2025 H2 MATH (9758/01) JC 2 PRELIMINARY EXAMINATION

Qn Solution
1 Graphing Techniques, Equations and Inequalities
(a)

(b) | Points of intersection:
1

[x—al

v —al=

Since x#a, [x—a|>0
(x—a)2 =1
x=azxl

For |x—a|> 1 , from the graph,
X—a

x<a-1 or x>a+l
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Qn Solution

2 Differentiation

@ |y =x+e™y -—()
Differentiate with respect to x,
dy 2w dy 2
2y—=1+e" —+y(2e”
VL o)

dy 2 2
—(2y—e™*)=1+2ye™ (shown) —— (2
- (2y=e) =142y (shown) —-(2)

(b) | Subtx=0 into (1)
yi=y

y'=y=0
y(y-1)=0
y=0ory=1

Subt (0,0) into (2)

d_

dx

.". the equation of the tangent is y = —x
Subt (0,1) into (2)

dy _3

dx
.". the equation of the tangent is

y—1:3(x—0)
y=3x+1
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Qn

Solution

Techniques of Integration

(@

2_ J—
J’xz 3x 1dx
X —4x+1
X —4x+1
_jldx J
x° —4x+1
—Ildx f 2x—4
X’ —4x+1

=x+—dnh2—4x+q+C
2

(b)

(©)

— =—sinf
do
j sin @ 40
2co0s20+1
sin @
= do
J2(2cos29—1)+1
1 .
:J4COSZH—1 (sin0)do
1
=—| ——dx
.f4x2—l
- J g
1-(2x)
1), [
20 2(1)

—2x

1+2cos?
n|—————|+
1—2cosé

+C

1
4
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Qn Solution

4 A&GS, Sequences & Series

(@ a+6d=b’ —— (1)
a+9d=br’ —— (2)
a+10d =br’ —— (3)
(2)-:
3d =br* (' -1) —— (4
(3)-(2):
d=br(r'-1) - (5
Substitute (5) into (4),

3br° <r4 —1) =br’ (r3 —1)
3 (r4 —1) = (r3 —1) (since b,r# 0)
3r" —4r’ +1=0 (shown)

By GC, since the series is convergent,
r=0.6639 (4d.p.)

r|<1,

NORHMAL FLOAT DEC a+bi DEGREE HF n HORHAL FLOAT DEC a+bi DEGREE HF n NORHAL FLOAT DEC a+bi DEGREE HF n
FLYSHLTZ AFF FLYSHLTZ RFF FLYSHLTZ AFF
POLY ROOT FINDER MODE arx?+. fai1x+tae=0 arx?+_ +ai1xtae=0

ORDER 123 456H8 910 | 5,=3 x1B0.0504447124+1. 085303..

RERE re™(gi) 26=0 x2=0,@504447124-1.085303..

s=an*MDEC as=0D x3=1

SCI ENG a4=0 xa=-1,119532017

0123456789 as=-4 x5=0.6639156376

RADIAN  DIEEES a:=0 x6=-0,3226365229+0,52518..
a1=0 x7=-0,3226365229-0,52518..

0
MAIN] [HELP TNEXT[(MATN T MODE ICLERARI LOAD [SOLVEIMATN T MODE ICOEFFISTORE]

(b) | New Series: br,br’,br”, ...

br__s|>1.78
l-r
br b
———(1-7")| 2 1.78p
-7 l—r( g )
06639 b (1-0.6639") 21.78b
1-0.6639°  1-0.6639
0669 __ 1 (1-0.6639") 21.78 (- b>0)
1-0.6639°  1-0.6639
Using GC,
Whenn=14,| 06639 > 1 (1-0.6639") =1.7785<1.78
1-0.6639"  1-0.6639
When n =15, 209 __ | (1-0.6639" ) =1.7818>1.78
1-0.6639"  1-0.6639

Therefore, least n=15.
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Qn Solution

5 Recurrence Relations

(@) |Letx, >L as n—>oo.Then x,,, > L.
L=I-2
L'-L-2=0

(L+1)(L-2)=0
L=-1orL=2 (shown)

(b) | Method 1: From the limits,
Since L =-1, the sequence remains constant at —1.

Method 2: Using GC, the sequence remains constant at —1.
f

HilErihl FL8AT BEC REGl ESBT&H HP n FLEBAT BEC BES) EARTSH HF
SECOMS DEHDITION IF HEEDED

Flofl Flofz Floi:

TYFE: SERCGH [ZEQCx=L% [ [ ]
nMim=l

By ekl ) BCUn ) )E=2
wiidg-1

ui2i=m

By (bl )m

wii)m

y(2)m

FOR &Th1

el

2
(C) xn+1 _xn =xn _2_xn

2
=x"-x,—2

If -1<x, <2, x,>—x,—2<0 from the graph.

y

A

y=x’-x-2

Hence x,,,—x, <0=x
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Qn Solution
6 Application of Differentiation
(a) 2m
4
| rm 6 m
hm /
----------------- v
By similar triangles,
r_2
h 6
=>r=—h
2
V:lm”zh —lﬁ(lhj h :lﬂ(lhzjh :L ’
3 3 3 \9 27
® | v _dv, dV,
de dt dr
= 4V _ 0.03
dr
Since dh =0.1,
dr
W v dh
d dh dt
= 1 h* x0.1
9

=$7z(3)2x0.1

=0.1r
cdy, dV
Codr de
Hence, water is pouring in at a rate of 0.344 m/s

+0.03=0.17+0.03=0.344
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Qn

Solution

Functions Graphing Techniques Equations and Inequalities

(@)

For f 'to exist, f must be one-one function.
Least value of k=3

(b)

Let y=l 36—(x—3)’

2y =436 (x-3)’
4y* =36—(x-3)’
(x=3) =364y’
—+36-4)7
=3-B36-4)7 or x=3+36-4)"

(Rejected, x>3)
£ (x) =3+4/36-4x"

=3+249-x’

(©)

74(0,9)

(9.9) »y=f"f(x)

(d)

Range of f=(0,3]
Domain of g = (0,0)

SinceR;c D, , gf exists

(e)

D, =[3,99——>R, =(0,3]—>R , = {—% 11}

MORHAL FLOAT AUTO REAL RADIAN HF n

Yi=abs(HK-102H-5)

H=1.37E Y¥=-16.12E5
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Qn

Solution

Definite Integrals

(@

x=2t+3
&)

dr
y=5-4¢t
Y g
dt
b
dx 2

At (2,4),

—4¢

x=2t+3:>2=2t+3:>t=—%

d_y=_4(_lj:2
dx 2

Equation of normal, N:

y—4:—%(x—2)

1
=——x+5
Y 2

(b)

x—3
2

x=2t+3=>t=

Sub 7 into y:
y=5-4r

2
=5_4(x—3)
2

:5—(96—3)2

Alternatively,
y=5-4=t=+ SjTy

Sub ¢ into x:

xzz(i—wz_y}ﬁﬁ,/s-y
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© [y=5-(x-3)
x=3i«/5—y

Since x<3, x=3—,/5—y

x° =(3— 5—y)2

Volume of solid of revolution about y-axis

4
=7r.[74x2 dy + Volume of cone

4 2 1 2
=z[ (3-5-7) dy+=7(2)°(1)
:7['[:1432—645—)/4'(5—)/) dy+§7r

:,,j:m_y_sﬂ dy+§7r

4

I Y S [Che ) R .
G}
i 2 y

[ 1, 3T 4
=7 14y—§y +4(5—y)2} +§7r
-4

T

:7z(56—8+4+56+8—108)+ﬂ
3

TMIJC/2025 JC2 Preliminary Examination Markers Comments/H2 Math (9758/01)/Math Dept

Page 9 of 22




Qn Solution

9 Complex Numbers

(a) | Method 1:

Since the equation has real coefficients, —2+ 21 is a root
= —2—2iis also a root.

Consider

[z—(-2+2i)][z—-(-2-2i) |=[(z+2)-2i][(z+2)+2i]
=(z+2) -[2i]
=z +4z+4+4

=z +4z+8

2 +az’ +bz—16\/§:(z2 +4z+8)(pz+q)
coeffof 2’ : p=1

constant: q:—Z\/E

2 vaz +bz—1632 = (2" +4z+8)(2-242)
coeffof 22 1a =22 +4

coeff of z: b:—8«/5 +8
.'.a=4—2\/§, b =8—8+2 and the roots are —2+2i,—2—2iand 2\/5.

Method 2:
Since z = —2+2i is aroot, (~2+2i) +a(-2+2i) +b(-2+2i)-16§2=0
16+16i+a(~8i)+b(-2+2i)-16§2 =0
16—2b—163/2 +16i—8ai+2bi=0
Comparing real and imaginary parts,
16-2b-16§2=0 and 16-8a+2b=0
b=8-82 8a=16+2b

Subst b =8—8+/2 into 8a =16+ 2b,
8a=16+2(8—8ﬁ)

a=4-22
h=8-8J2

Since the equation has real coefficients, —2+ 21 is a root
= —2-2iis also a root.
Consider

[z—(-2+2i)][z-(-2-2i)|=[(z+2)-2i][(z+2)+2i]
=(z+2) -[2i]

=z +4z+4+4

=z +4z+8
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z +(4—2J§)z2+(8-8J§)z—16ﬁ=(z2+4z+8)(pz+q)
coeffof 2’ : p=1

constant: g = —2x/§

z +(4—2\/§)22+(8—8\/5)z—16\/5=(zz+4z+8)<z—2\/5)

The roots are —2 +2i,—2—2i and 2\/5 )

(b)

Letz, =2 +21= z, 1s in 2nd quadrant

al={-2) +(2) ~VATA—E =22

arg(zl)=7r—tan"1 (%j=7z—tan"l(1)=7z——:—

Letz, =—-2—-21= z, 1s in 3rd quadrant

|22/ =(2) +(-2) =Vd4+d=\B=22

2 T 3n
=—rg+tan”' | = |=—z+tan” (1) =—7+==——
arg(z,)=—x+tan (2j zm+tan” (1)=—7 1 1
Let z, =2\2= z, 1s in 1st quadrant
|Zs|=2\/§
arg(z;)=0
Im
A
A=z =-2+2
‘\
242
\\ <\ 3_,1.[
\\\\4
O/'/ \F . ¢ [~ ;Re
/,'4’_3_11: 242 C=z,=2J2
,// 4
N
‘/
B=z,=-2-2i

B is the reflection of 4 about the real axis. OR
B is the 90° anti-clockwise rotation of 4 about O.
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(c) Method 1:
Since 04=0C =22 , we consider D be the point such that O4ADC is a rhombus.
Im
A
A D=z,
|
|
u |,
292 \&! 3n
8 | -
0] 2\/5 C Re
OD bisects £ AOC
Thus, 2 DOC = 1(3_”) 37
2\ 4 8
Let D =z, where
z, ==2+2i+22
= 2+22+2i
Since z, lies in 1% quadrant,
arg(z,) = 3n my
glz4)= 3 D =z,
8 2+ 2\/5 5
1 —1-\2
= X 3_?'[
1442 -1-42
142 o+ 5 ]
- 2 —2+242
(-1 -(+2)
=1+2 (shown)
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Method 2:
Consider triangle OAC and observe that triangle OAC is an isosceles triangle as
04=0C=242.

Im

f
%

Let D be the point that represent —2 + 01

L OAD = 240D =7 -7
4 4

/DAC="1 737

4 8 8
Using triangle DAC
3r_2+242
2

=1+42 (shown)

tan
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Method 3:
Consider triangle OAC and observe that triangle OAC is an isosceles triangle as

04=0C =242
Im
A
A
2 =
242
N 3—7[ T
D o 2\/5 C Re
| )
I
=~
soca=Y 7|7
2 4 8
Let D be the point that represent —2 + 01
Using triangle DAC
tan Z_ 2
8 2+2V2
1
1+2

RY/4 T T
tan—=tan| —+—
8 (4 8)

T T
tan —+tan —
4 8

l—tanztanz
4 8

1+(1+1\/5j

1
-0 )
_1+«/§+1
14421
_2+\/§
2

=i+1

NG

=1+2 (shown)
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Qn Solution
10 | 3D Vectors
(a) | Let 8 be the acute angle between the direction vector of the flight path and normal vector

of the rooftop.

2
ln: 1
. 1 2 3
ling linel:r=|1|+A] 2|, AeR
0 1
4 /) D)
pire 1 |=7
1
3)( 2
20 1
1 -1 3

cosf =

N TN AN
The angle between the original flight path and the new flight path will be 26.
c0s26 =2cos’ 6 -1
]
NN

_u
14
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(b)

Let the foot of perpendicular be F.

line AF

2 2
Lypr=1|+ul 1 |, uek
0 -1

242u)( 2

I+u o 1 (=7
—u -1

4+4pu+1+pu+pu="7

ou+5=7

1

3

lLl:

Coordinates of F'is

wloo
Wl-lk

(©)

_1]
3
3

r=|1[+4| 2|, 1eR
1
(2

)
N z
F pire 1 |=7
-1
3 2 1
d=| -2 (x| 1 |=]|5
1 -1 7
8
3 1
4
[ :r= g +al 5|, aeR
7
3
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3x—-8

8
X=—4+a=>a=
3

y:i+5a:>a:ﬂ
3 15
1 3z+1
z=——+Ta=a=
3 21
C3x-8 3y—-4 3z+1
3 15 21

Let (O, 7, 0) be a point on the first rooftop and (x, y,z) be a point on the second rooftop.

Distance between 2 parallel rooftops:

X 0 2 -
yl=| 7k 1 I A
z) lo)]|l=1 2
'\/6 =d pire 1
- \r2 1)
y=T1 1
z -1 P
J6 B -

|2x+y—7—z|:\/gd
2x+y—7—z:\/€d or 2x+y—7—z:—\/€d
2x+y—z=\/gd+7 or 2x+y—z:—\/gd+7

Alternatively,
2x+y—z=17

2
r-|1|=7

-1

2

1

-1 7

" e

Let the second rooftop be:
2

r-|!1 (=D
-1
2
1
_1 _D
6 6

Distance between 2 parallel rooftops:

Y-
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e

J6 6

g _D_,

NN

D=7-+J6d

2

r-| 1 |=J6d+7
-1

or

7
or ——F

D
JEJrﬁ:d
or D=7+\/gd

2
r| 1 |==J6d+7
-1

2x+y—z:\/gd+7 or 2x+y—z:—«/gd+7
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()42

When x =0,

J-
4

52

—0)
4)2

Qn Solution
11 | Definite Integrals, Maclaurin Series, Application of Differentiation
(@)

Since the region lies in the first quadrant, y >0, hence we take y = 4

Method 1:

SRR

4(x+y)2 +(y—x)2 =16

4x* +8xy+4y

P4y’ =2xy+x" =16
5x° +6xy+5y> =16

Differentiate w.r.t. x,

dy

dy

10x+6y+6x—+10y—=0
I Y

Differentiate w.r.t. x,

2 2 2
10+6d—y+6d—y+6xd—);+10(d—yj +10y=2 =0
dc  dr o dx dx

2 2 2
10412 4 64 y+10(d—yj 10y 2o
dx dx dx

d® :
4
When x=0, y = ,
T
10(0)+6(i]+6(0)d—y+10(i]d—y
J5 5 ) dx
40 1dy
5 ) dx
L'
dx
2 2
10+12(—§]+6(0)d—f+10(—3j 10| L
5 dx 5 NG
)
NG
y \/g s 5\/5

5

TMIJC/2025 JC2 Preliminary Examination Markers Comments/H2 Math (9758/01)/Math Dept

Page 19 of 22




Method 2:

SIS

Differentiate w.r.t. x,

Differentiate w.r.t. x,

1 dy2 1 d’y l(dy jz 1 d’y

—1+=| +=(x+y)| =5 |[+=| —-1| +=(y—x)| = |=

2( dxj s y)(dxz sl ) U
Method 3:

c+ v\ R\
2 (2]
2 4
4(x+y)2 +(y—x)2 =16
4x* +8xy+4y° +y* —2xy+x° =16

5x* +6xy+5y° =16
59> +6xy+5x>—-16=0
~6x[(6x)" ~4(5)(5+* ~16)
2(5)
_ —6x:+4/320-64x°

10
Since y >0,
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—6x+/320— 64>
y:
10
_ —6x+8V5—x’
10

_ —3x+4 5-x°

0.
Required Estimate = J.O i y dx
05 4 3

2
—=——x——=x"dx
o5 5 55

~0.812m* (3 s.f)

~
~

(b) L:\#gl(cost—2sint)2+(cost+2sint)2

:\/coszt—4sintcost+4sin2t+coszt+4sintcost+4sin2t

—\J2cos?t +8sin’¢

:\/2+6sin2t

dL 12sintcost

dt 22 +6sin’ ¢

6sintcost

N2+ 6sin’t

LetgzO.

dr
6¢costsint =0

cost=0 or sint=0

T T
t=—— or0or — or .
2 2

Whentzi%,L:%/E.

When t=0 or 7, L=\/§.
-.Maximum L is 2/2.
- Minimum L is /2 .
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(©)

& 2
Required Area = 4'[0 "2 % dx

~12.6m*(3 s.f)
OR
: 2 >
Required Area =4 IO 8—4x” dx
~12.6m*(3 s.f)
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