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Write your answers on file paper.

You are permitted to use a scientific or graphical calculator in this
paper.

Final answers should be given to a degree of accuracy appropriate
to the context.

Relevant information from the formula booklet is included prior to
each section of questions.



Pure
1.

The roots of the equation 4x* —2x* =3x+2 =0 are a, B, v and §. By using a suitable
substitution, find a quartic equation whose roots are ¢ +2, B+2, y+2 and § + 2 giving your
answer in the form at* +bt> +ct* +dt+e = 0, where a, b, c, d, and e are integers. [5]

2.
(1) (a) Show that
2+ 3i

=k(l +1
S5+i1 ( )

where & 1s a constant to be determined.

(Solutions relying on calculator technology are not acceptable.)

3)
Given that
* n1s a positive integer
2+3i) .
e — | 1s a real number
S5+1
(b) use the answer to part (a) to write down the smallest possible value of n.
@
(11) The complex number z =a + b1 where a and b are real constants.
Given that
« [Z°]=59049
« arg(Z)= e
3
determine the value of a and the value of 5.
C))
3.
f(z)=2+az +bz+ 175 where a and b are real constants
Given that —3 + 41 1s a root of the equation f(z) =0
(a) determine the value of a and the value of b.
4)
(b) Show all the roots of the equation f(z) =0 on a single Argand diagram.
(2)

(c) Write down the roots of the equation f(z+2)=0
(€))



4,

The cubic equation
X —7x'—12x+6=0

has roots a, S and .

Without solving the equation, determine a cubic equation whose roots are (a + 2),
(B + 2) and (y + 2), giving your answer in the form w’ + pw’ + gw + r = 0, where p, g
and r are integers to be found.

5.

In this question you must show detailed reasoning.
The roots of the equation 5x* —3x+12 = 0 are o and f3.

By considering the symmetric functions of the roots, o+ 3 and of3, determine the exact value of
1 1
—+—. 4
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Statistics
6.

A discrete random variable 7 has the probability distribution shown in the following table, in
which a and b are constants.

W 58 59 60 61 62 63
PW=w) | a b 02 | 02 | 01 | 01

It 1s given that E(/ — 60) = 0.15.

Determine the value of Var(4W — 60). [7]
7.



A certain section of a library contains several thousand books. A lecturer is looking for a book that
refers to a particular topic. The lecturer believes that one-twentieth of the books in that section

of the library contain a reference to that topic. However, the lecturer does not know which books
they might be, so the lecturer looks in each book in turn for a reference to the topic. The first book
the lecturer finds that refers to the topic is the Xth book in which the lecturer looks.

(a) A student says, “There is a maximum value of X as there is only a finite number of books. So
a geometric distribution cannot be a good model for X.”

Explain whether you agree with the student. [1]

(b) (i) State ome modelling assumption (not involving the total number of books) needed for X
to be modelled by a geometric distribution in this context. [1]

(ii) Suggest a reason why this assumption may not be valid in this context. [1]
Assume now that X can be well modelled by the distribution Geo(0.05).
(¢) The probability that the lecturer needs to look in no more than » books is greater than 0.9.
Find the smallest possible value of ». [3]
(d) The lecturer needs to find four different books that refer to the topic.

Find the probability that the lecturer wants to look in exactly 40 books. [2]

An insurance company collected data concerning the age, x years, of policy holders and the
average size of claim, £y thousand. The data is summarised as follows.

n=32 Yx=1340 Yy=612 Xx*=64282 X)*=13418 Xxy=2779%

(a) Find the variance of x. [1]
(b) Find the equation of the regression line of y on x. [2]
(¢) Hence estimate the expected size of claim from a policy holder of age 48. [1]



A radar device 1s used to detect flaws in motorway roads before they become dangerous. The
number of flaws in a 1 km stretch of motorway is denoted by X. It may be assumed that flaws
occur randomly.

(a) State two further assumptions that are necessary for X to be well modelled by a Poisson
distribution. 2]

Assume now that X can be modelled by the distribution Po(5.7).

(b) Determine the probability that in a randomly chosen stretch of motorway, of length 1km,
there are between 8 and 11 flaws, inclusive. [2]

(¢) Determine the probability that in two randomly chosen, non-overlapping, stretches of
motorway, each of length 5km, there are at least 30 flaws in one stretch and fewer than
30 flaws in the other stretch.
[3]

10.

A psychologist investigates the relationship between ‘openness’ and ‘creativity’ in adults.
Each member of a random sample of 15 adults is given two tests, one on openness and one on
creativity. Each test has a maximum score of 75. The results are given in the table.

Adult A/B|/C/DE|F|GH|T|J|K|L M| N|O
Openness, x 3913412912040 352036 |55|31|41 (4333|3033
Creativity, y 591341712949 |46 | 45|54 |60 | 38|46 |35 |43 |56 | 34

n=15 Yx=519 Xy=645 Xx*=19033 X»*=29751 Xxy=23034

Use Pearson’s product-moment correlation coefficient to test, at the 5% significance level,
whether there is positive association between openness and creativity. [6]

11.



A bag contains a large number of balls, all of the same size and weight. The balls are
coloured Red, Blue or Yellow.

Jasmine asks each child in a group of 150 children to close their eyes, select a ball from
the bag and show it to her. The child then replaces the ball and repeats the process a
second time.

If both balls are the same colour the child receives a prize.

The results are given in the table below.

1st colour
Red Blue Yellow Total
2nd colour
Red 31 11 18 60
Blue 8 10 9 27
Yellow 21 9 33 63
Total 60 30 60 150

Jasmine carries out a test, at the 5% level of significance, to see whether or not the
colour of the 2nd ball 1s independent of the colour of the 1st ball.

(a) Calculate the expected frequencies for the cases where both balls are the same

colour.
(2)
The test statistic Jasmine obtained was 12.712 to three decimal places.
(b) Use this value to complete the test, stating the critical value and conclusion clearly.
3)

12.



Every applicant for a job at Donala is given three different tasks, P, O and R.

For each task the applicant 1s awarded a score.

The scores awarded to 9 of the applicants, for the tasks P and (O, are given below.

Applicant A B D F G H 1
Task P 19 16 16 12 17 12 12 5
Task Q 17 11 14 7 18 15 11 10
(a) Calculate Spearman’s rank correlation coefficient for the scores awarded for the
tasks P and Q.
4)

(b) Test, at the 1% level of significance, whether or not there is evidence for a positive

correlation between the ranks of scores for tasks P and Q.
You should state your hypotheses and critical value clearly.

Q)




