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Section A: Pure Mathematics [40 marks]
1 Do not use a calculator in answering this question.

The complex number —2 +1 is denoted by z.

(a) Find the real numbers a and b such that z = az" +b. [2]
-d+ti=a(-a-)+b
-ati =(Gaatb) —aj

Oornparmg we{’ﬁcienfs : —a = | -d = "oZa,+b
a= -l ~?= 2tb

The complex number 1 —3i is denoted by w.

(b) Without using a calculator, evaluate wz — % Give your answer in the form ¢ +di, where ¢ and d
are real numbers. ‘ [4]

W 3 . , - 3 L
Ng— g = (=38i)(-2tl) — —4;

= (—3+i+6|‘,1-3) — =3i)(-2-1)
(=ati)(=a-i)

' -2-i +6( -3
=(+%) - ( 4+,b )
=0+ #H) - 5(-5+50)
= I+ F o+ -
= 2+61L
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A gardener designs a flower bed ABCDE in the shape of a rectangle with an equilateral triangle on
one of the shorter sides. Side AE is of length am and side ED is of length #m (see diagram). The total
perimeter of the flower bed is 20m.

Find the maximum possible area of the flower bed, showing that it is a maximum value. Give your
answer correct to 4 significant figures. [6]

P=3a+2b= a0
Qb = 20 — 3¢q

b: 408—34 @

ce

A= ab + 7a*sin60°
- 20 -34 L2 3
“( 2 )* 24 -2
= l0a — %a,z + ’@af
= 10a + (—é— —2— q,z

= 10q + 3364

Stepl: 48 =0+ £26 4

: dA
1: 42 =
ngp Lel T 0
o+ 8ka =0
a=4.68609

Stepd : d*A _ [3-6
Stepds 4 L Bb ¢ g

hexe , A is max- when a= 468609 m
Stepd: A, = 10(468609) + "3—;‘(4,53601)‘
= 23-43 n?
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The function f is such that f(x) =—x? +4x+7, for x € R.

(a) Find the range of f. [2]
- 4x - %) = -[(x-2)'-2*- %]
= || - (x-2)°

Re = (-00, ”]

(b) Sketch the graph of f, giving the exact coordinates of the points where the curve crosses the axes.

y A 2]
(2,11)

(2-di1,0) @+Jm, 0)
> X

let 1l - (x=-2)* =0
x=-2 = ]Il
2 £ {1
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The function g is such that g(x) = %+ 1, for1 <x<10.

(¢) Explain how you know g1 exists. [1]
q(x) is a 1-1 function for 1€ %<0,

hence , 3"(1) exists.

(d) Find the value of fg"1(1.5). [3]
Let y= % T
2 - -
FA
- _2
X = y=l
a-! (x) —
97 (15) =

Hence , £4"(15) = £(4) = (4 +4(4) + 1
= ¢
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The sum of the first n terms of the series T is given by 2n° —8n* —4n.

(a) Find an expression for # , the nth term of series T. 2]

th = Sn — San-
= (an*- 81’ - 4n) —[o?(n—l)a— 8(n-)"- 4(n-D]
an®-8n’—4n -[a(n’-3n+3n-1) _8(n*-2n+1)-4nt4]

31)”/—8712— 4n - (j/rf{-l‘fn’ +18n —6)

= én*—qan t+ 6

The nth term of the series U is given by u, = 50n—204.

(b) Find the values of » for which u, = ¢ . [2]

kon— 204 = 6n*—22n + 6
én*-12n t 210=0
2_Jan + 35 =0
(n — ¥F)(n—-5§)=0
n=5 or ¥
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The nth term of the series V is given by v, = 3n+16.

(¢) ‘Findthe smallest number greater than 100 that is in both 'series U and series V. [2]
By GC: 196

Step |- Change mode 'I'o
Step2: ke;%E_'!
Tw)c= Uln) = 50n - 204
vin)= 3a+16

Step 3 : [20d] [graph]

The nth term of the series W is given by w, = 3n? —5n+7.

(d) (@ Explain why all the terms in series W are odd numbers, [2]

If n is odd : 3n° isodd , 5n is 0dd ,
(odd — odd) + odd
(even) + odd = odd

H n iseven : 3n* is cven, 5n is even,
(even — even) * odd
= (even) t odd = odd

(i) Hence explain why series U and series W do not have any terms in common. [1]

Every term in series U is an even number )
hence series U and W oo ot have
any ommon terms .

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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5 (a) The graph of y = f(x) intersects the x-axis at the point (a, 0) and the y-axis at the point (0, b).

(i) The graph of y = f(x) is shown in Fig. 1. The scales on the x- and y-axes are the same.

Sketch the graph of y = £~!(x) on Fig. 1, labelling the intersections with the axes. (1]

S

Fig. 1
(ii) The graph of y = f(x) is also shown in Fig. 2. The scales on the x- and y-axes are the same.

Sketch the graph of y = 2f ! (x—1) on Fig. 2, labelling the intersection with the x-axis. [2]

0,5) 2 (- 1)

replace &2 replace
() ot g 2p-i(x) 2MIE=Ly (o)

(0,0) » (0,24) » (1,24)

(b,0) > (by0) > (bt1,0)
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(b) The graph of y = g(x) intersects the x-axis at the points (s, 0), (¢, 0) and (u, 0) and the y-axis at the
point (0, v).

(i) The graph of y = g(x) is shown in Fig. 3.1.

Sketch the graph of y =|g(x)| on Fig. 3.2, labelling the points where the graph intersects or
touches the axes. [2]

y y
4 4
©.9) /\ (0,v)
\G0) (0 /0 (u, 0) - - -
NP (5,0)  (£,0) (4,0)
Fig. 3.1 Fig. 3.2

(ii) The graph of y = g(x) is also shown in Fig. 4.1.

Sketch the graph of y = g(|x|) on Fig. 4.2, labelling the points where the graph intersects or

touches the axes. [2]
"\ "\

0, v)
\G.0 0)/ /\(u, 0)

=

N

Fig. 4.1 Fig. 4.2

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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5 [Continued]

(¢) The curve C has parametric equations
x=2, y=2t+3, for —4 <t<4.

(i) Sketch the graph of C. [1]

5 A
(16,11

(0,3)

(@225,
(16,°5)

lety=0: 2t+3 =0 let t=-4: =16, y=-5
t= -5 et t= 4 : x=16, y=Il
2 x=(-1-5)°

=2-2%
(ii) Mark on your sketch the coordinates of the points where the curve C meets the axes. [2]
(iii) State the equations of any lines of symmetry. 1

y=3

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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Section B: Probability and Statistics [60 marks]
6 A sports club has three categories of membership. There are 27 Youth members, 45 Adult members and
18 Senior members.

The club secretary wishes to find out the opinions of members of the club about the facilities offered.
She gives a questionnaire to all the members of the club. She receives replies from 65 of the members.

(a) Explain whether the 65 members comprise a sample or a population. [1]

There are a total of 90 members in the sports club, forming
the population.
Hence, the 65 members comprise of a sample -

The secretary decides to form a committee of members to discuss the results of her questionnaire.

(b) Explain an advantage of choosing a random sample of members for her committee. [1]

The discussion will be unbiased -

The secretary decides that the committee will consist of 6 randomly chosen members, but there will be:

at least 1 member from each cateory | :
i *  more Adult members than Youth members and §
more Adult members than Senior members.

« e )]
Given condition’

(¢) Find the probability that the committee contains more Youth members than Senior members. [4]

P(Y,Y,S8,A.AA
P (Y,s, A,A )A,A)‘l' P(Y)YISJA)AJA)+ P(Y) S)SJA)AJA>

(HCzX I8¢, x 4563)

12 .

(2%C % 18(, x 45C4) t (23¢, %8¢, x 45¢;) + (2%, X 18C, X 45C3)

89 652 420
124115310 + 89652420 + 58 618 890

3 o 0.40625

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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Using a Tree Diagram is easier for .solvin; this 1uesfian.:

A finds g BFinds

n-

A did not
n-2 an)d n-4 & didnit — ¢ finds !

n P Find ’

7 (a) A,B and C are taking part in a game in which a prize is hidden in one of » identical closed boxes,
where n > 4. First, A opens at random two boxes in an attempt to find the prize. If A fails to find
the prize, B then opens at random two of the remaining boxes in an attempt to find the prize. If B
fails to find the prize, C opens all the remaining boxes and finds the prize.

(i) Find, in terms of », the probability that A finds the prize. [1]
2
(12
(i) Show that the probability that B finds the prize is = . [1]
2 2_) - n-2 X
('_W)x(n-z B n X -z
Y = 2
Prob- that A n

did not find the prize o

(iii) Find the range of values of » for Wthh the probablllty that & ﬁnds the prlze is more than
8 times the probability that either A or B find the prize. o ' [3]

Prob. C finds the prize = (") (=2 )

Given (n =2 » 8 (% *

B)/bC‘ n’ 36
ieen 23, ne7’

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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7  [Continued]
(b) The events Q and R are such that P(QNR) =x, P(QNR') = 0.1, P(Q'NR) = P(Q) and
P((QUR)") = P(Q) +2P(R). By using a Venn diagram, or otherwise, find the exact value of x. [3]

a R

Co-1 +%) + 2(x+0-1+x)

01+ X +01+%) + (0-1+%) +2 (014 2%) = |
3%+ 0.5 =|
=05
=_1_
X =z

Lee has a bird feeder on his balcony. Every morning he spends 20 minutes, while he eats his breakfast,
counting the number of birds that visit the feeder. Over many months he has found that the mean
number of birds visiting the feeder in this time interval is 17.3. When the bird feeder was damaged in a
storm, Lee replaced it with a new bird feeder.

He suspects that the mean number of birds visiting the new bird feeder while he eats his breakfast has
reduced. He decides to check this with a hypothesis test at the a% level of significance, where o is an
integer. He records the number of birds, x, visiting the feeder in 20 minutes each morning for a random
sample of n mornings.

(a) Explain whether Lee should carry out a one-tailed test or a two-tailed test. [1]
One - tailed fesf, as Lee wants to checK if the number of birds
visiting hig bird ‘feeder has reduced -

(b) State hypotheses for Lee’s test, defining any parameters that you use. [2]

Let X be the r.v. Jenoﬁng the number of birds visiting the
bird feeder during 20 mins of Lee's breakfast time .

To test Ho: p = 13.3 againsf
Hi:p < 1%3

where Hg is the null hypothesis,

H, is the alternate hypothesis and
p is the Populm‘ion mean -

I © UCLES & MOE 2024 % 9758/02/0/N/24
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Here is a summary of the data Lee collected. -

n=32 Tx =512 >x* = 8702
Lee carried out his test and concluded that the null hypothesis should be rejected.

(c) Calculate unbiased estimates of the population mean and variance of the number of birds, and

determine the minimum possible value of the integer o. 3]
_ _ XX - 512 _ 16
T R i
2 2
| 2 _ 2%) _ _ 512
¢t = m[zx (T] = 3 (3"‘02 32)
510

Ho is rejected if p-vdue & ;o5
By 6C , p= 0-0349106086

a7 3-49

U min = 4

(d) State the conclusion to Lee’s test in the context of the question. [1]
There Is sufficient evidence at o 7. to reject Ho
i-e- the number of birds visiting his new bird feeder
during his mor aing breakfast 10-min interval has
indeed reduced -

(e) Explain whether using the number of birds for each of 10 mornings would have been sufficient for
Lee to carry out his hypothesis test. [1]

It would not be sufficient as Central Limit Theofem canndl
be applied +o ogproximate the distribution to be normal.

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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9 (a) The random variable X has the distribution B(6, 0.25). Sketch the distribution of X. [2]
N
0.356
0-3 0-3
0-2 T o138
0-132
0-v T
0-033
A P N P 1Y
0 1 2 d 4 > €

(b) One of the jobs of a quality control operative in a food-processing factory is to check the quality

©

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.

of a random sample of 50 meat pies from the production line each day. She records the number of
pies found to be ‘unsatisfactory’ each day for 80 days. Her results are shown in the table below.

Numl?er 0 1 ) 3 4 5 6 or
unsatisfactory more
Frequency 57 9 6 4 3 1 0

Use the information in the table to estimate the probability that a randomly chosen pie is
unsatisfactory. [2]

(1%x9) + (2x6) + (3X4) +(4x3) +(5x1)
50X 80
= L

go or 0.0125

One of the products made in the food-processing factory is the ‘Frozen Cheesee Burger’. A fixed
number of the burgers are tested each day and the number found to have insufficient cheese in
them is denoted by Y.

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

2]
l. The probabiliiy of “success” defined as the probabilif)/
for each burger fo have insu fficient cheese ,
remains 45 a constant.

2. s qsgumed that there are 2 mutually exdusive
outcomes: with insufficient cheese or with
sufficient cheese -

- -
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Assume now that Y has the distribution B(120; 0.03).

(i) Find the probability that, on a randomly chosen day, fewer-than 3 burgers are found to have
insufficient cheese in them., ‘ = b E [1]

P(Y<3) = P(Y¢2) = 0.29844
0-298

(ili) For a randomly chosen period of 28 days, find the expectation of the number of days on

which fewer than 3 burgers have insufficient cheese in them. [2]

Let W be the r-v- denoting no. of days out of 28, where
there are fewer than 3 burgers with insufficient cheese in them
per day.

Wa B (28, 0-29844)

E(W)= 28 x 0-29 844
= 8-3562
= §-36 days

(iv) Find the probability that, in a randomly chosen petiod of 28 days, more than 100 burgers are
found to have insufficient cheese in them. ; o 2]

Let T be the r-y- denoh‘ng no - of burgers ouf of 3360,
with insufficient cheese in them.
T~B( 3360, 0.03)
P(T »100) =1-P(T£100)
=0.505%8
0-506
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10 In this question you should state the parameters of any distributions you use.

A company makes metal plates that can be used to fix fence panels onto posts. The metal plates have
four small holes drilled into them for screws and two large holes drilled into them for bolts (see

digram).
O O

O O
O O

Before the holes are drilled, the masses of plates, in grams, follow the distribution N(200, 1.6%).

(a) Find the probability that the mass of a randomly chosen plate before drilling is more than

197.5 grams. [1]
let X be the r.v. dendting the mass of a chosen plafe (in grams)
before drilling. XN (200,1-6%)

P(X 7 14%.5) = 0-94091 = _0-94|

Drilling the holes reduces the mass of each plate by 5%. A production worker selects 8 of the drilled
plates at random.

(b) Find the probability that at least 5 of these 8 plates have masses between 190 grams and 192 grams.
[4]

Let Y be the r-v- denoﬁng the mass of a chosen plafe (in 3ram9)

after drilling - Y=0195 X
E(Y)=0-95 X 200 = 110
Var(Y)=0-952x 1-6* = 23104
= Y~AN(190, 2-3104)
P(190 < Y< 192) = 0-40588
Let W be the r-v. alenoh'ng no- of plates havinﬂ masses
between 1904 and 1924 out of 3 plates.
W~B(8,040588)

P(W25)= I- P(N£4)
= 0-18291 = 0.183

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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The drilled plates are sold in packs of 20 randomly chosen plates.

(c¢) Find the probability that the total mass of a pack of 20 drilled plates is less than 3805 grams. [3]

let T be the r-v. denoting total mass of a pack of 20
drilled plates (in gram).
T=YitYat- t Yo v N(3800, 46-208)

P(T<3805)=0-16899%
= 0- +61

The manufacturer decides to sell ‘Value’ packs containing all the materials needed to fix fence panels
onto posts. Each Value pack consists of 20 drilled plates together with the right number of screws and
bolts to fit them; all of these are randomly chosen.

The masses of screws, in grams, follow the distribution N(10, 0.32).
The masses of bolts, in grams, follow the distribution N(44, 1.12).

(d) Find the mass exceeded by just 5% of the Value packs. Give your answer to the nearest gram. You
should ignore the mass of any packaging. [4]

Let V be the r-v- dcno’rmg the mass of a value pack (in 3rams).
Lt § be the r-v. denoting the mass of a screw (in grams).
let B be the r.v. dencting the mass of a bolt (in grams).

V=T +§ 52+~ +5got Bit B2t - + 840
E(v) = 3800 + 80(10) + 40(44) = 6360
var(V)= 46:208 + 80(0-32) + 40(1-1*) = 101-80%

- VA N(6360, 10]-308)

P(V?m) = 0-05
|- P(V&m) =0-05
P(V€m)=0-95
m = 63%6-596565
= 63413

I © UCLES & MOE 2024 ﬁ 9758/02/0/N/24 [Turn over I
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11 (a) A certain brand of breakfast cereal is sold in a variety of different sized packs. Details of the mass
of cereal in each pack, m grams, and the price, p cents, are given in the table below.

m 24 250 550 1000 2000 5000
100 300 400 600 900 1200

A scatter diagram for the data is shown below.

p

A
P e e S e S R
1000 b L
i X | | |
)| e e e o s =
Price (cents) : § E E i
danfent
X ! | ; i | i
200 4 e e S — :
: | | | | | |
0 T .' T ; '. —
0 1000 2000 3000 4000 5000 6000 ™
Mass (grams)
(i) Explain what the scatter diagram tells you about the relationship between m and p. [1]

As the mass of the breakfast cereal packs increase ,
the price inueases at a deceasing rate -

THE ANNEXE PROJECT
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EST2 2008
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The following two models are proposed, where a, b, d, and e are constants.
p=a+blnm p=d+efm
E (ii) Determine which of these models gives the better fit to the data. State the values of the
) constants and the product moment correlation coefficient in this case. [4]
o)
o
By 6C: for p=at blhm , r=0-92851,
a= -703.84
z b= 203-05
: i-- p=-703-84 + 203.05 ] m .
=
w for P=J+e\lm, r=0-99144,
- d = 32-953
S e=1%a%0
g. p=232-953 + 1+2F0Nm -
z p=32-153 + 1%:2F0Nm is the beHer model because
2 r-value is coser +o 1.
E (iili) A new pack containing 750 grams of cereal is introduced. Use the model you identified in
| part (a)(ii) to estimate the price of this pack correct to the nearest 10 cents. Explain whether
E your answer is reliable. . [2]
=
Q
4
& p= 32.953 13.270 X N 750
= §05-9I
z
§ = 510 ¢ (nearest 10 cents)
@
:
o The estimation is reliable as interpolation was
= practised. (m= 350 g i within range of data
)
2 wllected)
z
:
2
=
z
E The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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11 [Continued]
(b) Kaiisinvestigating the relationship between the number, n, of a particular type of high-performance
batteries in a pack and the price, $y, of the pack she found in different stores. Her results are
shown in the table below.

n 2 5 6 7 11
y 6 10 16 20 25

This information is shown in the scatter diagram below.

\
yA 61\:“'

9
18-5 : //|

25 | //,L ,,,,,,,,, !
| |

L . I — R R e

18- / i
Price (3) 5‘!1;5 | I S -
" e N N R

Number of batteries

Kai decides to investigate whether the model y = %n + 1 is a good fit for this data.

(i) Draw the line y = %n + 1 on the scatter diagram above.

[1]
(i) For the model y = f(n), the residual for a point (a, b) is b—1{(a).
(A) Mark the residuals for the points on the scatter diagram above. [1]

(B) Explain why Kai should use the sum of the squares of the residuals rather than the
sum of the residuals when assessing the fit of the model. [1]

When adding the sum of the residuals , the positive and
negaﬂve résiduals will cancel out each other. Hence squaring the
re

iduals convert all measurements to positive:
()} Calculate the sum of the squares of the residuals for the line y =3n+1. [1]

(10-135) + (20-18-5)% + (25-28.5)* = 26-35
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Kai’s friend points out that other lines parallel to Kai’s line can be drawn which are a better fit for
the data.
(iii) Explain how the sum of the squares of the residuals for a line that is a better fit for the data
differs from the sum of the squares of the residuals for the line y = %n +1 found in
part (ii)(C). [1]

The sum of the squares of +he residuals for a line that is a
better fit should be less than 26-35.

(iv) Find the range of values of ¢ for which the line y = %n + ¢ is a better fit for the data than the
line y =3n+1. 3]

the sum of the squares of the residuals betwan f(a) and
/fhe new line y=3ntc.

(c-0" + (c=1 #3567 + (c-D*+(c-1-15) + (c-1+3.5)*|< 26-%5

E (c*~2¢+1) +(c*+5¢ +6-25) + (c*-2¢+1) +(c*-5c+ 6-25) + (c*+5C +6-25) —26:15< 0
7

. 2

m 5¢°+¢ -6 <0

g (5cte)(c —1)<0
S

= 6

3 -g £ c< |

z

%’

%)

=

z

-

-

>

3

z

g

)

-

4

§ Number of batteries
;
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