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2025 H2MA Prelim Paper 1
1 Solution [4] Complex Number
(a) Method 1
f(-1)=0
a(-1)’ +b(~1)" +c(-1)+d =0
~a+b-c+d=0
b-c+d-a=0 oo )
f(4+i)=0

a(4+iy +b(4+i) +c(4+i)+d =0
QGN+Adv+wﬁm+m~.v+a§+a+& =0

Comparing real parts,
15b+4c+d+52a =0 cmmmmmecmmmnee 2)

Comparing imaginary parts,
8b+c+47a=0 oo (3)

Solving (1), (2) and (3) using the GC,
b=-T7a,c=9a and d =17a

Method 2
Since all the coefficients of Akv are real,

4+1 and 4~1 are conjugate roots of f(x)=0.

f(x)=ar’ +bx’ +ex+d
uQTIA?\&TA&LLTE
MQTN |wk+:H=x+L
HQTW -7%° +wa+:H_

=ax’ ~Tax* +9ax+17a

b=-T7a,c=9a and d =174
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2 Solution [6) Inequality

9 x+5
1-# Ay
wl?.avﬁlav
Axivﬁsxv
cleL?&v
?ivﬁnav
X +4x+4
?ivﬁlav
?I.NVN

(x+1){1-x)

<0

<0

<0

<0

\x 7
x<-lorx>1, x#-2

(Alternatively, x<-2 or 2<x<~1 or x>1)

9 e’ +5
2x < x :
l1-¢ e"+1

Replace x with e in the previous inequalitry,

e <-1 or e >1
(no solution since ¢* >0 for xeR) x>0
(Note & -2 is always true)

Thus x>0.

Alternative presentation:

e’ <-2 or 2<e*<-1 or " >1
(no solution since e* >0 for xeR) x>0
Thus x>0.
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4 mo:&o: [6] Summation

()
ML.AI& (r+2)

k=1=N H
- ».Mﬁm_ ((k-1D)+1)((k-1)+2)
N+l
M“\«Qai
TP S R S
W+D+1) @(+D)
11
=1- -
N+2 2
_1 1
T2 N+2
(b) mM 1

%é ﬂm

S — n ~ w H
m | u
M rr+l) =rr+l) m r(r+1)
®© k
g1 gy
ar(r+l) Fr(r+d
As n—o, Im.»!vo Hence

n+l1 MwQ.+C

w?v c?_ ~.Q+C

L1 8
Lo

r=]
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5 Solution [7] Integration 5 parts
O e o
16 -x* (4)
1 x?
=—sin| = |+¢
2 4
(®) 2
Let :um.m_bu_ x s M_Nnk
2 4 ) dx
du x 15
—= V==X
L T 2
2 2 2 2
._.wmiL Llar=Zsin| X |- X _a
2 4 4 4 2 _a!x&
|mwm_=|.hx|~u M_.
4 4 2 J\_m ~x*
uxlnmms-,ﬁWNu Mﬁllu._.
4 4 2 ,\Hm x*
() s
2 2 Al 7T
u.al&:-_ 2 AN 16-x* +¢
4 4 1
2
2 2
=Z it |+ 1 16—x* +¢
4 4 A

Alternative 1
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W?+av+»?x5 =aa+fb (%)
Scalar product (*) with a,

W_»_N +W».n+>».?x5u9_»_~+E_.v
1 1
IN|+MA|NV.1Q

a=—=

2
Scalar product (*) with b,
1

m_ZIW_,.nlc.?x__vua_..si_a_N

1
MQGHE
B=2

" . . o1
Position vector of the point of intersection is -3 a+2b.

Alternative

Since a, b are perpendicular unit vectors parallel to plane p,
axb would be perpendicular to a and b (and thus to p).

Thus, OM = aa+ fb+yaxh forsome a,f,7<R.

Since X is the foot of perpendicular from M to p,
OX=aa+fb

where

@=0M-a

HWT_+®.»

1 1
==aa+-=ca
2 2

1, 1
=5M+(-2)

River Valley High School

10

S =0M+b
= W?+&._u

nw».v+we.v
2 2

1 1
=3O+

=2

- . . S
Position vector of the point of intersection is |Mu +2b.

Solution [7] Differentiation and Applications

®

x4y -dy=xy

& ,d dy
— —_ + -~
& ar T
AvaHIAVW+Mk|v\Ho

2x+2y

Amwlxléw“%lua

®)

Area of triangle OMN, 4
1
=5 0)()=15y

©

—15) 2=2%
2y~x-4

@

At stationary point,

d4
oo
dx

—2x
H.A@Wuwuo
y=2x——~(*
x? +AN&VN -4(2x)=x(2x)
35 -8x=0
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14

Solution [8] Graphing techniques

(@

@Q-E
dx (x+2)°
. . dy
—==0
At stationary point, ™
1NHWQIMHO
(x+2)
_ b-2a
(x+2)"

AR+NV~ - b-2a

a

a

a
Note that (x+2)" 20 for all x.
b-2a
a
Since a > 0 (given in question), b—2a >0
1

Since a = Mw (given in question), b—2a >0 (or b>2a)

Hence, 20

©

A=

®)

1a+u+|k
7 x+2

y(x+2)=(x+3){x+2)+1
xy+2y=x" +5x+7

P +5x-xp+7-2y=0

K +x(5~-p)+7-2y=0

Find values of y where b*> —~dac<0:

b’ —dac=(5-p)' -4(1)(7-2y)
=25-10y+y*~28+8y
=y"-2y-3
=(r+1)(»-3)

(y+1)(y-3)<0

-l<y<3

Hence y cannot lie between —1 and 3 (shown).
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u,\mmioom%%

= ;\1T+ =sin N&

k]

SRS

4 2

(53]

18

12 Solution [11] Normal to parametric curve

@ .
AN
AN

@U ;.lu.%.r

>Haw of region

e
V2 22

=
2
mt%\n units?

@ y

5

s A
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®) 2 5

x=6t-5 y=2t"+1 wheret>=

6
& Y_y
dt ar

When =1, WIMUmHnm_nuaomaoﬂum_ atr=1is IW

When =1, x=1 and y=3

Alternatively
x=6t-5 y=26+1 irﬂoswm

Theny=4(x+5)" +1, MIwAulmv wherex 20
%
When t =1, then x=1, y =3, A_+MVII

Eqn of Normal: wlmulwA.«LvaulwulW.
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21

mm+$+:umﬁm+mn+m
6 6

12 24
When t=2,
x=6(2)-5 and y=2(2)" +1
x=17 and y=9

The point of intersection is A(7, ov .

22

13

Solution {12] Differential equations

River Valley High School

(2

Let .M|w and mwvn the rate of roasting of coffee beans

and rate of coffee beans sold respectively.

T_&u'm&
x*~25 5
LI
2(5)

x+5

=-Zt+c

®)

Let MIM\, and meg the new rate of roasting of coffee

beans and rate of coffee beans sold respectively.

—=3 — — =kt
@ w T
@nhWﬂl@nuxlwx“
dt dr dr
snsaumv.alx.u

dt

River Valley High School




BP-554

[00yos YBIH ASijeA JaA

joouyos ubiH AslieA Janry

*Anoedeo sjenbope
jo oSeioys 1o] ueld 0) JOUMO IY) SMO[[e Snjea Iemnonted
e e Suizyqes sueaq 9S9JJOd pejseol JO jUNOWE OYJ,

k: ()
“Supyes 101
KI01USAUT oY) UI }J9] SUBSQ S3JJOO PIjSeol SAem[e SI SISY]

®)

skep ?

Sel

v
By x

"8y 6 seyorosdde/3y g 1e oSI[Iqe)S [[IM 9Je0 oY Ul Sururewsss
sueaq 99JJ00 Ppajseol Jo junowe oy} ‘uns} Juo| Ay uf

2t _ 1-,°¢

AI
6 LT LT

=X ‘¢ 18V

=278 o 1=
LT LT

521 _

ROBNI -

hmom - ﬁ =x

.nu Amlv m

X

x

=¥

SEI-=¥SP

V6=FSEI+SET

ve=(r+1)s€1
v+l

ﬂml!m €1

VT _

BV6

IGEI=X ‘0=1 UM

X

LA

76
2V6=( 0 +1)x
WOV 6= ,PFx+r
wWOPX = V6 =%
(x=6) ¥ =x
X~

LF=pomnym ‘ op = -

x

X—6

X

uimu =

uimu_xnm_ﬁ
N

o-+1g =gl

®
T P ©)

14

T1=19¢
¥9£-81=9
L9)1-(9)e=9

1 X4




BP-555

2025 H2MA Prelim Paper 2

1

Solution [5] Sequences

(®
®

For N =4, the sequence takes on a constant value with
u, =4 forall n21.

(@
(i)

For N=3,

=3

u, =3(3)-8=1

Uy =3(-5)-8=-23

The sequence decreases and a

infinity.

®)

Method 1

u; =409

Using u,,, =3u, -8,
3u,~8=409=u, =139
3u,-8=139=u, =49
3u,—8=49=u, =19
3u ~8=19=uy,=9=N

Method 2
uy=N

u, =3N-8

u, =9N-32
u, =27N-104
u, =81N -320

8IN ~-320=409
N=9

©

From part (a), when u, =4, u, =4 for n21
v, = ALV: A:,. +$

v==(4+k)
v, HTI.@
vy =—(4+k)
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For v, = Aluv‘_ ?; +$ to be convergent,
then k=-4.
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3 Solution [8] Volume of revolution
@
Volume required
u:.—@L &li:mmlvm dy
1 2
=1.95 units’
®)

Y

x-coordinate of point of intersection between
2

Y= —p=——===and y=x-2 is x =3 (from GC)
Nx? —dx+7

Volume required

2
| e | tx-nf (-2

Nx*-dx+7
2

Jxt—4x+7

ui.u%r&ﬁl:.—uxnlﬁn+h dx
1 x"—4x+7 2

2

OR =’ eTwi_VNE

3
3 1

Hw
u»a._. de—7| = —2x% + 4x

U(x-2)" —4+7 3 R
3 1 3 y
=4n " ydx—7 X _oxteax
(5-2) +(4A) 3 N
3
1 af x~2 1
=4qu| —tan”'| == || -==xn
()]
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3[F=4

20( s+

Let S, denote the total dosage of the new medicine after n

days.

Then §, = 3 ﬂ

200 5™

Let v, the change in dosage on nth day found in part (b)(i)

where v, =8, -S|

Since v, is a geometric progression, we can use

s, uﬂhu the sum to infinity formula to find the long
—r

term total dosage.

Method 2
3(5"-4"

20{ 5™

3 5" 4"
==(5) 2=
SCM,

3oy

As n—oo, AWU -0

5
Total dosage in the long term

=55 (5)1-0)
3

4

©

If the dosage increases as an AP, then it will continue to
increase to (positive) infinity.
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10
5 Solution [12] 3D Vectors
@ 1) (=2
Since | 18| 3 [=-2-3+5=0, the satellite’s path is
5 1
parallel to Earth’s Orbital plane.
3 1
Since | 2 |o] ~1 |=3-~2+15=16# 0, the satellite does not
3 5
sit on Earth’s Orbital plane.

Therefore, the satellite does not cross Earth’s Orbital
Plane.

Alternatively
1
Earth: re| —1|=0———(1)
5
3 -2
Satellite: r=| 2 |+ A 3 |, leR-~-(2)
3 1
Sub (2) into (1):
3 -2 1
21+4] 3 {lo]-1|=0--=(3)
3 1 5
16+04=0

There is no consistent value of 4 for eqn (3)
Therefore, the satellite does not cross Earth’s Orbital
Plane.
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6 Solution [4] Permutations and Combinations
(a) Number of ways

(5-1)1=24
(b) Case 1: One person gets 3 more slices

3 1
1) \3!
Case 2: Two people get 2 more slices
3 ﬁau
x{ — |=90
2) \ 212!
Total Number of ways = 150

Alternatively
Case 1: One person gets 3 more slices

3)(5)(2
=60
131

Case 2: Two people get 2 more slices
3Y)5)3
=90
2N202

Total Number of ways = 150

River Valley High Schaol
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7 Solution [5] DRV

(a) Let X'be the r.v. denoting the score.

SIEPHHHE
-Gl
(-3
A b ()
RSN
rres-b [
00

© | e-0(%

Ne—

;sm&%vﬁuiﬁw

18
4 4
+0)()+6(5%)
_1+2+412+16+20+24
- 18
7525
186

W is the average score when the game is played

infinitely many (or a large number of) times.
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Solution {8] Binomial Distribution

®

Assume that the probability in which a lens is defective is
constant throughout the entire population of lenses
produced.

This may not be valid, since machine parts degrade
gradually which affects the manufactering process and thus
robability of a lens being defective changes over time.

OR

Assume that the event in which a lens is defective is
independent to all other lenses.

This may not be appropriate, since it is possible that a
defective lens could cause other lens to be defective
downstream (e.g. a defective lens occurring during the
process of production causes misalignment in subsequent
lenses and thus causes more defective lenses).

®)

Let X denote the number of defective lenses, out of 100.

X~ m?p Pw
2

P(X =3)=0.13958

Let ¥ be the random variable for the number of samples that
has exactly 3 defective lenses, out of 30.
Y ~B(30, 0.13958)

P(Y >10)
=1-P(¥<10)
=0.00163393
=0.00163

(© | P(X,+X,=10| X, =3 or X, =3 but not both)
_P(X+X,=10 n (X, =3 orX,=3))
P(X, =3 or X, =3 but not both)
__P(X,=3nX,=7)+P(X,=3nX,=7)
P(X, =3)+P(X, =3)-2P(X, =3)P(X, =3)
(0.13958)(0.10603)x 2
0.13958 +0.13958 - 2(0.13958)"
=0.12323
=0.123

Denominator can be computed via
P(X, =3 or X, =3 but not both)

=P(exactly one of X, =3 or X, =3)

= P(Y =1) =0.2401883,

where Y is the number of samples, out of 2, to have exactly
3 defective lenses, ¥ ~ B(2,0.13958)

@ X 3+ s x <
2 2
Required Probability

=P(X, <2)+P(X, =3)(X, <1)
=0.11826+(0.13958)(0.0370815)
=0.123
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2
~1.6448536 < Sw_mmw <1.6448536
s

—0.26020587 < X —100 < 0.26020587
99.73979413 < ¥ <100.26020587
99.74 <% <100.26

Alternative:

Let X be the random variable denoting the length of the
strings,

Let x4 be the mean length of the strings.

To test Hy: p=100
against H, : u =100
at 10% level of significance.

Test Statistics:

2
Under H,, X ~N _co_mm approximately

Pla<X<b)=09
From GC,

0:4(1.0010129.,40)
Tail: LEFT MSNER RIGHT
Paste

invNorm(.9,100.[1.0010129.»
199.73979412. 100, 2602059

99.73979413 < X <100.26020587
99.74<¥ <100.26

@

As the sample size is large (n = 40), Central Limit
Theorem can be used to approximate the distribution of X
to a Normal Distribution.

Thus no assumption is required about the distribution of
the strings.

®

For the same set of data,

p-value of 1 tail test = .Mnx p-value of 2 tail test
To test H,: =100

against H, : 4 <100

at 6% level of significance.

Test Statistics:
Under H,, p-value= on;owmm =0.05143<0.06,

Therefore we reject H,.

There is sufficient evidence that the strings are shorter
than 100cm at 6% level of significance.

River Valley High School

River Valley High School




BP~566

fooyag yBiH AafleA Joniy

(69 TPODN ~ I
(STTY 0x ¥ ‘GTXPIN ~ L
T+ q+ g+ A=I w1

(STZr09DN ~ 4

(;S0X £T0TXEC DN ~ £
ge1=gc0+9=4
D+g=x%w1
(SOODN~4

ge0=0

‘250 aArjosj01d ussoyo AJuropuel

® Jo ssew oy} Supousp d[qeueA wWopuel Y1 3q ) W]
FHEISIJ| noUaTIo.)

Joouyog ybiH AsiiEA Jeaty

(,50%,80°0T*8 0N ~§80=5
-dus [ejowl uasoyo Ajuopuex
® Jo ssews oY) Supousp o[qeLEA WOPUEI 9Y) 39 § P

®)

(3s€)601=
szLToxy =(L)wA
A+ g+ I+ A=I P

(STLTO9ON ~ &
(,S1°0+ S09+00N ~ X
o+g=4w1

(SOODN ~4

(STO‘ON~D

(0% ,£00TXEON ~D

‘359 2ANvej0id ussoyo AJwopues

® Jo ssewr oY) Sunousp s[qelieA wopuel 3y} 3q O 1]

®

Is€) 00L0=2
L669°0=2
Ko

6TLY106TY 1= T

0
S9LO0= ﬂA zZ|d
0Z-1¢

$9L00=0T<8)d
(200N ~4

0
§9L0°0= hl\] < Nu%

‘Ieq [E}oU USSOYO A[wopuel
® jo ssewr oy} Sunyousp o[qeuea wiopuel oY) 3q g W]
‘sureid 17 UeY) SIOWI SISSEU DABY $Teq [E}OU 91 JO %69 L

®)

L86°0>%
81716986'81> % +81

oy ‘60 =(81716986'81> 0 > T8LBOEIO LT 20WS
60>(¥+81>d>¥—8Dd

)

@s¢€) 88L0=
£919865L8L0=
wsxX)d-1=
(s2Tx)d
(9005210690 ‘9)F ~ X

'sTeq § JO INO ‘sweid
7'L] pue surexd g°G| UsaM1aq soIf ssew asogm sdins Tejowt
Jo Jaqumu oy Suyousp S[qeLEA WOpURI 3} 3q X 19

900ST1069°0= (T LI>§>8SDd
(F09DN ~§

(¥s¢)oteo0o=
Y678T10160°0=
1
wW---[er<ad]l61> Sm_mmuu
paumbe Aiqeqord
(;90'8DN ~a

*0SIp JEioW USseyD A[WopuEl
® Jo ssew 9y} Sunousp S[qeliea wiopue 3y} 3¢ ¢ W

@

(44 81 Vi

ssow

710 7d 151 [eutioN [7]] wonnjog

[4!

14

4




BP-567

25

River Valley High School




BP~568



