockey team. The heights of the 6 members of the volleyball
team are summarised by Xx = 1050 and X% =193 700, where x is the height of a member in cm.
The heights of the 11 members of the hockey team are summarised by £y = 1991 and Xy? = 366 400,
where y is the height of a member in cm.

(a) Find the mean height of all 17 members of the club. [2]
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4 Three fair six-sided dice, each with faces marked 1, 2, 3, 4, 5, 6, are thrown at the same time,
repeatedly. For a single throw of the three dice, the score is the sum of the numbers on the top faces.

(a) Find the probability that the score is 4 on a single throw of the three dice. [3]
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(b) Find the probability that a score of 18 is obtained for the first time on the 5th throw of the three
dice. [3]
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5  The lengths of the leaves of a particular type of tree are modelled by a normal distribution. A scientist
measures the lengths of a random sample of 500 leaves from this type of tree and finds that 42 are less
than 4 cm long and 100 are more than 10 cm long.

(a) Find estimates for the mean and standard deviation of the lengths of leaves from this type of tree.

[5]
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The lengths, in cm, of the leaves of a different type of tree have the distribution N(i, 6%). The scientist
takes a random sample of 800 leaves from this type of tree.

(b) Find how many of these leaves the scientist would expect to have lengths, in cm, between u — 20
and u + 20. (4]
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6 (a) How many different arrangements are there of the 11 letters in the word REQUIREMENT? [2]

(b) How many different arrangements are there of the 11 letters in the word REQUIREMENT in
which the two Rs are together and the three Es are together? [1]

(¢) How many different arrangements are there of the 11 letters in the word REQUIREMENT in
which there are exactly three letters between the two Rs? [3]

© UCLES 2021 9709/53/M/1/21



11
Five of the 11 letters in the word REQUIREMENT are selected.

(d) How many possible selections contain at least two Es and at least one R? [4]
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7  Intheregion of Arka, the total number of households in the three villages Reeta, Shan and Teber is 800.
Each of the households was asked about the quality of their broadband service. Their responses are
summarised in the following table.

Quality of broadband service
Excellent Good Poor
Reeta 75 118 32
Village | Shan 223 177 40
Teber 12 60 63

(a) (i) Find the probability that a randomly chosen household is in Shan and has poor broadband
service. [1]

(ii) Find the probability that a randomly chosen household has good broadband service given
that the household is in Shan. [2]

In the whole of Arka there are a large number of households. A survey showed that 35% of households
in Arka have no broadband service.

(b) (i) 10 households in Arka are chosen at random.

Find the probability that fewer than 3 of these households have no broadband service. [3]
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(ii) 120 households in Arka are chosen at random.

Use an approximation to find the probability that more than 32 of these households have no
broadband service. [5]
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1 Two fair coins are thrown at the same time. The random variable X is the number of throws of the
two coins required to obtain two tails at the same time.

(a) Find the probability that two tails are obtained for the first time on the 7th throw. [2]

(b) Find the probability that it takes more than 9 throws to obtain two tails for the first time. [2]

© UCLES 2021 9709/51/0/N/21



3

2 A summary of 40 values of x gives the following information:
¥(x — k) = 520, Y(x — k)% = 9640,

where k is a constant.

(a) Given that the mean of these 40 values of x is 34, find the value of k. [2]

© UCLES 2021 9709/51/0/N/21 [Turn over



4

3 For her bedtime drink, Suki has either chocolate, tea or milk with probabilities 0.45, 0.35 and 0.2
respectively. When she has chocolate, the probability that she has a biscuit is 0.3. When she has tea,
the probability that she has a biscuit is 0.6. When she has milk, she never has a biscuit.

Find the probability that Suki has tea given that she does not have a biscuit. [5]
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4 A fair spinner has edges numbered 0, 1, 2, 2. Another fair spinner has edges numbered —1, 0, 1. Each
spinner is spun. The number on the edge on which a spinner comes to rest is noted. The random
variable X is the sum of the numbers for the two spinners.

(a) Draw up the probability distribution table for X. [3]
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5 Raman and Sanjay are members of a quiz team which has 9 members in total. Two photographs of
the quiz team are to be taken.

For the first photograph, the 9 members will stand in a line.

(a) How many different arrangements of the 9 members are possible in which Raman will be at the
centre of the line? [1]

(b) How many different arrangements of the 9 members are possible in which Raman and Sanjay are
not next to each other? [3]
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For the second photograph, the members will stand in two rows, with 5 in the back row and 4 in the
front row.

(¢) In how many different ways can the 9 members be divided into a group of 5 and a group of 4?

[2]

(d) For a random division into a group of 5 and a group of 4, find the probability that Raman and
Sanjay are in the same group as each other. [4]
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6  The weights, in kg, of 15 rugby players in the Rebels club and 15 soccer players in the Sharks club
are shown below.

Rebels | 75 | 78 | 79 | 80 | 82 | 82 | 83 | 84 | 85 | 86 | 89 | 93 | 95 | 99 | 102
Sharks | 66 | 68 | 71 | 72 | 74 | 75 | 75 | 76 | 78 | 83 | 83 | 84 | &5 | 86 | 92

(a) Represent the data by drawing a back-to-back stem-and-leaf diagram with Rebels on the left-hand
side of the diagram. [4]

(b) Find the median and the interquartile range for the Rebels. [3]
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A box-and-whisker plot for the Sharks is shown below.

Sharks
>
60 70 80 90 100 110
Weight (kg)
(¢) On the same diagram, draw a box-and-whisker plot for the Rebels. [2]

(d) Make one comparison between the weights of the players in the Rebels club and the weights of
the players in the Sharks club. [1]
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7  The times, in minutes, that Karli spends each day on social media are normally distributed with
mean 125 and standard deviation 24.

(@) (i) On how many days of the year (365 days) would you expect Karli to spend more than
142 minutes on social media? [5]

(ii) Find the probability that Karli spends more than 142 minutes on social media on fewer than
2 of 10 randomly chosen days. [3]
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(b) On 90% of days, Karli spends more than  minutes on social media.

Find the value of ¢. (3]
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1  Each of the 180 students at a college plays exactly one of the piano, the guitar and the drums. The
numbers of male and female students who play the piano, the guitar and the drums are given in the
following table.

Piano Guitar | Drums
Male 25 44 11
Female 42 38 20

A student at the college is chosen at random.

(a) Find the probability that the student plays the guitar. [1]

(c) Determine whether the events ‘the student plays the guitar’ and ‘the student is female’ are
independent, justifying your answer. [2]
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2 A group of 6 people is to be chosen from 4 men and 11 women.

(a) In how many different ways can a group of 6 be chosen if it must contain exactly 1 man? [2]

Two of the 11 women are sisters Jane and Kate.

(b) In how many different ways can a group of 6 be chosen if Jane and Kate cannot both be in the
group? [3]
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3 A bag contains 5 yellow and 4 green marbles. Three marbles are selected at random from the bag,
without replacement.

(a) Show that the probability that exactly one of the marbles is yellow is 15—4. [3]

The random variable X is the number of yellow marbles selected.

(b) Draw up the probability distribution table for X. [3]
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4 (a) Inhow many different ways can the 9 letters of the word TELESCOPE be arranged? [2]

(b) In how many different ways can the 9 letters of the word TELESCOPE be arranged so that there
are exactly two letters between the T and the C? (4]
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5 Inacertain region, the probability that any given day in October is wet is 0.16, independently of other

days.
(a) Find the probability that, in a 10-day period in October, fewer than 3 days will be wet. [3]
(b) Find the probability that the first wet day in October is 8 October. [2]

(¢) For 4 randomly chosen years, find the probability that in exactly 1 of these years the first wet day
in October is 8 October. [2]
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6  The times taken, in minutes, to complete a particular task by employees at a large company are
normally distributed with mean 32.2 and standard deviation 9.6.

(a) Find the probability that a randomly chosen employee takes more than 28.6 minutes to complete
the task. [3]

(b) 20% of employees take longer than ¢ minutes to complete the task.

Find the value of ¢. (3]
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(¢) Find the probability that the time taken to complete the task by a randomly chosen employee
differs from the mean by less than 15.0 minutes. (4]
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7 The distances, x m, travelled to school by 140 children were recorded. The results are summarised in
the table below.

Distance, x m x<200 [ x<300 | x<500 | x<900 | x< 1200 | x <1600
Cumulative frequency 16 46 88 122 134 140
(a) On the grid, draw a cumulative frequency graph to represent these results. [2]
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(b) Use your graph to estimate the interquartile range of the distances. [2]
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1  The 26 members of the local sports club include Mr and Mrs Khan and their son Abad. The club is
holding a party to celebrate Abad’s birthday, but there is only room for 20 people to attend.

In how many ways can the 20 people be chosen from the 26 members of the club, given that Mr and
Mrs Khan and Abad must be included? [2]
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2  Lakeview and Riverside are two schools. The pupils at both schools took part in a competition to see
how far they could throw a ball. The distances thrown, to the nearest metre, by 11 pupils from each
school are shown in the following table.

Lakeview | 10 14 19 22 26 27 28 30 32 33 41
Riverside 23 36 21 18 37 25 18 20 24 30 25

(a) Draw a back-to-back stem-and-leaf diagram to represent this information, with Lakeview on the
left-hand side. (4]

(b) Find the interquartile range of the distances thrown by the 11 pupils at Lakeview school. [2]
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3  The times taken, in minutes, by 360 employees at a large company to travel from home to work are
summarised in the following table.

Time, ¢ minutes 0<t<5 5€t<10 | 10<t<20 |20<1t<30|30<1r<50
Frequency 23 102 135 76 24

(a) Draw a histogram to represent this information. [4]
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(b) Calculate an estimate of the mean time taken by an employee to travel to work. [2]
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4  Raj wants to improve his fitness, so every day he goes for a run. The times, in minutes, of his runs
have a normal distribution with mean 41.2 and standard deviation 3.6.

(a) Find the probability that on a randomly chosen day Raj runs for more than 43.2 minutes. [3]

(b) Find an estimate for the number of days in a year (365 days) on which Raj runs for
less than 43.2 minutes. [2]
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(¢) On 95% of days, Raj runs for more than ¢ minutes.

Find the value of t. [3]
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5 A security code consists of 2 letters followed by a 4-digit number. The letters are chosen from

{A, B, C, D, E} and the digits are chosen from {1, 2, 3, 4, 5, 6, 7}. No letter or digit may appear more
than once. An example of a code is BE3216.

(a) How many different codes can be formed? [2]
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A security code is formed at random.

(¢) Find the probability that the code is DE followed by a number between 4500 and 5000. [3]
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6 Ina game, Jim throws three darts at a board. This is called a ‘turn’. The centre of the board is called
the bull’s-eye.

The random variable X is the number of darts in a turn that hit the bull’s-eye. The probability
distribution of X is given in the following table.

X 0 1 2 3
PX=x)| 0.6 p q 0.05
It is given that E(X) = 0.55.
(a) Find the values of p and g. (4]
(b) Find Var(X). [2]
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Jim is practising for a competition and he repeatedly throws three darts at the board.

(¢) Find the probability that X = 1 in at least 3 of 12 randomly chosen turns. [3]

(d) Find the probability that Jim first succeeds in hitting the bull’s-eye with all three darts on his 9th
turn. [1]
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7  Box A contains 6 red balls and 4 blue balls. Box B contains x red balls and 9 blue balls. A ball is
chosen at random from box A and placed in box B. A ball is then chosen at random from box B.

(a) Complete the tree diagram below, giving the remaining four probabilities in terms of x. [3]
Box A Box B
Red
Red
6
10
Blue
Red
4
10
Blue
Blue

(b) Show that the probability that both balls chosen are blue is 1o
X
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It is given that the probability that both balls chosen are blue is é

(¢) Find the probability, correct to 3 significant figures, that the ball chosen from box A is red given
that the ball chosen from box B is red. [5]
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