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Section I
1 2 3 4 5 6 7 8 9 10
D A A C B C A B D C
\/E 2 2 2 2
Q1 e:T>1,ahyperbola,a =3"and b =2 D
Q2 (4-3i) =7-24i A

Q3 The graph of y = (x— 1)2 (x + 3)5 has turning point at x =1
and a stationary point of inflection at x =-3. A

Q4 P(x)=x’+x>-5x+3, P(1)=0
. P(x)z(x—l)(x2+2x—3)=(x—1)(x—1)(x+3) sa=1 C

Q5 z=1-i=+2 (cos[%j + ising%n
o)l )17

= 2\/5(005[_3”] +isin[_37[D B
4 4
Q6 x2sinx=di(—xzcosx+...2xcosxdx) C
X

Q7 In each permutation 1 is either on the left of 2 or 2 is on the
left of 1. For each permutation with 1 on the left of 2, there is a
corresponding permutation with 2 on the left of 1.

Pr(1left of 2)=Pr(2leftof 1)= % A

Q8 A is incorrect because it is defined for all xe R .
C is incorrect because y >0.

D is incorrect because f (\/; );t 0. B

Q9 V2+1 D

P imz)

sqrt(2)

S
5

Q10 (1+x+x2 +m+x“’”)(1+2x+3x2 +~~+101x”)°)

Coefficient of x'®

=101+100+99+---+2+1 =%(101+1)=5151 C
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Section II

(4+3i)2+i) 5+10i
(2-i)2+i) 5

Qllbi z=—3+i, |z|=\/(—\/§)2+12 =2

Ql1bii arg(z)= tan{%} = 5?7[ in the second quadrant

=142

Qlla

z Sm w297
11biii arg| — |=arg(z)—ar =——=—
Qb g £ | =arg(c)-argl) =% -2 - 2
Qllc Alx*+2)+(Bx+Cr=1
Compare coefficients: A+ B=0, C=0, 2A=1

. A=l, B=—l and C=0
2 2

Q11d 16=25(1-¢?), ez%,foci are (+ae, 0)=(£3,0)

Qlle x+x*y'=-2
By implicit differentiation: 1+ 2xy* + x*3y> % =0
X

dy _ 1+2xy° 1

= =—at (2,-1
dx 3x%y? 4 a ( )
Ql1fi c0t9+coseca9=c?sg+ ,1 =COS.9+1

sind sinf sin @
2cos*(2) cos(2) (9]

= = =cot| —

ZSin(g)cos(%) sin(%) 2

)
QI 1fii j(cot9+cosec9)d9=jc,L(;)d9 Let u=sinl 2
sm(z) 2
= %:2ln|u|+c:2lnsin(2j+c 2ﬂ=cos(2]
2 de 2
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Q12ai

z=\/5+\/5i, u=z>=4i, v=z7"-7=- 2+(4+\/E)i

imtz)

Alternatively:

Re(z)
>

Q12bi Conjugate roots exist for real coefficients.
: (a+ib)a—ib)a+2ib)a-2ib)=10 and
(a+ib)+(a—ib)+(a+2ib)+(a—2ib)=4

(a2 +62)a? +4b?)=10 and 4a =4

Solve simultaneously: a=1 and b=1 or —1

.. theroots are 1£i, 1£2i

QI2bii (x—(1+i))x=(1-i))=x>-2x+2

(x=2)(x-5) _ x> =7x+10

12ci
Ql2ei x—1 x—1
Let P(x) =x* —7x+10, remainder P(l) =4
2
LA =Tx410  (x-6)fx-l)+4 4
x—1 x—1 x—1

The oblique asymptote is y=x—6.
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Q1 2cii

Q12d Translate the graph to the left by 3 units so that the
rotation is about the y-axis: y=+/x+4

Reflect the graph in the y-axis: y=+4—x

3
V=|2rxv4d—xdx Let u> =4—x,
0 )
x=4-u
: 4 0] | dr=—2ud
=_[ aru(d—u?)du = 4z S i = —2udu
1
1

_ 1887

cubic units

. (atan®)’ (bsecO)’
Q13ai = 5

a
. point Q(atan@,bsec®) satisfies the equation for H 5

=tan’ @ —sec’ 6 =-1

btan@—bsecd b
13aii m,, =————— = ——
Q Pe asec@—atan a

Equation of line PQ: y—bsec@ = _b (x —atan 9)
a

2 bx+ay= ab(tan 8 +sec 6’)

Q13aiii Gradient of perpendicular to PQ =— ! a

M, b
Equation of the perpendicular (to PQ ) through the origin O is
4.
y B
The perpendicular lines intersect at T(x, y) where
2 2
9 x+bx= ab(tan9+sec6’), . x=w
b a +b
ye a2b(ta1; 9+Zsec 0) L OT=x 1y = ab(tan 6 +sec )
a +b Va* +b*
PO = \/(asecﬁ—atan 9)2 -i—(btan@—bsec@)2
=va? +b? \/(tané?—secé?)2

.. area of AOPQ = %OTXPQ = a_zbv (tan2 0 —sec’ 9)2 :a_2b

independent of 6.

and
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QI3bi AB=x=+a’>-i’

4y

Q13bii

3

a a 374 3
V:j xzdh:j (az—hz)dh:{azh—h?} =2% cubic units
0 0

0

Ql3ci S=4xr*, £=87r — 3

dr dr dS 1 (4z)
r , — = X—=
dr dt dS dt 8rxr

Ql13cii V =i7zr3, d—=47z'r2
3 d

! :
d_V:d_Vxﬂzg‘,ﬂ'rzxL 4_” :l iﬂ'FS :l‘/%
dt dr dt 8zr\ 3 23 2

Q13ciii The balloon will burst at r =T seconds when the
volume increases from 8000 (at r=0) to 64000 cm’.

ﬂzzv";
av

64000 1 2 64000
T = 2V 3dV = [Z’)V3 } =3600 seconds=1hour

8000 8000

Ql4ai digsin”’1 Ocos =(n—1)sin" > Gcos> & —sin" &
=(n—1)sin"” 9(1 —sin’ 9)— sin” @
= (n—1)sin"2 6 —sin" 6)—sin" &

=(n—1)sin"2 @ —nsin" 6

Q14aii J' ¥ ((n=1)sin" 0 nsin )d6 = [sin™ Bcos 8] =0

0

z

: r(n ~1)sin"™2 ede—rnsin" 0d6=0
[¢ 0

)

: nfsm" 6460 =(n —1)rsin"'2 6d6

0 0

. r sin” 0d6 = Mr sin"2 046

0 n 0
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z

Ql4aiii By Fsin"ed,gz (n_l)jzsin”’zede
0 n 0

Fsinmda:ifsmzedezixlf ag=o)F =7
0 4 Jo 4 2Jo 8

Ql4bi afp+PBy+yx=—p and a+B+y=0
(a+p+y)V=a*+B+y +2aB+ py+yx)=0

2 16+2(-p)=0, p=8

Q14bii The cubic equation can be expressed as x° =8x—g.
ca=8a—q, B =8B-q, 7 =8y—¢q
sy =8la+f+y)-3q,.: 9=-3q, q=3

Q14biii Now x* =8x—3,.: x* =8x> —3x
cat=8a’-3a, B =8B>-38, v =8> -3y
. a4+ﬁ4+7“:8(a2+,b’2+y2)—3(a+ﬁ+7):8><16:128

Ql4ci Vertical components: N cos@ — uN sin@ —mg =0

N=—"T
cos@— usin @

[S]

. . my
Horizontal components: N sin &+ (N cos 8 =
-

-m? _mg(sin9+ﬂcost9) )
Cor cos@— usin@ h
Vz_rg(sint9+,ucos(9)/cost9_ [tan@+,u)

2 =l8 (sin @+ s cos 6)
cos@— usin @

= - =rg
(cos@—,usm@)/cos@ 1—ptan@
Ql4cii Atspeed V , where V> =rg, le
1-utan@
_1-tand
1+tané@

Since tan@ >0 for 0<9<§,.: l-tanf<1+tan@, .. u<l

a__

15ai la =—kv?,
Q dt

o2, . kt=-[_—21dv, kt=l+cl
V V

When =0, v=u, . clz—l,.: l:kt—i-l
u V u

.. dw g
15aii la=-|g+kw?), — =—k| =+w?* |,
Q (g ) i [k j

. —kt:J.g ! 2dw:\/ztan1 w\/E +c,
£ tw g g

When t=0, w=u,.: czz—\/ztan1 u\/Z

8 8
[1 L \/f . \/f
St=_|—|tan |u [— |—tan | w_[—
gk g g
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Ql5aiv As u —> oo, l—>0 and tanl[u\/z]eg
8
1
. Vz , V= = for very large u .

Q15bi Given x>0, . 1-x*<1<1+x
2
NIt P S b P P
1+x 1+x 1+x 1+x

Q15bii I

0

(1- x)dx<‘[ —dx<-[ ldx
o l+x

. l—LZSI (1+l)sl . l—iSnln(1+ljsl
n 2n n n 2n n

Q15biii 1—%Snln[1+1]S1,.: l—iﬁln[l+lj <1
n

n n n

L "
e S(l—klj <e
n

n
-L 1
Asn—oo,e ™ >e,.: eS(1+—j <e for very large n
n

. lim (1+lj =e
n—so0 n

QlI5¢i Given xy <

W < [

,where x>0 and y>0.

2 2
] <x +2xy+y

QlI5cii 4/xy < ,let x=+/ab and y=+/cd

+y

2
< (\/E)z+(\/a)z< e
m_ﬁ‘ﬁ

2 2 2 2
/a +b"+c"+d .
. Yabed < — for positive real numbers a,

b, cand d.
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, dxy < x* 4+ 2xy + y?

Q16ai 3 ways to put a black counter in the first column, 3 ways
to put another black counter in the second column etc.

.1 3% ways to place the 5 black counters, one in each column.

!
There are W =3003 ways in total in placing the counters in

the cells without restrictions.
3 8l
3003 1001

. Pr(exactly one black counter in each column) =

Ql6aii n ways to put a black counter in the first column, n
ways to put another black counter in the second column etc.

.. n?ways to place the g black counters, one in each column.
! n
(ng)! = [ qJ ways in total in placing the

q'lng-q)! \ q
counters in the cells without restrictions.

There are

n‘]

(%)

. Pr(exactly one black counter in each column) = P =

. o _on? n? _n'q!(ng-q)!
Ql6aiii P, = (an B 7 (nq)
g ) 4'ng—q)!
_ n'q!(ng—q)!
(ng)ng —1)ng —2)---(ng - g +1)ng —q)!
B niq!
~ (ng)ng —1)ng —2)--(ng—q+1)
_ q!
glg-tNg-2)lg-%)
q

Q16bi By de Moivre’s theorem :
(cosa+isina)” =cos(2nar)+isin(2na)
By binomial expansion and group real and imaginary parts:

. 2n .
(cosa+isina)" =cos™ & —( 5 cos™? asin* a0
2n
+ [ 4 cos™* asin ar +---

e 1)"-1[ .

2n—
+i (imaginary part)

2} cos® asin®?+ (1) sin™" &

Hence
2n
2

2n .
+[ cos”*asin*a+---

cos(2na) = cos™ a’—( jc 2 grsin® o

4

2n
2n—-2

e 1)”1[

jcos2 asin®?+(-1)"sin* &
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QI6bii Let ¢ =cos™ x,.: cosa=x, sin*x=1-x>
1, (x) = cos(2n(l)

_(2;sznz(1_xz)+(2;}zfv4(1_xz)2+...+(_1)n(1_xzy

Q16biii The 2n roots of T,, (x):cos(Zn cos™' x) are:

2ncos x=2+kr, cos“xzw
2 4n
. x:COSM where k=0,1,2,"', 2n—1
n
The product of the roots = cos2- 0053_7[ COSM

4n 4n 4n

T,, = x*" - [zznsz’ﬂ (1 —-x? )+ [zjjx”ﬁ (1 - x? )2 et (1) (1 - x?
=x2"— [2;])‘2,,,2 (1 -x2 )+ [24”}\2"’4 (1 —2x% +x* )— et (1) (l (1) )
=y +[22nj(...+xz”)+(2nj(...+xz")+...+(...+x2”)

4

e E)a(Z)) s

- cosi cos3—7[ -+ COS (4’1_1)7[ = (1)

4n 4n 4n - 2n) (2n 2n
1+ + oot
HAWERH

Since, by binomial expansion,

2 =(1+1)" =1+(21nJ+[22nJ+-~+@:] and
: )

T 3z (4n-1)z _(-1)
. COS—— COS—— -++ COS~————— =-—
4n 4n 4n
Q16biv

T,, = x*" - (2;])(2"72 (1 —x° )+ [2:}62"4 (l -x2 )2 —t (1) (1 - xzy
T, (x)= cos(2n cos™ x)

_ V4
Let cos lx=z,.: X=—

+(— =
2
2 2 2
R — ek (=1) "= 2% cof 2F
2 4 2n 2
Please inform mathline @itute.com re conceptual,
mathematical and/or typing errors.
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