S/N

Solution

o
2(i) un+2 - (1 + r)unﬂ + run = 0
Auxiliary equation: 2> —(1+7)A+r=0
A-D(A-r)=0
A=lorr
General solution is
u,=A+ Br", 4,B are arbitrary constants
(i) u,=0=>A+B=0
Asn—oo,u, — A= L provided |r| <l.
SB=-L
Hence, u,=L - Lr".
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(i) | Curve intersects itself when y =1’ - Ar=0.
t=0ort’=A.
X=—
1+
(iii) 4

The curve is symmetrical about the x-axis. .. required area bounded by curve is 2 I "y dr.
0

2

t
x:m, y=f3—ﬂt,

(t<0)

(0]

i

<]

x
e e ———— il —————————

[\

~




zf“‘ dx = 2J' (& = At)

(1 ) x= 1 is obtained from ¢ = i\/z
IR () " .
—4J‘0 mdt For y >0, we consider ¢ <0.
; (t -2 Hence, we take ¢ N
A=A, e =
(1+1%)
Let f(x)=1+cos(7rx)—2\/;.
x=0, f(0)=2
x=1, f(l):—Z
0(-2)-1(2
L o) el P
-2-2
By Newton-Raphson method,
f(x,)
xn+1 = 'xn T\
£'(x,)
1+cos(7x, )~ 2[x,
= xn —_
—zsin(z )—L
7

1+cos(7zx, )~ 2/x,

=x,+ 1
msin(7zx, )+ T
‘xn
Using x, =0.5,
x, =0.4091
=0.4096

Since 1(0.405) = 00212 > 0 and £(0.415) = -0.0245 < 0,

=0.405<a <0415
Sa=041 (to2d.p)

(0,2)

y=1+cos(zx)-2x

* * .
x, <0, 4/x, is undefined.

o f (x;) is undefined.
Hence Newton -Raphson method fails.




5(a)

0 0
I ;dx = lsin_l (ax)

al-a’x? a 1

=0- lsin’1 (—a)
a
1 . _l
=—sin" (a)
a
1
=—\T —
L(r-9)
b
(b) t=tan£: dt=lseczﬁdx:dx= dr
2 202 1+
. 2t 1-#2 x . 2t
sinx=—-—, cost= >, f=tan_: sinx= 3
+1 1+¢ 2 1+¢
. 2 2
J' cosx.dx:1t+1+1t_2t 2dt
1+ cosx—sinx J1+72 1+2 1+¢2 )1+¢
= .&dj
Ja+)-0)
= 1+t2 dr (shown)
J1+¢
-4 dt+lj 2
J 1+t 2J 1+t
=ltan‘1z+lln(l+t2)+c
2 2
:lx+lln 1+tan2£ +C
2 2 2
:lx+lln(seczfj+C
2 2 2
1 X
or=—x+In|sec=|+C
2 2
6(i) 2 _ Ay _ _
y=x 2kx+k=(x k) +k(1 k)=x—k+k(1 k)
x—k x—k x—k
The asymptotes are x=k andy=x—k.
@) 2 stationary points = Y =1- k= kz =0 has 2 distinct real roots.
dx (x+k)
(x—k)Y =k(1-k)>0
=0<k<l1
The set of kis {keR:0<k <1},
(i) 7

8
o|/ (ko)
L




@iv)

Line of syﬁ;unetry, /

[ bisects the angle between the asymptotes.

20+ =r=0-= 3
4 8
Acute angle between / and x-axis = %— 3?7[ = %

.gradient of /= m = —tan%. (or tan%[j

7(@) | e" —e ™ =(cosnd+isinng)— (cos(—n@) + isin(—n@))
=(cosn@ +isinnd)—(cosnd —isinnd)
=cosnd +isinnf —cosnf +1isin nd

= 2isinnd (shown)

(b) (eia _ei? )5 — %0 _ 50 o710 | 10680 . 020 _10e20 .03 4 50 . o 140
(2ising)’ = (ei” - e’ise) - S(ei” —e ) + IO(eig - e’ig)
32isin’ @ = 2isin 56 — 10isin 30 + 20isin &

sin’ @ =isin59—isin36’+§sin6’
16 16
cos59=sin5(£—9j
2
=isin 5(1—6’) —isin 3(1—9j +§sin(£—9j
16 2 16 2 8 2
=isin(s—ﬁ—Sej—isin(g)—ﬂ—30J+§sin(£—9)
16 2 16 2 8 2

= icos59+icos30 +§c059
16 16 8

(c) sin x 4+ sin 2x +sin 3x + - - - + sin Nx

:Im(e'LV +e™ e +---+eiNx)

s




iNx iNx 7iNx
ix 2 2 2
; ; € -C € —€
eL\* (ele _ 1)

e" 1 [ L
e 2 e 2 _ e 2
(N+)x N
i—(_. . Nx
e 2 |2isin—
2

2isin X
2

(V4D
e 2 sin—
2

. X
sin—
2

(V+Dx +1sin (V+ l)x}sin%

X
= cosec—| cos
2

c.sinx +sin2x +sin3x +-- -+ sin Nx

1 . (N+1 . (N
=cosec| —x [sin x |sin| —x | (shown)
2 2 2

3G
@ cross-sectional area =~ 2 x 1+ %[2 +0+2(0.88+0.24 + 0.04)]
or %[2 +0+2(2+0.88+0.24+0.04)]
=4.16m’
(i) The builder will have enough cement as trapezium rule over-estimates the cross-sectional
area since the curve is concave upwards.
(iii) | Note: Simpson’s rule applies for an even number of strips.
cross-sectional area ~ 2x 1+ %[2 +0+2(0.24) +4(0.88+0.04)
=4.05 m*(3sf)
@iv) 1
p(x) = g(x -5)°
) Method I: Shell method Method II: Disc method
5 2
Volume = 7(1)*(2) +.[ 2xxy dx Volume = I wx’dy
1 0
51 2 2
:27[+27[j gx(x—S)zdx 277'[ [5—\/@] dy
1 0
~39.794 ~39.794
The builder needs to make at least 40 m’ of cement.
9(i)

VA
I, = .[ cos’ 26 do

0

=1J‘ (cos46+1)do
2Jo

. T
:l[sm%’ +0:l
2 4 0




(i)

I, =J. cos"(20)d6
0

= J. cos(26)cos" ' (26) d@
0
_ sin(26) co

n7120
5 s"(20)

’ _J‘”@(n—l) cos"*(20)[-2sin(26)] d6

0

=0+(n—1) I sin(20)cos"2(260) d@
0

=(n- I)J. ”[1 —co0s’(20)]cos" *(20) db

=(n-=DI,,-(n-DI,

(+n-DI =(n-DI, _,

o :n—_llw2 (shown)
n

n

(iii)

For odd integers n, I, will be reduced to /,.

11:_[ cos20d0=%sin20 =0

0 0

-1, =0 -independent of n

@iv)

I =n__11n—2

n

N
|
—_
N
|
2

Il
|
=IN
~

|
[SSIN SR RUS I )

|
I I |3 3

n o n-2 n-4 4
_n(n—1)(}1—2)(n—3)(11—4)(n—5)---3.2.1(£j
C n(n=2)(n—4)-An(n-2)n-4)--2 \2

B n! (ﬂ]
“in(n n “n(n n 2
22— ——=1|| ==2 {222~ —=1}|| —=2|---1

282 2 2\ 2 2

!
= n—2 7 (shown)

a6l

10(i)

Mn+l =(1_p)Mn +k

(i)

M, =(=p)[(1=p)M, , +k]+k
(l_p)zMn,z +k[(1—p)+l]

(1=p)" My + k[ (1= )" + (1= p)" o1

1-(1-p)""
p

= (SOO—EJ(I—p)”l L2
p p

=(1-p)"'500+k




(i)

M, =(500—@j(1—p)5 +30 750
p p

From GC, p = 0.0495803

1-p~0.95042
Hence the club needs to retain about 95% of its members each month.

6v
v My = 500- (1—0.10)5+Lz750
0.10 0.10
From GC
k M Y2
116 | 745.71 | 750

111 ’49.8 | 750

753.9 | 750
113 757.99 | 750
114 762.09 | 750

least value of k= 112.

11
(@)
(i)

P(3J§ —3,3)

><C( 7330
(i

» Re

ZQCR = 2(%} :% (angle at centre = 2 x angle at circum)

OR = QCsm—z(?nF)(ﬁJ 3V6

2
CR = QCcos—=(3\/7)( j 3\2/—
S

Thus Q(—?a— > 5

. 3
So, the complex number is —3 — T\F + 1( [J
Alternatively,

PO = 2(3\/§)cos%=3x/€
PR =PQCOS% =3\/8(—3] =&

OR = PQsin% - 3\/6(




Thus (9[ +342-3,3+ fj Q[—3—£ 3+ﬁj
277 2

N ( 3{}

So, the complex number is -3 ———+1| 3+ -

(b)

—3—<arg(z 3)<0
4 21

_%g arg(z—3)—arg(2i) <0

——<arg(z—3)—%£0
——<arg(z—3)£%
Im
A
4 —
A@3) T H
> Re
-2

From the diagram,
AC=~3+3" =32

Greatest |Z —3i| = AB=3J2+5
Least |Z —3i| =AN =3




