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1

Let the passcode be Xxyz.
X+y+z=14..... 1))

1002 +10y+x=100Xx+10y +z+495
997 -99x=495......(2)

Y—=X=3 s 3)

Using the GC,x=2,y=5,2=7
.. the passcode is 257

2

Let the radius and height of the cone be r and h respectively.
Let the radius of the circular card be X and angle ACB be 6.

By Pythagoras Theorem,

X’ =r’+h’=r’=x>-h’

Y =%7zr2h =%7r(x2—h2)h :—ﬁ(xzh—h3)
i—\;:%n(xz—%z)zo
h? —X—2:> r’==x’

Consider the circumference of the circle without sector:

_27-0
27

27[\/%)( =2r-6)(X)
0=2 (1 - \/g } T
3
Alternatively, consider the curve surface area of the cone,

2(27[—9]
X =X

27

2xr

(27rx)

Xt —x? (ij =7 %xzx
2 3



(1)

=~ 7(~6h)=-27h <0 (Max)

4 4 A B

4 elar+s (2r+1)(2r+5) 2r+l 2r+5

4=A(2r+5)+B(2r+1)
whenr=—— 4_B|:2 —§]+1:| =B=-1

‘ 4 1
T4 412r+5  2r+1 2r+5

(i) nf:—z ) ;
SArP+12r+5 254 +12r+5

}

_1(1 rr 1 j_l(ﬁ_ﬂ]_i_ﬂf‘_ﬂ)
15 4n*+8n+3) 15 4n*+8n+3

203 5 2n+1 2n+3) 2
(iif) S >0.99S,

n-1 =—



2n+2 { 1 j(ij
4n’> +8n+3 (100 )\ 15

1500(2n+2)—4(4n” +8n+3) <
(1500)(4n° +8n+3) -
—4n* +742n+ 747 <0

(1500)(4n> +8n+3)
(—n+186.501)(n+1.001) <0

1500(2n+1)(2n+3)
—Nn+186.501<0 since (2n+1)>0,(2n+3)>0,(n+1.001) >0
n>186.501

0

Alternatively

4 ned (4
15 4n“+8n+3 15

2n+2 <( I j(ij
4an’ +8n+3 (100 )\ 15

4n’ +8n+3>750n+750 (Since n is positive integer)
4n* —742n-747>0
n>186.5

minimum n = 187 (Alternative solution)

4 (1)
X =2acos’ 0 y=asin’ 0
ax_ 2a(2cos’ B)(—sin O) y_ a(3sin’ )(cos )
dt dt
y_dy &
dx do dé
_ 3acos@sin’ 0
—6acos’ fsin b
= —ltan 0
dy__1
dx 2
_r
4

Point P: (2&1 cos’ (%j ,asin’ (%D _ (#3#]



(i1) The equation of tangent at Q is

y—asin’t= —%tant(x—2a0053t)

y :—(%tant]x+asintcos2t+asin3t
1 .

y :—(Etantjx+asmt

R(2acost,0),S(0,asint)

Midpoint of RS = (acost,%asintj

X
X=acost = cost=—
a
| .
y =—asint = sint =ﬂ
2 a
cos’t+sin*t=1
2 2
X 2
52
a a
x> +4y* =a’

Since0<t<%,0<x<a or 0<y<%

1 1
5(1) S =—=—
(i) S, 515
51,25

21 31 6

1 2 3 23
3:— —+_:_

21 31 41 24
1,23 4 119
Y2131 41 50 120

(ii)
L

2 2
S,=>=1-+

6 6
223 1
P24 24
_e
120 120
S -1




(iii)

Let P, be the statement S, =1— forn=1,2,3,...
(n+1)!
whenn =1
LHS=S, =+
2
o1
a+1n! 2
- P is true

Assume P, is true for some k =1,2,3,...
1

=1-
(k+1)!
We want to prove that B, is also true
Sk+1 =1- 1
(k+2)!
LHS=S,,,
s + k+1
(k +2)!
1 k+1

Tk (ke
:1{(k+2)—(k+1)}
(k+2)!
1
C(k+2)!
= RHS

- B, 1strue

Since P, is true and P, is true = P, , is true,

by mathematical induction P, is true for alln=1,2,3,...



(1)

(i)

(iii)

oA 2
oC 5 0 2

oC 5

OA 2

OC-20A-2a
2 2

By ratio theorem,

— a+4b

Since E is a point on CD produced,

6E:§a+ —§a+ib AeR
2 10 5

Since E is a point on OB,

OE=ab aeR

§a+ﬂ(—2a+ibj =ab
2 105
(é—giaa+fzb:ab

2 10 5

5 23 25

———A=0=>4A=—
2 10 23

i/1:05:>oz:2—
5 23

OE: EB=20:3
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I K(T-T), k>0

dt

J.LdT = | —kdt Note that no modulus required
T-T, since T>To

In(T -T,)=-kt+C, where C is an arbitary constant

T _T — e—kt+C

T-T =e"e°

T-T =Ae™, where A=¢°
=T =T, +Ae™ (shown)

T,=30°C

Att=0: 100=30+Ae "
A=170
Att=15: 70=30+70e "
40 = 70e"*
e—lSk:i

7

k=—Lm2 ~0.0373077
157

To find time taken for pot of dessert to cool to at most 35°C :
30+70e™ <35
70e™ <5

5
efkt < =

70
—kt < ln%
o 1r11(5 /70)
g In@/7)

t>70.74

t =71 minutes

It takes at least 71 minutes for the pot of dessert to cool to 35°C and 30 minutes to cook.
Hence Nurul must start preparing the pot of dessert at 7.19pm the latest.
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(1) Let L be the distance covered by the lion.
a=2.5andd =-0.05

ng[za+(n—1)d]

:2[2(2.5)+(n—l)(—0.05)]
1, 101

(i1)) Let P be the distance covered by the prey.
a=1.5andr=0.95

1.5(1—0.95”)
- 1-0095
=30(1-0.95")

Whenn — o, P — 30
So the distance covered by the prey can never exceed 30m

(ii1))  In order for the lion to catch its prey,
L >P+25
—an +ﬂn >30(1-0.95")+25
40 40
_ Ly +ﬂn+30(0.95”) >55
40 40
1 , 101 0
n=24,——n"+—n+30(0.95")=54.96 < 55
40 40

n= 25,—i 2+ 100, +30(0.95") = 55.822 > 55
40 40

n=26,———n?+1% 1 1 30(0.95") = 56.556 > 55
40 40

least n =25
Hence, the lion will need at least 25 leaps to catch its prey.

(iv) Let the initial distance be k
In order for the prey to escape the hunt,
P+k>L

1 101
30(1-0.95°) +k > ——(30*)+—(30
( ) 40( ) 40( )

23.561+k >53.25
k >29.689

.". the shortest distance 1s 30 m.



: 0
a)(l t=tan—
(a) (i) 5
t?+1
2tan€ t
2 2t
tan @ = 7= y
—tan?? 11 3
2
1
by triangle rule:
sind = o (shown)
ot 2tang 2tang 2sing 0
Alternatively RHS = —— = = 2 <cos” = sin O =LHS
I+ l+tan’ — sec’~  cos— 2
2 2 2
Alternatively
0 sin — 0 2tan — 2t
Use double angle formula: sinf =2sin—cos—=2 cos’ == = 5
2 2 2 1+t
cos —
(ii)
ztang%rl 0
> — t=tan—
0 sin@+1 2
ot+1 2
= dt T a2
0 2t +1(1+t2 j whenH—Z.t—tan
1+t 0
Lot o) whenH:O:t:taHEZO
= dt
Io 2t+1+t2(1+t2 j L0
1412 tan t:E
_q 2(t+1) 1 i—l
02t +1+1t° 1+t2do 2
:jlﬁdt: 1idt £_1+t2
0t +2t+1 0t+1 d6 2
1
:2[ln(t+l)]0 do_ 2
=2In2 dt 1+t



(b)

v y
.[ e”’ cos3vdv u=e’ EYE cos(3v)
1 .
=—¢”’sin3v- I%ezv sin 3vdv du_ 2e” y =—sin(3v)
3 3 dv 3

1 v . 2 1 2v 2 2v
=—¢e”'sin3v——| ——e” cos(3v) + | —e”" cos(3v)dv
5 3[ 3 (3v)+ | S (3v) }

u=e” d_ sin(3v)
dv
) 2 4 du 1
=—¢”sin3v+=e” cos(3v)— | —e* cos(3v)dv —2e2 —__
3 5 (3v) j 5 (3v) W 2e y 3 cos(3v)

o> _[ e” cos3vdv = %ezv sin3v + %ezv cos(3V)

J.ez" cos3vdv = ie2v sin3v + iezv cos(3v)+cC
13 13

Alternatively

d v
J‘ezv cos 3vdv U = cos(3v) y_¢

= 1 e’ cos3v+ J.gez" sin 3vdv
2 2

U _ 3sinGv)  y=—e
dv

1 2v 3 1 2v . 3 2v
=—e”" cos3v+—| —e” sin(3v)— | —e“’ cos(3v)dv
: 2{2 3v)-| . (3v) J -
u =sin(3v) Y _ o

3 ) 9 du
=—e? cos3v+=e? sin(3v)—= | e*’ cos(3v)dv = e
: £ sin(v) - [ cos(3v) T=3eos()  y=se

n J e’ cos3vdv = %ezv cos IV + ¢ sin(3V)

J.ezv cos3vdv = % e” sin3v + 13 e” cos(3v) +cC

10
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1 2
(i) 0:r={0]+4| 1 |, 2eR
1 -5

Since (1,0, 1)is on /,and Pp,

1
0[l3|=a
1
1+0+1=a
a =2 (shown)
(i1) Let N be the foot of perpendicular from A to p,
18 1
lay:r=|2 |+a|3|, aeR
0 1
18+«

let ON =| 2+ 3« | for some value of «
a

Since N is a point on p,

18+« 1
2+3cx |e| 3 (=2
o 1

18+a+6+%9a+a =2

24+11la=2
lla=-22
a=-2
18-2) (16
ON=| 2-6 |=| -4 |- N(16,-4,-2)
-2 -2
(ii1) Since Bis on /,
1+24
OB=| 4
1-54
1422) (18) (-17+22
AB=| A |-|2|=| 242
1-52) (0 1-52

11

AUELH°)




[AB| = (-17+22)" +(-2+ A) +(1-54)

‘ﬁ‘ :\/(289—68/1+4,12)+(4—4,1+/12)+(1—10,1+25,12)
‘ﬁ‘ =\294-722 +304

‘ﬁr —294-721+302

For shortest distance from A to ¢,

— 2
‘AB‘ must be minimum

‘ﬁr —3042 —724 +294

__ d[A8f
2| AB|—L—L-=602-72
di
—2
d[AB
i
604-72=0
_6
5
17
1+24 A . 17
OB=| 4 |=|6 -
A or5 6
1+54 7 35
2 b -b
(iv) direction vector of £, =| 0 |x| b |=| —(1-2) |=]| 1
1 1 b b
To find a common point between p,and p,by letting y=0:
X+z=1 - (1)
2X+2=4 --(2)
Solve (1) and (2):
X=3, z2=-2
3 b
Hence /,: r=| 0 |+u| 1 |, ue€R (shown)
-2 b
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() w=re"
wk=re "’
w _(re?)’
w* re?
rzei29
re '’

=re’ =-3=3¢"
1
39=;r:>9=§(0<9357z)

r=3
iz i
w=3e3 w'=3"¢?

nr
o nz
W" is real ,:>?=O,7r,27z,..., son=23,6,9,...

(b) () z°=1+i

[2k7r+£]1
=2 !
L [2.5)
z=2"e¢ > ' k=0,+1,+2
1 . 1 97, 1 Tr. 1 1r. 1 3.

Z:2Be%1, 210620' | 20 20" ’ 210651, 210 4
1

So |z| = 2'° for all z
7T 9% Tz Ulr 3z

arglZ) = —,—,~ 7,
&) 20 20 20 20 4
11 1 17r,
(ii) 21:2Ee5'
1 157.
z,=2lg 0

Let Point A and B represent z, and z, respectively.
|Zl| = |22| = OAB is an isosceles triangle.

A
0 AOB =2?ﬁ Im(2)
1 A
0 OAB =[] OBA=E[7Z—D AOB]
BIPEIE e
2 5 10 —_—
\v\ 20
o)) » Re(z)
15z
20
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arg(z,—2,)=a+0 OBA

157\ 37

20 10
B 117z
20

Im(z)

lix

o

preris

» Re(2)

i)
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