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Solutions

1

Passes through (—1,1):

1=
a-b+c

Turning point at (—1,1):

dy (ax2 +bx+c)—(x—1)(2ax+b)
2

dx (ax® +bx+c)

(a-b+c)—(-2)(-2a+b)
(a—b+cf
= (a-b+c)—(-2)(-2a+b)=0
= =3a+b+C=0....cii (2)

When x=-1, ax> +bx+c=0:

Hence E—E+C=O ....................................... 3)
9 3

Solving (1), (2) and (3) simultaneously, we get
a=3,b=7and c=2.

2(i)

A y

x=2a+1 [X—l]
y=f| —
Q'(3.2)

Q"(1,0) y=0

P"(0,0)




1 2a 1 2a
< 2 ;= 2 2
X+a X —a X+a X —-a
X—3a <0
(x+a)(x—a)
- + - +
O O ®
—-a a 3a

S.X<—-a or a<x<3a

<0

2
i — X+a
L 22‘3‘2dx=1n(x+:;1)—1n[X aj=ln( )
J x+a x'-a X+a X—a
OR
n 2
_ X+a
e Y (e S B i
J (X+a)(x—a) X+a Xx-a X—a
r4a
1 22a2 dx
J,.lx+a xX*-a
3a 4a
:j _[ 1 22azjdx+j 1 22azdx
A \X+a x’-a ;2 X+a X' -—a
3a 4a
J_(l_zzazjdx+ 1_22a2dx
. \x+a x’-a 2 X+a X' -—a
r 2 3a 2 4a
X+a X+a
=— ln—( ) } +[1n—( ) }
X—a X—a
L 2a 3a
16a> | 9a’ 25a° . 16a’
=—|In —In +| In —In
2a a 3a 2a
:—ln§+ln£=1n éxg =1nE
9 24 24 8 64
4(i) "
(k+x):k”@+§)
k
2
k| 140 X} DNZD X
k 2! k
:k“(LwEx+£EKE§£2X2+“)
k 2k
4(ii)

‘5<1:>|x|<|k|
k

.x{H<X<W|




4(ii) | Letx=y+3y* andn=-3:
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Pison l,,=OP=a+A(b—a)=Aib+(1-A)a

Pison I, — OP = 110C = u[m |—E|j
Equating
b
Ab+(1-A)a= ,u(— —j
lal [b]

Comparing coefficients of a and b

Note that AP:PB=A1:1- A1, therefore
AP:PB = |a| bl




6(i)

el = (1 +sin X)2

Differentiating w.r.t. X,

eyd—y: 2(1+sin x)cos x
dx

eyd—y:2cosx+sin2x
dx

Differentiating w.r.t. X again,
2

e’ d_il + gy e’ gy

dx® dx dx

2 2
ey{d y+(ﬂj }=2(cos2x—sin X) (shown)

=—-2sin X+ 2cos 2X

dx*  dx

Differentiating w.r.t. X:
3 2 2 2
e’ d—¥+2(ﬂjd—¥ + d—¥+(ﬂj eyﬂ:2(—2sin2x—cosx)
dx dx Jdx dx dx dx

Substituting X =0,

2 3
&, dy_ o, dy_,
X

y dx

= y:0+2x+_—2x2+£x3+...
2! 3!

Sy =2X—X’ +%x3 +...

(i)

Method 1:

e’ =(1+sin X)2

= y=ln(1+sin X)2
=2ln(1+sin X)

ufio[x- 2

which is same as the expansion for y found in (i), up to and including the term in X* = verified.




Method 2:
RHS = (1+sinx)’

3 2
:[Hx—x—]
3!

X’ , X
=4+ X——+ X+ X ——+...
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3
=14+2x+ x> —X?+...

LHS =¢’
[2x—x2+1x3+“) ) ) o
=€ ’ (using expansion fory in (1))
2 3
. (2x—x2+3x3j (2x—x2+3x3j
=14 2x=X> +=X |+ + +...LHS = RHS = verified.
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@) | 2z+1=[W e (1)

27 +1=a positive real number

= Letz=xandw=a+bi

From (2): 2(a+bi)—x=4+8i

= Comparing Re and Im parts,

2a—-x=4

2b=8=b=4

From (1): 2x+1=+a*+b*....(3)

Substitute b=4 and x =2a—4 into (3):
2(2a-4)+1=+a*+16 =(4a—7) =a> +16

16a* —56a+49=a’+16=15a*-56a+33=0

11
—=a=— or a=3
15

:X:—% or Xx=2

but 2z +1=a positive real number

:whenX:—%, 22+1=2 —% +1<0
15 15

. 98 11
=rejectX=——and a=—
15 15

=x=2, a=3,b=4

=z7=2, w=3+4i

7(b)

3+x+Hy

2e{ i j=1—i
23Ky _ \/Eei 7%]

26Vl _ \/Eei (_ %]

= By comparing modulus and args:

2¢Y =2 and 3+x:—%
-y=In Q —x=-2-3
2 4

= y=—ln£%} (or In~/2 or %In2)




8(i)

Let V be the distance AB.

V=y1_y2

, (1 O/
= X - 5 X - 2 \‘\ 2 /A(.r,}ﬂ

/

/
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dx 4

2
d\g =2 > (0 = min. value when X:l
dx 4

when X :l,
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8(Gii)

..coords on C (Pt A): l,L & coords on L (Pt B): l’_l_S .
416 4 8
Let H be the distance PQ. - f
\ . /[,
H=X,-X=2(y+2)- ﬁ il
1 \ /
dH =2 1 \ ) /
dy 2 \-\ P(xm/ y=(1/2)x-2
Mo —>e—]
when aH _ 0, e
dy A
1 Bl —
2-—y?=0=>2==y?
2
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—Sy=47=—
Y 16
d’H 1 -
==Yy
dy> 4
o1/ 3 wheny=i,
= wheny=—, =—(—j =16>0 16
dy 4116 1 1
1 “Ni6 4

= min. value when y = R

1 1 33 1
..coords on C (Pt P):| —,— | & coords on L (Pt Q):| —,— |.
( )(4 16) PrQ) ( 81 j




8(iii) | Area of polygon = Area of triangle

Minimum distance AB = i — (_1_5) = 2

16 8 16 e
Minimum distance PQ:E_ 1 :ﬂ L °
8 4 8
1 31 31 961
.. Area of polygon = —x —x— = ——sq units
POYEOR =5 1678 256 1"
)| g |
{.\',.\'zx V=25 ﬁz
dt

Method 1:

s? s? y 2
AreazA:jO xdy:j'0 ﬁdy: z :553

%:%x§:252x2=452
dt ds dt

. when s :\/E, %:(4)(\/5)2 =8 units*/s

Method 2:

Area=A

= Area of rectangle — Area bounded by curve, X-axis and X =S
s s 3778

=S><Sz—.[ ydx=s’ —I x> dx=¢ —{X—} :253
0 0 3, 3

dA_dA ds _

dt ds dt

- whens=+2,= % = 4(\/5)2 =8 units’/s

28 x2 =48>

9(a) | By factor formula,
sin(x+%)n—sin(x—%)n = 2cos[%(2x—%)n}sin(%n)

=2cos(x—14)m.

Hence




:Zi;[sin(m%)ﬂ—sm(x_%)“]

=|lsinim—sint m2mc—sins
=[sm3m Sll’l41[:|+|:Sll’l4TE SlIl4TE]+...

sin(n—%)n—sin(n—%)n}+[sin(n +%)n—sin(n—%)n]

+
v 111

= in(n+%)n—sin%n

=sin(n+4)n—-

+
Therefore,
D cos(x—4)m=14sin(n+4)n—-.
x=1
9O)0) | R, =[-2.2]
> X
(b)(ii)
T
1 1 4 X 1
f~ : X+ —cos [—]+—, Xe[—\/E,Z}
T 2) 4
(b)(iii) | fgexists = R, <D
now Rg = [—%,—2)
and D, =[a,1]
since fg exists, a < —E. Hence the greatest value of a is —%.
4
R, =f(R)=f| -2 2|=[2.v2
fe = ( g)_ 40 _[_ ’ )
10(a)(i) | After one month, if she pays $x at the beginning of the month, she will owe the bank

$(50000 - x)x(1.001)
Hence (50000—x)x(1.001)=50000 = x=49.95




Abbie needs to pay $49.95 (to the nearest cent) a month.

(@)(i1) | One month after graduating, she owes
(50000-k)x(1.00375).

n months after graduating, she will owe
1.00375" (50000 -k )—1.00375""k —...—1.00375k

=1.00375" (50000) - k(1.00375n +1.00375™" +...+1.00375)

1.00375(1.00375" —1)
=1.00375"(50000) —k
1.00375—1

=1.00375" (50000)—%k(1.00375” ~1)  (shown).

(@)(iii) | Sub n= 120, and k = 500:

1.00375" (soooo)—832(500)(1.00375‘20 ~1)=2467.11>0.

No, she cannot. A monthly payment of $500 is not enough.

When n =120,

1.00375" (50000)—%k (1.00375™ -1)=0

= k=516.26 (nearest cent)
She needs to pay $516.26 per month.

(b)(i) | Oustanding amount upon graduation
=1.001*(50000)
=51831.86

Using Abbie’s formula, but with a starting outstanding amount of $51831.86,
1.00375' (51831.86) —8—23k (100375 -1)=0

= k=535.17 (nearest cent)

He needs to pay $535.17 per month.

(b)(i1) | 120x535.17-50000 =14220.43 (to 2 d.p.)
He paid $14220.43 in interest altogether.
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(i)

3t dX 3 3t itdu
X=Ue* > —=—ue* +¢e* —
dt 4 dt
3u e%t+e%td—u=§u el = pt2 :>d—u
dt 4 dt

u_pezt(ét% 22t+%J+D
R CY R €))
= pe 2 32,1280
3 9 27
=X —pet 4 32,1281 b
0 3 9 27

X = p(it2 +£t+gj De'
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=—pt? e

When t=0,x=1,

X=p A 32, 128 1—%p et
3 9 27 27

(iv)

p
Ao 32, 1287 [ 47
3 9 27 81

(2.87,3.65)

X
4350\
>t

O

Maximum number of players on the game = 365 000.

Yes, X =0 when t = 4.35 months.

v)

For x=0 after some time,

1—12—8p<0:> p>2—7:0.211
27 128




