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Section I
1 2 3 4 5 6 7 10
D D A A C B A B

Ql 2z+w=2(5-i)+2-3i=12-5i

Q2 =y +3xy+1=0, di(x3—y3+3xy+1)=o
X

3x2—3y2ﬂ+3y+3xﬂ=o
dx dx

D63, D

At (1,2), 3-12=2
dx dx dx

Q3 7 is the reflection of z in the x-axis, and i 7 is the
anticlockwise rotation of 7 by 90°.

Q4 y= [ f (x)]2 has the same x-intercepts as y = f (x)
At the x-intercepts, y =21 (x).f(x)=0.
Q5 2x°-3x* —5x—1=2(x—a)x-B)x-y)=0

1 1 1
ofpy=—, =2, =8
2 apy By

Q6 b2 =a2(e?-1), 4=6le* -1), ¢ =§, e=¥2 ¥

Q7 Vertical component: ZF =0, Tcosa+N—-mg=0

Horizontal component: Z F=ma, Tsina=mro*

Q8 Let P(x)= (H%j(x_l)a P = (x—b)a—1)

: either A or B. Only B yields the correct P’(x).
Q9 &V =27(x+2)ydk

V= _2[271'()6 +2)ydx = 27[_2[ (x+2)x(2 - x)dx

Q10 x’sinx is an even function and it is >0 in [— T, 7[]
V2
: Ix3 sin xdx > 0

-

Section 11

25 +i B (2\/§+iX\/§+i)_9+3\/§i 3 45

=—+4 —

S T W5l 6 2 2!
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Ql11b

dx J- dx

=tan"'(x+2)+c
1+ (x+2) (r+2)

Qllc j .

x“+4x+5 B

T

4 -1
Qlldi z=+3-i, [{]=+3+1=2, Arg(z)=tan l( ]:
o=+ 2(z2) 51775

T
z=2cis| ——
( 6)
’ 3
Qlldii 2°=|2cis| = Z || =2%is| = 2% | =2%cis| £ |=2%
6 2 2

1 2x
Qlle E[ezx+1dx Let < e +1
5 ldu 2x
1 du 1 24 2 ¢
2 { 7:5[10‘%?'””; When x=0, u=2
When x=1
1 )
=E(loge(ez+l)—log€ 2) el
1, e+l
2 e
Q11fi

2
Ql11fii y:x(lx|_1):{_)§ -x, x<0

x“=x, x20
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[ S X A A SN
1—cos@ 2 tan? o 1? 1? t 2
Q12bi —+y—2_1, a>b
a b
. b b
ad b a’y a’y,
b>x,
Tangentat P: y—y, =—— 0 (x—xo)
a Yy
a2
Q12bii Normal at P: y—y, zz—yo(x—xo)
b7 x,
a’ b*
Atpoint N, y=0, —1= 5 (x—xo), X=X, 1——2 :er2
b x, a
PLE X2y
Q12biii (xo,yo) is on —t+5 =1, . LZ+L2=1,
a’* b a b
- b2x02+a2y02=a2b2
. b2x0
Atpoint7, y=0, -y, =——; (x—xo)
a Yo
b™xy" +a”y, a’b* _a_2
b’ x, b’x, X

L ONXOT = xoezxa— = (ae)z =0s?
X0

Ql2c di [x(loge x)"]= n(log, x)"" + (log, x)"
X

rz % [x(loge x)' ]dx = nfz (log, x)" " dx + _[lez (log, x)" dx

1
[x(loge x)" l? = nJT2 (log, x)" " dx + JTZ (log, x)'dx

é? (logg ezyl = nj.le2 (loge

e*2"=nl,_ +1,,.:1,=e2"~nl,_,

o2
x) " dx+ L (log, x)'dx
Q12di w; isa 90° anti-clockwise rotation of z about u,,

LWy =i(z—ul).Hence w =ul+i(z—ul).

Ql2dii w, isa 90° clockwise rotation of z about u,,

SOWy — Uy :—i(z—uz). Hence w, =u, —i(z—uz).
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Midpoint of BB, = % (wl +w, ) = —U )] is

1 .
E[“l tu, _l(ul

independent of z, .: the locus is a fixed point.

Q13ai d_—lo_ﬁ M cdr 40
dt 40 40 7 dv 400—12

1 1
=40 L dv = 0]
f 2 I(2o—v)(20+v) ’

1
J.(20 v 20+vjdv__10ge(20 v)+log, (20 +v)+c

. t=log M—i—c.At t=0,v=0,.: tzlogew,
20—-v 20—-v

e

; 20+v 2()(6’—1)
e = Lo V=
20—v e +1

.. dv 400—v> dv  400—v?  dx 40v
Ql3aii v—=———, —= , — =
dx 40 dx 40v dv 400 -2
J' 40v
400-v* Let u =400 -1
du dbt
dv — =2 ,
20] 20] =
2 po_lau
X ~log,[400-v |+c o
When t=0, x=0 and v=0
¢ =—log, 400 and 400—v* >0
2
C 2 og, 2007V 2010g, [ 200
20 400 400-v?
2
4 2 4
Q13aiii When 1=4, VZM, et
e +1 400 e +1

400

400~ J =20t (e}
(6‘4 +1)2

Lx= ZOlog{

4
=20log, =40log [e jl]
(e + 1)2 (e —1)2
R
Q13bi corresponding angles _________
-, alternate
angles
S’ (0] S
ZPRS = ZPSR , .. PS=PR
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S 0 S

Construct PN parallel to QS.
.. PNSQ is a parallelogram and PN =(QS .

APQS’ and ARNP are similar, .: PR _ PS,, - P—S: PS,
PN QS os 0S
Q13ci SP =ePM , where M is on the directrix x = a and
e
PM is perpendicular to the directrix.
2 SP= e(asecé’—ﬂ) = a(esecH—l)
e
Ql3cii Let Q(q,O) , PS _ PS, . a(esecﬁ—l) _ a(esecﬁ+1)
os oS ae—q q+ae
(q + ae)(esec9—1)= (ae—q)(esect9+1), Lqg=
secd
Ql3ciii Gradient of pQ=— 206  __ btand
asecl— asecl—
secd secd
__btanfsecd btanfsecd bsecld
a(seczé—l) atan’ 6 atané

. line PQ is atangent to the hyperbola at point P.
3x% +8 A Bx

Ql4a =—+
x‘x2+4j X x’+4

, A(x2 +4)+ Bx*=3x>+8

2 A=2and B=1
f 3x2+8 dx=J.(z+ 2x jdx, Let u=x+4,
x‘x +4j X x“+4 lﬂzx
:Izdx+lj.ﬂ 2 dx
X 29 u
1 2
= 2loge|x|+—loge (x2 +1)+ ¢ =log, +c
2 x“+1

Q14bi The x-intercepts of y :M are (0,0) and (% ,Oj R

and its vertical asymptote is x =1.

y= x(;x—_—l3) is the reciprocal of y = % ,

1

. x— . . .
.. the x-intercept of y = m is (1,0), its vertical

3 . .
asymptotes are x =0 and x =—, and it has a horizontal

asymptote y =0 . The y-intercept does not exist.
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o
(1,0)

Ql4bii 2x—1
x—1) 2x* =3x+0
—(2x2—2x)

—x+0

—(~x+1)

-1
] x(2x—3):2x_l_L
x—1 x—1

As x — too, yZM—)bc—l

x—
.. the equation of line ¢ is y=2x-1.

14 D
Ql4c —

Base width b of rectangle: b =z (similar triangles), b = “@
a r r

Area of rectangle = R
r
Volume of solid ABCD = [ “x\/r” —x’dx | Let u=r>—x’
0 ' ddu_
Z—ijq\/;du 2 dx
2rJr° 2
) x=0,u=r
2 3 2 x=r,u=0
a am a|2u? ar A
2r-[0 2r[ 3 ] 3

0
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Ql4di

ZPAG = ZPBE (angles in alternate segments are equal)
ZPGA = ZPEB =90°
.. AAPG and ABPE are similar.

Q14dii It can be shown that AAPE and ABPF are also similar
using the same ideas as in Q14di.

L EP PP pom Quadi, £E 2 CF
AP PB PB AP

PB_EP_EP . pp2_ppxGp
AP EP GP

Q15ai Without loss of generality, let a2b20,.: a—b20
(a—b)* 20, (a—b)* +4ab>4ab, (a+b) >4ab

. a+b22\/ﬁ,.: \/EstH—b

2

Q15aii Given y2>x and x2>1
2 y=x20and x-120

. (y—x)(x—l)ZO,.: xy—xz—y+x20, xy—x2+x2y
- x(y—x+1)2y

Q1 5aiii FroleSai,\/ESa—;b.Let a=jand b=n—j+1.

: 1/j(n—j+1)s”;1
From Q15aii, y<x(y—x+1).Let y=n and x=j.

sn<jln—j+1) and v < jln—j+1)
Hence \/;S,/j(n—j+1)ﬁ H;I.

Q15aiv For j satisfying 1< j<n, \/;S,/j(n—j+1)ﬁn+1

2

is independent of j.Let j=1,2,3,...,n.

o W) s 2T 3=2).lnt < 21|
. (\/;)n S\/WS[HTHY": (\/;)” Sn!s[ﬂzl]n
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QI5bi P

(z) has real coefficients, .: the conjugates of & and
aa

nd ia, are also zeros of P(z).

Q15bii P(z)=z* —2kz® +2k?z% —2kz +1
=(z4—2kz3+k212)+(k2 2—2kz+1)
=zz(z2—2kz+k2)+(k2z2—2kz+1)=zz(z—k)2+(kz—1)2

QI5biii @, , i and —ix are the zeros of P(z).
2 P2)=(z-a)z-@)z-ia)z+ia)

If @ is areal zero, @ =, P(z)=(z2 +aﬁXz—a)2
2 P(z)=2(z-a) +aa(z-a)

Compare with

P(z)= zz(z —k)2 + (kz—l)2 = zz(z —k)2 +k2(z—%j2

a=k, a@ =k* and a=%

s a=%1 and aa =1

Q15biv P(z)=(z-a)z-@)z—ia)z+ia)
=% =2k + 2k 72 = 2kz +1

: aﬁ(ia)(—ic_v):|a|4 =1,.: |a]=1

Ql5bv a+a +ia—ia =2k where a = x+iy
2 2k=2x-2y, k=x—y

QI5bvi |of=1, @=x+iy=cosf+isin8

. k:x—y:cosﬁ—sinﬁzAcos(0+¢)

= Acosf@cos@— Asinfsing where A >0

. Acosg=1, Asing=1, . A=+2 and k=\/5cos(¢9+¢)
k is sinusoidal with amplitude of V2 , ~2<k<2

(m+n)!
m!n!

Q16ai Number of arrangements =

Q16aii The boxes are different and there is no restriction on the
number of coins in each box. This question can be considered as
a partition problem of 10 identical coins in a row with 3 identical
partitions.

oooooo00000]|

The example shown has the 10 coins in Box 1. Box 2, Box 3 and
Box 4 are empty.

Number of ways = 13 286
1013!
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-1 -1 — —_ _
QU6 tanlan !+ tant )0l x ) tanfan) Qe 1f P(K)2 Pli~1), then A=K 5 (1= 1Hk=1)

l—tan(tan_1 x)x tan(tan_l y) nk(n—k)! nk_l(n—k+1)!
k k-1
xX+y -1 -1 - Xty =
= ,.. tan " x+tan =tan | —— o = :
1—xy Y (1_)0,] n n—-k+1
Since 1<k <n, k(n—k+1)=n(k-1), : k*—k-n<0.
.. ! _ 1 -1 n
Q16bii Prove tan 1(—.]:tan [ ], n=1
,Z=:1 22 n+l Ql 6ciii If1/11+l sk=L then n+ ik k4l
. 4 2 4 4
=1, Ztan—{%]:tan‘l[ﬁj , both sides:tan_l[%] cn>kiP—k..:n=k? —k +1, since n and k are integers.
- 2j +
=1 J 2
k | . .:nZkz—k+l+E,n2(k—lj e
Assume it is true for n =k , i.e. Z:tan_1 — =tan_1(—], 4 4 2 4
=t 2j k+1 1
provethatitis also true for n=k +1, ”>(k_5j ’ \/;>k__
k+1
ie. Ztan — |=tan”" M . . )
22 (k+1)+1 Qlé6civ If P(k)= P(k—1), then k* —k—n<0 where 1<k<n.
k+1 N
LHS = itan_l - Ztan +tan™! . 2 1<k Sw by the quadratic formula.
J=l 2j° 2(k+1)? 2 N
k1 If 4n+1 isnot a perfect square, then I+vdntl is not an
=tan_1( ; j"'tan_l[ 1 ]Ztan_1 ALN(5) 2
k+1 2 k1 1/
2(k+1) ! k+l><2(k+l)2 integer and k < ——— 1+ 4n+1
2% (k+1)+1
| 20| (k+1)(2k(k3+1 ) 142 /n+7
2(k+1)* -k 20k +1) - ,Le. k< + n+
2(k+1)°

ot (DR 2k 1)
2k7 +6k* +5k +2

)+
k
— tan"! (k +1)(2k2 +2k + 1) Hence k<— + \/; from Q16ciii.
(k+2)(2k> + 2k +1) 2
If P(k)<P(k—1) or P(k+1)< P(k), then k* =k —n>0,

o (k+1)
=tan~! (—]ZRHS N
((k+1)+1 . w<k£n,i.e.%ﬂ/n+i<k$n.

2
: i tan”" L =tan”'| = for all positive integers n 1
- = 252 n+1 ’ Hence P(k) is greatest when k < 2 + \/; and k is the closest
integer to 1 + \/; , provided 4n+1 is not a perfect square.
1 . -1 n 2
QI16biii  lim Ztan — |= lim tan 1 1
noee 2j n—yee n+l When k < E + \/; and k is the closest integer to E + \/;, kis

also the closest integer to \/; .

= lim tanl( ! : J—) tan"'(1)=
1+1

n—oo

&N

Note: If 4n+1 is a perfect square, P(k) is greatest when
Q16¢i Number of ways in selecting k integers in different orders

1 1 .
from n integers ="P, ; number of ways that one of the k integers k= 3 + \/” + iy when n=2, k=2 and P(2)= P(1) is the

is selected for the second time in the (k +1)th selection :"C1 ; greatest value; when n=6, k=3 and P(3)= P(2) etc.

number of permutations of k + 1 integers from n integers with

repetition = n**!.
np sk bk ( 1)' X Please inform mathline @itute.com re conceptual,
o Plk)=—% X __ S L mathematical and/or typing errors.
n*H (n=k)n* nF(n-k)
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