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Standard level
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24 October 2024

Zone A afternoon | Zone B afternoon | Zone C afternoon _ _
Candidate session number

1 hour 30 minutes

Instructions to candidates

* Write your session number in the boxes above.

* Do not open this examination paper until instructed to do so.

* You are not permitted access to any calculator for this paper.

» Section A: answer all questions. Answers must be written within the answer boxes provided.

* Section B: answer all questions in the answer booklet provided. Fill in your session number on
the front of the answer booklet, and attach it to this examination paper and your cover
sheet using the tag provided.

* Unless otherwise stated in the question, all numerical answers should be given exactly or

correct to three significant figures.

* A clean copy of the mathematics: analysis and approaches SL formula booklet is required

for this paper.

* The maximum mark for this examination paper is [80 marks].
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be
supported by working and/or explanations. Where an answer is incorrect, some marks may be given
for a correct method, provided this is shown by written working. You are therefore advised to show all
working.

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 6]

Consider the following set of ordered data.

27 27 31 32 33 37 41 46 54 57

(@) Write down
(i) the mode;
(i) the range;
(iii)  the median. [3]

(b) Find the interquartile range. [3]
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[Maximum mark: 5]
Points A and B lie on a circle with centre O and radius rcm, where AOB = 0.75 radians.
This is shown on the following diagram.

diagram not to scale

B
0.75
O A
The area of sector OAB is 6¢cm’.
(@) Find the value of r. [3]
(b) Hence, find the perimeter of sector OAB. [2]
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[Maximum mark: 6]
Two events 4 and B are such that P(4) =0.45, P(B)=0.65 and P(4UB)=0.8.
(@) Find P(ANB). [3]

(b) Find P(4'|B"). (3]
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[Maximum mark: 4]

Prove that (2n + 5)° — (2n — 5)° is a multiple of 10 forall n € Z*.
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[Maximum mark: 6]

The following diagram shows triangle ABC, where AB =3cm, BC=10cm, AC=8cm and
ABC =26.

diagram not to scale

20 10cm

3cm

A 8cm

Jp

Find the exact value of cos 0, giving your answer in the form ~~— , where p,q € Z".
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[Maximum mark: 6]
For a particular arithmetic sequence, u,,= 14 and §,;=200.

Find the value of k such that u, =0.
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Do not write solutions on this page.
Section B
Answer all questions in the answer booklet provided. Please start each question on a new page.
7. [Maximum mark: 16]
The following diagram shows parts of the graphs of two functions f and g.
The graph of f is linear, has an x-intercept at (6, 0) and a y-intercept at (0, 12).

The graph of g has x-intercepts at (-2, 0) and (6, 0) and a y-intercept at (0, 12).

y
(0, 12)
(-2, 0) (6,0)
(@) Write down the equation for f in the form f(x)=mx + c. [2]

(This question continues on the following page)
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Do not write solutions on this page.
(Question 7 continued)

The function g is given by g(x) = —x* + bx + 12, where b is a real constant.

(b) Find the value of b. [3]

(c) Show that the area of the region enclosed by the graph of f and the graph of g can be
represented by the definite integral _[: (—x* +6x)dx . [2]

(d) Hence, find the area of the region enclosed by the graph of f and the graph of g. [4]

Point P is on the graph of g. The tangent to the graph of g at P is parallel to the graph of f.

(e) Find the coordinates of P. [5]
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Do not write solutions on this page.
8. [Maximum mark: 14]
The function f is defined as f'(x) = log,(8x), where x> 0.

(@) Find the value of

@ f@;
(i) f (lJ 3]
1
(b) Find an expression for f‘l(x). [4]
(c) Hence, or otherwise, find f'(0). [1]

The graph of y = f(4x”) can be obtained by translating and stretching the graph of y = log,x.

(d) Describe these two transformations specifying the order in which they are to be applied.  [6]
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Do not write solutions on this page.

9.

[Maximum mark: 17]

Consider a cylinder of radius 47 and height /. A smaller cylinder of radius » is removed from
the centre to form a hollow cylinder. This is shown in the following diagram.

All lengths are measured in centimetres.

diagram not to scale

-~

The total surface area of the hollow cylinder, in cm’, is given by S.
The volume of the hollow cylinder, in cm?, is given by V.

(a) Show that S=30m + 10mrh.

(b)  The total surface area of the hollow cylinder is 240mcm’.

Show that V' = 360nr — 4517 .

(c) Find an expression for i—V
r

2
The hollow cylinder has its maximum volume when r = p\g, where p € Z".

(d) Find the value of p.

2
(e) Hence, find this maximum volume, giving your answer in the form qn\/; , where g € Z".

[3]

[6]
[2]

[3]

[3]
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Instructions to candidates

* Write your session number in the boxes above.

* Do not open this examination paper until instructed to do so.

* You are not permitted access to any calculator for this paper.

» Section A: answer all questions. Answers must be written within the answer boxes provided.

* Section B: answer all questions in the answer booklet provided. Fill in your session number on
the front of the answer booklet, and attach it to this examination paper and your cover
sheet using the tag provided.

* Unless otherwise stated in the question, all numerical answers should be given exactly or
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* A clean copy of the mathematics: analysis and approaches SL formula booklet is required
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be
supported by working and/or explanations. Where an answer is incorrect, some marks may be given
for a correct method, provided this is shown by written working. You are therefore advised to show all
working.

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 6]

Consider the following set of ordered data.

22 22 26 27 28 32 36 38 39 42

(@) Write down
(i) the mode;
(i) the range;
(ii) the median. [3]

(b) Find the interquartile range. [3]
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2. [Maximum mark: 5]
Points A and B lie on a circle with centre O and radius rcm, where AOB = 1.5 radians.
This is shown on the following diagram.

diagram not to scale

B
1.5
O A
The area of sector OAB is 48 cm’.
(@) Find the value of r. [3]
(b) Hence, find the perimeter of sector OAB. [2]
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[Maximum mark: 6]
Two events 4 and B are such that P(4) =0.65, P(B)=0.45 and P(4 U B)=0.85.
(@) Find P(ANB). [3]

(b) Find P(4'| B"). (3]
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[Maximum mark: 4]

Prove that (3n +2)* — (3n — 2)° is a multiple of 12 forall n € Z".
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[Maximum mark: 6]

The following diagram shows triangle ABC, where AB =4cm, BC=6cm, AC=35cm and
ABC =26.

diagram not to scale

5cm

Find the exact value of cos 6, giving your answer in the form p_2 ,where p,q e Z".
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[Maximum mark: 6]
For a particular arithmetic sequence, u,,=16 and S,;=100.

Find the value of k such that u, =0.
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Do not write solutions on this page.

Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

7.

L

[Maximum mark: 16]
The following diagram shows parts of the graphs of two functions f and g.
The graph of f is linear, has an x-intercept at (4, 0) and a y-intercept at (0, 8).

The graph of g has x-intercepts at (-2, 0) and (4, 0) and a y-intercept at (0, 8).

y

(0, 8)

(=2,0) 4,0)

/ N\

(@) Write down the equation for f in the form f(x) =mx + c.

The function g is given by g(x) = —x* + bx + 8, where b is a real constant.
(b) Find the value of b.

(c) Show that the area of the region enclosed by the graph of f and the graph of g can be
represented by the definite integral J-:(—x2 +4x)dx .

(d) Hence, find the area of the region enclosed by the graph of f and the graph of g.
Point P is on the graph of g. The tangent to the graph of g at P is parallel to the graph of f.

(e) Find the coordinates of P.
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Do not write solutions on this page.
8. [Maximum mark: 14]
The function f is defined as f(x) = log,(4x), where x> 0.

(@) Find the value of

@ @8
iy f (lj [3]
ik
(b) Find an expression for f‘l(x). [4]
(c) Hence, or otherwise, find f'(0). [1]

The graph of y = £(16x’) can be obtained by translating and stretching the graph of y = log,x.

(d) Describe these two transformations specifying the order in which they are to be applied. [6]
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Do not write solutions on this page.

9.

[Maximum mark: 17]

Consider a cylinder of radius 47 and height /. A smaller cylinder of radius » is removed from
the centre to form a hollow cylinder. This is shown in the following diagram.

All lengths are measured in centimetres.

diagram not to scale

-~

The total surface area of the hollow cylinder, in cm’, is given by S.
The volume of the hollow cylinder, in cm?, is given by V.

(a) Show that S=30m + 10mrh.

(b)  The total surface area of the hollow cylinder is 240mcm’.

Show that V' = 360nr — 4517 .

(c) Find an expression for i—V
r

The hollow cylinder has its maximum volume when r = p\/g, where p € Z".
(d) Find the value of p.

(e) Hence, find this maximum volume, giving your answer in the form qn\/g , where g € Z".

[3]

[6]

[2]

[3]
[3]
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Instructions to candidates

* Write your session number in the boxes above.

* Do not open this examination paper until instructed to do so.

* You are not permitted access to any calculator for this paper.

» Section A: answer all questions. Answers must be written within the answer boxes provided.
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* Unless otherwise stated in the question, all numerical answers should be given exactly or
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* A clean copy of the mathematics: analysis and approaches SL formula booklet is required

for this paper.
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be
supported by working and/or explanations. Where an answer is incorrect, some marks may be given
for a correct method, provided this is shown by written working. You are therefore advised to show all
working.

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 4]
The second term of an arithmetic sequence is 10 and the fourth term is 22.
(@) Find the value of the common difference. [2]

(b) Find an expression for u , the nth term. [2]

n’
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[Maximum mark: 6]
Claire rolls a six-sided die 16 times.

The scores obtained are shown in the following frequency table.

Score Frequency
1 P
2 q
3 4
4 2
5 0
6 3

It is given that the mean score is 3.
(@) Find the value of p and the value of g. [5]

Each of Claire’s scores is multiplied by 10 in order to determine the final score for a game
she is playing.

(b)  Write down the mean final score. 1
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3. [Maximum mark: 5]
1

It is given that log,,a = 3 where a > 0.
Find the value of

1
(@) log (—j: [2]

a
(b)  log 4 (3]

§ Ll
12EPO

EP04

|




-5- 2224-7104

[Maximum mark: 8]
Points A and B lie on the circumference of a circle of radius »cm with centre at O.

The sector OAB is shown on the following diagram. The angle AOB is denoted as 0 and is
measured in radians.

diagram not to scale

W

O

rcm

The perimeter of the sector is 10cm and the area of the sector is 6.25cm’.
(@) Show that 4> —20r +25=0.

(b) Hence, or otherwise, find the value of » and the value of 6.
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[Maximum mark: 7]
Consider the functions f(x) = cosx and g(x) =sin2x, where 0 <x <.

The graph of f intersects the graph of g at the point A, the point B (E,Oj and the point C
as shown on the following diagram. 2

y
1 A
g
f
B X
0 T
—11 C
(a) Find the x-coordinate of point A and the x-coordinate of point C. [3]

The shaded region R is enclosed by the graph of f* and the graph of g between the
points B and C.

(b) Find the area of R. [4]
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[Maximum mark: 5]
Consider a geometric sequence with first term 1 and common ratio 10.

S, is the sum of the first n terms of the sequence.

a’ -1

(@) Find an expression for S, in the form ,where a,b e 7Z". 1

10(10"—1)—9n

(b) Hence, show that S, +S, +S,+...+S5, = 21
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Do not write solutions on this page.

Section B
Answer all questions in the answer booklet provided. Please start each question on a new page.
7. [Maximum mark: 14]

Consider the curve with equation y=x’ —x* —x+ 1.

(@) Find
. dy
(i) o
(i) 3}6—); [3]

The curve has a local maximum at A.

(b) Find the coordinates of A, using your answer to part (a)(ii) to justify your answer. [6]
The curve has a point of inflexion at B.

(c) Find the x-coordinate of B. [2]
The line L is the normal to the curve at the point (0, 1).

(d) Find the equation of L. [3]
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Do not write solutions on this page.

8. [Maximum mark: 14]

Consider the function f(x)= 4x +22  x#E2.
x_
(@) Sketch the graph of y = f(x). On your sketch, indicate the values of any axis intercepts
and label any asymptotes with their equations. [5]
(b)  Write down the range of f. [1

Consider the function g(x) = x* + bx + ¢. The graph of g has an axis of symmetry at x = 2.

1
The two roots of g(x) =0 are ) and p, where p € Q.

(c) Showthat p= % [
(d) Find the value of b and the value of c. [3]
(e) Find the y-coordinate of the vertex of the graph of y = g(x). [2]
(f)  Find the number of solutions of the equation f'(x) = g(x). [2]
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Do not write solutions on this page.
9. [Maximum mark: 17]
A bag contains buttons which are either red or blue.
Initially, the bag contains three red buttons and one blue button.

Francine randomly selects one button from the bag. She then replaces the button and adds
one extra button of the same colour.

For example, if she selects a red button, she then replaces it and adds one extra red button
so that the bag then contains four red buttons and one blue button.

Francine then randomly selects a second button from the bag.

The following tree diagram represents the probabilities of the first two selections.

first button selected second button selected
f red
5
3 red
4
1 blue
5
red
1 p
4 blue
q
blue
(@) Find the value of p and the value of g. [2]
(b) Show that the probability that Francine selects two buttons of the same colour is lO [2]

(c) Given that Francine selects two buttons of the same colour, find the probability that she
selects two red buttons. [3]

(This question continues on the following page)
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Do not write solutions on this page.
(Question 9 continued)
The random variable X is defined as the number of red buttons selected by Francine.

The following table shows the probability distribution of X.

X 0 1 2
P(X=x) i b
=X 10 a

(d) Find the value of a and the value of b.

(e) Hence, find the expected number of red buttons selected by Francine.

Francine restarts the process with three red buttons and one blue button in the bag. She
selects buttons as before, replacing the button and adding one extra button of the same

colour each time. She repeats this until she selects a blue button.

(f)  Given that the first two buttons she selects are red, write down the probability that the
next button she selects is blue.

The probability that she selects the first blue button after n selections in total is 53_6

(9) Find the value of n.

(2]
[2]

(1]

[5]

L

12E

11

P

|



L

Please do not write on this page.

Answers written on this page
will not be marked.

12E

12

P

|




Diploma Programme
Programme du diplome

Programa del Diploma

© International Baccalaureate Organization 2024

All rights reserved. No part of this product may be reproduced in any form or by any
electronic or mechanical means, including information storage and retrieval systems,
without the prior written permission from the IB. Additionally, the license tied with this
product prohibits use of any selected files or extracts from this product. Use by third
parties, including but not limited to publishers, private teachers, tutoring or study services,
preparatory schools, vendors operating curriculum mapping services or teacher resource
digital platforms and app developers, whether fee-covered or not, is prohibited and is a
criminal offense.

More information on how to request written permission in the form of a license can be
obtained from https://ibo.org/become-an-ib-school/ib-publishing/licensing/applying-for-a-
license/.

© Organisation du Baccalauréat International 2024

Tous droits réservés. Aucune partie de ce produit ne peut étre reproduite sous quelque
forme ni par quelque moyen que ce soit, électronique ou mécanique, y compris des
systemes de stockage et de récupération d’informations, sans Il'autorisation écrite
préalable de I'IB. De plus, la licence associée a ce produit interdit toute utilisation de tout
fichier ou extrait sélectionné dans ce produit. L’utilisation par des tiers, y compris, sans
toutefois s’y limiter, des éditeurs, des professeurs particuliers, des services de tutorat ou
d’aide aux études, des établissements de préparation a I'enseignement supérieur, des
fournisseurs de services de planification des programmes d’études, des gestionnaires de
plateformes pédagogiques en ligne, et des développeurs d’applications, moyennant
paiement ou non, est interdite et constitue une infraction pénale.

Pour plus d’informations sur la procédure a suivre pour obtenir une autorisation écrite
sous la forme d’une licence, rendez-vous a I'adresse https://ibo.org/become-an-ib-school/
ib-publishing/licensing/applying-for-a-license/.

© Organizacion del Bachillerato Internacional, 2024

Todos los derechos reservados. No se podra reproducir ninguna parte de este producto
de ninguna forma ni por ningiin medio electrénico o mecanico, incluidos los sistemas de
almacenamiento y recuperacion de informacién, sin la previa autorizacion por escrito del
IB. Ademas, la licencia vinculada a este producto prohibe el uso de todo archivo o
fragmento seleccionado de este producto. El uso por parte de terceros —lo que incluye,
a titulo enunciativo, editoriales, profesores particulares, servicios de apoyo académico o
ayuda para el estudio, colegios preparatorios, desarrolladores de aplicaciones y
entidades que presten servicios de planificacién curricular u ofrezcan recursos para
docentes mediante plataformas digitales—, ya sea incluido en tasas o no, esta prohibido
y constituye un delito.

En este enlace encontrara mas informacién sobre cémo solicitar una autorizacién por
escrito en forma de licencia: https://ibo.org/become-an-ib-school/ib-publishing/licensing/
applying-for-a-license/.

International Baccalaureate”
Baccalauréat International
Bachillerato Imtemnacional




L

Diploma Programme

Programme du dipléme
Programa del Diploma

Mathematics: analysis and approaches
Standard level
Paper 1

1 May 2024

Zone A afternoon | Zone B afternoon | Zone C afternoon ] _
Candidate session number

1 hour 30 minutes

Instructions to candidates

* Write your session number in the boxes above.

* Do not open this examination paper until instructed to do so.

* You are not permitted access to any calculator for this paper.

» Section A: answer all questions. Answers must be written within the answer boxes provided.

* Section B: answer all questions in the answer booklet provided. Fill in your session number on
the front of the answer booklet, and attach it to this examination paper and your cover
sheet using the tag provided.

* Unless otherwise stated in the question, all numerical answers should be given exactly or

correct to three significant figures.

* A clean copy of the mathematics: analysis and approaches SL formula booklet is required

for this paper.

* The maximum mark for this examination paper is [80 marks].

2224-7109
15 pages © International Baccalaureate Organization 2024

16E

P

Bachillerato Internacional

“““ ‘“ ‘“ International Baccalaureate”
01 Baccalauréat International




=

-2- 2224-7109

Full marks are not necessarily awarded for a correct answer with no working. Answers must be
supported by working and/or explanations. Where an answer is incorrect, some marks may be given
for a correct method, provided this is shown by written working. You are therefore advised to show all
working.

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 5]
The graph of y =f(x) for 0 <x <10 is shown in the following diagram.

The graph intercepts the axes at (10, 0) and (0, 5).

(@) Write down the value of

(ONEVACF

(i) fof(4);

(i) /(3. [3]
(b)  On the axes above, sketch the graph of y = '(x). Show clearly where the graph

intercepts the axes. [2]

(This question continues on the following page)
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(Question 1 continued)
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[Maximum mark:4]

Solve tan(2x —5°) =1 for 0° <x < 180°.
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[Maximum mark: 5]
(@) Solve 3m*+5m—-2=0.

(b) Hence or otherwise, solve 3 x 9" +5x 3" —=2=0.
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[Maximum mark: 7]

Quadrilateral OABC is shown on the following set of axes.

y

O A
OABC is symmetrical about [OB].

A has coordinates (6, 0) and C has coordinates (3, 3\/5) .

(@) (i)  Write down the coordinates of the midpoint of [AC].
(i)  Hence or otherwise, find the equation of the line passing through the points O
and B . [4]
(b) Given that [OA] is perpendicular to [AB], find the area of the quadrilateral OABC. [3]

L
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A species of bird can nest in two seasons: Spring and Summer.

The probability of nesting in Spring is .
. I .k
The probability of nesting in Summer is 5

This is shown in the following tree diagram.

Spring Summer
k .
— Nesting
2
Nesting

k Not nesting
k .
= Nesting
2

Not nesting
Not nesting

L

(@) Complete the tree diagram to show the probabilities of not nesting in each season.
Write your answers in terms of k. [2]

It is known that the probability of not nesting in Spring and not nesting in Summer is %

(b) (i) Showthat 94 —27k+8=0.
N 1 8 . P
(i) Both & :§ and k& :5 satisfy 9k —27k+8=0.
State why & :% is the only valid solution. [4]

(This question continues on the following page)
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(Question 5 continued)
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6. [Maximum mark: 8]

[\

(x+3
(x+2)

N—"

Afunction f is defined by f(x)= ,where x e R, x # 2.

(O8]

The graph y =f(x) is shown below.

(@) Write down the equation of the horizontal asymptote. [
Consider g(x)=mx+ 1, where m e R, m#0.
(b) (i)  Write down the number of solutions to f'(x) = g(x) for m > 0.

(i)  Determine the value of m such that f(x) = g(x) has only one solution for x.

(iii) Determine the range of values for m, where f(x)= g(x) has two solutions
for x> 0. [7]

(This question continues on the following page)
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(Question 6 continued)
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Do not write solutions on this page.

Section B
Answer all questions in the answer booklet provided. Please start each question on a new page.
7. [Maximum mark: 12]

Alex only swims in the sea if the water temperature is at least 15°C. Alex goes into the
sea close to home for the first time each year at the start of May when the water becomes
warm enough.

Alex models the water temperature at midday with the function f(x) =asinbx +c
for 0 <x <12, where x is the number of months after 1st May and where a, b, ¢>0.

The graph of y = f(x) is shown in the following diagram.

207

18-

161

14

12 -

10+

Temperature °C

0 2 4 6 8 10 12
Months after 1st May

(This question continues on the following page)
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Do not write solutions on this page.
(Question 7 continued)
(a) Show that b= g . [1]

(b)  Write down the value of
i a;
(i) c. [2]

Alex is going on holiday and models the water temperature at midday in the sea at the

holiday destination with the function g(x) =3.5 sinEx+11 ,Where 0 <x <12 and x is the
number of months after 1st May. 6

(c)  Using this new model g(x)
(i) find the midday water temperature on 1st October, five months after 1st May.
(i)  show that the midday water temperature is never warm enough for Alex to swim. [6]

(d)  Alex compares the two models and finds that g(x) = 0.7 f(x) + ¢ . Determine the value
of g. [3]

16EP13

P



=

L

—14 -

Do not write solutions on this page.

8.

[Maximum mark: 17]

2x+2

The derivative of a function /" is given by f'(x)= Fireis
x*+2x+

,forx e R.

(@) (i) Show that x* + 2x + 2 > 0 for all values of x.
(i)  Hence, find the values of x for which f is increasing.

(b) (i)  Write down the value of x for which f'(x)=0.

—2x* —4x

(iii)  Hence, justify that the value of x found in part (b)(i) corresponds to a local
minimum point on the graph of f.

It is given that f(2) =3 + Inl0.
(c) Find an expression for f(x).

(d) Find the equation of the normal to the graph of /" at (2, 3 + In10).

16
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Do not write solutions on this page.

9. [Maximum mark: 16]
Consider the arithmetic sequence a, p, ¢..., where a, p, g #0.
(@) Showthat 2p —g=a. [2]
Consider the geometric sequence a, s, t..., where a, s, t #0.
(b) Show that s* = at. (2]
The first term of both sequences is a.

Itis giventhat g=7=1.
1
(c) Showthat p >5. [2]

Consider the case where a =9, s>0 and g=¢=1.
(d)  Write down the first four terms of the
(i)  arithmetic sequence;
(i) geometric sequence. [4]
The arithmetic and the geometric sequence are used to form a new arithmetic sequence u,,.
The first three terms of u, are u, =9 +1In9, u,=5+1In3,and u;=1+1Inl.

(e) (i) Find the common difference of the new sequence in terms of In3.

10
(i)  Show that »u, =-90-25In3. [6]

i=1
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be
supported by working and/or explanations. Where an answer is incorrect, some marks may be given
for a correct method, provided this is shown by written working. You are therefore advised to show all
working.

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 7]

Consider the function f'(x) = asin(bx) with a, b € Z". The following diagram shows part of
the graph of f.

I I I I X
z 3 S 9
4 2 4 4 4
(@) Write down the value of a. 1
(b) (i)  Write down the period of f.
(i)  Hence, find the value of b. [3]
(c) Find the value of f(%j 3]

(This question continues on the following page)
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(Question 1 continued)
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[Maximum mark: 5]
Consider the functions f(x) =x +2 and g(x) =x" — k>, where k is a real constant.
(@)  Write down an expression for (g o ) (x). [2]

(b) Giventhat (gof)(4)=11, find the possible values of k. [3]
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[Maximum mark: 4]
Events 4 and B are such that P(4)=0.7, P(B)=0.75 and P(4 N B) =0.55.
(@) Find P(4 U B). [2]

(b) Hence, or otherwise, find P(4' "N B"). [2]
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[Maximum mark: 7]

The sum of the first n terms of an arithmetic sequence is given by S, = pn® — gn, where p
and g are positive constants.

It is given that S, = 65 and S, =96.
(@) Find the value of p and the value of g. [5]

(b) Find the value of u,. [2]
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[Maximum mark: 6]

A 1
In the following triangle ABC, AB = \/Ecm, AC=16cm and cosBAC = Z .

diagram not to scale

J15ecm

16cm

Find the area of triangle ABC.
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[Maximum mark: 6]

9
The binomial expansion of (1 + kx)" is given by 1+ 25 1582 , Where n € Z"
and k € Q. 2

Find the value of n and the value of k.
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Do not write solutions on this page.

Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

7. [Maximum mark: 17]

A ballet company performs The Sleeping Beauty every year. Last year they gave a total of 60
performances at their theatre which has a maximum capacity of 800. The number of tickets
sold, n, at each performance is shown in the following frequency table.

Number of tickets sold, » Number of performances
0<n<200 3
200 <n <400 P
400 <n <600 18
600 <n <800 30

(@) (i) Find the value of p.

(i)  Write down the modal class. [2]

(This question continues on the following page)
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(Question 7 continued)

The following cumulative frequency diagram also displays these data.

60

50

40

30

cumulative frequency

20 //

10 <

1

"1

100 200 300 400 500 600 700 800
number of tickets sold

(b) Use the cumulative frequency curve to estimate
(i) the median number of tickets sold;
(i)  the number of performances where at least 80 % of the tickets were sold. [4]

(This question continues on the following page)
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Do not write solutions on this page.

(Question 7 continued)

L

After a performance, the company decides to conduct a survey to obtain feedback from the
audience.

(c) (i) State one disadvantage of the company surveying only the first 5% of the
audience as they leave the theatre.

(i)  Describe briefly how the company could collect feedback from 5 9% of the
audience using the systematic sampling method.

(iii)  State the sampling method which should be used if the survey is to be

representative of the number of children and the number of adults in the audience.

Last year 36000 tickets were sold to The Sleeping Beauty.

(d) The following box and whisker diagram displays the amount spent by the audience at
the souvenir shop when they attended the performance.

0 5 10 15 20 25

Amount Spent ($)

(i)  Estimate the number of people who spent between $3 and $25.
(i)  Half the audience spent less than $a. Estimate the value of a.

(e) This year the company will again give 60 performances and expects to sell 18
additional tickets for each performance.

(i)  Calculate the mean number of tickets the company expects to sell this year for
each performance.

(i) State what effect, if any, this increase in ticket sales would have on the variance
of the number of tickets sold for each performance.
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Do not write solutions on this page.
8. [Maximum mark: 15]
The functions f and g are defined by
f(x)=In(2x - 7), where x >%
g(x)=2Inx—Ind, where x>0, d e R".
(a) State the equation of the vertical asymptote to the graph of y = g(x). [1
The graphs of y =f(x) and y = g(x) intersect at two distinct points.
(b) (i) Show that, at the points of intersection, x* — 2dx + 7d = 0.
(i) Hence, show that d* —7d > 0.
(iii)  Find the range of possible values of d. [9]

The following diagram shows part of the graphs of y = f(x) and y = g(x).

y

The graphs intersect at x=p and x =g, where p <gq.

(c) Inthe case where d = 10, find the value of g — p. Express your answer in the form
aJZ, where a, b e Z". [5]
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Do not write solutions on this page.
9. [Maximum mark: 13]
. . . 12x .
Consider the function f defined by f(x)=——, where x € R. The graph of f is shown
in the following diagram. x*+2
y
X
12(2-5x7)
(@) Show that f'(x)=———=. [4]
()c2 + 2)
(b) Find [/(x)dr. [4]

Consider a function g(x) defined for x € R. The derivative of g is such that g'(x) =f"(x),
forall x € R.

Let R be the region enclosed by the graph of £, the graph of g, the line x = 0 and the

line x=3.The areaof R is %

(c) Find the two possible expressions for g(x). [5]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be
supported by working and/or explanations. Where an answer is incorrect, some marks may be given
for a correct method, provided this is shown by written working. You are therefore advised to show all

working.

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
1. [Maximum mark: 7]

Consider the function f(x) = acos(bx), with a, b € Z". The following diagram shows part of
the graph of f.

I X
E T T
4 2 A
(@) Write down the value of a. 1
(b) (i)  Write down the period of f.
(i)  Hence, find the value of b. [3]
(c) Find the value of f(%j. 3]

(This question continues on the following page)
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(Question 1 continued)
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[Maximum mark: 5]
Consider the functions f(x) =x — 3 and g(x) =x” + k°, where £ is a real constant.
(@) Write down an expression for (g o f)(x). [2]

(b) Giventhat (g o f)(2) =10, find the possible values of k. [3]
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[Maximum mark: 4]
Events 4 and B are such that P(4) =0.65, P(B)=0.75 and P(4 N B)=0.6.
(@) Find P(4 U B). [2]

(b) Hence, or otherwise, find P(4' N B'). [2]
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[Maximum mark: 7]

The sum of the first n terms of an arithmetic sequence is given by S, = pn® — gn,
where p and ¢ are positive constants.

It is given that S, =40 and S, =65.
(@) Find the value of p and the value of g. [5]

(b) Find the value of u.. [2]
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[Maximum mark: 6]

In the following triangle ABC, AB = J6 cm, AC = 10cm and cosBAC = %

diagram not to scale

J6cm

10cm

Find the area of triangle ABC.
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[Maximum mark: 6]

The binomial expansion of (1 + kx)" is given by 1 + 12x + 28k°x” + ... + k"x" where n € Z*
and k€ Q.

Find the value of n and the value of %.
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Do not write solutions on this page.
Section B
Answer all questions in the answer booklet provided. Please start each question on a new page.
7. [Maximum mark: 17]
A ballet company performs The Nutcracker every year. Last year they gave a total of 60

performances at their theatre which has a maximum capacity of 800. The number of tickets
sold, n, at each performance is shown in the following frequency table.

Number of tickets Number of
sold, n performances
0<n<200 3
200 <n <400 p
400 < n <600 18
600 <n <800 30

(@) (i) Find the value of p.
(i)  Write down the modal class. [2]

(This question continues on the following page)
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Do not write solutions on this page.
(Question 7 continued)

The following cumulative frequency diagram also displays these data.

60 5
50 '

oy /

C

g

> 40

® /

)]

2 30

© /

3 /l/

5 20 S
10 -~

100 200 300 400 500 600 700 &00
number of tickets sold

(b) Use the cumulative frequency curve to estimate
(i)  the median number of tickets sold;
(i)  the number of performances where at least 80 % of the tickets were sold. [4]

(This question continues on page 13)
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Do not write solutions on this page.

(Question 7 continued)

L

After a performance, the company decides to conduct a survey to obtain feedback from the
audience.

(c) (i) State one disadvantage of the company surveying only the first 5% of the
audience as they leave the theatre.

(i)  Describe briefly how the company could collect feedback from 5% of the
audience using the systematic sampling method.

(iii)  State the sampling method which should be used if the survey is to be

representative of the number of children and the number of adults in the audience.

Last year 36000 tickets were sold to The Nutcracker.

(d) The following box and whisker diagram displays the amount spent by the audience at
the souvenir shop when they attended the performance.

0 5 10 15 20 25

Amount Spent ($)

(i) Estimate the number of people who spent between $3 and $25.
(i)  Half the audience spent less than $a. Estimate the value of a.

(e) This year the company will again give 60 performances and expects to sell 17
additional tickets for each performance.

(i)  Calculate the mean number of tickets the company expects to sell this year for
each performance.

(i) State what effect, if any, this increase in ticket sales would have on the variance
of the number of tickets sold for each performance.
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Do not write solutions on this page.
8. [Maximum mark: 15]
The functions f and g are defined by
f(x)=In(2x - 9), where x> %
g(x)=2Inx—1Ind, where x>0, d e R".
(a) State the equation of the vertical asymptote to the graph of y = g(x). [
The graphs of y =f(x) and y = g(x) intersect at two distinct points.
(b) (i) Show that, at the points of intersection, x* — 2dx + 9d = 0.
(i)  Hence show that d* —9d > 0.
(iii)  Find the range of possible values of d. 9]

(This question continues on the following page)
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Do not write solutions on this page.
(Question 8 continued)

The following diagram shows part of the graphs of y =f(x) and y = g(x).

y

The graphs intersect at x=p and x =g, where p <gq.

(c) Inthe case where d = 10, find the value of g — p. Express your answer in the form
aJb ,where a,b e Z". 5]
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Do not write solutions on this page.

9. [Maximum mark: 13]

Consider the function f* defined by f(x) :% , Where x € R. The graph of f is shown

in the following diagram. (x +1)
y
X
8(1-5x7)
(@) Showthat f'(x)=——". [4]
(x2 + 1)
(b) Find [ f(x)dx. [4]

Consider a function g(x) defined for x € R. The derivative of g is such that g'(x) =f"'(x),
forall x € R.

Let R be the region enclosed by the graph of f', the graph of g, the line x =0 and

the line x =3. The area of R is 277

(c) Find the two possible expressions for g(x). [5]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be
supported by working and/or explanations. Where an answer is incorrect, some marks may be given
for a correct method, provided this is shown by written working. You are therefore advised to show all
working.

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 5]

Point P has coordinates (-3, 2), and point Q has coordinates (15, —8). Point M is the
midpoint of [PQ].

(@) Find the coordinates of M. [2]
Line L is perpendicular to [PQ] and passes through M.
(b) Find the gradient of L. [2]

(c) Hence, write down the equation of L. [
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[Maximum mark: 7]

The function f is defined by f(x)= ;x+7

- forxeR, x#2.
(@) Find the zero of f(x). [2]
(b) For the graph of y = f(x), write down the equation of

(i)  the vertical asymptote;

(ii)  the horizontal asymptote. [2]

(c) Find f7'(x), the inverse function of f(x). [3]
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[Maximum mark: 6]

On a Monday at an amusement park, a sample of 40 visitors was randomly selected as they
were leaving the park. They were asked how many times that day they had been on a ride
called The Dragon. This information is summarized in the following frequency table.

Number of times on Frequency
The Dragon
0 6
1 16
2 13
3 2
4

It can be assumed that this sample is representative of all visitors to the park for the following day.
(a) For the following day, Tuesday, estimate

(i)  the probability that a randomly selected visitor will ride The Dragon;

(i)  the expected number of times a visitor will ride The Dragon. [4]

It is known that 1000 visitors will attend the amusement park on Tuesday. The Dragon can
carry a maximum of 10 people each time it runs.

(b) Estimate the minimum number of times The Dragon must run to satisfy demand. [2]
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[Maximum mark: 6]
(@) Show that the equation cos2x = sinx can be written in the form 2sin’x + sinx — 1 = 0.

(b) Hence, solve cos2x = sinx, where -t <x < 7.

[1]
[5]
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[Maximum mark: 6]

Find the range of possible values of k such that ™ + Ink = 3¢* has at least one real solution.
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[Maximum mark: 6]

The function f is defined by f(x) = singx, where g > 0. The following diagram shows part of
the graph of f for 0 <x <4m, where x is in radians. There are x-intercepts at x =0, 2m and 4m.

y
4
3
2
1
0 \ X
1 m 2m 3m 4m Sm om
-2
-3
—4
(@) Find an expression for m in terms of g. [2]

.2
The function g is defined by g(x) = 3sm%, for 0 <x < 6m.

(b) On the axes above, sketch the graph of g. [4]
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Do not write solutions on this page.

Section B
Answer all questions in the answer booklet provided. Please start each question on a new page.

7. [Maximum mark: 13]

The function / is defined by /4 (x) = 2xe" + 3, for x € R. The following diagram shows part of
the graph of %, which has a local minimum at point A.

y

A
X
(@) Find the value of the y-intercept. [2]
(b) Find A'(x). [2]
(c) Hence, find the coordinates of A. [5]
(d) (i) Show that 4"(x) = (2x + 4)e".
(i)  Find the values of x for which the graph of % is concave-up. [4]
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8.

[Maximum mark: 14]

Consider the arithmetic sequence u,, u,, u,, ....

The sum of the first n terms of this sequence is given by S = n +4n.

(@) (i) Find the sum of the first five terms.
(i)  Given that S, =60, find u,.
(b) Find u,.
(c) Hence or otherwise, write an expression for u, in terms of n.
Consider a geometric sequence, v, , where v, =u, and v, = u,.
(d) Find the possible values of the common ratio, .

(e) Given that vy, <0, find v;.
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Do not write solutions on this page.
9. [Maximum mark: 17]

An object moves along a straight line. Its velocity, vms™, at time ¢ seconds is given by

v(t)=—¢ +%t2 —2t+6, for 0 <t<4.The object first comes to rest at ¢ = k.

The graph of v is shown in the following diagram.

At t =0, the object is at the origin.

(@) Find the displacement of the object from the originat 1= 1.

(b) Find an expression for the acceleration of the object.

(c) Hence, find the greatest speed reached by the object before it comes to rest.
(d) Find the greatest speed reached by the object for 0 <7<4.

(e) Write down an expression that represents the distance travelled by the object while its
speed is increasing. Do not evaluate the expression.

[5]
(2]
[5]
(2]

[3]

References:
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be
supported by working and/or explanations. Where an answer is incorrect, some marks may be given
for a correct method, provided this is shown by written working. You are therefore advised to show all
working.

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 6]
The following diagram shows a circle with centre O and radius 4cm.

diagram not to scale

The points P, Q and R lie on the circumference of the circle and POR = 0, where 0 is
measured in radians.

The length of arc PQR is 10cm.

(@) Find the perimeter of the shaded sector. [2]
(b) Find 6. 2]
(c) Find the area of the shaded sector. [2]

(This question continues on the following page)
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(Question 1 continued)
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[Maximum mark: 6]
Consider an arithmetic sequence with u, = 0.6 and u,=0.15.
(a) Find the common difference, d. [2]

The following table shows the probability distribution of a discrete random variable X such

thatP(X=n)=L;{—",whereneZ+, l1<n<4and ke R".

n 1 2 3 4
. 1
P(X: n) 0_6 U U E
k k k
(b) Find the value of k. [4]
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3. [Maximum mark: 5]

A function f is defined by f(x):l—%z, where x € R, x#2.
(@) The graph of y = f(x) has a vertical asymptote and a horizontal asymptote.
Write down the equation of
(i)  the vertical asymptote;
(i)  the horizontal asymptote. [2]
(b) Find the coordinates of the point where the graph of y = f(x) intersects
(i) the y-axis;

(i) the x-axis. (2]

L

(This question continues on the following page)
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(Question 3 continued)

(c)  On the following set of axes, sketch the graph of y = f(x), showing all the features
found in parts (a) and (b). [
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[Maximum mark: 5]
Events 4 and B are such that P(4) = 0.4, P(4|B) =0.25 and P(4UB) =0.55.

Find P(B).

L
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[Maximum mark: 6]

forx>0.

The following diagram shows part of the graph of y =

X+

y

The shaded region R is bounded by the curve, the x-axis and the line x = c.
The area of R is In3.

Find the value of c.
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Please do not write on this page.

Answers written on this page
will not be marked.
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[Maximum mark: 7]
The functions f and g are defined for x € R by
f(x)=ax+b,where a, beZ
g(x)=x"+x+3.

Find the two possible functions f such that (g o /) (x) = 4x° — 14x + 15.
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Do not write solutions on this page.
Section B
Answer all questions in the answer booklet provided. Please start each question on a new page.
7. [Maximum mark: 17]
The following diagram shows part of the graph of a quadratic function f.

The vertex of the parabola is (-2, —5) and the y-intercept is at point P.

y

(=2,-5)

(@) Write down the equation of the axis of symmetry. [
The function can be written in the form f(x) = i(x—h)2 +k,where h, ke 7.

(b)  Write down the values of /4 and k. [2]
(c) Find the y-coordinate of P. [2]

(This question continues on the following page)
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Do not write solutions on this page.
(Question 7 continued)

In the following diagram, the line L is normal to the graph of f at point P.

y

(=2,-5)

(d) Find the equation of the line L, in the form y=ax + b. [4]
The line L intersects the graph of /" at a second point, Q, as shown above.

(e) Calculate the distance between P and Q. [8]
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Do not write solutions on this page.
8. [Maximum mark: 14]
Consider an acute angle 0 such that cosf = %
(@) Find the value of
(i) sin®;
(i) sin26. [4]
The following diagram shows triangle ABC, with B=6, A=260, BC=a and AC =b.

C

(b) Show that b= %. [2]

(This question continues on the following page)
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Do not write solutions on this page.

(Question 8 continued)

[BA] is extended to form an isosceles triangle DAC, with D= 0, as shown in the
following diagram.

B
(c) Find the value of sinCAD. [3]
(d) Find the area of triangle DAC, in terms of a. [5]
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Do not write solutions on this page.
9. [Maximum mark: 14]
A circle with equation x* + )* = 9 has centre (0, 0) and radius 3.
Atriangle, PQR, is inscribed in the circle with its vertices at P(-3, 0), Q(x, y) and R(x, ),

where Q and R are variable points in the first and fourth quadrants respectively. This is
shown in the following diagram.

y
7Q(x,y)
P(=3, 0)| ¥
|
R(x’ _y)
(a) For point Q, show that y =v9—x" | [1]
(b) Hence, find an expression for 4, the area of triangle PQR, in terms of x. [3]
(© Show that 2 91N [4]
c ow that — =——F—.
dx V9 —x’

(d) Hence or otherwise, find the y-coordinate of R such that 4 is a maximum. [6]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be
supported by working and/or explanations. Where an answer is incorrect, some marks may be given
for a correct method, provided this is shown by written working. You are therefore advised to show all
working.

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 7]
Let f(x)=—-2x+3,for x € R.

(@) The graph of a linear function g is parallel to the graph of f and passes through the
origin. Find an expression for g(x). [2]

(b) The graph of a linear function # is perpendicular to the graph of f and passes through
the point (-1, 2). Find an expression for 4 (x). [3]

() Find (g h)(0). [2]
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[Maximum mark: 4]
The function g is defined by g(x) = e"zﬂ, where x € R.

Find g'(-1).
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[Maximum mark: 7]

Consider a circle with a diameter AB, where A has coordinates (1,4, 0) and B has
coordinates (-3, 2, —4).

(@) Find
(i)  the coordinates of the centre of the circle;
(i)  the radius of the circle.
The circle forms the base of a right cone whose vertex V has coordinates (-1, -1, 0).

diagram not to scale

(b)  Find the exact volume of the cone.

[4]

[3]
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[Maximum mark: 5]
Let a be a constant, where a > 1.
2 Y (a2+1)
(a) Show that a’ +(a | = a 2+ . [3]

2 2
Consider a right-angled triangle with sides of length a, (a 5 1} and (a 2“}.

(b) Find an expression for the area of the triangle in terms of a. [2]
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[Maximum mark: 5]
6x
X2+l
The graph of y = f(x) passes through the point (1, 5). Find an expression for f(x).

The derivative of the function f is given by f'(x) =

L
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[Maximum mark: 6]

Events 4 and B are such that P(4)=0.3 and P(B) =0.8.

(@) Determine the value of P(ANB) in the case where the events 4 and B are independent. [1]
(b) Determine the minimum possible value of P(4ANB). [3]

(c) Determine the maximum possible value of P(4 N B), justifying your answer. [2]
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Do not write solutions on this page.

Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

7.

L

[Maximum mark: 16]

(@) The graph of a quadratic function f has its vertex at the point (3, 2) and it intersects
the x-axis at x = 5. Find f in the form f(x)=a(x — h)’ + k.

The quadratic function g is defined by g(x) = px’ + (t— 1)x — p where x € R and
p,teR, p=0.

(b) Inthe case where g(-3)=g(1)=4,

(i) find the value of p and the value of ¢;
(i)  find the range of g.

(c) The linear function j is defined by j(x)=—x+3p where x e Rand p e R, p#0.
Show that the graphs of j(x) = —x + 3p and g(x) = px’ + (t — 1)x — p have two distinct
points of intersection for every possible value of p and ¢.

[Maximum mark: 15]

(a) Calculate the value of each of the following logarithms:
1

i log, —:
(i) 8276
(i) log,3;
(iii) logﬁSI .

(b) Iltis giventhat log,a=3 ,where a,b e R", ab+1.
(i)  Show that log,,b=-2.

%/Z

(i) Hence find the value of logabﬁ.
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Do not write solutions on this page.

9. [Maximum mark: 15]
The function 1 is defined by f(x) = cos’x — 3sin’x, 0 <x < 7.
(@) Find the roots of the equation f(x)=0. [5]
(b) (i) Find f'(x).
(i)  Hence find the coordinates of the points on the graph of y = f(x) where f'(x)=0. [7]
(c) Sketch the graph of y = f(x), clearly showing the coordinates of any points
where f'(x) = 0 and any points where the graph meets the coordinate axes. [3]
References:
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be
supported by working and/or explanations. Where an answer is incorrect, some marks may be given
for a correct method, provided this is shown by written working. You are therefore advised to show all
working.

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1.  [Maximum mark: 5]
The following table shows values of f(x) and g(x) for different values of x.

Both f and g are one-to-one functions.

X -2 0 3 4

f(x) 8 4 0 -3

2(x) -5 -2 4 0
(@) Find g(0). 11
(b)  Find (f = £)(0). [2]
(c) Find the value of x such that f(x)=0. [2]

& [



il s 2222-7114
[Maximum mark: 5]

The " term of an arithmetic sequence is given by u, =15 —3n.

(a) State the value of the first term, u,. 1
(b) Given that the n™ term of this sequence is —33, find the value of n. 2]
(c) Find the common difference, d. 2]

[
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[Maximum mark: 6]
Consider any three consecutive integers, n—1, n and n+ 1.
(a) Prove that the sum of these three integers is always divisible by 3. [2]

(b) Prove that the sum of the squares of these three integers is never divisible by 3. (4]

A
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4.  [Maximum mark: 6]

Afunction f is defined by f(x)= 2 ,where x e R, x#-1.

x+1
(@) The graph of y =f(x) has a vertical asymptote and a horizontal asymptote.
Write down the equation of
(i)  the vertical asymptote;
(i)  the horizontal asymptote. [2]
(b)  On the set of axes below, sketch the graph of y =f(x) .

On your sketch, clearly indicate the asymptotes and the position of any points of

intersection with the axes. [3]
y
6
4
2
X
) —4 =2 0 ) 4 6
,;_2.
4 |
—=6
. . 2x—1
(c) Hence, solve the inequality 0 < " &2, 11

(This question continues on the following page)
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[Maximum mark: 5]

Find the least positive value of x for which cos(£+ Ej =—=.
2 3) 2
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[Maximum mark: 7]

Consider the binomial expansion (x + 1)’ = x” + ax® + bx’ + 35x* + ... + 1 where x # 0
anda,belZ.

(@) Show that b=21. (2]

The third term in the expansion is the mean of the second term and the fourth term in
the expansion.

(b) Find the possible values of x. [5]
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Do not write solutions on this page.

Section B
Answer all questions in the answer booklet provided. Please start each question on a new page.

7. [Maximum mark: 15]

The following diagram shows part of the graph of a quadratic function f.

The graph of f hasits vertex at (3, 4), and it passes through point Q as shown.

y
f
Q
(3,4
X

(a) Write down the equation of the axis of symmetry. 11
(b)  The function can be written in the form f(x) = a(x — hy +k.

(i)  Write down the values of 4 and k.

(i) Point Q has coordinates (5, 12). Find the value of a. [4]
The line L is tangent to the graph of f at Q.
(c) Find the equation of L. [4]
Now consider another function y = g(x). The derivative of g is given by g'(x) =/ (x) - d,
where d € R.
(d) Find the values of d for which g is an increasing function. [3]
(e) Find the values of x for which the graph of g is concave-up. [3]

~e
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Do not write solutions on this page.

8.  [Maximum mark: 15]

Consider the functions f(x)= —1—4+1 forx#4,and g(x)=x-3 for x € R.
x—

The following diagram shows the graphs of f and g.

y

The graphs of f and g intersect at points A and B. The coordinates of A are (3,0).
(a) Find the coordinates of B. [5]

(This question continues on the following page)
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Do not write solutions on this page.
(Question 8 continued)

In the following diagram, the shaded region is enclosed by the graph of 1, the graph of g,
the x-axis, and the line x =k, where k € Z.

y

The area of the shaded region can be written as In(p) + 8, where p € Z.

(b)  Find the value of £ and the value of p. [10]
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Do not write solutions on this page.

9.

[Maximum mark: 16]

A biased four-sided die with faces labelled 1, 2, 3 and 4 is rolled and the result recorded.
Let X be the result obtained when the die is rolled. The probability distribution for X is given
in the following table where p and ¢ are constants.

X 1 2 3 4
P(X=x)

p 0.3 q 0.1

For this probability distribution, it is known that E (X) =2.
(@)
(b)

Show that p =0.4 and ¢ =0.2. [5]
Find P(X >2). 2]
Nicky plays a game with this four-sided die. In this game she is allowed a maximum of five

rolls. Her score is calculated by adding the results of each roll. Nicky wins the game if her

score is at least ten.

After three rolls of the die, Nicky has a score of four.

(c) Assuming that rolls of the die are independent, find the probability that Nicky wins
the game. [5]

David has two pairs of unbiased four-sided dice, a yellow pair and a red pair.

Both yellow dice have faces labelled 1,2, 3 and 4. Let S represent the sum obtained by
rolling the two yellow dice. The probability distribution for S is shown below.

S 2 3 4 5 6 7 8

1 2 4 3 2 i

pseg| Ll 2| 2]z
16 16 16 16 16 16 16

The first red die has faces labelled 1, 2,2 and 3. The second red die has faces

labelled 1, a, a and b, where a<b and a, b € Z". The probability distribution for the sum
obtained by rolling the red pair is the same as the distribution for the sum obtained by rolling
the yellow pair.

(d)
()

Determine the value of b. [2]

Find the value of a, providing evidence for your answer. [2]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be
supported by working and/or explanations. Where an answer is incorrect, some marks may be given
for a correct method, provided this is shown by written working. You are therefore advised to show all
working.

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 5]

Consider the points A(-2, 20), B(4, 6) and C(-14, 12). The line L passes through the
point A and is perpendicular to [BC].

(@) Find the equation of L. [3]
The line L passes through the point (k, 2).

(b) Find the value of k. [2]

§ 00N
12EP02

P




-3- 2222-7109

[Maximum mark: 5]

NS

(b) Hence, find the value of | 9(

(@) The expression can be written as 3 — 5x”. Write down the value of p. [1

3*/;_5de.

Jx
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[Maximum mark: 7]

A survey at a swimming pool is given to one adult in each family. The age of the
adult, a years old, and of their eldest child, ¢ years old, are recorded.

The ages of the eldest child are summarized in the following box and whisker diagram.
diagram not to scale
ages of eldest child (years)

2 6 7 10 18

(@) Find the largest value of ¢ that would not be considered an outlier. [3]

1
The regression line of a on c is a :%c+20. The regression line of c on a is ¢ =5a—9.
(b) (i) One of the adults surveyed is 42 years old. Estimate the age of their eldest child.

(i)  Find the mean age of all the adults surveyed. [4]
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[Maximum mark: 7]

Consider the functions f(x)= J3sinx+cosx where 0<x<n and g(x)=2x where x € R.

(a) Find (feg)(x). [2]

(b) Solve the equation ( fo g)(x) =2cos2x where 0 <x < 7. [5]
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[Maximum mark: 5]
Consider the curve with equation y = (2x — 1)e, where x e R and k € Q.
The tangent to the curve at the point where x = 1 is parallel to the line y = 5¢'.

Find the value of k.
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[Maximum mark: 7]

Consider f(x)=4sinx + 2.5 and g(x) = 4sin(x—37nj+2.5+q , Where x e R and ¢ > 0.

The graph of g is obtained by two transformations of the graph of f".

(@) Describe these two transformations. [2]
The y-intercept of the graph of g is at (0, r).

(b) Given that g(x) > 7, find the smallest value of r. [5]
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Do not write solutions on this page.

Section B

2222-7109

Answer all questions in the answer booklet provided. Please start each question on a new page.

7.

[Maximum mark: 14]

Afunction, 1, has its derivative given by f'(x) = 3x" — 12x + p, where p € R. The following

diagram shows part of the graph of f".

y

The graph of /' has an axis of symmetry x=gq.

(@) Find the value of ¢g.

The vertex of the graph of /' lies on the x-axis.

(b) (i)  Write down the value of the discriminant of /.
(i)  Hence or otherwise, find the value of p.

(c) Find the value of the gradient of the graph of ' at x=0.

X

(2]

[4]

[3]

(d) Sketch the graph of ", the second derivative of f. Indicate clearly the x-intercept and

the y-intercept.
The graph of f has a point of inflexion at x =a.

(e) (i)  Write down the value of a.

[2]

(i)  Find the values of x for which the graph of f is concave-down. Justify your answer. [3]
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Do not write solutions on this page.

8. [Maximum mark: 15]

1
Consider the series lnx+plnx+glnx+..., where xe R, x>l andp e R,p#0.

(a) Consider the case where the series is geometric.

1
(i) Showthat p=+—.

P 5
(i) Giventhat p>0 and S, =3++/3, find the value of x. 5]

(b) Now consider the case where the series is arithmetic with common difference d.

2
(i) Showthat p= 5
(i)  Write down d in the form klnx, where k € Q.
(iii) The sum of the first n terms of the series is =3 Inx.

Find the value of n. [10]

9. [Maximum mark: 15]
(@) (i) Expand and simplify (1 —a)’ in ascending powers of «.

(i) By using a suitable substitution for a, show that
1 —3cos2x + 3cos’2x — cos’ 2x = 8sin’x. [6]

Consider f(x) = 4cosx(1 — 3 cos2x + 3 cos’2x — cos’ 2x).

(b) (i) Show that Lm f(x)dx= %sin7 m, where m is a positive real constant.

(i) Itis given that Ff(x) dx :%, where 0 <m < g Find the value of m. [9]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be
supported by working and/or explanations. Where an answer is incorrect, some marks may be given
for a correct method, provided this is shown by written working. You are therefore advised to show all
working.

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 7]

Consider the function f(x) =-2(x — 1)(x + 3), for x € R. The following diagram shows part
of the graph of f.

X
(@) For the graph of f
(i) find the x-coordinates of the x-intercepts;
(i)  find the coordinates of the vertex. [5]

The function f can be written in the form f(x) = —2(x — h)* + k.

(b)  Write down the value of # and the value of k. [2]
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[Maximum mark: 4]

. dy _ T 3n .
Given that a—COS X_Z and y =2 when sz’ﬂnd v in terms of x.
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3. [Maximum mark: 5]

The function £ is defined by f(x) = y ,where x e R, x#3.
—Xx

(@) Write down the equation of
(i)  the vertical asymptote of the graph of f;
(i)  the horizontal asymptote of the graph of f.
(b) Find the coordinates where the graph of f crosses
(i) the x-axis;

(i)  the y-axis.

(2]

(2]

(This question continues on the following page)

1
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(Question 3 continued)

(c) Sketch the graph of f on the axes below. 1

15 1

10 4

15 -10 -5 0 5 10 15

—10 -

_15_
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[Maximum mark: 5]

Box 1 contains 5 red balls and 2 white balls.
Box 2 contains 4 red balls and 3 white balls.

(@) Aboxis chosen at random and a ball is drawn. Find the probability that the ball is red. [3]

Let 4 be the event that “box 1 is chosen” and let R be the event that “a red ball is drawn”.

(b) Determine whether events A and R are independent. [2]
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[Maximum mark: 7]

The function f is defined for all x € R. The line with equation y = 6x — 1 is the tangent to
the graph of f at x=4.

(@) Write down the value of f'(4).

(b) Find f(4).

The function g is defined for all x € R where g(x) =x"—3x and 4 (x) =f(g(x)).
() Find h(4).

(d) Hence find the equation of the tangent to the graph of 4 at x =4.

(1]
(1]

(2]
[3]

L

12EPO

EPO7

Turn over
Il :



-8- 8821-7104
[Maximum mark: 7]
2
(@) Showthat 2x—3——0 22X =5¥=3 p oL, 2]
x—1 x—1
(b) Hence or otherwise, solve the equation 2sin260 —3—# =0 for0<6O<m, 0= T [5]
sin26 —1 4
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Do not write solutions on this page.
Section B
Answer all questions in the answer booklet provided. Please start each question on a new page.

7. [Maximum mark: 16]

A particle P moves along the x-axis. The velocity of P is vms™ at time ¢ seconds,
where v(f) =4 +4¢t—3¢t> for 0<¢<3.When t=0, P is at the origin O.

(@) (i) Find the value of t when P reaches its maximum velocity.

(i)  Show that the distance of P from O at this time is i—j metres. [7]
(b) Sketch a graph of v against ¢, clearly showing any points of intersection

with the axes. [4]
(c) Find the total distance travelled by P. [5]

8. [Maximum mark: 15]

Consider the function f(x)=a" where x,a € R and x>0,a> 1.

The graph of f contains the point (%,4)

(@) Show that a =8. [2]
(b)  Write down an expression for f'(x). 1
(c) Find the value of ' <\/372) [3]

(d) Consider the arithmetic sequence log, 27, log, p, log, g, log, 125,
where p>1 and g > 1.

(i) Showthat 27, p, g and 125 are four consecutive terms in a geometric sequence.

(ii)  Find the value of p and the value of ¢. [9]
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Do not write solutions on this page.
9. [Maximum mark: 14]

Consider a function f with domain a < x < b. The following diagram shows the graph of 1",
the derivative of f.

S

The graph of f”, the derivative of f, has x-intercepts at x =p, x =0 and x =¢. There are
local maximum points at x = ¢ and x =¢ and a local minimum point at x =r.

(@) Find all the values of x where the graph of f is increasing. Justify your answer. [2]
(b) Find the value of x where the graph of f has a local maximum. 1
() (i) Find the value of x where the graph of f has a local minimum. Justify your answer.

(i)  Find the values of x where the graph of /" has points of inflexion. Justify your
answer. (5]

(d) The total area of the region enclosed by the graph of f”, the derivative of f,
and the x-axis is 20.

Given that f(p) + f(¢) =4, find the value of f(0). [6]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be
supported by working and/or explanations. Where an answer is incorrect, some marks may be given
for a correct method, provided this is shown by written working. You are therefore advised to show all
working.

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 6]

The following diagram shows a circle with centre O and radius r.
diagram not to scale
A

AN,

Points A and B lie on the circumference of the circle, and AOB = 1 radian .
The perimeter of the shaded region is 12.
(@) Find the value of r. [3]

(b) Hence, find the exact area of the non-shaded region. [3]
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[Maximum mark: 4]
Consider two consecutive positive integers, » and n + 1.

Show that the difference of their squares is equal to the sum of the two integers.
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[Maximum mark: 6]

(@) Show that the equation 2 cos’x + Ssinx = 4 may be written in the form
2sin’x — Ssinx +2=0.

(b) Hence, solve the equation 2cos’x + Ssinx =4, 0 <x < 27.
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[Maximum mark: 5]
In the expansion of (x + k)’, where k € R, the coefficient of the term in x’ is 63 .

Find the possible values of k.
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[Maximum mark: 9]
Consider the function f defined by f(x)=1In (x* — 16) for x > 4.

The following diagram shows part of the graph of f* which crosses the x-axis at point A, with
coordinates (a, 0).The line L is the tangent to the graph of f* at the point B.

h% x=4

N

A(a, 0)

(@) Find the exact value of a.

(b) Given that the gradient of L is % find the x-coordinate of B.
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[Maximum mark: 7]
The following diagram shows triangle ABC, with AB =10, BC=xand AC =2x.

diagram not to scale

10

2x

Given that cosC = % , find the area of the triangle.

g

Give your answer in the form 7 P where p,q € 7".
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Do not write solutions on this page.

Section B
Answer all questions in the answer booklet provided. Please start each question on a new page.
7. [Maximum mark: 14]
A large school has students from Year 6 to Year 12.

A group of 80 students in Year 12 were randomly selected and surveyed to find out how
many hours per week they each spend doing homework. Their results are represented by
the following cumulative frequency graph.

80—

70

60—

N N
[e) [e)

(8]
e
Illlll\\\l\\\\ll!\\l\\\\l\\!l

cumulative frequency

20

10

N L DL L L L L L L L L L
2 4 6 8 10 12 14 16 18 20 22 24
number of hours

(This question continues on the following page)
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Do not write solutions on this page.
(Question 7 continued)

(@) Find the median number of hours per week these Year 12 students spend
doing homework. [2]

(b) Given that 10% of these Year 12 students spend more than & hours per week doing
homework, find the value of k. [3]

This same information is represented by the following table.

Hours (k) spent |, _, _; 7<h<15 | 15<h<2l | 21<h<24
doing homework
Frequency 4 )% 16 q
(c) Find the value of p and the value of q. [4]

There are 320 students in Year 12 at this school.

(d) Estimate the number of Year 12 students that spend more than 15 hours each week
doing homework. [3]

(e) (i) Explain why this sampling method might not provide an accurate representation
of the amount of time all of the students in the school spend doing homework.

(i)  Suggest a more appropriate sampling method. [2]
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Do not write solutions on this page.
8. [Maximum mark: 15]
Consider the function f defined by f'(x) =6 + 6¢cosx, for 0 <x <4m.

The following diagram shows the graph of y = f'(x).

A B

The graph of f touches the x-axis at points A and B, as shown. The shaded region is
enclosed by the graph of y = f(x) and the x-axis, between the points A and B.

(a) Find the x-coordinates of A and B.
(b) Show that the area of the shaded region is 12r.

The right cone in the following diagram has a total surface area of 121, equal to the shaded
area in the previous diagram.

The cone has a base radius of 2, height /, and slant height /.

diagram not to scale

(c) Find the value of /.

(d) Hence, find the volume of the cone.
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Do not write solutions on this page.
9. [Maximum mark: 14]

Particle A travels in a straight line such that its displacement, s metres, from a fixed origin
after ¢ seconds is given by s(#) = 8/ — ¢*, for 0 < ¢ < 10, as shown in the following diagram.

Particle A starts at the origin and passes through the origin again when t=p.
(@) Find the value of p. [2]
Particle A changes direction when 7=gq.
(b) (i) Find the value of ¢g.

(i)  Find the displacement of particle A from the origin when ¢t =g¢. [4]
(c) Find the distance of particle A from the origin when = 10. 2]
The total distance travelled by particle A is given by d.
(d) Find the value of d. [2]

A second particle, particle B, travels along the same straight line such that its velocity is given
by v(t)=14 —2¢,for t > 0.

When ¢ = k, the distance travelled by particle B is equal to d.

(e) Find the value of k. [4]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be
supported by working and/or explanations. Where an answer is incorrect, some marks may be given
for a correct method, provided this is shown by written working. You are therefore advised to show all
working.

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 5]

The graph of y = f(x) for -4 <x < 6 is shown in the following diagram.

y
8
6
4
2
X
4 2 0 2 4 \6
: \
—4
—6
(@) Write down the value of
M f@;
(i)  (fe/)2). [2]
(b) Let g(x)= %f(x)+1 for —4 <x < 6. On the axes above, sketch the graph of g. [3]
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[Maximum mark: 4]
The diameter of a spherical planetis 6 x 10*km.
(@) Write down the radius of the planet. [1]

The volume of the planet can be expressed in the form m(a x 10 km® where 1 <a <10
and ke Z.

(b)  Find the value of a and the value of k. [3]
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[Maximum mark: 5]

Consider an arithmetic sequence where u, = S; = 8. Find the value of the first term, u,, and
the value of the common difference, d.
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[Maximum mark: 5]

A research student weighed lizard eggs in grams and recorded the results. The following
box and whisker diagram shows a summary of the results where L and U are the lower
and upper quartiles respectively.

diagram not to scale

: a

10 L 40 U 75

The interquartile range is 20 grams and there are no outliers in the results.
(@) Find the minimum possible value of U.

(b) Hence, find the minimum possible value of L.
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[Maximum mark: 7]
Consider the functions f'(x) = —(x — h)* + 2k and g(x) =¢"~ + k where &, k € R.
(@) Find f'(x). 1]

The graphs of f and g have a common tangent at x =3.

(b) Show that / = % . [3]
2
(c) Hence, show that £k =¢ +% : [3]
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[Maximum mark: 8]
(@) Show that sin2x + cos2x — 1 = 2sinx(cosx — sinx).

(b) Hence or otherwise, solve sin2x + cos2x — 1 + cosx —sinx =0 for 0 <x < 2m.

L

12EPO

EPO7

Turn over
Il §



=

-8- 2221-7109

Do not write solutions on this page.

Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

7.

L

[Maximum mark: 14]

Let f(x) =mx’ — 2mx, where x € R and m € R. The line y = mx — 9 meets the graph of f
at exactly one point.

(@) Showthat m=4.

The function f can be expressed in the form f(x) = 4(x — p)(x — q), where p, g € R.
(b)  Find the value of p and the value of q.

The function f can also be expressed in the form f(x) = 4(x — h)* + k, where &, k € R.
(c) Find the value of 4 and the value of k.

(d) Hence find the values of x where the graph of f is both negative and increasing.

[Maximum mark: 16]

|
Let y:n—:c for x > 0.
X

(a) Showthat & = ﬂ .
dx X

In x :
3 for x > 0 and its graph y = f(x).

Consider the function defined by f(x)=
(b) The graph of /" has a horizontal tangent at point P. Find the coordinates of P.

20lnx-9
6

(c) Giventhat f"(x)= , show that P is a local maximum point.

(d) Solve f(x)>0 for x> 0.

(e) Sketch the graph of f, showing clearly the value of the x-intercept and the
approximate position of point P.
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Do not write solutions on this page.
9. [Maximum mark: 16]

A biased four-sided die, A, is rolled. Let X be the score obtained when die A is rolled. The
probability distribution for X is given in the following table.

X 1 2 3 4
1
P(X'=x) p P p 5P
(@) Find the value of p. [2]
(b) Hence, find the value of E(X). [2]

A second biased four-sided die, B, is rolled. Let Y be the score obtained when die B is rolled.
The probability distribution for Y is given in the following table.

y 1 2 3 4

P(Y=y) q q q r

(c) (i) State the range of possible values of r.
(i)  Hence, find the range of possible values of ¢. [3]
(d) Hence, find the range of possible values for E(Y). [3]

Agnes and Barbara play a game using these dice. Agnes rolls die A once and Barbara rolls

1
die B once. The probability that Agnes’ score is less than Barbara’s score is 5

(e) Find the value of E(Y). [6]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be
supported by working and/or explanations. Where an answer is incorrect, some marks may be given
for a correct method, provided this is shown by written working. You are therefore advised to show all
working.

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 5]
The following diagram shows triangle ABC, with 4B =6 and AC=8.

diagram not to scale

B
6
A C
8
(a) Given that cos 4 = %, find the value of sin 4. [3]
(b) Find the area of triangle ABC. [2]
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[Maximum mark: 5]

Let 4 and B be events such that P(4) =0.5,P(B)=0.4 and P(4 U B)=0.6.
Find P(4 | B).
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3. [Maximum mark: 5]
(@) Showthat 2n — 1)+ (2n+1)’=8n’+2,where neZ. [2]
(b) Hence, or otherwise, prove that the sum of the squares of any two consecutive odd
integers is even. [3]
i [ IIRAM |
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[Maximum mark: 5]
Let /(x) = —>X_ Given that £(0)=5., find /().
2x*+ 1
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[Maximum mark: 5]

x+3

The functions " and g are defined such that f(x) = and g(x)=8x+5.

(@) Showthat (go f)(x)=2x+11. [2]

(b) Giventhat (go f)'(a) =4, find the value of a. [3]
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[Maximum mark: 8]

(@) Show that log, (cos2x + 2) = log, \/cos2x + 2.

(b)  Hence or otherwise solve log, (2sinx) = log,(cos2x + 2) for 0 < x < g

[3]

[5]
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Do not write solutions on this page.
Section B
Answer all questions in the answer booklet provided. Please start each question on a new page.
7. [Maximum mark: 15]
A large company surveyed 160 of its employees to find out how much time they spend

traveling to work on a given day. The results of the survey are shown in the following
cumulative frequency diagram.

160

140

120

100 /

80

o /
o /

cumulative frequency

20 »

0 10 20 30 40 50 60 70
travelling time (minutes)

(This question continues on the following page)
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Do not write solutions on this page.
(Question 7 continued)
(@) Find the median number of minutes spent traveling to work. [2]

(b) Find the number of employees whose travelling time is within 15 minutes of the median.  [3]
Only 10% of the employees spent more than & minutes traveling to work.
(c) Find the value of k. [3]

The results of the survey can also be displayed on the following box-and-whisker diagram.

travelling times (minutes)

[ N

5 a 47

(d)  Write down the value of b. [1
(e) (i) Findthe value of a.

(i)  Hence, find the interquartile range. [4]
Travelling times of less than p minutes are considered outliers.
(f)  Find the value of p. [2]

8. [Maximum mark: 16]

Let 1 (x) :§x3+ x'—15x +17.
(@) Find f'(x). (2]

The graph of f has horizontal tangents at the points where x=a and x=b,a<b.
(b) Find the value of a and the value of 5. [3]
(c) (i) Sketch the graph of y = f'(x).

(i)  Hence explain why the graph of /" has a local maximum pointat x =a. [2]
(d) () Find f"(b).

(i)  Hence, use your answer to part (d)(i) to show that the graph of /" has a local
minimum point at x =5. [4]

The normal to the graph of f at x = a and the tangent to the graph of /" at x = b intersect at
the point (p, q).

(e) Find the value of p and the value of q. [5]
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9. [Maximum mark: 16]

Let f(x) :% where x>0, keR".

— In5x

N
(@) Show that f'(x) = e [3]

The graph of f has exactly one maximum point P.
(b) Find the x-coordinate of P. [3]

21 -
The second derivative of f is given by f"(x) = 115sz3 The graph of f has exactly one

point of inflexion Q.

1 2
(c) Show that the x-coordinate of Q is gez. [3]

The region R is enclosed by the graph of f, the x-axis, and the vertical lines through the
maximum point P and the point of inflexion Q.

y

N

v

(d) Given that the area of R is 3, find the value of k. [7]
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