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Section A: Pure Mathematics [40 marks]

1  One of the roots of the equation x> + 2x? + ax + b = 0, where a and b are real, is 1 + %i. Find the other
roots of the equation and the values of ¢ and b. [5]

q\‘ (uf{mﬂﬂ]‘ AL vl ) \0_\9 t““\')"‘sﬁ‘t”— vost ’“"W\’ “"51, ¢ a yw‘_

(x- - 59) (k- (v s )
= (-0 599 - 59
= #-)"-@1f
= X -tk
= K-dmag

o Qﬁ&x”* o) = (7- NESRD)

£e A= -1-A
Az- i

A vk e — 4
(ka A) ()(1— PY %.>
- -t 4 - €x15

—

(-3i Wi

2 r 2%
= 7"\')—2"’7‘__ x15

S
\
ENMY
S
A

I © UCLES & MOE 2021 @ 9758/02/0/N/21 I

A NS S RS S TR T v,

RNV

e a ey (A Sl o 0 i L

APSrvaiad

Al "1

NS AT LA I ™ |

Y™ AMAOTAADITE IA TLHS RAADYISIAM

NOYAOTIARITE IN TIHC AMAADMTIM



DO NOT WRITE IN THIS

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

DO NOT WRITE IN THIS MARGIN

.~ DONCT WRITE IN THIS MARGIN

Suggested Answers

1 [Continued]

| © UCLES & MOE 2021

3

oén

Math
# Tuition

JC

where transFormAtion begins ®
—

9758/02/0/N/21

[Turn over I




Suggested Answers

2  The diagram shows a sketch of the curve y = f(x). The region under the curve between x = 1 and
x =5, shown shaded in the diagram, is A. This region is split into 5 vertical strips of equal width, k.

y
A
/ y = f(x)
(9 1 L I B )-; 5 X
% 5 %
4
(a) State the value of 4 and show, using a sketch, that Z (f(1 + nh))h is less than the area of A. [2]
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(b) Find a similar expression that is greater than the area of A. [1]
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You are now given that f(x) = %xz + 1.

(c) Use the expression given in part (a) and your expression from part (b) to find lower and upper

bounds for the area of A. Z_ [ v;) 2]
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(d) Sketch the graph of a function y = g(x), between x = 1 and x = 5, for which the area between the
4

curve, the x-axis and the lines x = 1 and x = 5 is less than Z(g(l +nh))h. [1]
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3 (a) The function his defined by h : x > 1x* + 3, for x € R.

1
The function g is defined by g : x *r forxeR, x #0.2.

5x-1°
@) Find gh(2). 2]

W()=)¢3=5
gv=9 () = qu_ - %

(ii) Find the value of x for which g(x) = 1.4. [1]
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Ix— 4= Xt
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X=0-Y

(b) The function f is defined by f : x > 2)2:11;’ forxeR, x # k.
(i) Give an expression for k and explain why this value of x has to be excluded from the domain
of f. [2]
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The function f is such that f(x) = f~!(x) for all x in the domain of f.
(

(ii) Determine the possible values of a and of b. ey 3]
XA A
: ) Ixtb [ X«
xj =3 v  R=-2 X ¥
[
-

(iif) Find an expression for f - (—4). 1]
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4  Mrs Wong is the president of a swimming club. She devises a training programme for members of
the club. Members swim 10 lengths of a swimming pool; the time taken to swim the first length is
40 seconds and the time taken to swim the last length is 25 seconds. The times taken for each of the
10 lengths are in arithmetic progression.

(a) Find the total time taken to swim 10 lengths using Mrs Wong’s programme. [2]

-Q(v - % (+O’r )5)

=35 ¢

One of the members of the club, Alfie, devises a different training programme. In Alfie’s programme
the time taken to swim the first length is 25 seconds and the time taken to swim the last length is
40 seconds. The times taken for each of the 10 lengths are in geometric progression.

Suzie swims 30 lengths. She swims 10 lengths using Mrs Wong’s programme, then she swims

10 lengths taking 25 seconds for each length, and then she swims 10 lengths using Alfie’s programme.
The length of the pool is 35 m.

(b) Find Suzie’s average speed for her swim of 30 lengths. [5]
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(¢) Determine whether, exactly 8 minutes after she starts to swim, Suzie is swimming away from or

towards her starting point.
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5 (a) Find JfanZSxdx.
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(b) Find J- sin 2x sin 3x dx.
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b .
. 1
(¢) Find '[ ———dx, where 1 <a <b.
; xlnx
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(d) Use the substitution u = 1 + ¢** to find J‘
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Section B: Probability and Statistics [60 marks]

6

A biased 5-sided spinner gives the scores 1, 2, 3, 4 and 5 with the probabilities shown in the table
where p and g are constants.

Score 1 2

Probability | 0.2 0.3

p p q

Given that the variance of the score is 1.61, calculate the mean score.

[7]
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7  When performing a trick a magician says the word ABRACADABRA. The 11 letters of this word are

arranged in a row,
ABR ( D o
A B R

A
%wo A
A

(a) Find the number of different arrangements that can be made.

n\
Sl)\l\

(b) Find the number of different arrangements in which the 2 B’s are next to each other, the 2 R’s are
next to each other, exactly 4 of the A’s are next to each other, and the C is next to the D. [3]

4\ 3C] 2\ = \LFLI'

(¢) Given that the 11 letters are arranged randomly, find the probability that all 5 A’s are together.
[3]

AdHAR- o
!

oy = 60
ow: (260 o

ealbo ~ 66
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.
8 A car manufacturer claims that the front tyres on a particular model of car have an average life span of

20000 miles. Following comments from customers, the sales manager wishes to test if the life span
of the tyres is greater than 20 000 miles.

(a) Explain why the sales manager should carry out a 1-tail test. State hypotheses for the test,
defining any symbols you use. [3]

Becamse We Vot %o Kovt i 4l \\?LL‘PM \¢ /jveMw fom 20000

H, o wull Wy Pﬁ*&a&
M YoYa\a*\w\ men \fe cpm of tyes

Ho: M= 000
\«\‘:/,1) 20000

The sales manager contacts customers and gathers details about the life spans of a random sample of
50 of these tyres. The life spans, x thousand miles, are summarised below.

I(x-20)=9.4  X(x-20)>=38.76

(b) Calculate unbiased estimates of the population mean and variance of the life spans of the tyres.

[2]
—_ 44 .*
X= =5+ 20 . /'«(32-79 e
49 50
= Jo.(8§
= 0-35%455
# Math
Tuition
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(c) Test, at the 5% level of significance, whether the mean life span of front tyres is more than
20000 miles. (3]

Ho - M= 000D
H o+ A7 99 000 s ) -
Uader Ho | by oy X~N(%, 7 i

Test tMatste : 2= XA nfon)
s/

_ 20.188 - 30
Io .15'“, ﬁo

= |53

Fromm GAC' f—vnlme,: 0.06%0b 7008

'DoV‘ojf \({\,j Ho.

(d) Explain why this test would be inappropriate if the sales manager had taken a random sample of
15 tyres. [1]
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9  In achemical reaction the mass, x grams, of a particular product at time ¢ minutes is given in this table.

t 0 3 6 9 12 15 18 21 24
x| 101113143 |16.7 | 195|228 | 28.7 | 325 | 393

The value of the product moment correlation coefficient is 0.9803 correct to 4 significant figures. The
scatter diagram for the data is shown below.

—-P

0 -t
0 3 6 9 12 15 18 21 24 27

(a) Toby attempts to model the relationship between x and ¢ with a straight line. Explain whether
this is likely to provide a good model. [1]

where transFormAtion begins®
A
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Toby now tries a model in which x has been transformed to In x.

(b) (i) Sketch a scatter diagram of In x against ¢ for the data given in the table. [1]

(ii) Toby models the data with the equation In x = ¢ + dt. Find the values of the constants ¢ and
d and state the value of the product moment correlation coefficient for this model. [3]

(¢) Comment on Toby’s two models. 2]
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10 In this question you should state the parameters of any normal distributions you use.

A company makes 3-legged wooden stools from 4 solid components — a seat in the form of a disc, and
3 legs each in the form of a long, thin cylinder. The seats and legs are bought in bulk from another
company. Over a period of time it is found that the masses of the seats are normally distributed; 80%
of the seats have mass less than 2.1 kg, and 15% of the seats have mass less than 1.95 kg.

(a) Find the mean mass of the seats and show that the standard deviation is 0.0799 kg, correct to
3 significant figures. (3]

Lef X be vondom vavible, densting fhe male A the gt m by
Let mean mace of e gents be o and ctmdod donedior be o

x~N(#, <)
P(xz21)=o0:8 P(x <\45)= 0-15

- u&lﬂ =0-15
ple 328 PE4EE)

145 A
|- — = - |.03%
UL - ogrie < f

- = - | b
2-|= 0 84lbst [-45= - Los bl & + MA

€ =0-0+4%% A= 3.032%F
2 0.0 }44 X 2.0% %/Xx
Chown

The masses of the legs, in kg, follow the distribution N(1.2, 0.022).

(b) Find the expected number of legs with mass more than 1.21 kg in a randomly chosen batch of
500 legs. [2]

let L be vandon voaviable o&mhy the maee of the Iujg m kg
Lan (12, D~02’)

P(L S \.;\) = 0-30853

Expoted # f g2 : 194>
< (64 [40}3
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(c) Find the probability that the total mass of a randomly chosen seat and 3 randomly chosen legs is
between 5.6 kg and 5.7 kg. (3]

N ;\{(.x.os.q_l 0-04’)”0
L/»N( -, o.oz')

XA Ll Ly = N (5.000%) oogtort”)

)
P( .6 < Xt thtl, 4 6-3—)

= 0'4’l()5
~ 0 4Lt %

In order to make the stools, circular holes are drilled in the seats and the legs are fitted into them. In
this process, the mass of seats is modelled as being reduced by 9% and the masses of the legs are
unchanged.

(d) Find the probability that the total mass of a randomly chosen drilled seat and 3 randomly chosen
legs is less than 5.6 kg. [3]

0- 41X ~ N[1-809% 0-0m4")

0- Xt Lixlyfly ~N (s.wum—/ o-ogosvr)

P( o-ﬁlX*L;*LﬁL;<g'9

= 0494899
o cMMﬂﬁ
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10 [Continued]

The holes made in the seats have diameters, in mm, that follow the distribution N(31, 0.42) and the
diameters of the legs, in mm, follow the distribution N(30.7, 0.32). If the diameter of a leg is greater
than the diameter of a hole, then the leg has to be sanded down to make it fit. If the diameter of a hole
is more than 0.8 mm greater than the diameter of a leg, then padding has to be added when the leg is
glued to the seat.

(e) A stool is made of a randomly chosen drilled seat and 3 randomly chosen legs. The legs are
paired up with the holes at random. Find the probability.that the 3 legs can be fitted without the

need for any sanding or padding. [4]

Let W e vaudom vorsble. descty Hhe dinmetty € o et n e seats

H~N (:3|/ 0‘1’7‘)
Lex D be vandom vovuble davetvy the dianetr of e (e

DN (201, 03)
H-D ~ N(0-3,08)
P(O<H—D< o%)

= 0-567F
2
Mﬁ/ Fm\o = 056
_ 013t
~ q.l&?zz«
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21
11 A company manufactures a wide variety of components for use in domestic appliances.

(a) The company introduces a new type of light fitting for refrigerators. Each day a supervisor
selects a sample of 100 of the light fittings for testing.

(i) How should the light fittings be selected? Give a reason for this method of selection.  [2]

\’\( (@an (’?/{(C“ \ \(ﬁh\' 'FH’(MJ M z\lw\t] S lighrt (\W'/g Cnelh Aok
Haa {)v\o‘o a‘F oA \w]M' \elf’(w\\ﬂ 0 @]'ML md M ot rﬂnvmshm tha_
gelection (Pﬂm

The supervisor records the number of faulty light fittings found on each of 150 working days.
Her results are shown in the table.

L | | Number faulty 0 1 2 3 4 5 6 7 8 or more
L | Number of days | 4 19 38 41 22 16 6 4 0

(ii) Use the information in the table to estimate p, the probability that a light fitting is faulty.
l (1]

> ee ﬁ(‘, 1-var fost
X=32

s r 2 SAOO

= 0.0%

(iii) Assuming that the number of faulty fittings found each day follows the binomial distribution
B(100, p), find the expected number of days on which 3 faulty fittings are found in a period
of 150 working days. [2]

let Fhe vv dtzmv\‘W\j 4 Jf (M’(Lj {:&(V\Jg
P B(wv{o.oz)
P(F-3)= 0-20%4%

Exfed'co( 4 of dau(ﬂ = 2k

AL olw'\S
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11 [Continued]

(b) The company also makes heating elements for electric ovens. A fixed number of randomly
chosen heating elements are tested each day and the number found to be faulty is denoted by X.

(i) State, in context, two assumptions needed for X to be well modelled by a binomial
distribution. [2]

Eveurt uf endn "\M‘V\\j dovors fond fakty @ mdopordmnt o et h(l:rhv\

Pl (K' ¥ hedmg dpinart fond  fuuly mnstant "fhma\m\' th samle

Assume now that X has the distribution B(80, 0.02).

(ii) Find the probability that, on a randomly chosen day, the number of elements found to be
faulty is between 1 and 4 inclusive. [2]

X/\' B[ ?0, O‘OL>

PO ILX <) =030
5 0979

J

where transFormAtion begins®
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(iii) Find the probability that, in a randomly chosen 5-day working week, more than 3 elements
are found to be faulty on at least 2 days. [3]

b 15(\91/0. 02)
plx>3)= |- P(x¢3)
| = 0-07 6€5Y
Let X b yandomviable dewshin more #am 3 faukty oloerie gt of S doye
Vo [3(5{ 0. 02}62519

PLy52) =P (1Y)
= 0-050449
< 0'05053??

(iv) Find the probability that, in a randomly chosen 5-day working week, no more than 8 faulty
elements are found in total. 2]

LQ:" W \0Q V-\/) O(,QVI(T\’IM #AZ (mwl’(’\&j dewerte 50{0112
W B( 409, o.oL)

P(u{g) =0.515
’)50-5"5%
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