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3 Two commentators gave ratings out of 100 for seven sports personalities. The ratings are shown in
the table below.

Personality A B C D E F G

Commentator I 73 76 78 65 86 82 91
Commentator II 77 78 79 80 86 89 95

(i) Calculate Spearman’s rank correlation coefficient for these ratings. [5]

(ii) State what your answer tells you about the ratings given by the two commentators. [1]

4 The table below shows the probability distribution of the random variable X.

x −2 −1 0 1 2

P(X = x) 1
4

1
5 k 2

5
1
10

(i) Find the value of the constant k. [2]

(ii) Calculate the values of E(X) and Var(X). [5]

5 On average 1 in 20 members of the population of this country has a particular DNA feature. Members
of the population are selected at random until one is found who has this feature.

(i) Find the probability that the first person to have this feature is

(a) the sixth person selected, [3]

(b) not among the first 10 people selected. [3]

(ii) Find the expected number of people selected. [2]

6 Louise and Marie play a series of tennis matches. It is given that, in any match, the probability that
Louise wins the first two sets is 3

8.

(i) Find the probability that, in 5 randomly chosen matches, Louise wins the first two sets in exactly
2 of the matches. [3]

It is also given that Louise and Marie are equally likely to win the first set.

(ii) Show that P(Louise wins the second set, given that she won the first set) = 3
4. [2]

(iii) The probability that Marie wins the first two sets is 1
3. Find

P(Marie wins the second set, given that she won the first set). [2]
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7 It is known that, on average, one match box in 10 contains fewer than 42 matches. Eight boxes are
selected, and the number of boxes that contain fewer than 42 matches is denoted by Y .

(i) State two conditions needed to model Y by a binomial distribution. [2]

Assume now that a binomial model is valid.

(ii) Find

(a) P(Y = 0), [2]

(b) P(Y ≥ 2). [2]

(iii) On Wednesday 8 boxes are selected, and on Thursday another 8 boxes are selected. Find the
probability that on one of these days the number of boxes containing fewer than 42 matches is 0,
and that on the other day the number is 2 or more. [3]

8 An examination paper consists of 8 questions, of which one is on geometric distributions and one is
on binomial distributions.

(i) If the 8 questions are arranged in a random order, find the probability that the question on
geometric distributions is next to the question on binomial distributions. [3]

Four of the questions, including the one on geometric distributions, are worth 7 marks each, and the
remaining four questions, including the one on binomial distributions, are worth 9 marks each. The
7-mark questions are the first four questions on the paper, but are arranged in random order. The
9-mark questions are the last four questions, but are arranged in random order. Find the probability
that

(ii) the questions on geometric distributions and on binomial distributions are next to one another,
[3]

(iii) the questions on geometric distributions and on binomial distributions are separated by at least 2
other questions. [4]

9 Five observations of bivariate data produce the following results, denoted as (xi, yi) for i = 1, 2, 3, 4, 5.

(13, 2.7) (13, 4.0) (18, 2.8) (23, 3.3) (23, 2.2)
[Σ x = 90, Σ y = 15.0, Σ x2 = 1720, Σ y2 = 46.86, Σ xy = 264.0.]

(i) Show that the regression line of y on x has gradient −0.06, and find its equation in the form
y = a + bx. [4]

(ii) The regression line is used to estimate the value of y corresponding to x = 20, but the value x = 20
is accurate only to the nearest whole number. Calculate the difference between the largest and
the smallest values that the estimated value of y could take. [3]

The numbers e1, e2, e3, e4, e5 are defined by

ei = a + bxi − yi for i = 1, 2, 3, 4, 5.

(iii) The values of e1, e2 and e3 are 0.6, −0.7 and 0.2 respectively. Calculate the values of e4 and e5.
[2]

(iv) Calculate the value of e2
1 + e2

2 + e2
3 + e2

4 + e2
5 and explain the relevance of this quantity to the

regression line found in part (i). [2]

(v) Find the mean and the variance of e1, e2, e3, e4, e5. [4]
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1 (i) Calculate the value of Spearman’s rank correlation coefficient between the two sets of rankings,
A and B, shown in Table 1. [4]

A 1 2 3 4 5

B 4 1 3 2 5

Table 1

(ii) The value of Spearman’s rank correlation coefficient between the set of rankings B and a third
set of rankings, C, is known to be −1. Copy and complete Table 2 showing the set of rankings C.

[2]

B 4 1 3 2 5

C

Table 2

2 The probability that a certain sample of radioactive material emits an alpha-particle in one unit of time
is 0.14. In one unit of time no more than one alpha-particle can be emitted. The number of units of
time up to and including the first in which an alpha-particle is emitted is denoted by T .

(i) Find the value of

(a) P(T = 5), [3]

(b) P(T < 8). [3]

(ii) State the value of E(T). [2]

3 In a supermarket the proportion of shoppers who buy washing powder is denoted by p. 16 shoppers
are selected at random.

(i) Given that p = 0.35, use tables to find the probability that the number of shoppers who buy
washing powder is

(a) at least 8, [3]

(b) between 4 and 9 inclusive. [2]

(ii) Given instead that p = 0.38, find the probability that the number of shoppers who buy washing
powder is exactly 6. [3]
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1 (i) Calculate the value of Spearman’s rank correlation coefficient between the two sets of rankings,
A and B, shown in Table 1. [4]

A 1 2 3 4 5

B 4 1 3 2 5

Table 1

(ii) The value of Spearman’s rank correlation coefficient between the set of rankings B and a third
set of rankings, C, is known to be −1. Copy and complete Table 2 showing the set of rankings C.

[2]

B 4 1 3 2 5

C

Table 2

2 The probability that a certain sample of radioactive material emits an alpha-particle in one unit of time
is 0.14. In one unit of time no more than one alpha-particle can be emitted. The number of units of
time up to and including the first in which an alpha-particle is emitted is denoted by T .

(i) Find the value of

(a) P(T = 5), [3]

(b) P(T < 8). [3]

(ii) State the value of E(T). [2]

3 In a supermarket the proportion of shoppers who buy washing powder is denoted by p. 16 shoppers
are selected at random.

(i) Given that p = 0.35, use tables to find the probability that the number of shoppers who buy
washing powder is

(a) at least 8, [3]

(b) between 4 and 9 inclusive. [2]

(ii) Given instead that p = 0.38, find the probability that the number of shoppers who buy washing
powder is exactly 6. [3]
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1 Some observations of bivariate data were made and the equations of the two regression lines were
found to be as follows.

y on x : y = −0.6x + 13.0
x on y : x = −1.6y + 21.0

(i) State, with a reason, whether the correlation between x and y is negative or positive. [1]

(ii) Neither variable is controlled. Calculate an estimate of the value of x when y = 7.0. [2]

(iii) Find the values of x and y. [3]

2 A bag contains 5 black discs and 3 red discs. A disc is selected at random from the bag. If it is red it
is replaced in the bag. If it is black, it is not replaced. A second disc is now selected at random from
the bag.

Find the probability that

(i) the second disc is black, given that the first disc was black, [1]

(ii) the second disc is black, [3]

(iii) the two discs are of different colours. [3]

3 Each of the 7 letters in the word DIVIDED is printed on a separate card. The cards are arranged in a
row.

(i) How many different arrangements of the letters are possible? [3]

(ii) In how many of these arrangements are all three Ds together? [2]

The 7 cards are now shuffled and 2 cards are selected at random, without replacement.

(iii) Find the probability that at least one of these 2 cards has D printed on it. [3]

4 (i) The random variable X has the distribution B(25, 0.2). Using the tables of cumulative binomial
probabilities, or otherwise, find P(X ≥ 5). [2]

(ii) The random variable Y has the distribution B(10, 0.27). Find P(Y = 3). [2]

(iii) The random variable Z has the distribution B(n, 0.27). Find the smallest value of n such that
P(Z ≥ 1) > 0.95. [3]

5 The probability distribution of a discrete random variable, X, is given in the table.

x 0 1 2 3

P(X = x) 1
3

1
4 p q

It is given that the expectation, E(X), is 11
4.

(i) Calculate the values of p and q. [5]

(ii) Calculate the standard deviation of X. [4]

4732/S06

physicsandmathstutor.com

(Q4, June 2006)

5

4

7 In a UK government survey in 2000, smokers were asked to estimate the time between their waking
and their having the first cigarette of the day. For heavy smokers, the results were as follows.

Time between waking 1 to 4 5 to 14 15 to 29 30 to 59 At least 60
and first cigarette minutes minutes minutes minutes minutes

Percentage of smokers 31 27 19 14 9

Times are given correct to the nearest minute.

(i) Assuming that ‘At least 60 minutes’ means ‘At least 60 minutes but less than 240 minutes’,
calculate estimates for the mean and standard deviation of the time between waking and first
cigarette for these smokers. [6]

(ii) Find an estimate for the interquartile range of the time between waking and first cigarette for
these smokers. Give your answer correct to the nearest minute. [4]

(iii) The meaning of ‘At least 60 minutes’ is now changed to ‘At least 60 minutes but less than
480 minutes’. Without further calculation, state whether this would cause an increase, a decrease
or no change in the estimated value of

(a) the mean, [1]

(b) the standard deviation, [1]

(c) the interquartile range. [1]

8 Henry makes repeated attempts to light his gas fire. He makes the modelling assumption that the
probability that the fire will light on any attempt is 1

3.

Let X be the number of attempts at lighting the fire, up to and including the successful attempt.

(i) Name the distribution of X, stating a further modelling assumption needed. [2]

In the rest of this question, you should use the distribution named in part (i).

(ii) Calculate

(a) P(X = 4), [3]

(b) P(X < 4). [3]

(iii) State the value of E(X). [1]

(iv) Henry has to light the fire once a day, starting on March 1st. Calculate the probability that the
first day on which fewer than 4 attempts are needed to light the fire is March 3rd. [3]
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6 A coin is biased so that the probability that it will show heads on any throw is 2
3. The coin is thrown

repeatedly.

The number of throws up to and including the first head is denoted by X. Find

(i) P(X = 4), [3]

(ii) P(X < 4), [3]

(iii) E(X). [2]

7 A bag contains three 1p coins and seven 2p coins. Coins are removed at random one at a time, without
replacement, until the total value of the coins removed is at least 3p. Then no more coins are removed.

(i) Copy and complete the probability tree diagram. [5]

Find the probability that

(ii) exactly two coins are removed, [3]

(iii) the total value of the coins removed is 4p. [3]
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8 In the 2001 census, the household size (the number of people living in each household) was recorded.
The percentages of households of different sizes were then calculated. The table shows the percentages
for two wards, Withington and Old Moat, in Manchester.

Household size

1 2 3 4 5 6 7 or more

Withington 34.1 26.1 12.7 12.8 8.2 4.0 2.1

Old Moat 35.1 27.1 14.7 11.4 7.6 2.8 1.3

(i) Calculate the median and interquartile range of the household size for Withington. [3]

(ii) Making an appropriate assumption for the last class, which should be stated, calculate the mean
and standard deviation of the household size for Withington. Give your answers to an appropriate
degree of accuracy. [6]

The corresponding results for Old Moat are as follows.

Median Interquartile Mean Standard
range deviation

2 2 2.4 1.5

(iii) State one advantage of using the median rather than the mean as a measure of the average
household size. [1]

(iv) By comparing the values for Withington with those for Old Moat, explain briefly why the
interquartile range may be less suitable than the standard deviation as a measure of the variation
in household size. [1]

(v) For one of the above wards, the value of Spearman’s rank correlation coefficient between
household size and percentage is −1. Without any calculation, state which ward this is. Explain
your answer. [2]

9 A variable X has the distribution B(11, p).
(i) Given that p = 3

4, find P(X = 5). [2]

(ii) Given that P(X = 0) = 0.05, find p. [4]

(iii) Given that Var(X) = 1.76, find the two possible values of p. [5]
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7 On average, 25% of the packets of a certain kind of soup contain a voucher. Kim buys one packet of
soup each week for 12 weeks. The number of vouchers she obtains is denoted by X.

(i) State two conditions needed for X to be modelled by the distribution B 12, 0.25 . [2]

In the rest of this question you should assume that these conditions are satisfied.

(ii) Find P X 6 . [2]

In order to claim a free gift, 7 vouchers are needed.

(iii) Find the probability that Kim will be able to claim a free gift at some time during the 12 weeks.
[1]

(iv) Find the probability that Kim will be able to claim a free gift in the 12th week but not before.
[4]

8 (i) A biased coin is thrown twice. The probability that it shows heads both times is 0.04. Find the
probability that it shows tails both times. [3]

(ii) Another coin is biased so that the probability that it shows heads on any throw is p. The probability
that the coin shows heads exactly once in two throws is 0.42. Find the two possible values of p.

[5]

9 (i) A random variable X has the distribution Geo 1
5 . Find

(a) E X , [2]

(b) P X 4 , [2]

(c) P X 4 . [2]

(ii) A random variable Y has the distribution Geo p , and q 1 p.

(a) Show that P Y is odd p q2p q4p . . . . [1]

(b) Use the formula for the sum to infinity of a geometric progression to show that

P Y is odd
1

1 q
. 4
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7 On average, 25% of the packets of a certain kind of soup contain a voucher. Kim buys one packet of
soup each week for 12 weeks. The number of vouchers she obtains is denoted by X.

(i) State two conditions needed for X to be modelled by the distribution B 12, 0.25 . [2]

In the rest of this question you should assume that these conditions are satisfied.

(ii) Find P X 6 . [2]

In order to claim a free gift, 7 vouchers are needed.

(iii) Find the probability that Kim will be able to claim a free gift at some time during the 12 weeks.
[1]

(iv) Find the probability that Kim will be able to claim a free gift in the 12th week but not before.
[4]

8 (i) A biased coin is thrown twice. The probability that it shows heads both times is 0.04. Find the
probability that it shows tails both times. [3]

(ii) Another coin is biased so that the probability that it shows heads on any throw is p. The probability
that the coin shows heads exactly once in two throws is 0.42. Find the two possible values of p.

[5]

9 (i) A random variable X has the distribution Geo 1
5 . Find

(a) E X , [2]

(b) P X 4 , [2]

(c) P X 4 . [2]

(ii) A random variable Y has the distribution Geo p , and q 1 p.

(a) Show that P Y is odd p q2p q4p . . . . [1]

(b) Use the formula for the sum to infinity of a geometric progression to show that

P Y is odd
1

1 q
. 4
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1 (i) The letters A, B, C, D and E are arranged in a straight line.

(a) How many different arrangements are possible? [2]

(b) In how many of these arrangements are the letters A and B next to each other? [3]

(ii) From the letters A, B, C, D and E, two different letters are selected at random. Find the probability
that these two letters are A and B. [2]

2 A random variable T has the distribution Geo!1
5". Find

(i) P(T = 4), [2]

(ii) P(T > 4), [2]

(iii) E(T). [1]

3 A sample of bivariate data was taken and the results were summarised as follows.

n = 5 Σ x = 24 Σ x2 = 130 Σ y = 39 Σ y2 = 361 Σ xy = 212

(i) Show that the value of the product moment correlation coefficient r is 0.855, correct to 3 significant
figures. [2]

(ii) The ranks of the data were found. One student calculated Spearman’s rank correlation coefficient
rs, and found that rs = 0.7. Another student calculated the product moment coefficient, R, of
these ranks. State which one of the following statements is true, and explain your answer briefly.

(A) R = 0.855
(B) R = 0.7
(C) It is impossible to give the value of R without carrying out a calculation using the original

data.
[2]

(iii) All the values of x are now multiplied by a scaling factor of 2. State the new values of r and rs.
[2]

4 A supermarket has a large stock of eggs. 40% of the stock are from a firm called Eggzact. 12% of the
stock are brown eggs from Eggzact.

An egg is chosen at random from the stock. Calculate the probability that

(i) this egg is brown, given that it is from Eggzact, [2]

(ii) this egg is from Eggzact and is not brown. [2]
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5 (i) 20% of people in the large town of Carnley support the Residents’ Party. 12 people from Carnley
are selected at random. Out of these 12 people, the number who support the Residents’ Party is
denoted by U.

Find

(a) P(U ≤ 5), [2]

(b) P(U ≥ 3). [3]

(ii) 30% of people in Carnley support the Commerce Party. 15 people from Carnley are selected at
random. Out of these 15 people, the number who support the Commerce Party is denoted by V .

Find P(V = 4). [3]

6 The probability distribution for a random variable Y is shown in the table.

y 1 2 3

P(Y = y) 0.2 0.3 0.5

(i) Calculate E(Y) and Var(Y). [5]

Another random variable, Z, is independent of Y . The probability distribution for Z is shown in the
table.

# 1 2 3

P(Z = #) 0.1 0.25 0.65

One value of Y and one value of Z are chosen at random. Find the probability that

(ii) Y + Z = 3, [3]

(iii) Y × Z is even. [3]

7 (i) Andrew plays 10 tennis matches. In each match he either wins or loses.

(a) State, in this context, two conditions needed for a binomial distribution to arise. [2]

(b) Assuming these conditions are satisfied, define a variable in this context which has a binomial
distribution. [1]

(ii) The random variable X has the distribution B(21, p), where 0 < p < 1.

Given that P(X = 10) = P(X = 9), find the value of p. [5]
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5 (i) 20% of people in the large town of Carnley support the Residents’ Party. 12 people from Carnley
are selected at random. Out of these 12 people, the number who support the Residents’ Party is
denoted by U.

Find

(a) P(U ≤ 5), [2]

(b) P(U ≥ 3). [3]

(ii) 30% of people in Carnley support the Commerce Party. 15 people from Carnley are selected at
random. Out of these 15 people, the number who support the Commerce Party is denoted by V .

Find P(V = 4). [3]

6 The probability distribution for a random variable Y is shown in the table.

y 1 2 3

P(Y = y) 0.2 0.3 0.5

(i) Calculate E(Y) and Var(Y). [5]

Another random variable, Z, is independent of Y . The probability distribution for Z is shown in the
table.

# 1 2 3

P(Z = #) 0.1 0.25 0.65

One value of Y and one value of Z are chosen at random. Find the probability that

(ii) Y + Z = 3, [3]

(iii) Y × Z is even. [3]

7 (i) Andrew plays 10 tennis matches. In each match he either wins or loses.

(a) State, in this context, two conditions needed for a binomial distribution to arise. [2]

(b) Assuming these conditions are satisfied, define a variable in this context which has a binomial
distribution. [1]

(ii) The random variable X has the distribution B(21, p), where 0 < p < 1.

Given that P(X = 10) = P(X = 9), find the value of p. [5]
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3 Erika is a birdwatcher. The probability that she will see a woodpecker on any given day is 1
8. It is

assumed that this probability is unaffected by whether she has seen a woodpecker on any other day.

(i) Calculate the probability that Erika first sees a woodpecker

(a) on the third day, [3]

(b) after the third day. [3]

(ii) Find the expectation of the number of days up to and including the first day on which she sees a
woodpecker. [1]

(iii) Calculate the probability that she sees a woodpecker on exactly 2 days in the first 15 days. [3]

4 Three tutors each marked the coursework of five students. The marks are given in the table.

Student A B C D E

Tutor 1 73 67 60 48 39

Tutor 2 62 50 61 76 65

Tutor 3 42 50 63 54 71

(i) Calculate Spearman’s rank correlation coefficient, rs, between the marks for tutors 1 and 2. [5]

(ii) The values of rs for the other pairs of tutors, are as follows.

Tutors 1 and 3: rs = −0.9

Tutors 2 and 3: rs = 0.3

State which two tutors differ most widely in their judgements. Give your reason. [2]
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7 At a factory that makes crockery the quality control department has found that 10% of plates have
minor faults. These are classed as ‘seconds’. Plates are stored in batches of 12. The number of
seconds in a batch is denoted by X.

(i) State an appropriate distribution with which to model X. Give the value(s) of any parameter(s)
and state any assumptions required for the model to be valid. [4]

Assume now that your model is valid.

(ii) Find

(a) P(X = 3), [2]

(b) P(X ≥ 1). [2]

(iii) A random sample of 4 batches is selected. Find the probability that the number of these batches
that contain at least 1 second is fewer than 3. [4]

8 A game uses an unbiased die with faces numbered 1 to 6. The die is thrown once. If it shows 4 or 5 or
6 then this number is the final score. If it shows 1 or 2 or 3 then the die is thrown again and the final
score is the sum of the numbers shown on the two throws.

(i) Find the probability that the final score is 4. [3]

(ii) Given that the die is thrown only once, find the probability that the final score is 4. [1]

(iii) Given that the die is thrown twice, find the probability that the final score is 4. [3]
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1 20% of packets of a certain kind of cereal contain a free gift. Jane buys one packet a week for 8 weeks.
The number of free gifts that Jane receives is denoted by X. Assuming that Jane’s 8 packets can be
regarded as a random sample, find

(i) P(X = 3), [3]

(ii) P(X ≥ 3), [2]

(iii) E(X). [2]

2 Two judges placed 7 dancers in rank order. Both judges placed dancers A and B in the first two places,
but in opposite orders. The judges agreed about the ranks for all the other 5 dancers. Calculate the
value of Spearman’s rank correlation coefficient. [4]

3 In an agricultural experiment, the relationship between the amount of water supplied, x units, and the
yield, y units, was investigated. Six values of x were chosen and for each value of x the corresponding
value of y was measured. The results are shown in the table.

x 1 2 3 4 5 6

y 3 6 8 8 11 10

These results, together with the regression line of y on x, are plotted on the graph.

0 1 2 3 4 5 6 7
0

2

4

6

8

10

12

x

y

(i) Give a reason why the regression line of x on y is not suitable in this context. [1]

(ii) Explain the significance, for the regression line of y on x, of the distances shown by the vertical
dotted lines in the diagram. [2]

(iii) Calculate the value of the product moment correlation coefficient, r. [3]

(iv) Comment on your value of r in relation to the diagram. [2]
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4 30% of people own a Talk-2 phone. People are selected at random, one at a time, and asked whether
they own a Talk-2 phone. The number of people questioned, up to and including the first person who
owns a Talk-2 phone, is denoted by X. Find

(i) P(X = 4), [3]

(ii) P(X > 4), [2]

(iii) P(X < 6). [3]

5 The diameters of 100 pebbles were measured. The measurements rounded to the nearest millimetre,
x, are summarised in the table.

x 10 ≤ x ≤ 19 20 ≤ x ≤ 24 25 ≤ x ≤ 29 30 ≤ x ≤ 49

Number of stones 25 22 29 24

These data are to be presented on a statistical diagram.

(i) For a histogram, find the frequency density of the 10 ≤ x ≤ 19 class. [2]

(ii) For a cumulative frequency graph, state the coordinates of the first two points that should be
plotted. [2]

(iii) Why is it not possible to draw an exact box-and-whisker plot to illustrate the data? [1]

6 Last year Eleanor played 11 rounds of golf. Her scores were as follows:

79, 71, 80, 67, 67, 74, 66, 65, 71, 66, 64.

(i) Calculate the mean of these scores and show that the standard deviation is 5.31, correct to
3 significant figures. [4]

(ii) Find the median and interquartile range of the scores. [4]

This year, Eleanor also played 11 rounds of golf. The standard deviation of her scores was 4.23,
correct to 3 significant figures, and the interquartile range was the same as last year.

(iii) Give a possible reason why the standard deviation of her scores was lower than last year although
her interquartile range was unchanged. [1]

In golf, smaller scores mean a better standard of play than larger scores. Ken suggests that since the
standard deviation was smaller this year, Eleanor’s overall standard has improved.

(iv) Explain why Ken is wrong. [1]

(v) State what the smaller standard deviation does show about Eleanor’s play. [1]

[Questions 7, 8 and 9 are printed overleaf.]
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7 Three letters are selected at random from the 8 letters of the word COMPUTER, without regard to
order.

(i) Find the number of possible selections of 3 letters. [2]

(ii) Find the probability that the letter P is included in the selection. [3]

Three letters are now selected at random, one at a time, from the 8 letters of the word COMPUTER,
and are placed in order in a line.

(iii) Find the probability that the 3 letters form the word TOP. [3]

8 A game at a charity event uses a bag containing 19 white counters and 1 red counter. To play the
game once a player takes counters at random from the bag, one at a time, without replacement. If the
red counter is taken, the player wins a prize and the game ends. If not, the game ends when 3 white
counters have been taken. Niko plays the game once.

(i) (a) Copy and complete the tree diagram showing the probabilities for Niko. [4]

White

Red

19
20

1
20

First�counter

(b) Find the probability that Niko will win a prize. [3]

(ii) The number of counters that Niko takes is denoted by X.

(a) Find P(X = 3). [2]

(b) Find E(X). [4]

9 Repeated independent trials of a certain experiment are carried out. On each trial the probability of
success is 0.12.

(i) Find the smallest value of n such that the probability of at least one success in n trials is more
than 0.95. [3]

(ii) Find the probability that the 3rd success occurs on the 7th trial. [5]
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1 Andy makes repeated attempts to thread a needle. The number of attempts up to and including his
first success is denoted by X.

(i) State two conditions necessary for X to have a geometric distribution. [2]

(ii) Assuming that X has the distribution Geo(0.3), find

(a) P(X = 5), [2]

(b) P(X > 5). [3]

(iii) Suggest a reason why one of the conditions you have given in part (i) might not be satisfied in
this context. [2]

2 40 people were asked to guess the length of a certain road. Each person gave their guess, l km, correct
to the nearest kilometre. The results are summarised below.

l 10–12 13–15 16–20 21–30

Frequency 1 13 20 6

(i) (a) Use appropriate formulae to calculate estimates of the mean and standard deviation of l.
[6]

(b) Explain why your answers are only estimates. [1]

(ii) A histogram is to be drawn to illustrate the data. Calculate the frequency density of the block
for the 16–20 class. [2]

(iii) Explain which class contains the median value of l. [2]

(iv) Later, the person whose guess was between 10 km and 12 km changed his guess to between
13 km and 15 km. Without calculation state whether the following will increase, decrease or
remain the same:

(a) the mean of l, [1]

(b) the standard deviation of l. [1]
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8 The five letters of the word NEVER are arranged in random order in a straight line.

(i) How many different orders of the letters are possible? [2]

(ii) In how many of the possible orders are the two Es next to each other? [2]

(iii) Find the probability that the first two letters in the order include exactly one letter E. [3]

9 R and S are independent random variables each having the distribution Geo(p).
(i) Find P(R = 1 and S = 1) in terms of p. [1]

(ii) Show that P(R = 3 and S = 3) = p2q4, where q = 1 − p. [1]

(iii) Use the formula for the sum to infinity of a geometric series to show that

P(R = S) = p

2 − p
. [5]
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3 (i) Some values, (x, y), of a bivariate distribution are plotted on a scatter diagram and a regression
line is to be drawn. Explain how to decide whether the regression line of y on x or the regression
line of x on y is appropriate. [2]

(ii) In an experiment the temperature, x ◦C, of a rod was gradually increased from 0 ◦C, and the
extension, y mm, was measured nine times at 50 ◦C intervals. The results are summarised below.

n = 9 Σ x = 1800 Σ y = 14.4 Σ x2 = 510 000 Σ y2 = 32.6416 Σ xy = 4080

(a) Show that the gradient of the regression line of y on x is 0.008 and find the equation of this
line. [4]

(b) Use your equation to estimate the temperature when the extension is 2.5 mm. [1]

(c) Use your equation to estimate the extension for a temperature of −50 ◦C. [1]

(d) Comment on the meaning and the reliability of your estimate in part (c). [2]

4 (i) The random variable W has the distribution B!10, 1
3". Find

(a) P(W ≤ 2), [1]

(b) P(W = 2). [2]

(ii) The random variable X has the distribution B(15, 0.22).
(a) Find P(X = 4). [2]

(b) Find E(X) and Var(X). [3]

5 Each of four cards has a number printed on it as shown.

1 2 3 3

Two of the cards are chosen at random, without replacement. The random variable X denotes the sum
of the numbers on these two cards.

(i) Show that P(X = 6) = 1
6 and P(X = 4) = 1

3. [3]

(ii) Write down all the possible values of X and find the probability distribution of X. [4]

(iii) Find E(X) and Var(X). [5]

6 There are 10 numbers in a list. The first 9 numbers have mean 6 and variance 2. The 10th number
is 3. Find the mean and variance of all 10 numbers. [6]

[Questions 7 and 8 are printed overleaf.]
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7 The menu below shows all the dishes available at a certain restaurant.

Rice dishes Main dishes Vegetable dishes

Boiled rice Chicken Mushrooms

Fried rice Beef Cauliflower

Pilau rice Lamb Spinach

Keema rice Mixed grill Lentils

Prawn Potatoes

Vegetarian

A group of friends decide that they will share a total of 2 different rice dishes, 3 different main dishes
and 4 different vegetable dishes from this menu. Given these restrictions,

(i) find the number of possible combinations of dishes that they can choose to share, [3]

(ii) assuming that all choices are equally likely, find the probability that they choose boiled rice.
[2]

The friends decide to add a further restriction as follows. If they choose boiled rice, they will not
choose potatoes.

(iii) Find the number of possible combinations of dishes that they can now choose. [3]

8 The proportion of people who watch West Street on television is 30%. A market researcher interviews
people at random in order to contact viewers of West Street. Each day she has to contact a certain
number of viewers of West Street.

(i) Near the end of one day she finds that she needs to contact just one more viewer of West Street.
Find the probability that the number of further interviews required is

(a) 4, [3]

(b) less than 4. [3]

(ii) Near the end of another day she finds that she needs to contact just two more viewers of West
Street. Find the probability that the number of further interviews required is

(a) 5, [4]

(b) more than 5. [2]
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1 200 candidates took each of two examination papers. The diagram shows the cumulative frequency
graphs for their marks.

0

25
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100
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150

175

200

0 10 20 30 40 50 60 70 80 90 100

Paper�1

Paper�2

Marks

Cumulative
frequency

(i) Estimate the median mark for each of the papers. [2]

(ii) State, with a reason, which of the two papers was the easier one. [2]

(iii) It is suggested that the marks on Paper 2 were less varied than those on Paper 1. Use interquartile
ranges to comment on this suggestion. [4]

(iv) The minimum mark for grade A, the top grade, on Paper 1 was 10 marks lower than the minimum
mark for grade A on Paper 2. Given that 25 candidates gained grade A in Paper 1, find the number
of candidates who gained grade A in Paper 2. [2]

(v) The mean and standard deviation of the marks on Paper 1 were 36.5 and 28.2 respectively. Later,
a marking error was discovered and it was decided to add 1 mark to each of the 200 marks on
Paper 1. State the mean and standard deviation of the new marks on Paper 1. [2]

2 The random variable X has the distribution Geo(0.2). Find

(i) P(X = 3), [2]

(ii) P(3 ≤ X ≤ 5), [3]

(iii) P(X > 4). [3]

Two independent values of X are found.

(iv) Find the probability that the total of these two values is 3. [3]
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3 A firm wishes to assess whether there is a linear relationship between the annual amount spent on
advertising, £x thousand, and the annual profit, £y thousand. A summary of the figures for 12 years
is as follows.

n = 12 Σ x = 86.6 Σ y = 943.8 Σ x2 = 658.76 Σ y2 = 83 663.00 Σ xy = 7351.12

(i) Calculate the product moment correlation coefficient, showing that it is greater than 0.9. [3]

(ii) Comment briefly on this value in this context. [1]

(iii) A manager claims that this result shows that spending more money on advertising in the future
will result in greater profits. Make two criticisms of this claim. [2]

(iv) Calculate the equation of the regression line of y on x. [4]

(v) Estimate the annual profit during a year when £7400 was spent on advertising. [2]

4 Jenny and Omar are each allowed two attempts at a high jump.

(i) The probability that Jenny will succeed on her first attempt is 0.6. If she fails on her first attempt,
the probability that she will succeed on her second attempt is 0.7. Calculate the probability that
Jenny will succeed. [3]

(ii) The probability that Omar will succeed on his first attempt is p. If he fails on his first attempt, the
probability that he will succeed on his second attempt is also p. The probability that he succeeds
is 0.51. Find p. [4]

5 30% of packets of Natural Crunch Crisps contain a free gift. Jan buys 5 packets each week.

(i) The number of free gifts that Jan receives in a week is denoted by X. Name a suitable
probability distribution with which to model X, giving the value(s) of any parameter(s). State
any assumption(s) necessary for the distribution to be a valid model. [4]

Assume now that your model is valid.

(ii) Find

(a) P(X ≤ 2), [1]

(b) P(X = 2). [2]

(iii) Find the probability that, in the next 7 weeks, there are exactly 3 weeks in which Jan receives
exactly 2 free gifts. [3]

[Questions 6, 7 and 8 are printed overleaf.]
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1 Five salesmen from a certain firm were selected at random for a survey. For each salesman, the annual
income, x thousand pounds, and the distance driven last year, y thousand miles, were recorded. The
results were summarised as follows.

n = 5 Σ x = 251 Σ x2 = 14 323 Σy = 65 Σy2 = 855 Σ xy = 3247

(i) (a) Show that the product moment correlation coefficient, r, between x and y is −0.122, correct
to 3 significant figures. [3]

(b) State what this value of r shows about the relationship between annual income and distance
driven last year for these five salesmen. [1]

(c) It was decided to recalculate r with the distances measured in kilometres instead of miles.
State what effect, if any, this would have on the value of r. [1]

(ii) Another salesman from the firm is selected at random. His annual income is known to be
£52 000, but the distance that he drove last year is unknown. In order to estimate this distance, a
regression line based on the above data is used. Comment on the reliability of such an estimate.

[2]

2 The orders in which 4 contestants, P, Q, R and S, were placed in two competitions are shown in the
table.

Position 1st 2nd 3rd 4th

Competition 1 Q R S P

Competition 2 Q P R S

Calculate Spearman’s rank correlation coefficient between these two orders. [5]

3 (i) A random variable, X, has the distribution B(12, 0.85). Find

(a) P(X > 10), [2]

(b) P(X = 10), [2]

(c) Var(X). [2]

(ii) A random variable, Y , has the distribution B(2, 1
4). Two independent values of Y are found. Find

the probability that the sum of these two values is 1. [4]
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1 The probability distribution of a random variable X is shown in the table.

x 1 2 3 4

P(X = x) 0.1 0.3 2p p

 (i) Find p. [2]

 (ii) Find E(X). [2]

2 In an experiment, the percentage sand content, y, of soil in a given region was measured at nine different 
depths, x cm, taken at intervals of 6 cm from 0 cm to 48 cm. The results are summarised below.

n = 9  Σx = 216       Σx2 = 7344       Σy = 512.4       Σy2 = 30 595       Σxy = 10 674

 (i) State, with a reason, which variable is the independent variable. [1]

 (ii) Calculate the product moment correlation coefficient between x and y. [3]

 (iii) (a) Calculate the equation of the appropriate regression line. [3]

  (b)  This regression line is used to estimate the percentage sand content at depths of 25 cm and 
100 cm. Comment on the reliability of each of these estimates. You are not asked to find the 
estimates. [3]

3 A random variable X has the distribution B(13, 0.12).

 (i) Find P(X < 2). [3]

 Two independent values of X are found.

 (ii) Find the probability that exactly one of these values is equal to 2. [3]

4 (a) The table gives the heights and masses of 5 people.

Person A B C D E

Height (m) 1.72 1.63 1.77 1.68 1.74

Mass (kg) 75 62 64 60 70

  Calculate Spearman’s rank correlation coefficient. [5]

 (b) In an art competition the value of Spearman’s rank correlation coefficient, rs, calculated from two 
judges’ rankings was 0.75. A late entry for the competition was received and both judges ranked this 
entry lower than all the others. By considering the formula for rs, explain whether the new value of rs 
will be less than 0.75, equal to 0.75, or greater than 0.75. [3]
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6 The diagrams illustrate all or part of the probability distributions of the discrete random variables V, W, X, Y 
and Z.

0 1 2 3 4

P(V = v)

v
0 1 2 3 4

P(W = w)

w
0 1 2 3 4

P(X = x)

x

0 1 2 3 4

P(Y = y)

y
0 1 2 3 4

P(Z = z)

z

 (i) One of these variables has the distribution Geo(1
2). State, with a reason, which variable this is. [2]

 (ii) One of these variables has the distribution B(4, 1
2 ). State, with reasons, which variable this is. [3]

7 60% of the voters at a certain polling station are women. Voters enter the polling station one at a time. The 
number of voters who enter, up to and including the first woman, is denoted by X.

 (i) State a suitable distribution that can be used as a model for X, giving the value(s) of any parameter(s). 
State also any necessary condition(s) for this distribution to be a good model. [4]

 Use the distribution stated in part (i) to find

 (ii) P(X = 4), [2]

 (iii) P(X  4). [2]
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6 The diagrams illustrate all or part of the probability distributions of the discrete random variables V, W, X, Y 
and Z.

0 1 2 3 4

P(V = v)

v
0 1 2 3 4

P(W = w)

w
0 1 2 3 4

P(X = x)

x

0 1 2 3 4

P(Y = y)

y
0 1 2 3 4

P(Z = z)

z

 (i) One of these variables has the distribution Geo(1
2). State, with a reason, which variable this is. [2]

 (ii) One of these variables has the distribution B(4, 1
2 ). State, with reasons, which variable this is. [3]

7 60% of the voters at a certain polling station are women. Voters enter the polling station one at a time. The 
number of voters who enter, up to and including the first woman, is denoted by X.

 (i) State a suitable distribution that can be used as a model for X, giving the value(s) of any parameter(s). 
State also any necessary condition(s) for this distribution to be a good model. [4]

 Use the distribution stated in part (i) to find

 (ii) P(X = 4), [2]

 (iii) P(X  4). [2]
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8 On average, half the plants of a particular variety produce red flowers and the rest produce blue flowers. 

 (i) Ann chooses 8 plants of this variety at random. Find the probability that more than 6 plants produce 
red flowers. [3]

 (ii) Karim chooses 22 plants of this variety at random.

  (a) Find the probability that the number of these plants that produce blue flowers is equal to the 
number that produce red flowers. [2]

  (b) Hence find the probability that the number of these plants that produce blue flowers is greater 
than the number that produce red flowers. [3]

9 A bag contains 9 discs numbered 1, 2, 3, 4, 5, 6, 7, 8, 9.

 (i) Andrea chooses 4 discs at random, without replacement, and places them in a row.

  (a) How many different 4-digit numbers can be made? [2]

  (b) How many different odd 4-digit numbers can be made? [3]

 (ii) Andrea’s 4 discs are put back in the bag. Martin then chooses 4 discs at random, without replacement. 
Find the probability that

  (a) the 4 digits include at least 3 odd digits, [4]

  (b) the 4 digits add up to 28. [3]
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7 (i) 5 of the 7 letters A, B, C, D, E, F, G are arranged in a random order in a straight line.

  (a) How many different arrangements of 5 letters are possible? [2]

  (b) How many of these arrangements end with a vowel (A or E)? [3]

 (ii) A group of 5 people is to be chosen from a list of 7 people.

  (a) How many different groups of 5 people can be chosen? [1]

  (b)  The list of 7 people includes Jill and Jo. A group of 5 people is chosen at random from the list. 
Given that either Jill and Jo are both chosen or neither of them is chosen, find the probability that 
both of them are chosen. [3]

8 (i) The random variable X has the distribution B(30, 0.6). Find P(X ! 16). [2]

 (ii) The random variable Y has the distribution B(4, 0.7).

  (a) Find P(Y = 2). [2]

  (b) Three values of Y are chosen at random. Find the probability that their total is 10. [6]

9 (i) A clock is designed to chime once each hour, on the hour. The clock has a fault so that each time it is 
supposed to chime there is a constant probability of 1

10 that it will not chime. It may be assumed that the 
clock never stops and that faults occur independently. The clock is started at 5 minutes past midnight 
on a certain day. Find the probability that the first time it does not chime is

  (a) at 0600 on that day, [3]

  (b) before 0600 on that day. [3]

 (ii) Another clock is designed to chime twice each hour: on the hour and at 30 minutes past the hour. This 
clock has a fault so that each time it is supposed to chime there is a constant probability of 1

20 that it will 
not chime. It may be assumed that the clock never stops and that faults occur independently. The clock 
is started at 5 minutes past midnight on a certain day.

  (a) Find the probability that the first time it does not chime is at either 0030 or 0130 on that day. [2]

  (b)  Use the formula for the sum to infinity of a geometric progression to find the probability that the 
first time it does not chime is at 30 minutes past some hour. [3]
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7 (i) 5 of the 7 letters A, B, C, D, E, F, G are arranged in a random order in a straight line.

  (a) How many different arrangements of 5 letters are possible? [2]

  (b) How many of these arrangements end with a vowel (A or E)? [3]

 (ii) A group of 5 people is to be chosen from a list of 7 people.

  (a) How many different groups of 5 people can be chosen? [1]

  (b)  The list of 7 people includes Jill and Jo. A group of 5 people is chosen at random from the list. 
Given that either Jill and Jo are both chosen or neither of them is chosen, find the probability that 
both of them are chosen. [3]

8 (i) The random variable X has the distribution B(30, 0.6). Find P(X ! 16). [2]

 (ii) The random variable Y has the distribution B(4, 0.7).

  (a) Find P(Y = 2). [2]

  (b) Three values of Y are chosen at random. Find the probability that their total is 10. [6]

9 (i) A clock is designed to chime once each hour, on the hour. The clock has a fault so that each time it is 
supposed to chime there is a constant probability of 1

10 that it will not chime. It may be assumed that the 
clock never stops and that faults occur independently. The clock is started at 5 minutes past midnight 
on a certain day. Find the probability that the first time it does not chime is

  (a) at 0600 on that day, [3]

  (b) before 0600 on that day. [3]

 (ii) Another clock is designed to chime twice each hour: on the hour and at 30 minutes past the hour. This 
clock has a fault so that each time it is supposed to chime there is a constant probability of 1

20 that it will 
not chime. It may be assumed that the clock never stops and that faults occur independently. The clock 
is started at 5 minutes past midnight on a certain day.

  (a) Find the probability that the first time it does not chime is at either 0030 or 0130 on that day. [2]

  (b)  Use the formula for the sum to infinity of a geometric progression to find the probability that the 
first time it does not chime is at 30 minutes past some hour. [3]
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5	 A random variable X  has the distribution B(5, ) .4
1

	 (i)	 Find

	 	 (a) E(X ), [1]

	 	 (b) P(X = 2). [2]

	 (ii)	 Two values of X are chosen at random. Find the probability that their sum is less than 2. [4]

	 (iii)	 10 values of X are chosen at random. Use an appropriate formula to find the probability that exactly 3 
of these values are 2s. [3]

6	 The masses, x grams, of 800 apples are summarised in the histogram.

Frequency
density

2010 30 40 50 60 70 80
x

90 100 1100

	 (i)	 On the frequency density axis, 1 cm represents a units. Find the value of a. [3]

	 (ii)	 Find an estimate of the median mass of the apples. [4]
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7	 (i)	 Two judges rank n competitors, where n is an even number. Judge 2 reverses each consecutive pair of 
ranks given by Judge 1, as shown.

Competitor C1 C2 C3 C4 C5 C6 . . . . . . . Cn−1 Cn
Judge 1 rank 1 2 3 4 5 6 . . . . . . . n − 1 n

Judge 2 rank 2 1 4 3 6 5 . . . . . . . n n − 1

	 	 Given that the value of Spearman’s coefficient of rank correlation is 65
63 , find n. [4]

	 (ii)	 An experiment produced some data from a bivariate distribution. The product moment correlation 
coefficient is denoted by r, and Spearman’s rank correlation coefficient is denoted by rs.

	 	 (a) Explain whether the statement

r r1 1s&= =

	 	   is true or false. [1]

	 	 (b) Use a diagram to explain whether the statement

r r1 1s&! !

	 	   is true or false. [2]

8	 Sandra makes repeated, independent attempts to hit a target. On each attempt, the probability that she 
succeeds is 0.1.

	 (i)	 Find the probability that

	 	 (a) the first time she succeeds is on her 5th attempt, [2]

	 	 (b) the first time she succeeds is after her 5th attempt, [2]

	 	 (c) the second time she succeeds is before her 4th attempt. [4]

	 Jill also makes repeated attempts to hit the target. Each attempt of either Jill or Sandra is independent. Each 
time that Jill attempts to hit the target, the probability that she succeeds is 0.2. Sandra and Jill take turns 
attempting to hit the target, with Sandra going first.

	 (ii)	 Find the probability that the first person to hit the target is Sandra, on her

	 	 (a) 2nd attempt, [2]

	 	 (b) 10th attempt. [3]
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