Solution to Paper 9758/01
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- _%I(—ZXSin X )(x*) dx

= —%[xz cos X —I(ZX)(COS XZ) dx

X2
= _TCOS x* +Ix(cos X2) dx

x? 1
=—="_cosx? +—IZX(cosX2) dx
2 2
x* A
=—2 cosx* +—sinX* +¢C
2 2

u=

X

2

Qn Solution
2(i) RY
(0,3)  (4.3) (8,3)
<
(210 | 21)  (61)  (10.1)
o > x
2(ii) 2 i,
Volume:ﬂj (3—X)2 dx+7rJA (X +2j dx
0 3 6
=455
30) icos x* = —2xsin X*
dx
3(ii) Ix3 sin x* dx

V' = —2xsin X*

u'=2x V=cosx’

Note:

d .
—sin x* =2Xcos X*

dx
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Qn Solution
4a(i) X +3x+4
X+1
= x+2+i
X+1

Vertical asymptote: X =—1, Oblique asymptote: y =X+ 2

X’ +3x+4

Y

x+1

-1

4a(ii) | x<-2.41 or x>0414
4(b) | Method 1a: Applying transformations backward
We are given the transformations in the order of A, B and C, and the resulting

2
X X+4 .
curve Y ZLI-F. In order to find the original curve y = g(x) , We use our
X+

resulting curve, apply the C', B' then A', where A', B' and C' are the

“opposites” of A, B and C respectively.
o e A N B N c N .
Original Curveg A 2 Resulting Curve,

where & and ¥ represent intermediate curves in the entire process.

Hence, we have
C': Translate 1 unit in negative y-direction (Replace y by y+1);
B': Translate 1 unit in positive X-direction (Replace X by X—1);

A': Stretch with scale factor % parallel to x-axis (Replace X by 2x).
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Qn Solution
2 2 2
y=X +3x+4 chlac(,Cy’byw)y”:x +3x+4(L&y:x +2x+%
X+1 X+1 X+1
:x2+2x+3 Replacex by \y:(x_1)2+2(x—1)+3
X+1 g (x=1)+1
X =2X+142X-2+43
X
X 42
X
2
=X+—
X
y:x+_w)y:2x+i
X 2X
1
=2X+—=g(X
c=e(¥)

Method 1b: Applying transformations backward
Note that:

Hence, we have
C': Translate 1 unit in negative y-direction (Replace y by y+1);
B': Translate 1 unit in positive X-direction (Replace x by x—1);

A': Stretch with scale factor % parallel to x-axis (Replace X by 2x).

x> +3x+4 2
——=X+2+
X+1 X+1

y - X‘|‘2+ 2 Replace y by y+1
X+1 ¢

Note thaty =

>y+1:x+2+—z—(1ay:x+1+—zﬁ
X+1 X+1

2 2
— 1 Replace)(/byx—l 5\ = _1 1
y=x X s y=(x-1)+ +(x—1)+1
2
=X+—
X

y:X‘l‘g Replac;?(by2x y:2X+_

KIASU=7E.,
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e Method 2: Start from the original curve y = g(x)

2
Original Curvey:g()()_‘\)A 5, v—C 5 Resulting Curvey:x +3X1+4
X+
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Qn Solution
. ) 1
A Stretch with scale factor 2 parallel to x-axis (Replace x by 5 X);
B : Translate 1 unit in negative X-direction (Replace X by X+1);
C : Translate 1 unit in positive y-direction (Replace y by y—1).
X X eplace X X+l eplace X+1
y=g(x) Iy =g[—j Ty y =g(—)% y-1 =g(—)
v Ix 2 2 2
= (X—HJH
y=g 5
2
Let g X+1 1= X" +3x+4
2 X+1
(—XH)H = x+2+—2
X+1
( - 1} 2
— |=X+1+—
X+1
Note that we need to progress till we reach g(x).
. X+1 2
To do that, we need to replace X by 2Xx—1ling| — |=X+1+——.
2 X+1
2x—1)+1
g (2x-1)+1 =(2x—1)+1+—2
2 (2x-1)+1
1
Sg(X)=2x+—
g(x)=2x+-
(D)
5(ii)
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Solution

1
:y:—zz
[+-1

andy =2 intoy=-b(x-1)

Method 2:

From graph in (i), one of the solution to

|x—a| >-b(x—a)is x>a.

By observation, since X>1, a=1

To find the X-coordinate of the point of intersection:

=—b(x-1)

| —
Jr—

=——— or L (rej. since \/B>0)

5(iii)

6(i)

Islur.n‘\.\;de Delu;-: i | 'Nl'mzsaﬁp i ﬁg@m@} sin(ax+£] ) T
f"(x)=a’cos ax+5 e > +ae */| —asin ax+5

f"(x) = a2 0082 (ax —+ %j eSin[aH%) . az Sin(ax " %j esin[ax+§j
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Qn Solution

Method 2:
Let y _ eSln(aX‘FE]
=lny= sin(ax+%j

Differentiate w.r.t. X:

1 dy ( ﬂj
———=acos| ax+—
y dx 2

Differentiate w.r.t. X:
2
1dy [ LY. -a’ sin(ax+£j
y dx’ y* ) dx 2

Method 3:
T
sin(ax+f) sinaxcos+cos axsin -
f(x)=e ' *=e¢ 2 2 =e
f'(x) = —(sinax)e“™

£f"(x) = e (—acosax) + (sin2 ax)ecosax

Hence

f(0)= esm(zj =e
f’(O) =0
f"(0)=-a’e

By Maclaurin Series,
2

£(x)=£(0)+x f’(0)+);—!f”(0)+...

f(x)—e—ﬁx2 +..

6(ii) 1
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Qn Solution
1
Comparing the constant term, ——=¢ = b=—
Jb e’
Comparing coefficient of x> 1 _-ak
2bvb 2
aZe =
)
e’ e
a’ =¢?
a==e
(@) 1 X 1 1 —2X
7 dX=—= 2
2—X 2 2—X
0 0
_ 1 2
== [Inf2-x1]
=——(lnl—ln2)
:—llnl or l1n2
2 2
7)) | 52 = A(2-x)' +B(2-x)+C
= AX> —4AX+4A+x*+2B-Bx+C
= AX’ +(-4A-B)x+4A+2B+C
By comparing coefficients,
A=1
4( ) B=0=B=-4,
4(1)+2( 4)+C =0=C=4
7(b)ii) 2 !
j X 2dx:-.‘l— 4 + 4 > dXx
e R
1
[x+41n|2 x|+i}
2-X
4
:1+4ln(1)+——4ln2—2
2-1
- KIASU=
Paper J
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Qn Solution
8(a)i)
2
— 3
0Q = >
1
2
2 0
-1.5]«]|1
A e - cos! —0.5 0
cute angle = cos W
=cos” (I_SJ
J6.5
=54.0° (or 0.942 rad)
8(a)ii) 0
Xy-plane: r« | 0|=0
1
0
Since m is perpendicular to Xy-plane, m// | O |.
1
0
Since ) m/=1, m=|0 |.
1
|q . m| refers to the perpendicular distance from Q to Xy-plane.
23 0 1
asmi= =510 10)=2
1 1
2
8(b) | cxa=Abxc
cxa—Abxe=0
cxa+exAib=0
(K AG U=
cxr £xamPaper J
Since ¢//r, uc=r.
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10

Qn Solution
rer=ucCeuC
rer=yu |c|2
Since a is a unit vector, |a] = 1.
rer=(a+1b) - (a+1b)
=asa+a+ib+4ibea+ Ab . b
=|a]" +24(a +b)+ 22 |b[
=1+417
e =1+422
2 1
& =?(1+4/12)
1 2 . 1 2 .
|c|: —2(1+4/1 ) (rej. — —2(1+4/1 ) since |c|>0)
H H
CE iz (1+427)
U
B 1 1
|c| = k«/(1+4/1 ) where k = |— (ork=—
[ 14
9(i) | Method 1: Horizontal Line Test
f:X|—>l+2e_X2, xeR
AY
(0,3
y=2 / \Y =1(x)
__________________________________ y=1
> X
@]
Since there exists a/the horizontal line y =2 that intersects the graph of y = f(x)
more than once, f is not one-one, f does not have an inverse.
Method 2: Counterexample
Since f(-1)=f(1)=1+ g, f is not one-one, f does not have an inverse.
e
9(ii) | Largest value of K is 0.
(i) | et y=1+2¢
y—1=2¢*
e—x2 _ y -1
, KIASU=;
X gamPﬁper J
Islandwide Delivery | Whatsapp Only 88660031
x> =—In (y—_l)
2
X== —ln(—y_lj
2
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Qn Solution

Since X <0 (restricted domain of f), Xx=—_|—In (y—_lJ

2
. (Mr@ o _J@

9(iv) | Range of f = (1, 3]

Domain of g = Range of g™ = (1, 3]
Since Range of f — Domain of g, gf exists.
9(V) | Domain of gf = Domain of f= (—oo, O]

Range of gf = (—oo, 0]

9(vi) | Given that gf (x)=X,
gf (-2)=-2
g'ef(-2)=¢"(-2)
g'(-2)=1(-2)

=1+2e"
10(i) | Method 1:

a) dm . . . .
E:C where C is a negative constant because the mass of the raindrop is
decreasing with time due to evaporation.

Method 2:
m . .. . .
(il_t:_c where C is a positive constant because the mass of the raindrop is
decreasing with time due to evaporation.
10G) | dm _

b) | dt

m=ct+D

When t =0, m=0.05,
0.05=C(0)+D:>D=0.05
When t =60, m=0.004,
0.004 =c 60 +0.05

ﬁﬂ%ro

nly BREE0031

10(ii) mg t
a) 2
From (i)(b), m = —0.00076667t +0.05 ,
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Qn Solution
K- (=0.00076667t +0.05) g°t’
- 2
=-0.00038333g°t’ +0.025g°t°
At stationary points,
% =-0.00115g’t* +0.05g°t =0
t(-0.00115g°t+0.05g7 ) =0
t =0 (rejected since K =0 when t =0) or t =43.478
d’K ) 2
rea —0.0023g°t+0.05g
When t =43.478,
=-0.0500
dt? :
<0 (since g° > 0)
. 1=43.478 gives maximum K.
When t =43.478,
K =15.759%, where p=15.75 (2d.p.)
1‘:)()ﬁ) K =-0.00038333(10)" t* +0.025(10)" t*
=-0.038333t" +2.5t°
At surface of ground,
1=-0.038333t" +2.5t°
Using GC,
t =-0.629, 0.636 or 65.2
Since t > 60,
S t=652 (3s.f)
Required time taken = 65.2 s. (3 s.f.)
11(i) | Let A be the point where it departs from the ground.

-2
r=0A+t| 1
1
-9 -2
< JKIA
s KIASU=
xamPaper
_ Islandwidp Delivgry | Whapsapg Only 84660031
OA=| 4 |-6| 1 |=|=2
6 1 0

Coordinates: A(3, -2, 0)
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13

Qn

Solution

11(ii)

r - ,..,,.,..,,.,.,
5

7 *
w c

A

Shortest distance from C to the flight path (line) refers to the perpendicular distance
from C to the flight path.

Method 1 (via foot of perpendicular)
Let F be the foot of perpendicular from C to the flight path

3 -2
r=| -2 |+t| 1 forteR,t>0

OF =| -2 |+t] 1 forsometeR,t >0

3-2t ~7
CF=OF-0C=|—2+t|-| 5
t 2

10-2t

=| -7+t

t-2

10-2t -2
Since CF L flight path, | -7+t || 1 [=0

t—2 1
—20+4t-7+t+t-2=0

t=% (or 4.8333)

|CT:| ~3.58236=3.58 m (3 sf)
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Qn Solution
Method 2 (Vector product)
-7
OC=|5
-7 3 -10
AC=| 5 |-|=2|=| 7
2 0
-2
ACx| 1
1
Perpendicular distance = >
1
1
N/
5
6
4
7
7
~J6

=3.58236=3.58 m (3 sf)

Method 3 (Pythagoras Theorem)

-7
OoC=| 5
2 }‘
-7
AC=| 5 C
Uz A
r = =
ExamPaper /§
Islandwide Delivery | Whatsapp Only 88660031
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Qn Solution
-2
AC-| 1
— 1
|AF|=
-2
1
1
-10
7 |
2
N/
]
J6
Perpendicular distance = |E|2 - |ﬁ:)|2
29
— — 2 2 2 _ —
_\/(( 10)"+7°+2?) (@j
=3.58236=3.58 m (3 sf)
11Gii - N
(iii) Let 4= 2x-1_y+7 _z-10
-6 4 k
21, o ox2logy
-6 2
y+7
1 =4 = y=-7+44
Z‘klozz = 7=10+kA
1
X B -3
yi|=|-7[+4| 4
z 10 K
r=| 8 a%% ewheé' R, 120
ndwide Delivery | Whatsapp Only 88660031
K
11(iv) | Given that both flight paths (lines) intersect,
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Qn Solution
1
2 -3 3 -2
“T|+A] 4 |=| 2|+t 1
10 k 0 1
1
5‘3’1 3-2t
—T+44 |=| 2+t
10+ kA t

l—3/1:3—2t = —3i+2t=§ (1)
2 2

“T+4A=-2+t = 4i-t=5 -—(2)

10+kA =t
Using GC to solve simultaneously,
A=25 t=5
10+k(2.5)=5
k=-2
11(v) -9 3
Equation of line: r =| 4 |+5s| 2
6 -1
1
Equation of plane: r « | -1 |=2
7
L
g
fJ /"J
="

If the new flight path is perpendicular to the slope, it will be parallel to the normal
vector of the slope.

Method 1: If a and b are parallel, thena =kb for allk e R.
1

Thus the new flight path and the inclined slope are not perpendicular to each other.
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Qn Solution
Method 2: If a and b are parallel, then a xb = 0.
Note: 0 means a zero vector, not a constant 0.
If the new flight path (line) is perpendicular to the slope (plane), then this means
the direction vector of the line and the normal vector of the plane is parallel. This
is to then show that the vector (cross) product of the direction vector of the line and
the normal vector of the plane is 0.
3 1 13 0
2 x| -1|=|-22|#]|0].
-1 7 -5 0
3 1
This shows that | 2 | is not parallel to | —1 |.
-1 7
Thus the new flight path and the inclined slope are not perpendicular to each other.
Method 3: If a and b are parallel, then the angle between a and b is 0°.
If the new flight path (line) is perpendicular to the slope (plane), then this means
the direction vector of the line and the normal vector of the plane is parallel. This
is to then show that the angle between the line and the plane is 0°.
3 1
2 |+ -1
oL 0=13.0°%0
sinf =—————==60=13.0°#0°
V14451
3 1
This shows that | 2 | is not parallel to | —1 |.
-1 7
Thus the new flight path and the inclined slope are not perpendicular to each other.
11(vi) -9 3
Equation of line: r=| 4 [+5S| 2
6 -1
1
Equation of plane: r « | -1 |=2
7
ExamPaper ¢
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Qn Solution
—9+3s 1
4428 o |—-1]=2
6-5 7
-9+35s-4-25+42-T7s=2
6s =27
s=4.5
2
-9 3 2
r=| 4 |+45 2 |=|13
6 -1 3
2
Coordinates: (2, 13, ij
2 2
SU=
Saioy
Islandwide Delivery | Whatsapp Only 88660031
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Solution to Paper 9758/02

Section A: Pure Mathematics

Qn Solution
1 p,=3""+a
Method 1
Sp =Y (3" +a)=(3")+3a
r=3 r=3 r=3 r=3
= [32 +3+3° +...+3“’1]+ n-3+1)a
37 (3" -1
= g +(n-3+1)a
3-1
- %(3”‘2 —1)+(n -2)a
Method 2
>p, = 2(3“‘ + a)
r=3 r=3
1 n . n
:§r3(3 )+ r:3a
(33 +3* 437+ +3")+(n-3+1)
1{33 3n 2 J
— (n-3+1)a
3
2(3n 2
2
ExamPaper g
Islandwide Dcluvery | Whatsapp On nly BB660031
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Qn

Solution

2(i)

Let Tn be the length of the nth plank
Given that it is an AP: Leta=4, S, =11.46.

Let d be the common difference.
S, =11.46 :%(2(4)+2d)
d=-0.18

Ty = 4+17(—0.18)

=0.94
Hence the length of the 18th plank is 0.94 m.

(i)

The length of the remaining 7 planks follows a GP:
first term of GP: T,y = O.94(%) and r = % .

Length of last plank = Tas

=4.4822
=4.48 m (3 sf)

(iii)

Method 1
Total length of blue planks

= L+T,+T,+... +To+ T,,+T,,+T,
%/—/

Sum of AP with a=T,, d=—0.36, |=T4

2
Sum of GP with a=T,,, r=[§]

= %[(4—0.18) +0.94 | +o.94(%j2

=21.42+7.34948
=28.8 m i3 sf)

S AASU TR

meEa
Total length-of.blue.pl 8660031
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Qn Solution
9

:5[2(4—0.18)+(9—1)(2(—0-18))]

=21.42+7.34948

=28.8 m (3 sf)

3(a 2

@) M:e_SXJr3 +sin X
dx?
dy _

B . 1 _
(e Sx+3 +smx) dx=——e>* —cosXx +¢C
dx 5

y = j(—%e_sx+3 —cosx+cj dx

1 —5x+3
=—2~
y 25

—sinX+cx+d

where ¢, d are arbitrary constants.
3(b) dy  dz_, d’y

dx dx  d

2 2
Hence, %—d—y—x+1:0:> d y+1:[d_y+xj
X

24X ax dx

Thus, replacing accordingly, % =z (Shown)
X

d_

z
dx
:jl dz:j 1 dx
z
In|z|=x+c

Method 1:

i-KIASU=
z =xB8%amPaper Y

Islg{ndw‘lde Delivery | Whatsapp Only 88660031
Z=Ae  where A=te

. d d
Since z :x+—y,when X:O,—yzl =z=1
dx dx
z=Ac" =1=Ac’ = A=1
z=¢"
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www.KiasuExamPaper.com
410



Qn Solution
Thus, z=¢* = x+d—y:eX
dx
ﬂ=ex — X
dx
= y=¢" I
2
When X=0,
y=1=>1=1+d=d=0
Hence, y =¢* —%Xz
Method 2:
In|z|=x+c
= Inl=0+c=c=0
Thus, z =+e* = x+ﬂ=ie"
dx
ﬂ:ex or ﬂz—ex—x (rejsinceﬂ #1)
dx dx Xlyzo
= y=c e
2
When X=0, y=1
=>1=1+d=d=0
Hence, y =¢* —%xz
4(i) Y
-
o -
|'.
13
D
(-2.-4)
i) | dx ENIT\3WOJ '—S‘b
— = ¥xalh +
dt Islandwide Delivery | Whatsapp Only 88660031
dy = 2t+2
dx 3t> -2t
Att=2,
X=4,y=35, ﬂzi
dx 4
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Qn Solution
Equation of tangent:
3
-5==(x—-4
y-5="(x-4)
3
=—X+2
y 4
(iii)
q‘ 4 x

Method 1: Integrate wrty
When y=0 = t*+2t-3=0
=t=-3(rej) or t=1
When y=5 = t=2 (from part (ii))

Area:jsxdy_l(4)(s_z)

_j (£ -t*)(2t+2)dt-6
:I2t4—2t2dt—6
2
{i_ﬂ} iy
503
_26
15

Method 2: Integrate wrt X
When x=0 = t* —t* =0

=t=0 or t=1
= Yy = -3 (not this point) or y =0
When x=4 = t=2 (from part (ii))

Area—1(2+5 I y dx

K1, ASy=ppe

%&Q&P + 6t dt
Islandwide C ]vcryIWhat app Only 88660031
5 3
P L
54 3 2|

26
15
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Qn Solution
5(a) | Method 1
i | z*-27+az?-8z+40=0
Since bi is a root,
(bi)* —2(bi)’ +a(bi)’ —8(bi)+40=0
b* +2b’i —ab* —8bi+40=0
By comparing real and imaginary parts,
2b* —8b =0
2b(b* -4)=0
Sinceb#0, b=-2 (rejjor b=2
When b =2,
b* —ab®*+40=0
16-4a+40=0
a=14
72" —272° +147° —-82+40=0
Using GC, Other roots are z =1-3i, 1+ 3i, —2i.
Method 2
72" —272° +az* -8z+40=0
Since all coefficients are real, —bi is also a root.
Quadratic factor: (z—bi)(z+bi)=2z*+b’
7 =27 +az’ -82+40=(2" +b’)(2’ +cz+d)
' -27°+az* -8z+40=7" +cz’ +(d +b2)z2 +cb?z +b?d
By comparison of:
Coefficient of 2° : ¢ =-2
Coefficient of z: —8=(-2)b* = b =2 (since b > 0)
Constant: 40=4d = d =10
Coefficient of 22 :a=10+4 =14
7' —27° +1472° -82+40=0
Using GC,
Other roots are z =1-3i, 1+3i, —2i
Method 3
72" —27°+az> —8z2+40=0
s O] | =
(b1)" 26N Pt BT 400
b* + 251 ab™ L 8hr 40 =0
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Solution

By comparing real and imaginary parts,
2b* —8b =0

2b(b*-4)=0

Since b >0, b=-2 (rejected) or b=2
When b =2,

b*—ab®*+40=0

16—4a+40=0

a=14

72" —27° +147° -82+40=0

Since all coefficients are real, —2i is also a root.
Quadratic factor: (z—2i)(z+2i)=2"+4

7' -27° +az’ —8z+40=(z2 +4)(z2 —2z+10)=0
22 -2z+10=0

2+ J4-4(10) 2++/36i 1431
= = = T 31
2 2
Hence, other roots are z =1-3i, 1 +3i, —2i.

5(a)
(i)

W' +2wW +aw’ +8w+40=0

Letz =-w

For z* -27° +142> -82+40=0

= (-w)' —2(-w)’ +14(-w)’ —8(-w)+40=0
w4+ 2W + 14w’ +8w+40=0
-w=1-31,1+31, =21 or 2i

W=—1+3i, —1-3i, 2i or —2i

5(b)
(@)

W:—6+(2\/§)i
|W|:\/(—6)2 +(243) =Va8 (or 4V3)
arg(w) =7 —tan™ L%} o7

6

—pwf = (VA8) =48 (or (43))

e (H ADAI 32
ExamPaper / ey
W _lzf-gamdc elyer i."m Z].ﬁ Iy BBLSO@M

Or W' = 48E {cos(sn%j+isin(5n%ﬂ
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Qn Solution
5(b) sz st s(n-1)z
i) | arg(wwr)==~ —?=—( 5 )

For w'w* to be purely imaginary

T
arg(w"w*):—, —tx, —+2rm,...

5(n-1)z _ (2k+1)7

6 2

2k+1(6j
n-1= —
2 \5

3(2k +1)

n=1+ ,keZ

n=4,10 (whenk=2andk="7)

KIASU=;
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Section B: Probability and Statistics

Qn Solution
6(1) | Total no. of possible IN =10* x10 =100 000 ways
6(ii) | Since the last letter of his IN is I, i.e. the remainder is 8, then the possible sum is
28 (since the sum must be at least 20)
The possible sets of digits are {9,9,a,b}, where a+b=10.
The possible values of {a,b} are {2,8}, {3,7}, {4,6} and {5,5}.
4! 4!
Hence, no. of ways =3| — |+| —— [= 42 ways
2! 2121
Hence, there are a total of 42 ways.
7()
P (blue face shown and ball is red)
_ LH
12\ 4
=L 0146 (3 s
48
7(ii) | P(mystery gift given) =P(all red) + P(all blue)
(7))
=—| — |+ | — —_
4\ 7 12 )\ 8
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Qn Solution
7(iii) | P(one red ball picked | did not win mystery gift)
_ P(one red ball picked and did not win mystery gift)
) _3
224
_ (1273
48 224
_5%
453
=0.216 (3sf)
7 P(mystery gift given)
Last | = P(gift given in the first roll)
part + P(white face in 1% roll and gift given in the second roll)
+ P(white face in 1% 2 rolls and gift given in the third roll)
+...
73 (1) 73 (1 ’ 73) (1)3 73
=—+|=||— |+|=| | = |+|=| | — |+
224 {6 )\ 224 6) \ 224 6) \ 224
Sum of infinity with a=% and r=%
_ B
224 1— 1
6
_219
560
=0.391 (3 sf)
8 (a)
Y a
X
X
X
X
» X
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Qn Solution
Y a
X
X
X
X
X % ):
Y a
>
X
X
X
X
* X
8 (b)
®
+
w=3.65 |\l
xamPaper ¢
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Qn Solution

£ X

g (24, 4.95)

<"

X
X%
X
(4,3.65)
Years (t)

A linear model may not be appropriate as the points do not lie close to a straight
line. (Or the points do not follow a linear trend.)

8 Using G.C.

()i

w=ax+b

a=0.0022166738
b=3.621896154
r2=0,9891920595
r=0.9945848679

Note that from the scatter diagram suggests that as t increases, P increases at an
increasing rate.
Hence, Case (A) is most appropriate.

Using G.C., r =0.995 (3 s.f))
8 (b) | Using G.C.,
(i) | p=3.6211+0.0022167t

P =3.62+0.00222t* (3 5.f)

In the year 2020, t =30
Hence, when t =30, P =3.6211+ 0.0022167(30)°

=5.6161
Hence, the predicted population is approximately 5.62 million (3 s.f.)

IWIA QI |.—=0

8 (b) | The sﬂa%s‘ﬁ&ﬂa’&&eémt t be reliable as t = 30 is not within data range.
(iv) ExamPaper
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Qn Solution

9(i) | A random sample means that each of the tablets were selected independently
from each other and each tablet has an equal chance of being selected.

9(ii) | Let X be the amount in grams of active ingredient A in a particular type of health
supplement tablets.

Define u: Let ¢ be the population mean amount/mass of active ingredient A
in a particular type of health supplement tablets.

Given that sample mean X =50.6, sample variance = 2.15

Unbiased estimate of population variance

- 29(2.15)=2.2051
39

H,:u=50

H, :pu#50

Under Ho, since n = 40 is large, by Central Limit Theorem,
X ~ N(SO, 22051) approximately.

Use z-test at @ =0.01
Using GC, p-value = 0.010605 = 0.0106 (3 sf)

Since p-value > «, do not reject Ho.

There is insufficient evidence at 1% level of significance to conclude that the
mean amount of active ingredient A has changed (or is not 50 mg).

9 last | Let Y be the amount in grams of active ingredient A in the revised formula
part
H,:u=50

H, :u>50

Under Ho, Y ~ N[SO, sz
n

Use z-test at @ = 0.025.

el ASU=;

ExamPaper /7 _so
Test-statistic-distribution:y ﬁem-ﬁl—s ~N ((), 1)

n
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Qn Solution
. . 50.4-50 0.4+/n
Corresponding test-statistic: z = = Jn
15 15
n

Critical region: Z >1.95996
Since the chemist claim is valid, Ho is rejected.
Test-statistic falls within the critical region.

0.4v/n

Jn >1.95996
1.5

n>36.0135
nx37
{neZ:n>37}
Method 2 (Using GC, Table/Graph method)
For Ho to be rejected, p - value <0.025.
p-value = P(\? > 50.4) <0.025

Plot1 Plotz Plot3
iNY1Bnormalcdf (50.4.€99.50, tgﬁgﬁ:ggé“
..................................................... H:50
Y= g:V(1.5/%)
NDRNAL TLOAY fUTD AL ReOTAN T[]
PRESS + FOR aTh1 NORMAL FLOAT AUTD REAL RADIAN HMP n

X Y1 CALC INTERSECT

28 0.042 ¥220.025

29 0.0393

30 0.0368

31 0.0345

32 0.0323

33 0.0303

34 0.0284

35 0.0267

36 0.025
E_ 0.0235

38 0.022
X=37 St v¥=0.625
n=37
{neZ:n>37}

10 (i) | P(X =2)=P(pointA,)
= P(2 steps to the right and 3 steps downwards)
oG
K et bimsig
= ExampPaper— 72
10 (i) | Note that.P (X.= --.-/,5..—.._-,1_’-.(:\(.6an-‘£.143 )
5~ n3n2 3.2
="C;p'q" =10p°q
Since the particle will end up at point A, most of the time, then mode occurs at
X =2.
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Qn Solution
~P(X=3)<P(X=2)
10p°q* <10p*g’
q >l=1-p>p
2p<l=p<0.5
In the same way, P(X =2)>P(X =1)
10p*q’ >5pq*
2p>q
2p>1-p
3p>1=p >%
Combining both inequalities, §< p <% (Shown)
10 Y 0 2 3 5
(iii) P(Y =y) | 0.07776 | 0.4224 | 0.299904 | 0.199936
P(Y =0)=P(X =0)=C, (0.4)"(0.6)” =0.07776
P(Y =2)=P(X =i, where i is even)
=P(X =2)+P(X =4)
=10(0.4)"(0.6)’ + °C, (0.4)* (0.6)' =0.4224
P(Y =3)=P(X =i, where i is odd and lose the game)
=0.6(P(X =D +P(X =3)+P(X =5))
- 0.6[501 (0.4)'(0.6)" +°C, (0.4)’(0.6)" + °C, (0.4)’ (0.6)0}
=0.299904
P(Y =5)=P(X =i, where i is odd and win the game)
=04(P(X =1)+P(X =3)+P(X =5))
- 04[501 (0.4)' (0.6)" +°C,(0.4)’ (0.6)" + °C, (0.4)’ (0.6)0}
=0.199936
10
@iv)
Var(Y) =1.3626> =1.8567 =1.86 (3 sf)
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Qn

Solution

11(i)

Let X be the mass, in g, of a randomly chosen dark truffle.
X ~N(17, 13%)

Let T =X, +X,+X,+X,

E(T)=4(17)=68
Var(T)=4(13")=6.76
T ~ N(68, 6.76)

P(T >70) = 0.220878 = 0.221 (3 sf)

11(ii)

Let Y be the number of boxes that weigh more than 70 g, out of 20 boxes.

Y ~ B(20, 0.220878)

P(Y >3)=1-P(Y <3)
=0.67448
=0.674 (3 s)

Assumption: The mass of the empty box is negligible.

(Other possible answer: The event that a mass of a box of 4 dark truffles has

mass more than 70g is independent of other boxes.)

11(iii)

Let W be the mass, in g, of a randomly chosen salted caramel ganache.
W ~ N( m 62)

Given P(W <12)=P(W >15) and P(W <15)=0.97
Method 1
By symmetry,

_12+15 135

P(W <15)=10.97

P(Z < w] =0.97
o

L IASU =
-~ g§amPaper />

o’ =0.636065
o’ =0.636 (3 sf)
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Qn Solution
Method 2
P(W <12)=0.03 P(W <15)=0.97
P(Z<12_’uj:0.03 P(Z<15_ﬂj:0.03
O O
2= 4 88079 1574 _ | 88079
(e (e
1—1.880790 =12 (1) | u+1.880790c =15 -—-(2)
Solving equation (1) and (2),
u=13.5, 0=0.797537
o’ =0.636065
o’ =0.636 (3 sf)
11(3iv) | W ~ N(13.5, 0.636065)
Find P(0.28(W, +W, +...+W,) < 0.34T ).
Let S =0.28(W, +W, +...+W, ) —0.34T
E(S)=0.28(6)(13.5)—0.34(68) = —0.44
Var(S) = 0.28%(6)(0.636065) + 0.34% (6.76) = 1.08065
S ~ N(-0.44, 1.08065)
P(S <0)=0.66394 = 0.664 (3 sf)
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