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Section A: Pure Mathematics [40 marks]

1 (a) Find the set of values of x for which 3| x—2 |<| 5—2x]|. 2]

Frow CJ]‘C- [lx:xe“z'\<x<2~2}

(b) Express — -;25 ” -3 as a single simplified fraction. Hence, without using a calculator, solve
X" —4x—
exactly the inequality Er e = [4]
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2 (a) Given that y = In(secx). show that d_z = 2(d \,)(9-1—) 3]
dx dx*/\dy,
:) oy _ L cuxtonx = famn
) Ax  fecx

DO NOT WRITE IN THIS MARGIN

|
Q-

—

2

»

N

>

|2

RROQNO LWIRLLE JN L1110 VMARGIIN

Lo s ey,
T e )
4T
- e =y

;

RE!N i

% S B e

Solution served as a suggestion only

DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN 1

Math J

Turtion

#

where transFormAtion begins®
A

DO NOT WRITE IN THIS MARGIN
DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN
DO NOT WRITE IN THIS MARGIN

| & UCLES & MOE 2023 &?ﬁ 9758/02/0/N/23 [Turn over I




2

[Continued]

termin x .
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(b) Hence, or otherwise, obtain the Maclaurin expansion of y
L

dy (i—‘l (A4 + ﬁ%)

oA 2R

an  X=0
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in terms of x up to and including the
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(¢) By putting x = 57, find an approximation for In2 in terms of . [2]
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< S (d) Using your answer to part (b), find an approximation to f In(secx)dx. Give your answer correct
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3 The points 4 and B have position vectors (

The point C is such that BC = 2A4B.

(a) Find the position vector of C.

ol

and

’.)CI‘J-—"

T'he point D has position vector | 2 ) and 1s such that ’:15' = I E—)D|

\d
(b) Find the value of 4.

respectively.

3 (D ()-(2) - (3)+ (3
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3 [Continued]

(d) Find exactly the position vector of the point P, where P is the centre of the circle that passgs
through A, B and D. 15]

6(|,-l,8> LQ“_ W\ bﬁ-ﬂq_ Mld')a.ln'(' 0? A’B

‘ yom= [2)e[2)= (s
49H)- 3
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4 The curve C is defined by the parametric equations x = 2¢*+3and y = 5¢—1, where 1 > ‘i’
(a) Find the exact area between the curve C, the x-axis and the line x = 21. 3]
st 44 3=2b 2
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4 [Continued]

4
The curve D is defined by the parametric equations x = 5w and y = 7 where u 7 0.

that there are no other points of

(b) Find a point of intersection, 4. of the curves C and D. Show
Intersection. 5]
4
S /)
&
X& = 20
anyb I
) A
| (347 43)(51) =20 E
lo4°—2t"+ 151 - 232° g
g :
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Section B: Probability and Statistics [60 marks|

 into the toy, the ball falls into one

Ty i bal :
A child’s toy has 36 slots, numbered from | to 36. A child puts a L is equally likely to fall into any

of the 36 slots and the child’s score is the number of that slot. The ba
one of the slots.

Sadiq is investigating four possible events, 4, B, C and D, which are defined as follows.

A thescoreisodd 13 5#4 11 r3I1S[3[q 1133 25 2329 2] ...

B  thescoreiseven 1%cg e rt 14 (6 # N 22 ...
(' the score is a multiple of 3 369 12 IS v 20 24 ..
D the score isa multipleof 6 [ v~ 1§ 2% 30 3b

(a) (i) State which pairs of the events, if any, are mutually exclusive. [1]

Akl ok AED

(i) Show that 4 and C are independent events, and state another pair of independent events. [2]
| ( >
Pm)=3  #(c)=13 :
- P(ANC)= 57

AN (= 0dd md wmuktiple £ 3 ¥
ST = p(w)™ P(B)
e 8< C ove Iholzfcv\dm\' Q\IMQ.
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' now
Sadiq notices that a ball has become stuck in the slot labelled 36, and so ballls'[i)ut fl‘:(:ﬁq tllli(:03}’5jdre
falling, with equal probability, into one of only 35 slots, and the score can only be

13

‘ l
(b) (i) State which pairs of the four events. if any, are now mutually exclusive. [1]

Ak & A% D

I
(i) Determine whether 4 and C are now independent events. [1]
1€ (C = AL
1§

PR O)- 5+ Erg
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6 A bag contains 7 red counters and b blue counters, where » > 12 and b > 12. Mu ré;l;dgl)zn)terg Hw
12 counters from the bag. The probability that there are 4 red counters among Mer's 12 ‘
same as the probability that there are 3 red counters.
2]

(a) Show that 91+ 5 = 4p.

Y C C C
P RPN S W W
" r+b - vib
i “n
b vl b\

v S e
(r-e)f 4t (b-2)! 8!

(v'_g)ﬂ = 4(b‘g)
G- 11 =4b -32

i (v-&).‘.S! | (b-‘;)! 1!

Irt5=14b yZ

The probability that there are 3 red counters among Mei’s 12 counters is % times the probability that
there are 2 red counters.

(b) Derive an equation similar to the equation in part (a) and hence find the probability that just one of

the 12 counters removed is red. 16]
b r. b
v
53 Lﬂ (E) Cl C lo
T 2 D RS e
n |z
r b!

qy -4b= -5 r=15 b=3>
'5C QSC
Pl SR T (a5 B0 1
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7 The numbers of mobile phone subscriptions in Singapore, y million. for certain ye?rsoggm 2004 are
given in the following table. The variable x is the number of years after a base yearo :

16

Lt

| ——

3
S
g
~
:
3

Year 2004 2006 2008 2010 2012 2014 2016 2018 1
Number of |
years after 4 6 8 10 12 14 16 | 18 |
base year, x q
Number of
subscriptions, 3.99 4.79 6.41 7.38 8.07 8.10 8.46 8.39 |
y million i <
Rl | g
Ling thinks that the number of mobile phone subscriptions in Singapore can be modelled by one of the Q:
formulae Ef
y = ax+b, e’ =cx+d, g

where a, b, ¢ and d are constants. g
=

. . - <]

(a) Find, correct to 4 decimal places, the value of the product moment correlation coefficient o
(i) between x andy, [1]

1

(11)) between x and e’ [1] 9‘

T|

=

r=0.969% z

3

(b) Explain which of Ling’s models, y = ax+b or e* = cx+d, gives a better fit to the data and find é
the equation of the regression line for this model. 3] 33
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2

5 (¢) Use the equation of the regression line to estimate the number of mobile phone subscriptions in

E 2024. Explain whether your estimate is reliable. 2]

Y

% o > 3F5.61Sx - \&&)- 4RI
2

. x= 2l

oI #3328 6

Z

O -

: y= §.¢%0LO

: v 8.8F mllony  subscriptiong
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. ke of granulated sugar.
8 (a) A company has a new machine designed to fill bags with, on .avedr.ag;é(; . (;grrec tgly. T
The production manager wishes to investigate if the machine 1s adju

take a sample of bags and carry out a hypothesis test.

18

, ; ing any parameters you use.
(1) State null and alternative hypotheses for the manager’s test, defining any p 2]

M e pe ‘»Aa’mm wmem wwjk\' o{? va\ula’ml &«450\\/.

The production manager decides to take the first bag of sugar produced each morTingfeanOd g:esﬁfrs:
bag of sugar produced each afternoon, in a 5-day working week, to form a sample o g

the test.

2]

(i) Give two reasons why the production manager’s sample is not suitable for a z-test.

® Qw\(e, e digvivation vf o wuv\b\&é( eocA bA5 ﬂf cuﬁo\v 1< kM
hane V\\C\V\j a CMP\L of 0 \')0\3.\’ o’ﬁ the &lﬂjmf { IV\.('WF((L((;{" i e Qamrll;
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19 .

(b) The company has a different machine which fills larger bags with, on average, 2 kg of granulated
sugar. Ong of the company’s sales representatives has reported that some customers suspect the
machine is no longer set correctly, and that the average mass of sugar in the bags may in fact be
less than 2kg. The production manager decides to carry out a hypothesis test at the 2.5% level of

§igniﬁcance with a suitable sample of 40 bags of sugar. Summary data for the mass. xkg. of sugar
In these bags is as follows.

n = 40 >x =78.88 Yx* = 155.6746
(1) State the hypotheses and find the critical region for this test. , [5]
'){.,27’:-=!-q7}2, S’:g‘;\'((ﬁ-ﬂ%*i&’%&
__H
JS600

< -195%§

19/,5000
40

O(X(L%

(ii) State the conclusion of the test in the context of the question. 2]

RCJQ(’& Ho O\V\o\ conclude et dhave S ﬁmﬁ\(\m“'
vl ok &5k levtd o% &\5m¥tcmce/ ot e mem
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9  In this question, you should state the parameters of any distributions you use.

A company produces wooden planks of two different lengths, Regular and Long. The lengths, in metres,

of the Long planks follow the distribution N(1.82, 0.22).

(a) Find the probability that the length of a randomly chosen Long plank is less than 1.79 m. [1]
y
| ~ N(|.g). ) 0.2 )

P(L < 1#9) = 044038 = 0440 X

DO O NOT WNDITE IR TLIIC A AADTDNTINY

2
¢
:
(b) Find the probability that the total length of 8 randomly chosen Long planks is greater than 14.5 r; i
| 31§
L tLat Alg ~ N [pesh , 0.32) :
U
! B
| B
:
P(L,f...1L37N-5>= 0-5'%22 :
% 0-5%0 :
2

Z
¢
14
<
>
%
The lengths, in metres, of the Regular planks follow the distribution N(1.22, 0.32). E
T
(¢) Sylvio buys 120 of the Regular planks. Calculate the expected number of these planks that are E
longer than 1.25m. ) [2] g
RNN(LLZ, O“S) g
:

P(e>125) = 0-pp01F2
Expected f :55.22 1 55 planks - L
i
J
(d) Find the probability that the total length of 10 randomly chosen Long planks differs by less than 2
0.65 m from the total length of 16 randomly chosen Regular planks. (3] é
N (18 g
N’-’ \_"\’...'('Lm’v '2/ Ol'(' E
P = Rt t &y NN(M.BZ,LW) :

W-P ~ N (-—l.zl : ['3LF>

PBATYSCNIN

| \W-P) < 0-45) = P(-045< W-¢ & 0-45)

= 0-231h
~ 0-23

oo P P NG T TN Y ia | wll -
P T
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T'he company finds that there is a demand for Short planks. These planks are produced by cutting the

L.ong planks into three exactly equal lengths, or the Regular planks into two exactly equal lengths.

(e) Find the probability that the length of a randomly chosen Short plank made from a Long plank 1S
greater than the length of one made from a Regular plank. You should ignore any wastage caused

by cutting the plank. (4]
- 9 |
A= ;NN(iSO I s
Nl i 100 &
b= 3 N ( (00 ' 400

(f) Without doing any detailed calculation, explain how your answer to part (e) would change if each
cut of a plank caused a small amount of wastage. [1]

Tina YW‘D“\J'Mﬂ ol b lower &g (onﬂuf Pll’m\CZ V'U\,u\in Mol
(it on wjo\w dleake | hene  mive wistage o g0 analo’\\r\’\.j

et A ghort plankg 1S longur tan fhe one made fom  regua plankS

will he  lowor -
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10 (a) A small company makes 50 glass ornaments each working da

22

y. Some of the ornaments turn out to

be faulty.

needed for the number of faulty

i tate. In ex uestion. two assumptions RS
()id > the context of the g 1 p bt 2]

ornaments made in a day to be well modelled by a binomial dist

@ Tl ()W‘DO\W\B Mot e Ot tum ot to be \EW\W «
QOV\STM“' fov each omoanunts -

@ e euant fuot an Oormamnt fum ot fo bhe 1‘““419 « We"m"“ "?
W oty ovmowent .

Assume now that the number of faulty ornaments produced each day has the distribution B(50, 0.04).

(ii) Show that the numerical values of the mean and variance of this distribution differ by 0.08.

X ~ B(S'D 0-0k) .

(iii) Find the probability that no more than 2 faulty ornaments are produced on a randomly chosen
working day. [1]

p(x22)
= 0-b36F14
% 06T

E,,“‘_zi 9758/02/0/N/23 I
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(iv)  Find the probability that no more than 2 faulty ornaments are produced on at least 3 days in a
randomly chosen S-day working week. State the distribution you use. 3]

ler W b v dlmﬁfnj # ofo\woﬁ m A 5-0(53 Wik that no moe than
2 fadty ormaments aw produad.

W B(5, 0-G6+14)

P(u73) = |-p(W42)

= 0-803§
~ 0-805 P

(v) Find the probability that no more than 10 faulty items are produced in a randomly chosen
>-day working week. State the distribution you use. [2]

L@f \/ doacte # fF fMi{j ovnowut( 50‘&1&' :
1~ B(Lso, 0-0%>
P(\/ é\O) = 0-583065
<~ 0-543 £

Solution served as a suggestion only
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5
10 [Continued] 2
=
(b) The company also makes pens which are sold in randomly packed boxes of one hundred pens. The E
probability of a pen being not faulty is p, where 0 < p < 1. E
- . . b~
For quality control purposes, a random sample of pens from each box is tested. Mr Lu and 0
Mrs Ming carry out the tests but they use different methods. R
Mr Lu tests a random sample of 6 pens from a box. If there are no faulty pens or only 1 faulty pen
the box is accepted. 1
2
Mrs Ming tests a random sample of 3 pens from a box. §
*  If'there are no faulty pens in her sample the box is accepted. g
*  Ifthere are 2 or 3 faulty pens in her sample the box is rejected. 2
* Ifthereis 1 faulty pen in her sample she takes a second random sample of 3 pens. She accepts W
the box if there are no faulty pens in this second sample. S
f
. . . 0
Show algebraically that Mrs Ming accepts a greater proportion of boxes than Mr Lu does. [6] L
a
X~ (6, p)
Pl M Lu Occept - P(xg\) = P(x=0)+ P(x=1) §
5 3
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