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Qla Let u=Inx and ﬂ=)c,.: ﬂ=l and v=x—
x dx x 2
2
J.xlnxdlelenx—jx—xldxzlxzlnx—lxz+c
2 2 x 4
Qlb Let u=x+1,.: x=u-1, ﬂ=1
dx
3 3 d 4. ]
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Qlci —+—+—=—-—,
x xr ox-1 xXP(x-1)
ax(x=1)+b(x—1)+ cx? _ 1
xz(x—l) xz(x—l)’

- ax(x—1)+b(x—1)+cx2 =1
2b=-1,a+c=0,b—-a=0,.:a=-1and c=1

1 -1 -1 1
Lcii J'—d =I i i—a
< x*(x—1) ) (x x? x—l] 3
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Qld J-cos3 ade = J.cosz Gcosbdl = J.(l —sin® 49)c03¢9d¢9
=.[(1—u2)ﬂd9 (where u =sin@ and ﬂ=cos¢5’)
do ae

:u_lu3+czsjn0—lsin39+c
3 3

1 1 1
Qle .[ ! zdt:.[ 21 dt=.|. ! dt
715—2t+t 7l4+t —2t+1 e

Z%jﬁd,{%m—{f_;jl:[O_%m—l(_l)j:g

-1

Qai w+z=(2+3i)+(3+4i)=5+7i

Q2aii |w]=+22+(-37 =13

QzaiiiKZW__Z:(2—3l:)(3—4z:):—6—l7i: 6 17,
z = (3+4z)(3—4z) 25

Q2bi z=(1+\/§i)+(\/§+i):(1+\/§)+(1+\/§)i
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Q2bii Arg(V3 +i)= %  Argli++3i)= %

P (z _z\_5%
3 6 6

Q2c =8 , one obvious solution is z =2, the other two

solutions lie on the circle of radius 2 centred at the origin. The

. 2
three solutions are separated from each other by 3

The solutions: z =2 =2cis0, 2cis(— ZT”) R 201'{2?”).

Q2di (cos@+isin6)

= (cos 9)3 + 3(cos 9)2 (i sin 9)+ 3(cos 9)(1' sin 9)2 + (i sin 9)3
=cos’ @ +3icos” @sin @ —3cosGsin” O —isin’ @
=cos’ @—3cos@sin” 6+ i(3 cos’ @sin @ —sin’ (9)

Q2dii (cos 6 +isin (9)3 =c0s 36 +isin36 (de Moivre’s theorem)

. cos36 =cos’ @ —3cosBsin’ 6 (real parts)
c0s36 = cos’ 8 —3cos (9(1 —cos? 0): 4cos® @—3cos

. cos39:lcos30+§cos9
4 4

Q2diii 4cos®@—3cosf=1, cos30=1, 30 =2kr,

0= 2?7[ is the smallest positive value when k =1.

Q3ai y:sin%x, O<x<4

//p\\\
\\\:
S ////
N
T
I 2 .. B 2
Q3aii lim — =Zlim—2—==
x>0 sm%x T x>0 sm%x V.4
Q3aiii
ix N
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Q3b

Base of isosceles triangle = 2 cos x
Height=+1- cos? x =sinx

Areaz%XZcosxxsinx:%sian

2 z
Volume of solid = J.l sin2xdx =| — 1 cos2x| = 1 cubic units
° 2 4 0 2

Q3¢ To prove (2n)=2"(n!)* for all positive integers n.

For n=1, 21>2'(1!)* is true.

Assume (2k)'> 2% (k1)*, ie. (Zk ) >1
2 (k1)?
For n=k+1,
n)  (2k+2) (2k +2)(2k +1)(2k )

() 2 (k+ )k +1) 2% 25 (k+1)° (k1)
2k +1)2k +1)2k) 2k +1)(2k) 1 is true
o241 (k) (k+1RF(k) '

- (2n)!2 2" (n!)2 is true for all positive integers n.

Q3di b2 =a2(e?-1), 9=16c? -1). e=

Al

Q3dii Foci are (+ae,0) = (+5,0)
b

Q3diii y=*—x, y==
a

Q3div

Q3dv b? =a2(e?-1), bVt as e, 2 oo the
a a

two asymptotes become vertical and the same line as the y-axis,
also the two branches of the general hyperbola become a vertical
line along the y-axis.

Q4ai |z—a|2—|z—b|2 =1, |x—a+iy|2—|x—b+iy|2 =1

(x—a)2+y2—(x—b)2—y2 =1, —2ax+a*+2bx-b*=1

2(b-a)x=b2—a2+1, xz(b—a)(b+a)+1:a+b+ 1
2(b—a) 2 2(b-a)
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Q4aii The locus of z is the vertical line through the x-axis at
a+b 1
x=——+ .
2 2(b-a)

Q4bi LABC + ZADC =180° (opposite angles of a cyclic
quadrilateral)

ZADG + ZADC =180° (supplementary angles)

ZABC + ZAFG =180° (co-interior angles)

.. LADG + LAFG =180°, .: FADG is cyclic.

Q4bii Alternate angles are equal.

Q4biii FADG is cyclic, .. ZGFD = ZGAD

From partii, ZGFD = LZAED , .. ZGAD = ZAED

.2 GA is a tangent to the circle ABCD because the angle between
GA (tangent) and AD (chord) equals the angle in the alternate
segment.

. d 7, 4
Qéci y=Af(r)+Bg(r),7f=Af (c)+ Bg'(¢)
dzy 77 ’”,

—=A t)+ B t
L - a0 0)
d*y . dy
—+3—=+2

dtz * dt+ Y

= A(f7()+3f )+ 2 £ (1) + B(g"(e) +3g () + 25 (1))
=Ax0+Bx0=0
= y=Af(t)+ Bg(r) is also a solution.

2
LY 3B oy 20, K2 ket 426 =0
dt dr

(k2 +3k + 2k =0, (k+2)(k +1)e* =0.

Since e >0, .: k=-2 or 1.

Qdaii y=e

Q4ciii y=Ae > +Be™", % =—2A¢ ¥ —Be™!
1
When =0, y=0,.: A+B=0 and

ﬂ=1,.: -2A-B=1
dt
2 A=-1 and B=1

2 )2
1% wr
Q5ai a=—=
! r r

Horizontal component of resultant force = ma

='r

Fsin@— Nsin 0 = ma*r
Vertical component of resultant force =0
Fcos@+ Ncosf—mg=0,.: Fcos@+ N cosf =mg

2
Qsaii F-N="2" pin="8
sin @ cos@

2
L ON = mg mao-r

: Nzémgsecﬁ—%ma)zrcosecﬁ

: 5 o
cos@ sin@
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To remain in contact, N >0.

- %mg secﬁ—%ma)zr cosecd =0

- lmgﬁ—lma)erZO,ﬁ—a)ZZO,a)zﬁi, w< £
2 " h 2 r h h h
Qb L+ 4 T

1+p 1+q_1+r
_ plt+g)+r)+q(+r)i+ p)-r(i+ p)i+q)

1+ p)i+q)1+7)
_(p+q=r)+2pq+ pgr
(1+ p)i+q)1+7)

Since p, g, r are positive real numbers and p+g =r, .: the
numerator and denominator are both positive,
r
PR B >0
I+p 14+q 1+r

Q5ci

Zd = Zb (reflective property), Zd = Zc (vertically opposite
angles), .. Zb=Zc, ZPQR = ZPQS =90°, PQ is a common
side, .. APRQ and APSQ are congruent and SQ = RQ

Q5cii APRQ and APSQ are congruent, .: SP = PR
Since SP+SP=2a,.: SP+PR=SR=2a

Q5ciii O is the midpoint of §S” and Q is the midpoint of SR,
.00 = % SR=a,.: Qis at a constant distance a from the

origin O, i.e. it lies on the circle x+ y2 =a’.

Q6ai m%:mg—kvz,when v=vp, ﬂzo

dt
mg—va2 =0, vp :1/%
mg 2

. -k’ %
Q6aii ﬂzu’£=l4zi%
dt m dv g "y g vt
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2
1 1 1
1= 3 2dv=V—T [ + Jdv
g8 Jvp—v 289\ vp=v vp+v

= ;—T (— ln(vT - v)+ ln(vT + v)+ c)

ety .
2g V=V

Atr=0, v=y, Ll L e W =0, . c=—In2r %
2g Vr =V Vr =V
; IZV—T[IHVT +v_1an+v0j :v—T(ln (vT+v)(vT—v0)j
2g vr —Vv Vr =V 2g (VT - V)(VT + Vo)
)] 5
Q6aiii Jac: At = v—T[lnuj )
2g vr=VvJ|, 2¢ 2

3T

vr tv

Vp =V

B
Gil: Ar=|L|1n V2
2g ; 2¢ 2

vr

.: the same time for Jac’s speed to double and Gil’s speed to
halve.

Qobi = (70 =36 7 ()

d
At x=a, %23(1"(3))2]‘”(“)

If f(a)=0 or f'(a)=0, ?:0, = y=(f(x)] has a stationary
x

pointat x=a.
Q6bii If f(a)=0, (f(a)’ =0, .. both y= f(x) and

y= (f (x))3 have an x-intercept at x=a .

For y = f(x), (a,0) is not a stationary point. For y = (f(x))3 , it

is a stationary point and a triple root, .: (a,O) is a horizontal

point of inflexion of y = (f (x))3 .

Q6biii
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141

<1, z+1

Q6¢c

Z

|z + 1| < |z| defines a region where the distance of z from z =-1

is less than or equal to its distance from z =0. The region is to

the left of the line (including the line) Re(z)= —% .

Q7a Volume of a cylindrical shell = 2arhdx = 2z (1 - x) ydx

X X 1
dx=2r -1+ dx
x2 (1+x2 1+x2]

:27[(1—x)1

Volume of solid = J.Zﬂ'( -1+ lzjdx
1+x I+x

| 1
= 27[[5 ln(l + xz)— x+tan™! x}

0
o Lina-1+Z
2 4

Q7bi I= .[ ( ))dx Let u=4—x.
L cosz(%(“_”)) p 0052(72[ —%u) Sln2(3 )
1:_'3[ u(d—u) du:JI‘ u(4—u) du_j o)

x(4—x) x(4—x)
1E(1 1 1 S
=—I L dv==|In—> In3—In=|==In3
41 x 4—x 4-x], 4
. I=lln3
4
2 2 2
Q7ci —2+Z—2—1, y=mx+c, 2+(mxb—;c) =1

b*x* +a* (mx+c)2— p* =0
(b2+a mz))(2 (Za mc)x+a (c —bz) 0
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Only one point of intersection, A=0,

(Zazmc)z —4([92 +a2m2)a2( 2 —b2)= 0

4 22 4a2b22 4 22 2b4

da"m-c da"m-c” +4a +4a*b*m* =0

Zm? +b% =c?

Q7cii y-intercept of (is C (O,C),x-intercept of /is R(—E,Oj
m

2
RC = C—2+c2,RS=‘—£—ae=£+ae
m m m
ACOR and ASQR are similar, .: o5 = RS
OC RC
Rt O mae+
X m — m . —
M e My e
\/ 5 m 1+m
m
QTciii QS:M and given Q'S = |mae C|,
m2a2e? — o2
QSXQ,S,=|mae+c| |mae—c|= e —6‘
1+m? \/1+m 1+m?
=|mzaze2 b2| | m? ) b2| | m? —b2|
1+m? 1+m? 1+m?
b2\l +m?
B 1(+m2 ):b2

Q8a I, = j‘xm (x2 - I)de = j‘xmlx(x2 - 1)5dx

0 0

Integration by parts: Iu Ll dx=uv— J. vﬂ dx
dx dx

Let u= m-l,d“ (m— 1)
dx

(x —1)5 V= (x —1)6
2 I, = [LZ X! (x2 —1)6}1 —j).% (x2 —1)6 (m —1)x""2dx

1 0
1 0 6 1 L
I, = —%I(xz —1) X" 2dx = __ml; J.(x2 —1)5 (x’" —xm_z)dx
0 0
1 g ‘
I, = —ml—;[.[xm(xz —I)de—fxm_z(xz —l)sdx]
0 0
Im - Wllzl(l _I ) _121mzm1m_1m_(m_l)lm—2
-1
(m+11) =_(m_1)1m—2": Im:ﬁlm—2
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Q8bii Pr(at least one ball is not selected)
=1-Pr(none is not selected)
=1— Pr(each ball is selected exactly once)

Q8biii There are 7C6 ways to select 6 different balls out of 7,

and 6Cl ways to select the remaining ball out of the 6 already

!
selected balls. The 7 balls can be arranged in % ways.

.. Pr(exactly one of the balls is not selected)

T b o 1

Cex"C, ><5 _ 3x6l
77

Q8ci Bisarootof P(z)=2z"+a, 2" +a, ,z" ..+ az+a,

2 P(B)=B"+a, B va, B+ Bra, =0
2 pr=—a, B —a, B~ —af—a,

B\ =la, B +a, B+ A a, B+ a0|

a, B! an_zﬁ”’z|+...+|a1ﬂ|+|a0|
=la,|B8"" ﬂ”’z‘ + oty ]+

B! ,B”‘2|+...+M|ﬂ|+M

2B ﬂ”‘2|+...+|ﬂ|+1)

A <mlpr | A

<

+

+|a, |

<M +M

SM(Iﬂ”‘l +

Q8cii M is the maximum value of |an_1| , |an_2| s e |a0|.

If 0<|B|<1, |B<1+M since M >0.

it |8> 1. |A" 1= (8- 8" <A+t |g+1)

Ao +|ﬂ|"2+---+|ﬂ|+1)=n—fﬂﬂ/§ff)

RV CTVL 1 G G I Wy, q@;_‘ll)) <M &)ﬂl
g 1<|[;|”__1, Bl-1<M, . |Bl<1+M

. for any root B of P(z), |,B|<1+M

n k n_oo. k
Q8d S(x)zzck(ﬁlj ,S(x)z i[ﬁlj which is
X
k=0
in the form of P(z).
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Ck |
Cc

Let M be the maximum value of

n

Ckl<1, - M<1.

Given |ck| < |cn| L.

n

For any root ,[)’:05+l of&x):O, |/5‘|<1+M
o ¢

n

. 0{+i <1+M <2
a

2
. [az;lJ <4, (052+1)z <da?, (a2+1)2—4a2<0

: (az—l)z <0

No real « can satisfy the last inequality, .:

S (x)

Cl'l

=0 and hence

S (x) =0 has no real solutions.

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