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Section A: Pure Mathematics [40 marks]

Solution:
Q1
(@) .
A y:f(x)
3,4
0 2, 0)
x=1
(b) . 1
ro TR
(110) : -
0/ | > *
x;3
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(c)

y=1(l+)
d translate 1 unit in positive x-axis direction
y=f(x=1)
{ reflect in x-axis
y=f(}x-1)
A y=—f(x-1

0 (1,0

........................................
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Solution:
Q2
@ )
A :
1
! y=1(x)
:
1
i)/
4 i
1
7 ! R
y=0 0 | >
:
:
1
'

(b) For gf to exist, Rf - Dg ,
R; =(0,00)
Dg - (O’ oo)

Since R; C Dg, gf exists (shown)

=In 1+{ i
(v—4)
(

=In|l+
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Method @: Sketch y = gf(x) for given domain

y

A

\ 4

y=gf(x)

v
=

Rgf :(O’OO)

Method @: Mapping

D, =(—0,4)U(4,0)—5R; =(0,0)—£>R
J

A

Q

y=0 I9) > X

(c)

Largest value of £ is 4.

(d)

2
Jy
x=4+i(rej.'.'x<4) or x=4—i

Jr Jr

D =R;=(0,0)

f’lzx—>4—i xeR, x>0

N
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Solution:

Q3

(a) | By Pythagoras Theorem,

at=x*+h*

h=+a*>—x*

h
V—ﬁxzh
2
=£x2 a® — x>
2
3
V2 =2 — 2
¥ (@ =)

V? = %(a2x4 — x6) (shown)

(b) | Method ®:
P2 :%(a2x4 _xé)

Differentiate implicitly with respect to x:
dr 3

2V —= —(4c12x3 —6x° )
dx 4
At stationary point, (;: =0

4a’x’ —6x° =0
2x° (2a2 —3x2) -0

Since x#0, 24°-3x*=0
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Method @:
Vz :%(a2x4 _xs)

V= ?(azx4 —x° )%
il = ﬁ l(azx4 —x° )_; (4c12x3 -6x° )}
de 2 [2

3

= Y (4c12x3 —6x5)(a2x4 —x° );}

dv

At stationary point, =0
ry p o
1
g{@azf —6x° )(a2x4 —x6) 2 } =0
4a’x’ —6x° =0

2x° (2a2 —3x2) =0
Since x#0, 24> -3x*=0

B 2 3
max V = 2 az(gaz) —(gaz
4 3 3

Aw
IES
N
|
[\
\1|°°
IS
N
|

“ \O|Q@ 5w

a .3
= —units
3

9758/02/J2PRELIM/2025

[Turn Over




8

Total surface area, 4 = 6xarea of isosceles triangles + area of hexagon

2
X

a 5

T
A- 6x;mm+6x ﬁ

2
—3x\/a ——+3 —
4

sl
43

=
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Solution:

Q4

(@)

The student’s claim may not be true as p may not be real.

(b)

2z —142° +332* = 26z+ p=0

2(3+i) —14(3+i) +33(3+i) -26(3+i)+ p=0
2(8+6i)(8+6i)—14(3+1)(8+6i)+33(8+6i)~78—26i+ p =0
2(28+96i)—14(18+26i)+ 264 +198i — 78— 26i+ p =0

56 +192i — 252 —364i + 264 +198i — 78— 26i+ p = 0

-10+p=0
p=10
(c) | Method @:
Since the coefficients of the polynomial are all real, 3+1 is a root,3—1 is also a root.
. . 2z° —2z+1
—(3+ —(3-
[Z[(( ;)][]Z[(( ;)] : 2 =62+10)2z" ~142' +332° - 262410
=|(z=3)-1||(z=3)+1
, —(22*-1227+202°)
=(z-3) -1
3 2
=22 624941 -2z +13z" -26z
62410 (=22’ +1227 - 20z)
z*—6z+10
—( z —6Z+10)
w22 =142 43327 =262+ p=(27 -6z +10)(22° - 2z +1)
Method @:

Since the coefficients of the polynomial are all real, 3+1 is a root,3—1 is also a root.

2z ~142° +332 =26z +10=[ z—(3+1) [[z—(3-i) |(22* + 4z + B)
=[(z-3)-i][(z-3)+i](22° + 4z + B)
=[(z-3)"-i?|(227 + 42+ B)

(zz—6z+9+1)(222+Az+B)

= (z2 —6z+10)(2z2 +Az+B)

Comparing constants: 10=108 = B=1

Comparing coefficients of z: —26= —6(1) +104 = 4=-2
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w22 —142 43327 =262+ p=(27 —62+10)(22° - 2z +1)

222 -2z4+1=0
2+./4—-4(2
2z a4y
4
2444
4
242i
4
1 1.
=—t—1
2 2
Im
A
2.5 units
(€Y
(2, ")
lu it{ 2 units
{ » Re
(1/27
G3,-1)
(d) | Trapezium

Area of qualilateral = %(1 +2)(2.5)=3.75 units? (or {TSunits2 )
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Section B: Probability and Statistics [60 marks]

Solution:

Qs
(a) | The 20 members form a population since the coach gave questionnaire to all members in the
basketball club which consists of 20 members.

(b) | Having a random sample reduces biasedness, or that it would be fair, or that it would be
representative of the whole membership of the club.

(©) | No. of teams =°C, x *C, x 'C, =2940

(d) | Let A be one of the remaining guards who can play either as a guard or as a forward.

5 centres S forwards 7 guards
5 centres 7 forwards 6 guards
(A + 5 other guards)

Method 1:

Case @: A plays as a guard
No.ofteams= °C, x 'C, x °’C, =525
—_—

—_— ——
choose |  choose 2 forwards A plays as a guard

center from the remaining  choose 1 guard from
remaining 5
Case @: A plays as a forward
5 7 5
No. of teams = °C, x C, x C, =350
—— —— ——

choose 1 A playsasaforward  choose 2 guards from
center choose 1 forward remaining 5
from the remaining 7

Case ®: A does not play at all

5 7 5
No. of teams = °C, x C, x C, =1050
—— —— ——
choose 1  choose 2 forwards choose 2 guards from
center from the remaining 7 remaining 5

Total no. of teams =525+350+1050=1925
Method 2:

Case @: A plays as a guard, including the case that A may not be selected
No.ofteams= °C, x 'C, x °C, =1575
——

—— ——
choose 1  choose 2 forwards  choose 2 guards from
center from the remaining 6 guards including A

Case @: A confirmed that he plays as a forward
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No.of teams= °C, x ~'C, x °C, =350

—— —— ——
choose | A plays asa forward  choose 2 guards from
center choose 1 forward remaining 5

from the remaining 7

Total no. of teams =1575+350=1925
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Solution:
Q6
(a)
A 30+ y
B u C

25 30 40
P00 PB)=g P00

P(AmB)z% P(AmBmC)zﬁ

Since 4 and C are independent, P(AﬂC) = P(A)XP(C)

P(AnC)=25 40 _ 10
100 100 100
n(AmC):IO

(b)

Since B and C are independent, P(B N C) = P(B)X P(C)

p(BAC)=30 40 _ 12
100 100 100
n(BmC):IZ
x+y=12
y=12-x

Hence, x>0, y>0
y=12-x20

Greatest value of y =12 occurs when x=0.

n(AﬁB'ﬂC):IO—xZO
x<10

Least value of y =2 occurs when x=10.
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Solution:

Q7

@ | px=g)=tlr=2, 11

(b) P(X:O):l

(c)
HOEHAL FLOAT AUTO REAL RADIAM HF n

x=2.4

Ix=2.4
Ixi=6.8

=
ox=1.019803903 )

minX=0
$Q1=2
| |

Lacd=@, 1

Hence,

P(X <1.0198)=P(X =0)+P(X =1)=02
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(d)

Method @:
Let Y (in dollars) be the amount obtained by Happie in a game.

x 0 1 2 3
y 5 & | 105 10.5
1 1 1 n—3
PY=» |~ | | o
n n n n

an:(5xlj+(8xlj+(105xlj+[u15x"‘3j
n n n n
10.52-8
n

For Happie to not have any profit/loss,
E(Y)-10=0
10.5n-8

p—

10

n=16
Happie should prepare 16 boxes.

Method @:
Let Y (in dollars) be the amount of “profit” Happie makes in a game.

¥ 0 1 o) 3 If the doll is not won
after 3 tries, it is
y S 12105 0.5 -~ | donated away.
: Therefore it is still
P(Y=y) 111 1 n—3 considered as a -$10
n n n n profit to Happie
EOU:(—5xlj+(—2x1j+(05xlj+(Q5xn_3j
n n n n
_0.5n-8
n
For Happie to not have a profit,
E(Y)=0
0.5n-8
n-38 _ 0
n
n=16
Happie should prepare 16 boxes.
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Solution:

Q8

(2)()

e The probability of pralines that exceed the recommended sugar content is constant at p for
every praline.

e Whether a praline has exceeded the recommended sugar content is independent of any other
pralines.

@)D X~B(16,p)
Since mode = 2,
P(X:2)>P(X:1) and P(X=2)>P(X=3)
“C,p*(1-p)" > "Cp(1-p)° “C,p*(1-p)" > Cp*(1-p)°
120p* (1- p)* >16p(1-p)"° 120p* (1-p)"* >56p* (1-p)"
15p>2(1—p) 3(1—p)>14p
s 2 <2
P77 P17
—<p< 3
17 5P 1
(b)) 1 test 2™ test
Batch is
ted
aeeepte P(XSI Batch is
accepted
P(X=2) Take 2" box of
16 to test \
Batch is
P(X = 2) rejected

Batch is rejected

X ~B(16,0.15)

P (batch is accepted) =P (X <1)+P(X =2)P(X <1)
=P(X <1)[1+P(Xx =2)]
= 0.2839012136(1+0.2774781077)

=0.3626775851
~0.363 (3 s.f)
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(b)(ii)

P(2nd box is tested N batch is accepted )

P( 2nd box is tested [batch is accepted) = -
P (batch is accepted )

CP(x=2)P(x<1)
©0.3626775851
~0.2774781077x0.2839012136

0.3626775851
=0.2172077205

~0.217 3 s.f)
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Solution:

Q9

(@) | s=-3.007994+100.27974
From GC, h=17.1429

s =-3.007994 +100.27974
5§ =-3.00799(17.1429) 4+100.27974 = 48.7140

68+614+44+124+a+58+31
7

=48.7140
oa=67.0

(b) )
s4 (8.5,68)

X x

X
X

~ (27,12)

»

" h

(¢) | r- value between s and % is —0.961.
r- value between s and 4° is -0.991 which is closer to -1 which means that there is a stronger linear
correlation between s and 4°.

Also, from the scatter diagram, as / increases, s decreases at an increasing rate, which indicates
that the curve does not have a linear behaviour.

From G.C., k =-0.0873 and ¢ =77.7. Hence s =—0.0873h> +77.7

(d) | When h=7,
s =-0.087331(7)* +77.727 =73 4

His predicted score is 73.4. Since & =7 is outside the data range, the estimate is obtained via
extrapolation and thus is not reliable.

(e) | Correlation is not causation. There may be other factors that contribute to this trend.
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Solution:
Q10
(a) | LetSand L be the random variable denoting the amount of fish caught by the Standard and Large
vessels respectively.
S ~N(300, 6?)
L~N(540, 110°)
P(S > 400) = 0.08
400 —
P (Z > Mj =0.08
o
400300 _; 40507
(e
o =71.2 (3 s.f.)(shown)
®) et A=S,+8,+S,+L +L,
A~N(3x300+2x540, 3x71.171° +2x1107)
~ N(1980, 198.484%)
P(4>2100) = 0.273
(¢) | The amount of fish caught by all the vessels are independent from one another.
(d) | Let B=3S+2L
B~ N(3><300+2><540, 3P xT71.171° +2° xllOz)
~ N (1980, 306.5742)
P(B >2100) = 0.348
(e)

_ 2
L~N(540, 110 )
n

P(L<552)>0.7

Method @:

n P(Z < 552)

23 0.6996
24 0.7035
25 0.7073

From GC, least value of n is 24
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Method @:
Standardizing,

P Z<M >0.7

110°

A

P[Z < Mj >0.7
55

Consider P(Z <k)=0.7 = k=0.5244
Hence % >0.5244 /

-

0.7

p
/

v

6/ > 28.842 —
n>23.1 0.5244

.. least value of n is 24.

6\n z

55
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Solution:
Q11
(a) | The sample mean time for 35 matches is approximated to have a normal distribution by the

Central Limit Theorem, since sample size is sufficiently large. Hence there is no need to make
any assumptions about the distribution of the time taken to score the first goal.

(B) | Unbiased estimate for population mean = lgﬂ =47.143 (to 3d.p.)
5
Unbiased estimate for population variance is s* = i_i( 250) = 257.353 (to 3d.p.)
(¢) | Let X be the random variable denoting time taken by EastHam to score the first goal in a match.

Hy: =50
H, : 4 <50, where y is the population mean time taken by EastHam to score the first

goal in a match

Under H,,,
Since 7 is large,

— 257.353
X~ N[5O, 33 ) approximately by CLT

2
A
Method @:

By GC, p-value =0.146 (3 s.f.)_

Since p-value > 0.1, we do not reject H, and conclude that there is insufficient evidence at 10%
significance level to say that average time taken by EastHam to score the first goal has decreased.

Method @:
1)
ot = ————=-1.05366, 2z, =-1.28155
4375/17
35
Since z,., > z_ .., we do not reject H, and conclude that there is insufficient evidence at 10%

significance level to say that average time taken by EastHam to score the first goal has
decreased.
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(d)

Let Y be the random variable denoting time taken by NewPalace to score the first goal in a
match.

H,: =40
H, :u+#40

Under H,, v ~ N(40, 2_?)0J
5

0.05

7
| i i >

I
—1.6449  1.6449 VA

Since H, is rejected,

¥ -40 y—40

—=<-1.6449 or ——>1.6449

\280/50 7280750
y<36.1(3s.f) or y>439(3s.f)

Hence, range of values of 3 is: 0<3<36.1 or 7>43.9
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