1(a) Letux, yand z denote the number of wins, draws and losses by Lucy’s favorite team this

season respectively.

x+y+z=38 ...Eq(1)
3x+y+0z=54 ...Eq(2)
x+ty—-2z=8 ...Eq(3)

From GC,x=13,y=15and z=10

.. Lucy’s favorite team won 13 games this season.

(b) Points scored by Mark’s favorite team = 3(13 —2) + (15 + 5)
=53<54

Hence Lucy’s favorite team performed better this season.

Alternatively,

Since Mark’s favorite team won 2 games fewer and drew 5 games more,

this team scored —3(2) + 5 (1) = —1 point more.

Hence Lucy’s favorite team performed better this season.

2(a)

d
—(tan
dx( X)

d sinx

dx cosx

3 cos? x —sin x(—sin x)

cos” x
_cos” x+sin” x

COS2 X
1

COS2 X

=sec” x (Shown)

(b)

sin 2x cot x
) COS X
=2SsIn XCoS x

Sm x

=2cos” x (Shown)
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(c)

15 cosec(10x) tan (5x) dx
30

z 1
_ 1
J‘; sin (10x) cot (5x)

L
30 2€08” 5x

1 o2
=—J‘ISSec2 5x dx
2 z

30

2]
10043 15
3(a)
sinf =——

P
PQ =d cosect

PO+ QOR+ RS =2a

OR =2a—-2(dcosect)

OR =2(a—dcosec)

Area =%d(QR + PS')
= %d[2(a —d cosecd)+2d cot 6 + Z(a —dcosec@)]

= %d[4a —4(d cosecd) +2d cot 9]

=2ad +d* (cot® —2cosect)
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(b)

dd _
d6

—d?*cosec’d + 2d*cosecOcot O

When % =0, —d’cosec’d + 2d*cosecHcotf =0

cosecd =2cotl

cost9=l
2

cosecd(cosecd—2cotd)=0

% = —d*cosec’@ + 2d*cosecHcot 0
do
g 1.046 %Z 1.0472 1.048
% 0.002769 3> 0 —0.001851942
do
Slope / — \

Using the first derivative test, 9 = % gives a maximum value for 4.

Alternative method

a4 _
do
d*4
do?

d*4
Atg=L, —=-
t0=3 49

T . .
.. @ == gives a maximum value for 4.
3

At 9=", A=2ad +d’ (cotz—Zcoseczj
3 3 3

7-(%)

—2ad —d*\3

© ASRJC 2023

=2ad+d2[

—d*cosec’d + 2d*cosecOcot

2.309d> >0

—— =2d*cosec’Ocotd —2d* (cosec30 + cosecdcot’ 0)
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=l:r=2 |[+4|-3,4A€R
0 1

-1 3

2 | and | —1 | are position vectors of 2 points on |, , substituting into p>,

0 1

—-a+6="7
3a-3+p=17

Solving, a =—1, p =13

(b)
0 3 3 1
n=1x-1|=|3 =31
1 2 -3 -1
1
pr. I 1 (=0

x+y—z=0

—3x+3y+2z=7

: : . : . 7
Solving using GC, line of intersection is ¥ =—

Alternative method

Since P1 is on P2, sub P1 into equation of P2

© ASRJC 2023

-1

5

a)( 4
313
g1
4da+ =9

L\+p| 1|, ueR.

0

6




S+ 2t 2
—Ot+3s-3t+2s+4t="7
—8t+5s=7
7+ 8¢
S =
5

Sub s into equation P1

0 3
r:7+8t Lleel 21
1 2
0 0) (3
r=21 e300 +t| -1
1 > 1 2
0 3
r=—|1|+t E
1 5
18
5
0 5
r=—/1|+u| 1| where ueR
1 6
(c)

w31

0
Ny
[‘f]’ﬁ
6
)
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5 (a)

34 1
2r—1 2r+1 2r+3
_3Q2r+D)2r+3)-4Q2r-1)2r+3)+2r+1)(2r-1)
- 2r—D)(Q2r +1)(2r +3)

1277 424 +9-16r7 —16r +12+ 477 —1
- Qr-1)Qr+1)2r+3)

B 8r+20
CQr=DQr+1)2r+3)
(b)
% 2r+5
Z Qr—1)2r+1)(2r+3)
1 8r+20

45 2r-1)2r +1)(2r +3)

1 3 3 4 N 1
4="\2r-1 2r+1 2r+3

- +
. ;///54 L]
/é%?i/zﬁ[l 2?+T

+ 3. +

//Zﬁ;l 2n+l 2n+3

1

=— 3—i+1+ __4 + !
A 2n+1 2n+l 2n+3

2.1 13
3 4\2n+3 2n+l1

_ 2 2n+1-3(2n+3)
3 2n+D2n+3)

2. n+t2
3 Q2u+1)2n+3)
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(©

Sum to infinity =§

<0.004

2 (2 k+2
5_(5_(2k+1)(2k+3)j
k+2 <
2k +1)(2k +3)

k+2
k 2k +1)(2k +3)

62 0.0040315> 0.004
63 0.0039675 < 0.004
64 0.0039056 < 0.004

From GC, the smallest value of £ is 63

Alternative solution:

k+2

T £0.004
(2k +1)(2k +3)

k+2<0.004 2k +1)(2k+3)
4k* — 242k —497 >0

k<—-1.9884 or k>62.488

Since k €Z and k >1, the smallest value of k is 63

© ASRJC 2023
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6(a)

J.cotz 3x dx
= Icosecz?ax—l dx

cot3x
=— —x+c

3
(b)

j4x§_4x+3dx

2x —4x+8

_J~4x2—4x+8_ 5
2x—4x+8 x’—4x+8

_ I“ S
ST (x-2)+4
[x—%tan_l(x2 2)1

5 -1 _ _é -1
= {4 —Etan (1)} {2 5 tan (0)}
— 2__

8
(c)
x=2cotd

dr _ —2cosec’d

déo
23 25 no- \B.0-%

When x=——, 2¢ t6?——t
3 3

When x =2, 200t6’:2,tan9=1,(922

24—y

s Gy @

_J- 4—4cot’ 6
T (4+4cot’ 0)

J- 4(1—cot’ 6)
7 16(1+cot” )’
j  (1-cot’ 0)

7 (cosec’d)’

_[ 3 (1—cot”0) cot” 0)

(cosec’0)

————————(—2cosec’d) dO
——————~(2cosec’d) dO

~———— " (2cosec’d) d&

:—J- cos” @ —sin 9) do
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= —ljgcos2¢9 do
295

T
3

__l_sin2(9
20 2

T

.27 . &
=——|sin=——sin—

41 3 2:|
_ fﬁ_l}

41 2

1 3

48
7(2)(0)

tan® x+1=sec’ x

(_tan.X')z +1= Sec2 X

yz 2
PO
52 yz . ,
52 A2 s X >3,y <
3?2
(ii) ¥
A
(b)
When x =1, 2sin¢t+1=1,sin¢=0,7r=0
When x =2, 2sint+1=2,sin¢ = %,t:%

x=2sint+1, %: 2cost
dt
Required Area
2
= Area of trapezium — L y dx

Z%(Z +4)(1) - J.OE (2cos3¢+4sint)(2cost) dr

© ASRJC 2023
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10

=3- .[0g (4cos3tcost+8sintcost) dt (shown)

=3-—- If(2c054t+20052t+4sin2t) dt

+sin2¢ —2cos Zt} ‘

0

[sin 4¢

sin —

+sin£—2cos£—(—2)
3 3

=3- Eﬁg+&}
4

343
= 2—i units?

4

8(a)

1
r= 3+sin2x
y(3+sin2x)=1

Differentiate implicitly w.r.t. x:

(3+sin 2x){%j+y(2cos 2x)=0

l(d—yj+2ycos2x=0
y\dx

d—y+2y2 cos2x=0
dx

Alternatively

y=(3+sin 2x)_1

% =—(3+sin 2x)_2 (2cos2x)
dy _

" —y*(2cos 2x)

Differentiate implicitly w.r.t. x:

dzy 2 dy
—=—2y°2sin2x+2(2y)—=—cos2x=0
P (27)5

dzy ) . dy

—— —4y°sin2x+4y—=—cos2x=0
dx? Y ydx
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Given thatx =0, y = L:L
3+0 3
2
d—y:—2(lj cosOZ—z,
dx 3
1

b
3 9 2127 39 27
(b)
B 1
3+sin2x
N 1
3+(2x+---)
=(3+2x)"
-1
= 3(1+%xj
’ 1 2 4
Y ) 2 \fa——Zx+—x* (verified)
L l+(—1)(2x]+w(ng 392
3 3 2! 3
=l(1—3x+ix2...]
3 9
(©)
J-IS 1
0 3+sin2x

5
=—or 0417 (3.s.
T (3.s.1)
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9 (a)

2,2, x/Ee{%j 26-{%j

2\/56{%]
]

= 2\/56-{719

(b) (D

l+z, 1+¢”

-z, 1-¢"

ei(iJ(;(iL;(i)]

1
=—cot—
—1

:icotg,where k=1
(ii)

l+z, l+z, ><l—z4

l-z, 1-z, 1-z

1 * *
_tzy—z,—z42

- -z, -z, +z,2,
1+2ilm(z,) -|z,|]
1-2Re(z,) +|z,["

© ASRJC 2023
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1+2{*/§J—1
_ 2

1—2(‘/5}1
2

3 J2i x2+\/§

-2 2442

- (1 + \/E)i (shown)

(iii)
icot%:(l+\/§)i

Alternative Method

2 tan(”j
Consider —8j = tan(2(%n =1

l—tanz(ﬂ
8
T
Let x=tan| — |,
(SJ
1-x* =2x

X +2x—-1=0

o 2+ J4—4(-1)

2
=—1+2

Smceg is acute, x = —1++/2

© ASRJC 2023
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10 (a)
dx . .
— = —x +r where k is a positive constant.
dr
| L [1ar
—kx+r

Ln |-kx +r|=t+a where a is an arbitrary constant

|[—hoc+r| =7

x=Ce™ +£ where C = ¢le*“k

bl

When ¢ =0, x0=c(1)+£:> C=x0—£

o r\ u ¥
L X= xo—; e +— (Shown)

k
(b)
x=(x,—2x,)e™ +2x,
=—x,e " +2x,
Ast— 0, x = 2X,
Hence the limiting value of x is 2X,.
(©)
X
_______________________________________ xX=2x,
X0
t
(d)

1.1x, = —x,e** +2x,

e—OASk _ 0 9

= -2In0.9 =0.21072
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2tIn0.9
v

X ==X, +2x,

2tIn0.9
Let —x,e”"" +2x, >0.9(2x,)
""" 42>1.8

eztln0.9 < 0.2

n0.2
2In0.9

t> =7.6378 =7 hours 38 mins

Hence, the time required is 5:38 pm

© ASRJC 2023 [Turn over
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11 () (a)
700, 700+60, 700+60+60, ...
This is an AP with ¢ = 700 and d = 60

Hence the total paid after the & payment = %[2 (700)+(k—1) 60]

= k(700+30k —30)
=30k + 670k

=$(30k" +670k) (Shown)
(b)

30k% + 670k > 40000 + 4660

30k* + 670k — 44660 > 0
From the GC,

k | 30K* + 670k — 44660
28 | -2380

29 10

30 | 2440

. It will take Mr Kim 29 payments to fully repay his loan.
(ii) (a)

Month | Amount owed at the end of the month
Jan 40000(1.015) - p
Feb [40000(1.015) — p](1.015) —p
. The amount he owes on 1% Mar 2023 = 40000(1.015)*> - 1.015p —p

= 41209 - 2.015p

(b)
End of Amount owed after interest Amount owed after payment
Jan n=1 40000(1.015) 40000(1.015)—p

Feb n=2 "1 40000(1.015)" - p(1.015) 40000(1.015)" - p(1.015)—p

Mar n=3 1 40000(1.015)’ - p(1.015)" | 40000(1.015)’ - p(1.015)’
—p(1.015) —p(1.015)-p

" 40000(1.015)"
~p(1.015)"" = p(1.015)""
—--=p(1.015)—-p
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The amount he owed at the start of the nth month (is the amount he owed at the end of the n™
month after interest is charged and $p payment is made)

=40000(1.015)" = p(1.015)"" = p(1.015)" " —--- = p(1.015) - p

n-2

= 40000(1.015)' = p| (1.015) " +(1.015) 7 -+ (1.015) +1]

=40000(1.015)" —;{M}

1.015-1

=40000(1.015)’ —%p(l.OlS"—l) . where o =1.015 and ﬂ:%

(c)

40000(1.015)" —@(1585)(1.015" ~1)20

197(1.015)" <317

nln(l.OlS)Slnﬁ
197

n<31.95046 = Mr Kim still owes money up to the 31% payment.

.. Mr Kim will fully pay off his loan in 32 months, i.e. k= 32.

Under plan B, amount that Mr Kim owes at the end of 31% month after interest and payment
= 40000(1.015)" —@(1585)(1.0153' -1)

=1484.764837
Amount that Mr Kim needs to pay at the end of the 32" month = 1484.764837 x1.015

=$1507.04
Mr Kim will pay $1507.04 at the end of the 32°¢ month after interest, i.e. m = 1507.04
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