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Q1

Suggested Solutions
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Q2 Suggested Solutions
@ |u,, =04u +3

(ii) | The number of bacteria in culture 4 remains constant at 5 million.

BT AT REAL RADIAM MP
DET-FUNCTION

(iii) pn

At the start of the 1% day, n=1:
2=—L 21044 2r=p
l+g+r

p—2q-2r=2

At the start of the 2" day, n=2:
__ 2

4+2g+r

2p—48¢-24r=9.6 (orp—24q-12r=48)

=9.6+48q+2.4r=2p

At the start of the 4" day, n=4:
6=— 2P

16+4g+r
4p—6.4q—1.6r=25.6 (orp—1.69—0.4r=6.4)

=25.6+64g+1.6r=4p

By solving the system of linear equations using GC,
p=6,g=-1,r=3.
(iv) | Find least  such that v, <0.5.

HORHAL FLOAT AUTO REAL RADIAN HP fj [[[¥oRHAL FLOAT DEC REAL RADIAN HP
PRESS # T0 EDIT FUNCTION
Plotl Plotz FPlots A Y1
.............E*..................................... g e_?z
INY1B— 18 06452
K2Ry i1 9.E84L
b 13
.\YE_ 14 B8.4541
ENY 3= 15 #4225
INY 4= 16 0.3951
_ 17 0.3709
INYs= 18 8.3495
NYE= 19 9.3304
\Ye= -
Y¥1=0.49056603773585

From table, least n =13
Therefore, the researcher first record the number of bacteria in culture B to be below half
a million on 13 April.
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(i)
y
4
y= 0 (_1 %} J x;
5
3
,,,,,, __1
d 2
x=-4 x=0 x=1
(ii)
y
A
_ > X
—4 -1} 10
'2
xX==
3
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()] %(ecosbc) = _De%2% gindy

(ii) J‘ecom sindx dx = _J'(_ze“’szx sin Zx) cos2x dx
=" cos 2x + Jecosz“‘ (—2sin2x)dx
=% cog2x + €% 4 ¢
— g0s2x (I-cos2x)+c

(iii)

Iecoszx (cos3xsinx) dx
= %jecoszx (sin 4x —sin Zx) dx

:%jecoszx (sin4x) dx+%J.e°°szx (—sin2x) dx

cos2x

1
1—cos2x)+ze +c

2
1
= 0S¥ (% _ECOS 2xj +c

_ 1 ecos2x(
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Q5 Suggested Solutions
(® ( j 2
sin| —+60 |=——= AB =
. (m
sin| —+6
)
cos(—+0} :i BC :;
o
cos| —+6
3]
OR
sin (E - 9) = 2
4 BC
BC - 2 _ 2 _ 2
sin ( - 6’) cos [ - (Z — 6?)) cos (n + 9)

AC = AB+ BC

2 2

= +
sin (n + 9) cos (n + 0}
4
1 1
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(i)
AC =2 ! + L
sin(n+6’j cos [n+6’j
4
5 1 N 1
sinEcosé’+cos£sin9 cosEcosﬁ—sinEsiné’
4 4 4 4

cos@+sinf cos@—sind

:2\/5( ! + ! j

1 1

~ 22 7 + p
l-——+60 1-—-0

2 2

5\ 5\
=22 1+0—9—j +£1—9—6—j }
2 2

= 2\/5{1+(1)[9%2j+%(9%2]2 +}

6* o?
=2\/§K1—¢9+?+92 +...]+[1+6?+7+02 +H
~ 42 + 626>
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Alternative Method (Cosine double angle formula)

AC=2 ! + !

sin(n + 6’) cos(7T + 6’]
4 4

_, 1 . 1

LT T . s LT
smzcost9+coszs1n9 coszcosﬁ—smzsme

=2\/§( 1 + 1 ]

cos@+sinf cos@—sinl
( 2cosd j
cos? 8 +sin’ @

(2 cos 0)
cos 26

=

2

&

A[1-2 (1420
=42 1—7 (1+29 +)

:4\5(“%9%...}
~ 4\/§+6\/5192
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(i)

x:tanﬁzﬂzsecze

do
When x=0,tanf0=0 = 6=0
When x=1,tanf =1 = 9:%

— sec’@dé

1
I m J. V1+tan’ @

= Jf secfd dd

= [ln |sec«9 + tan GHOE

= ln(sec£+ tanﬁj — ln(sec 0+tan O)
4 4

=In(v2+1)-In(1+0)
=ln(\/§+l)

(i)

R = Jnu T

As n— oo, A—)ln(ﬁﬂ).
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(i) Let d be the common difference.
a+(9—1)d:b
d:b_a
8
2(b—a) 3a+b
U, =a+ =
8 4
u3+u5+u7
:(CH2(b—a)j+[a+4(b—a)}+[a+6(b—a)]
8 8 8
:3a+12(b—a)
8
——(b+a)
G) |u_b
a u,
ab:(u3)
=(a+2d)

B 94’ + 6ab +b*
16
2 2
9a” +6ab+b —ab=0
16
9a* + 6ab+b* —16ab 0
16

9a* —10ab+b>* =0
(9a—b)(a—b)=0

Since the arithmetic progression is strictly increasing, b # a . Hence b =9a .
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(iii)
In(us)—1n(u;)=1In

=In

=In

In(u,)—In(us)=In

=In

=In

Since In(u, )—In(us)#In(u;)—In(u, ), the terms are not consecutive terms of an

4(9a—a)
8

a+2(9a—a)
8

a+4a}
a+2a

5

a+

a+

6(9a—a)
8

a+4(9a—a)
8

a+6a
a+4a

5

arithmetic progression.
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() x> +xy+ay’ =36
dy dy
2x+x—+y+2ay—=0
a0 Y
(x+2ay)d—y= —-y—2x
dx
dy  y+2x
dx x+2ay
For the normal to be parallel to y-axis, the tangent will be parallel to the x-axis. Hence
Y.
dx
Therefore, y=-2x.
Substituting y =—-2x:
x> +xy+ay’ =36
x’ +x(—2x)+a(—2x)2 =36
x’ (4a —1) =36
2o 36
4a—-1
X= 6 or — 6
4a-1 Véda-1
(i) | When x=-2,
(—2)2 —2y+=y>=36
%yz -2y-32=0
y=4 or —3.2 by GC
2 5 2
X +xy+5y =36
2 5, _
X +xy+ Ey -36 (=0
2 2
—yi\/y —4(1)(2.5* ~36)
X =
2
_—y£4/144-9)
2
Since R is in the region where x < —% ,

x:—y—«/144—9y2

2
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Required volume

4 2
ey _ 2
. [ y «/1;14 9y J (2 | a

=32

= 542.8672117
=542.87 (2d.p.)
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(i) | In Figure 1, considering the breadth of the rectangle,

Base of the isosceles triangle =a —2x and

consider the triangle on the right and half the breadth of the rectangle, we have

2
X' —h z(%—xj
2 x
|

a I
X=—+—
4 a
Consider the length of the rectangle. We have

2a=y+2h = y=2a-2h

V =(Area of isosceles triangle)x y

a
ah 2K
(57
2
Sy o 2
2 a
2
V_a hoen+3n
dh 2 a

For stationary V, a =0.
dh

2
@ -6+ S8 =0
2 a

164> =12ah* =2a*h+a’> =0
—164° +12ah* +2a*h—a’ =0

(i) [Ifa=5

—16k° +12ah*> +2a’h—a’ =0
h=4.0451,-1.5451 or 1.25

Since £ >0, we reject h=—1.5451.

5 4.0451°

Also if h=4.0451, x= Z+ ~4.522566 and

2x~9.04513>5=a.

Thus the only possible value of / is 1.25.
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2
i—Z:%—ah—Mz B
a
2
d Z =—a—12h+£h2
dh a

When a=5 and h=1.25,

d’v 24

=-5-12(1.25)+ = (1.25)°

e (1.25) 5 (1.25)
=-12.5<0

Thus, V' is maximum at 2 =1.25

Page 14 of 24
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(i | dx : .
X =—kx , where k is a positive constant
t
(i) dx
dt
lde __
x dt
| D e [~k de
X
In|x|=—kt +C
|X| — e—kt+C
x=+e e

x=Ae ™ where 4 =+e°

When =0, x=x,, A=x,.

When t=6, x= Yo
1000
Xy _ —6k
1000 "’
w_ 1
1000

k = 1n1200 :%lnIO:ln\/ﬁ

ln( )t=ln4
t(ln\/ﬁ):ln4

t= ;ln4 =1.20 hours (3 s.f.)

(nv10)
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(iii)

From part (i), we have x = %o
(V10

P

Let the time from 2" dose be R. Then R=¢-T .
Just after 2" dose, amount of antibiotics in patient’s body is

Xo

(o)

'

—+

) X,
X, with “ x, + 0

(vioy

— . Replace initial dose 'x,

Therefore, we have the amount of antibiotics in the patient’s body after the second dose

amount of antibiotics in body just after 2nd dose

(o)

(o)
)

and before the third dose is = Y0, Yo

o] (o)

_l t-T _l t
:xO[IO zj +xo[10 2j

=, (10;(“) + 10(;]J

X, +
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i) 1 1 1 1
We sketch the curves y=—+——-—and y=———.
2 |x-2/-3 x 3

1 1 1

tr—— == 5
[x=2[-3 x 3
x<—-lor -06<x<0Qor2<x<3orx>5.

From graph, for %

(i) | Since x <2 (given domainis —1<x<1),
1 1 1 1 1 1

_t =} —_-—
2 |x-2]-3 2 —(x-2)-3 2 x+I

Consider graph of f (x) =%—L1 for —1< x <1 in part (i).
X+

D_, =R, =(-,0)

f
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jii
(itr) g(x):sin(ﬂj, xeR, 23x<14—c
c 3 5
. 2n
Period of g = P 2c
A
y
A

When xzs—c, sin| =2 | = sin B —gin| - % :_ﬁ
3 c 3 3 2

{2
(v) Let (fh)_l (—l) =X
2
fh [(fh)_l (—%D = fh(x)
-2 =fh(x)
£ (_%] ~ £ (x)
- (_%j “h(x)
2
h(x)= ~1=0
(%) 1-2(-0.5)
sin(ﬂj =0
C
™ 0+ 2kn where k € Z
C
Since 5—c£)c<k, therefore S_ngﬂ<7_n'
3 3 c 3
™ _ 2n
C
x=2c
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(a) 10 1
[:r= 8 |[+A|14|,1eR
8 h
s 2
L:r={-10|+u| 2 ,ueR
12 -5
[, and [, are perpendicular:
1 2
14| 2 |=0
h) -5
2+28-5h=0
h=6
Suppose /, and /, intersect,
10+ A s+2u
8+14M |=| -10+2p
8-+ 06\ 12-5u
A 2u -s=-10
142 2u =-18
64 +5u = 4
By GC, s=5
Since the two lines do not intersect, s #5. Hence /=6 and seR, s#5.
(b)(i) | Given: OB is the ‘shortest possible cord from the centre of the ball to the roof’.

This implies that line OB L plane.
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OB = projection of OA onto the normal of the roof

-2.5 | 6 . 6
=/ 0 | 0 0

5 6> +8* g V6 + 8 g

S N

NN O

. B(1.5,0,2)

Alternative Method
6

r=A/0,AeR
8
6

Plane: r-| 0 |[=25

8

ZOB

64) (6
0 [-10|=25
84 )\ 8
36A+644 =25
A=0.25

6) (1.5

0B=025/0|=
8

. B(1.5,0,2)

0
2
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(b)(®

Shortest distance from O to roof, OB
1.5

= 0
2

=(1.5) +2°
=25

Since the radius of the ball is 1 unit.

Shortest distance between surface of ball to roof

=2.5-1

=1.5 metres

(b)
(i)

Point B is the foot of perpendicular of 4 onto line OB.

. 0i+0D
OD =20B - 04
1.5} (=25
=20 -] O
2 5
5.5
=l 0
g
5.5
IOD:r=,u[O ,uelR
-1
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(b)
(iii)

Side view
A4(-2.5,0,5)

Roof:
6x+8z=25

Let C be the point on the ball that is nearest to the roof.
1.5
0
OB 2
08 _ 1.7 =0.68| 0

R e R

oC=1.7

1.02) (6
0 [-{0]|=17
1.36 ) (8

Equation of plane p is 6x+8z=17.

Alternative Method

For any plane with equation r-n=D:
D

Shortest distance from O to plane :H
n

Shortest distance from O to plane p =2.5-0.8=1.7
6

Since plane p is parallel to the roof, n//| 0 |.
8

Therefore,

i
1.7=——==|D|=17
V6% +8°
Since plane p are the roof are on the same side of O, D =17 (same sign as ‘25’ from
equation of the roof).

Equation of plane p is 6x+8z=17.
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(b)
(iv)

Side view
A4(-2.5,0,5)

AB=\[(15+2.5) +(2-5) =5

By similar triangles,

% 1.7

5 1.7+08
n==6.3

Therefore, largest integer 7 is 6.

Alternative Method
Let Q be the point of intersection between plane p and OA.
-25)(6
al 0 |-10]=17
5 8
a(—15+40) =17
17
oa=—
25
. -2.5 -1.7
00=—| 0 |=| 0
0 25
5 3.4

00 =\(-1.7) +(3.4) =1445

By Pythagoras Theorem,
2
00’ =(gj +(1.7)

2
n

4
n’ =46.24

n=6.8 since n >0
Therefore, largest integer 7 is 6.

=14.45-(1.7)
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