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Section I Qllai z=1-+/3i, arg(z)= tan‘[
1 2 3 4 5 6 7 8 9 10
C B D C B A A B C B

B
~—
3

Qllaii w=1+i, ar (w)—z argl = | =ar (z)-arg( )——7—7[
Q1 There are 8 solutions, .: polynomial equation is of degree 8, and w=ltn, agw)= 4’ & wl g\z)—arglw)= 12
1 is one of the solutions as shown in the given diagram. C
2 1 3
Q2 B QIlb tana=——==—4,.c a==
NTERE 6
3 13-i)-1=2-il=+v5,2<45<3 D
Q |( l) | =5 <\/_< Ql1c Shaded region
Q4 A and B are undefined for x<—-1 or 0<x<2. Im(z)
D is an even function. C
Re(2)
Q5 a’=2a-2, f=2-2,y =2y-2
s+ B+ =2a+p+y)-6=2(0)-6=-6 B
Q6 afy=-15, a2+i)2-i)=-15, a=-3 1-i
2 =3+02+i)+2-i)=-a, . a=-1 A
Q7 [(fx)+e(x))dr=[f(x)dx+ [g(x)dx=2[ f(x)dx+0 A
—a —a —a 0
Q8 Since f(x) is an odd function, Ql1d t:tang’ f=2tan"'t, %: 1-1-2[2
2 )= rErG) ==, () 2 £(f (%)) is odd. B RS
1+cosl9=1+1 . —1 >
+ +1
Q0 x By &g b xde_ X, x e x 5
dt dt dt y dt y _[ Iidé’:;[icm:'[‘dt:\/g
.. for positive x, y decreases at a higher rate as x increases 0 1+cost9 o o de 0

.2 particle travels clockwise C

Qlle

Q10 A possible graph of f (x) is shown below. x=y/2

/S Gz

0

1
When a =0 and b =1, area under the curve J.f(x) dx 1is less than

2 2
> V=I2ﬂy(3—y—%] dy=f3ﬂ(2y—y2)dy
g 0 0
the area of the trapezium M .
2 QIIf x=sin’@, O=sin"'Vx

de _ 1 W X x5 dE
dx 2\/_\/1—)5 2x\/l—x 2xV1i-x" " Vi-x dx

j,/ dx = jzx—dx jzsm 0d6 = Tl c0s26)d
0 1-x 0

=[9——sm20} =
2 0
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QI2ai f(x):E 2

e*+1: _ex+1’ f(x):

2e"
(ex + 1)2
. f(x) is increasing for all real x .

e -1 1-¢"

Ql2aii f(-x)=

e +1 1+e'
Ql2aiii f(x)=% 2 As x> e, flx)—>1.
e +1 e +1
Q12aiv
Ql2av

QI2b 2% +(2+3i)z+(1+3i)= 27 +(1+(1+30)z +1(1+3i)

(
=(Z+1)(z+(1+3i))=0, s z=—-lor —-1-3i

dv _ du_ 1 i

QI2c Let u=tan'x and — =x
dx

dx 1447

2 2
Ixtan’1 X dx=fuﬂdx=uv—jvﬂdx=x—tan’1 x—'[x—x
dx dx 2 2

2 2 2
:x—tan’lx—lj. ol o
2 2

Xz -1 X 1 1
=—rtan x——+—tan x+c¢
2 2 2
2

x“+1 X
tan x—5+c

5

1 1
de="—tan ' x——||1- dx
1+ x% 2 2-[[ 1+x2j

>0 for xe R

=—f(x) for xe R, .:f(x) is odd.

1
1+x°

Q12di P(x)=(x—a)Qx), P(x)=2(x-a)(x)+(x-a)f Q'(x)

2 Pla)=0 and P(a)=0

Ql2dii P(x)=x*-3x*+ x> +4, P'(x)=4x’ —9x* +2x
From part i,

Pla)=a' -3 +a* +4=0....... (I), and
Pla)=4a’-9a* +2a=0......... (1D
Pla)=alda-1)a-2)=0

Only o =2 satisfies both I and II.
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dx

Ql3a (\/7—\/;)220, r—2\/7\/;+s20, r+s22\/x
. %ZM

QI13bi ochi+,6’+i
o

ﬂz—a

1 1 1 1 1 1
(a5 Az GHE)
: l l——c ra=c
"a+a+'8+,6’_

i b D)o D)g gl L)L il
Q13bii b_a(a]+(ajﬂ+ﬂ(ﬂj+(ﬁja+aﬂ+aﬁ
_24 2. B L
_2+,B+a+aﬂ+a,8
22+2\/ﬂx£+2\/aﬁxL, 1b26

B« 7]

M=—(g+kv2), 2 dx =

dx dfv’)

Qlde i=—(g+k?), %

2x=—f;

P d(v2)=—%logg(g +kv2)+c

At ground level, x=0 and v = %\/% L= lloge 28

koo 4
1 Sg
2 2x=—log,| ——
k g+kv

When x=H,v=0,.: H=L10ge é
2k 4

Q13d Height=1+§ Base=2(1+§]=2+x

_g+kv2 ’

1x/2
|
e ﬂ‘fiii
|
I
X \
4
Area of APOR =—(2+x 1+—j=—(x2+6x+8)
4 4
2 1 2
Volume = [~ (x +6x+8)dx:—{—+3x +8x} =2
0 0
Ql3¢ AC=c-a, AD=d-a, DC=c—d
DC is the anticlockwise rotation of AD by 90°, . D—C::i(d—a)

Since R=E+R, . c—a:d—a+i(d—a),.: c=
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Qldai (A+2x)(x* = 2x+2)+(B—2x)(x* +2x+2)=16 forall x

Let x=0, A+B=8.Let x=1, A+5B=24. .. A=B=4
Quaii [ o—dx= [0 g [ 22 g
0 X t4 0 X +2x+2 0 X —2x+2
To2x+2 2x-2 "
= - d
J.xz+2x+2 x+-[x2+2x+2 * J.x2—2x+2 * Ix2—2x+2 *
0 0 0 0
-[ - 2x+2 J’ J’ 2x—2 dx+! 22 dx
0 X +2x+2 o (x+1) X' =2x+2 (x—1)7 +1
x T2x+2 +2tan” x+1 +2tan” l(x—l)
x —2x+ .
=log [m +2m+2)+2tan m+1 +2tan” 1(m—l)
m —=2m+2

Q1l4aiii hmf 4
m—eo x +

= lim | log, w +2tan’1(m+1)+2tan’l(m—1)
m—se m°—2m+2
=log, 1+7+7m =27

Q14b Two dotted lines are added to the diagram to define angles.
b, ¢, d and e are used to label equal angles.

-

7 F\ , 2
\ RN A ’//“\\;
/ N N

Q14bi ZEAD = ZEBD , because the same chord ED subtends the
two angles on the circumference of circle 1.

Ql4bii ZEDA = LZAFC = ZABC = e . See diagram above.

QI4biii In ACEF , b+(c+d)+e=180°
. (c+d)+(b+e)=180° in quadrilateral BCGD.

.. the two opposite angles in quadrilateral BCGD are supplementary.

Hence B, C, G and D are concyclic points.

Ql4ci Vertical: Rsin@—mg =0 Horizontal: Rcosé = mr’

Solving simultaneously, @” = & _.8& _sh

rtan @ r(ﬁ) =
Ql4cii Vertical: Nsin@+T cos@—mg =0

. . h
Horizontal: T sin & — N cos 8 = mr@* where @” = g—2
B

Eliminating T, N =mgsinf — mgh cosf = mg(sin 09— h cos 9)
r r
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Q14cii Since N 20, sinﬁ—ﬁcosﬁzo,.: tané’zﬁ
r r
. tan@ 2> ,tan’@>1, tanf>1, .:6’2£
tan 4
3 1
1 (\/l—xz) 1
QiSai 1, = [x\l-x* dv=| —~——=| =—
0 3 3

0

1 1
Q15aii 1, =_[x” 1-x* dxzjx”_lx 1-x* dx
0

0

Let u=x"" and ?—le X2,

x
3
(i)
then — =(n—1)x"?, v=—
X 3
37! 3
L x”’l( 1—x2) 1 (n—l)x”’z( l—xzj
—_ 1_ —_— — — —_ —_
In—[uv]o J.v xdx— 3 _([ 3 dx
0
n—1

0

0
1 1
- ”_1('();”'2\/1—)62 d)c—_[)c"x/l—x2 dx] = ngl(ln-z_ln)
0
]”:n_l(]n—Z_]n)’ - ]n:(n_lJ]”_z

3 n+2
5-1 4)3-1 4Y2Y1)_ 8
Qs 1= 37~ (ﬂ@—z)’l (5131555
a l 1 dy
Ql15bi x( x+J_) N 2\/_ o=

b

Equatlon of the tangent at P(c, d):

y—d=—\/g(x—c), - y\/;+x\/g=d\/;+cx/g

QI5bii Let y=0, x=+/cd +c;let x=0, y=cd +d
0A+OB=x+y=c+2\/a+d=(\/;+\/E)z=(\/Z)z=a

QI15ci P(x,, y,) is on both conics.

2 2 2 2
_x1+y1 NN -1

at b ¢t d?
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QI15cii Ellipse: b* = az(l—ez), 2 ae=va’-b’

dy b* x b* x
m =_=___=——2—1 at P(xla yl)

: 2
Cdx  aty o a’y

Hyperbola: d* = cz(E2 —1), i cE=Nc+d’

2 2
_dy _d x_d x at P(x,, y,)

m, =
" dx cty czy1

Both conics have the same foci, .: ae =cE , \/a2 —b? :\/c2 +d?
cat-br=c*+d?, a*-c*=b*+d’?

)cl2 _ac’ (b2 +d2)_ a’c’

y_lz_ (az_cz)x p2d> bld>

bd’ x’
.2 the product of the two gradients = m m, = -——=--

-1
22 2
ac y

.. the tangents to the two conics at P(xl, )’1) are perpendicular.

Ql6ai ax=cos@+isinf

" +a™* =cosk@ +isin k@ + cos(— k@) + i sin(— k6)
=cosk@+isinkf+coskf—isinké

=2coskf

Ql6aii Geometric series: a=a", r = o', number of terms = 2n +1
e (1 —(a ™ ) Ca'i—a)
T -2t 1-at
_ (- ala' —a) _a'+a’ - (" + o)
(1-a)l-a™) (1-a)l-a)

a' + afn _(anJrl +a7(n+l))
(1-a)fi-2)
6vn + afn _ (anJrl + a*(nﬂ))

Ql6aiii " +..+a' +1+a+a" =

1+(a+ a’1)+(a2 +a’2)..+(a” +a”’)=

2-(a+a)
1+2cos@+2cos20+...+2cosnf = ZCoan—Zcos(n+1)9
2—2coséd
. 1+2(c059+cos26’+...+cosn9)= cosn@—cos(n+1)9
1—cosé@
Ql6aiv Let 6==.
n
ni (n+1)z
T 7 7 COS—— — oS
. 1+2[c0s—+cos—+...+cos—]: 1 n
n n n 1 T
—Ccos—
n
V4
—1—cos| T+—
T 27 nw ( n]
. 1+2[cos—+cos—+...+cos—]:—
n n n 1 T
—Ccos—
n
V4
T o o —1+cos—
- 1+2[cos—+cos—+...+cos—]:—”:—1
n n n 1 V.4
—Ccos—
n

V4 2r nrw . .
.. coS—+cos— +...+cos— is independent of n .
n n n
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2 2
Ql6bi 5 -2-=1,4,b>0
a b
Vertices: x=*a; foci: x=%2a

2a—a=10R 2a+a=1
. a=1OR a:l
3

(Iz\fl(izllours for the second col) = N(C same as B)+ N(C diff. from B)
=N,(C)xN,(D)+N,(C)xN, (D)

=1(x-1)+(x-1)(x-1)

=x*-3x+43

Ql6cii For 1 column (2 by 1), it is given N = x(x—1)

N= x(x—l)(x2 -3x+ 3)1_1 =x(x—1) for n=1

. true for n=1

Assuming N = x(x— 1)(x2 -3x+ 3Y_1 is true for n columns.

For the next column, i.e. the (n + 1)th column, the number of ways is
x> =3x+3.

.. the total number of ways to paint the 2 by n+1 grid

= x(x - 1)(x2 —3x+ 3)“71 X ()c2 -3x+ 3)

= x(x— 1)(x2 -3x+ 3)“
.. true for n>1

QIl6ciii The total number of ways to paint the 2 by 5 grid using all 3
colours at least once

=N(=5x=3) 2 C,xN(n=5x=2)
=33-1)32 -3x3+3) " —3x2(2-1)22 —3x2 +3)"
= 480

Please inform mathline @itute.com re conceptual
and/or mathematical errors.
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