2025 JC2 H2 Maths Prelim Paper 1 Solutions

BP-585

No

Solution

f(x)=ax’ +bx* +cx+d
£(2)=8a+4b+2c+d =10 —(l)
£(-2)=-8a+4b-2c+d=-2 —(2)
f'(x)=3ax’ +2bx+c
F(-1)=3a—2b+c=0 —(3)

[R16) dx=16= [ (@’ +bx* +cx+d) de=16

1 , 1,, 1, 2
—ax" +=bx’+—cx*+dx| =16
4 3 2 "

1-3§b+4d=16 -4

Using GC to solve (1), (2), (3), (4)
a=3,b=0,c=-9,d=4

Let rand / be the radius and the height of the cylinder respectively.
External Surface Area

p=27r+2xrh

_ 2
:}h:p—zi:_p___r
2rr 2rr

Volume
V =nr’h

1
For stationary values, v_p_ =0 = r=|L|
dr 2 6n

1 1
LR 1
When r =(6£j2 , —_3:2/ =—6ﬂ'(_p_)2 <0
T

|—

2
.. Vis a maximum when r = (6£ cm.
m
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BP~586

3@ 1 -2 0 2
L:r=|2{+A| 1|, L:r=] 5 |+p| 2|, A&pucR
0 2 -8 3
-2 2
1 |#k| -2, where kis a scalar
2 3
1, is not parallel to /,.
Equate the two lines:
1 -2 0 2
21+AL 1 |=| 5 [+p|-2
0 2 -8 3
2A+2u=1 (1)
—A-2u=-3 2)
-2A+43u=8 3)
No solution from GC
OR
Solution for equations (1) and ) A=-2, u= %
check that it satisfies (3).
LHS =—2(2)+3(§J !
2) 2
RHS=8
Hence (3) is not satisfied.
Since /, and/, arenon-parallel and non-intersecting, they are skew lines.
(i) | Let F be foot of perpendicular from P to 7, . *p
Equation of line through P and F: 4
1 0 1
r=|5|+a| 1 |=|5+a|,aeR H
0 -1 -a F 7,
Substitute into equation of plane 7, : T
1 0 . P
5+A e 1 [=2
-2 -1
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1

5+2a=2:>a=—§ 575=Z

2 2

3

2
2\ (1) [1
OP'=20F-0P=|7|-|5|=|2
3) o) |3

Coordinates of P' are (1,2,3).

Alternative method to find foot of perpendicular:
0(0,2,0) is a point on plane 7

1 0 1 0
PF=|PQe 1
e Vi+1 Vi+1
-1 -1
-1 0 0 0
=={l=3lel 1 ||| 11=2] 1
0 -1j|{ -1 -1
0 1 1
OF==|11|+|5 =—;—
-1 -0 3
2

3
Coordinates of P' are (1,2,3).

2) (1) (1
OP'=20F -0OP=|17|-|5]|={2
0) (3

G

Let A(1,2,0) that lies on /,.

AP=0P-04=|5|-|2|=|3
o) o) o

Normal of plane 7, :
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-2\ (0} (-6 1
n=l 1 |x3|=|0|=-6]0
2 )10} (-6 1
Equation of plane containing P and /; :
1 1) (1
r0{=|0[|2]|=1
1 1/{0

Cartesian equation of 7, isx+z =1

4(a)
(@) v
(i) 2 34
f[-lﬂl—“)=f S0a+2 |=f 3)=a2- ay 3@
2 2 2 4
oo |, For hg to exist, R, € D,
N v=el) o Ry=(=ol]
1 D,=(09
0 1
S e x
!;"l Since R, & D, , hg does not exist.
x=0 i
(i1) Since h is a quadratic function with maximum pointatx =1,

by symmetry, when h(x) =% x=0andx=2.

The other value of x 1s 2.

Since h! exists, h is one to one and R, = Dh" = [0, %:I (given)

From the graph of h, restricted D, =[2,4)
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Alternative Method 1 to find x:

Since h is a quadratic function, its roots are at ~2 and 4.
Let h(x)=a(x+2)(x—4)

e
h(0) = >
% =-8a=>a= —1—66—

e
h(x)= —Tg(x+2)(x—4)
Solving h(x) =§, x=0 or2
The other value of x is 2.

Alternative Method 2 to find x:
Since maximum point atx = 1,

Let h(x)=a(x-1)"+b
h(4)=0=9a+b=0-——()

h(0)=§:>a+b=§———(2)

M-2): 8a=—§:>a=__e_

16
)=p=242.2¢
2716 16
e 2 Y9e
h(x)=——(x-1)" +=
()= (x=1) +

Solving h(x)=§, x=0 or2

The other value of x is 2.

Alternative Method 3 to find x:
Let h(x)=ax* +bx+c¢

c €
h(0)==, c=<
) 5 ©=3

h(4)=0, 16a+4b+==0 (1)
h'()=0, h'(x)=2ax+b

Solving (1) & (2), (by GC or manually)
e

a=-2 p= § Or a=-0.1698926143, b=0.3397852286
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A h() = —— X 854 s
16 g8 2

Solving h(x)=§, x=0or2

The other value of x is 2.

(iii)

To find range of gh:
D, 2> R, —> R,

[2,4)—“—>(0,ﬂ—g—>(—w,1—m2]

. R, :(—oo,ln-;—] or (—o0,1-1n2] or (—0,0.307]

5(a)

a+8d a+10d
a+2d a+8d
(a+8d)2 =(a+2d)(a+10d)

a* +16ad +64d* = a* +12ad +20d”
4ad +44d* =0
4d(a+11d)=0

d=0 or a+11ld=0

(reject since terms of AP, GP are distinct)
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2025 JC2 H2 Maths Prelim Paper 1 Solutions

BP~591

(®) | S =a=143
1
d=——(143)=-13
11 (143)
n
S, = E[2a+(n—1)d]
n
= —2—[286—13(11—1)]
From GC, largest S, =858
e e
(©) r_a+8d_—11d+8d__—3d_l
a+2d -11d+2d -9d 3
Since |r| =§ <1 ,the geometric series is convergent.
CY) Let u, be the nth term of the geometric progression.

u, ,+u_.,+

n+l n+2 1 C7C
=8, -8,
b b1-r")
Tler 1-r
br"

1-

n-1 n-1
= é(l) < -l—b since [l) <1
213 2 3

Alternative:
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+u, .+

n+3 i

u . +u

n+l n+2

A AT AT

n-1 n-1
= 2(1) < é since (l <1
2\3 2 3

6 1. Reflection of the graph in the x-axis followed by
@) 2. Scaling of the resulting graph by a factor —;— parallel to the x-axis.
(@) | From (i), g(x)=—f(3x)

na=-1,b=3,c=0,d=0.

(ii)

g'(x)=-3f"(3x)
g'(2)=-31'(6)
Since f'(6)=4

g(2)=-3f(6)=-3(4) =-12
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7(@) ,
@ J
g
=3y
|
. A 2.6) 3x
H N )’:—-—-——-—
Y= 3 b MMWWMWM‘C"I
“““““““““““ W;:;”“ [ 2
\%\ :;
0,08\ | x
Cxe=]
i
|
|
I
(2)
. y
(i) A
y=3x
8 T
1 |
I 1
--------- T2 1 .
6 1 ! 1 yz»si—
i | [ xX—
1 i ]
I ) |
1 1 ]
1 I 1
| 1 I
o | R
0 16 2 2.6667 x
Area of region bounded by both curves and y = 8
34y Y
=||=———|d
16[3 y—3] ¢
=1.13 units® (3 s.f)
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Alternative Method:

Area of region bounded by both curves and y = &
2.6667
= (2.6667 —1.6)(8) - j - [ 3xdx

= 8.5336—2.7325—4.6669
=1.13 units” (3 s.f.)

7(b)
®)

y
A
b
=x +1forxz0
©,1) ' e
f"
"
‘ﬂ
L werrecdl
PR 1 2 3 n .
" 12 n=2 n-1 n
n B n n non

If we split the area of the region enclosed by the curve
=f(x)=+/x* +1 , the x-axis and the linesx =0 and x = 1

. o 1
into n rectangles, each of width — as shown, the sum of the
n

area of the n rectangles is given by

A=%xf(0)+%xf(%) ZXf(nnlJ
=1{f(0)+f(1)+ +f(n 1)}

As the number of rectangles increases, i.e. n—» oo, the width

of each rectangle decreases, then the sum of the area of the n
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rectangle approaches the area of the region enclosed by

curve y = Vx*+1 , the x-axis and the lines x = 0 and x = 1
1
which is given by IO Vxi+1dx.

BP-595

Hence
S=lm4
_1\2
=1iml{l+,/—17+l+"—42—+1+...+1/(n 21) +1}
-0 g n n n
= [ f) dx
=I;\/1+x2dx
83 Actual area under the graph y =+/x* +1 fromx=0tox=1
[\ +1 dr=1.1478=1.15 3 s.6)
8(i) (x- y)2 =2e”
Differentiate with respect to x
dy dy
2(x=y)[1-—=[=2e"| x=+
(x y)( dx) e (xdx y)
Y e Y, oo
X=y)—(x—y)—=xe” =+ ye
(x-»)=( 2w Fabs
—_— - Xy
b _x-y-ye” (shown)
dx x-y+xe”
(i) [ Whenx=0,
(0 —J’)2 = 2¢O
y=%2
y=x/5('.'y>0)
At(0,V2),

dy_ 0-+2 -2
& 0-J2+(0)e"”
22
~2
=2

~—
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Gradient of normal = -—;-

Equation of the normal to the curve at (0, NG ) is
1

y-= \/_ == —2' (X e 0)

y=-2x+2

(iii)

Substitute y = —%x+ 2 into (x—y)2 =2e”,

2 1

o LerE

(x+%x—x/-2_) =2e( 2 2]
2 12+ X
g

Using G.C,,
x =2.2488 or x = 0 (reject .’ it's point 4)

%%?2%8105 v=8

when x =2.2488, y = —%(2.2488) ++/2=0.28980 (5 5.f)

~.B(2.25,0.290)
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BP-597

9
(@) _[ L dx let x =3secd
xx* -9
dx dx
— =3secftan @
‘[9sec 6’\]9sec g- d9 dé
j (3secHtan ) dO
9sec? 0\/9sec -9
1
= (tan @) d@
9sec O/sec? -1
1
=|—————(tan @) d@ X .
j9sec9\/tan2 e x* -G
= J' 6
9secd
1 3
= —J.cosﬁ de
9
1. 3
=—smé+C x=3secd => cosf==
9 x
Vx* -9 )
= 9 +C where C is an arbitrary constant
X
9(b) )
‘i} . X = 4
;
A .
: T x(x*-9)
|
[}
]
!
]
]
1
:
1
1
:
x=3
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Volume of solid

=z y* dx-7(0.1)'(1)

5 1 5
=ﬂj4x—2J—)cT_:_9—dx—n(0.l) 1)
- 5
NE-9)
9x \ 100

9%x5 9x4 100

=

100
AN
45 36 ) 100

7 7

= —] units®

900 36

10(a)

|| +5w=0 M
Z—dw=—4+7i (2

From (1):

w= —%|z| 3)

Substitute (3) into (2):
i+ 3l|=—4+7

Let z=x+)1,
i(x+yi)+% x*+y’ =—4+Ti

(—y+§,/x2 +y2)+xi=—4+7i

Comparing imaginary parts:
x=17

Comparing real parts:
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BP-~599

—y+§ 7 +y' =—4

5(y—4)=4/49+y *
25(16—8y+y2)=16(49+y2)
9y? -200y—384=0
(y—24)(9y+16)=0
_le

9

Note that y = —% does not satisfy (*) and hence y =24

y=24 or y=

L z=T7+24i
Substitute into (3):

w=-§\/72 +247
= —§\/625

T w=-5

(i)

10(b) Im
@)
>§gB
\\,
u \%"v
\\ 'Re
P
\ A4
10(b) | As points C and D represent complex numbers that form a complex

conjugate pair, therefore line segment CD must be vertical, and points C

and D must be equidistant from the real axis.

Given that ZCDA =90, and CD is vertical, thus we require line segment

DA to be horizontal.
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Since 4 and B are also equidistant from the real axis, DA being horizontal
implies that BC must also be horizontal.

Since C represents the complex number v — u, the vector BC must
represent the complex number v.

Since BC is horizontal, v must be a real number. Hence, Im(v) = 0.

I a

w [
—u '
‘ v .
E Re
P
AN
Dl ! \\g A

Alternatively,
u=a+ib
v=c+id

v—u=(c—a)+(d-b)i

(v-uw)*=(c-a)+(b-d)i

A(a,b)

C(c-a,d-b)

D(c—a,b—d)

C and D share the same x coordinate. Therefore CD is vertical.
ZCDA=90" implies that DA must be horizontal, hence 4 and D must
share the same y-coordinate.

b—d=b=>d=0=>Im(v)=0

Let 5/1=(Z] where u =a+bi, where a,beR.

Let ~0_I7=(:,] where v=c+di, where c,d e R.
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BP-~601

Then W::W—@{j—(“]:[““).
d) \b) \d-b
@z@ﬁ—bf“z( c—a ]:(c—a)
~(d-b)) \b-d

Since ZCDA=90", then CD+ 4D =0

— - — (Cc-a c—a 0
CD=0D-0C = - =
T
—_— — —— {(qg c—a 2a-c
DA=0A4-0D = - =
CD+DA=0

22" )0

2d(b-d)=0
d=0 or d=5b

If d=b ,then 56:(66‘1] andaﬁ=(c;a) then C and D are the

same point. Then ZCDA #90'.
Hence d =0 = Im(v)=0 (shown)

11
()

Since 44’ is a straight line passing tough the origin O,
~.Od'=-a
BA=04-0B
=a-b
BA'=04"-OB
=-a-b
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BP~602

BA-BA' = (a—b)(-a—b)

=—a-a—asb+bea+bb
=0

~.BA 1 BA', hence £4BA"'=90" (shown).

= —|a|2 +|b|2 (}a| = |b| -+ radius ofcircle)

(@) By Vector Product, AOAB = %|a x b

From the above diagram,

AreaofAABA'=—;-xAA'xh
=lx2|a'xh
2
2
=—1—|a><b|><2
2

—faxb
where k=1

%xlm‘xh = area ofAOAB=%la><b| 4))

= [ 1 x '@'x h]x 2, substituting (1)

R a4, .,
® dt dt At
=0.32—-kV
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BP-~603

When i—f—t 0.12 and V'=18.75 mg,

0.12=0.32-k(18.75)

_ 02 i
18.75 375

§Z=0.32——4—V=—L(120-4V)=i
375

—y
dr 375 375 (30-¥)(shown)

(ii) _d_V =-4—(30—V)
dr 375

30-V 375

—1n|30—V|=%t+C

1n|30—V|=—%t—C

4
30-¥|=¢ "
4
30—V =+eCe 75
4
30-V=Ade ¥  where A=+eC

4
V =30-Ade 7
Whent=0,V =0
A=30

4
V =30-30e

(iii)

4
¥ =30~30e

.

- t (min)
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BP-~604

(iv) | As the maximum mass of particulates is 30 mg, the extraction
device is effective enough to meet the recommendation.
™ | _3-2y= L 120-27)=2(60-7)
dr 375 375 375
(vi)

At steady state, idlti =0

0=60-V
V=60
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No

Solution

1(1)

Method 1: Algebraic Method
3" 4| <|x+2|

3|x* - 4| <|x+2|

9(x* -4) <(x+2)°
9(x—2)*(x+2)* < (x+2)>
(x+2[%(x-2)"-1]<0
(x+2)*(3x-5)(3x-7)<0

+ + - +

4
®
4

]
N
w |
Wil

or x=-2

w |
IA
=
IA

w3

Method 2: Graphical Method

| ;
\a [y=3]x -4
{
[
y=lx+2] ‘\/ j{/
]
-2 5 7
3 3

Using GC to find x-coordinates of the points of intersection between

y=|x+2|and y=3|x*—4|:

5
X=-2 or - or x=-—
3

3
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From the graph,
el <x< z or x=-2
3 3

(i)

3|1—4x2|<|1+2x|
2 | x|
1-4x*| |1

—+2
)C2 X

—1;—4 l+2
x x

3 <

3 <

Replace x with 1 ,
x

<-—=<

w| W
= | —
W=

or l=—2
x

From the graph,

§-st§ or x=—-1—
5 2

2(a)
)

Since x=ais aroot,f(a) =0
= pa’+qa’+r=0
f(-a) = p(-a) +q(-a)’ +7
=pa®+qa‘+r
=0

= x =—a 1s also a root.

2 (a)
(i1)

x=5 and x=f3 are roots

Page 2 of 18



2025 JC2 H2 Maths Prelim Paper 2 Solutions

BP-~607

= x=-5 and x=-/4 are also roots.
Since coefficients of f are all real, x=#* and x=—/£* are also roots.

Therefore, the remaining roots are -5, £* — 3, and — p*.

(b)

Method 1:
Since 1+i is aroot,

2’ +(3-a)z" ~(2+6i)z-6=(z~1-i)(? +Bz+C)
Comparing coefficients,
—6=C(-1-1)
C=3-3i -—(1)
z*:  3-g=B-l1-i=a=4—-B+i————— )
z: —2-6i=3-3i+B(-1-i)
(1+)B =5+3i
5+3i
141
B=4-i
a=4-B+i=4—-(4-1)+i=2
22 +(B3-a)z? - (2+6i)z-6=0
= (z-1-i)(z* +(4-i)z+3-3i) =0
z=1+i or Z2+(4-1)z+3-3i=0
(z+3)(z+1—i)=0
z=-3orz=-1+i
OR
22 +(4-i)z+3-3i=0

_ —(4-D) £ J(4-i) —4(1)(3-3i)
- 2
se —4+11(2+1)
2
z=-3orz=-1+i
Therefore, the other roots are —3 and —1+1i.

Constant:

B =

z

Method 2:
Since 1+1 is a root,
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(1+i) +(3—a)1+i)> —(2+6))(1+i)~6=0
—2+2i+(3-a)(2i) - (—4+8i)—6=0
(3-a)2i=4+61
_4+6i
C 2
3-a=3-2i
a=2i
.'.z3+(3—2i)22—(2+6i)z—6=(z—1—i)(22+Bz+3—3i)
Comparing coefficients,
z2: 3-2i=B-1-i
B=4-i
2 +B-a)z?-(2+61)z-6=0
:>(z—1—i)(zz+(4-i)z+3—3i)=0

3-a

z=1+i or z'+(4-i)z+3-3i=0
(z+3)(z+1—i)=0
z=-3o0rz=-1+1
OR
2 +(4-1)z+3-3i=0

. —(4—i)i\k4—i)2 -4(1)(3-31)
2
. —4+1%(2+1)
2
z=-3o0orz=-1+i

Therefore, the other roots are —3and —1+1.

3(a) |BC=2
E is the midpoint of BC. .. BE = EC =1

By Pythagoras’ theorem, AE=+2"-1° = B

In AAED,
tan (£ + x) = —\/E
4 ED

B

ED=—7r——

tan (E + x)
4
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BP-609

S.BD=BE+ED =1+ —L— (shown)
tan(Zer)
4
b
®) BD=1+——£—-
T
tan| —+x
5+
=1+ 3
tan£+tanx
4
l—tanztanx
4
B
=1+
l+tanx
l-tanx
Since tan x = x,
BD=1+\3(1-x)(1+x)"
=131 x)(1-x+x)
=1+B(1-x+x* —x+x%)
=1+3-23x+ 23>
where a=1+\/§, b=—2\/§, c=2\/3T
4(i) | Note that from 23, =194, +16
19 16
Uy =z U +—
23 23
From GC,
u,, =3.6417
) |Asr—ow,u —/ and u,, —>I:
23[=19/+16
4]/ =16
=4
(iii) | When u, exceeds 99.9% of /:
99.9
u, >——I
100
99.9
>—=—(4
“> Yoo
u, >3.996
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BP-610

19 16
ur+1 = _ur oy
23 23
By GC,
r ur
33 3.9956 <3.996
34 3.9963 > 3.996
35 3.9970 > 3.996

.. Smallest » =34

(iV) n -1
From S, =Y (u, —c) where u, =4—2(%) ,

r=1

5, = 2[4- 2(;—2-)H —c}
-Su-o-s5(3)

2
:(4—c)n—2{1+£+(£) +
23 \23

]

=(4—c)n—2x I_E
23
:(4—c)n—2§[l—(1—9—) }
2 23
23

Hence, A=4-c and B=_7

\) Sn=(4—c)n—£23{1_(_1223)n}

Hence if S, diverges if ¢ # 4

As n—o, (%) —0and (4-c)n—>wif c#4.
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(1)

x=tanf-coth, y =tanf +cot 6, 0<¢9<—72E

f‘ﬁ =sec’ 0 +cosec’d j‘l =sec’ @ —cosec’d
deo de

&_d dx

d¢ d@ deo

__sec’ @—cosec’d
~ sec’ O+ cosec’d
1 1

_cos’f sin’@
ST
cos’@ sin’@

_ sin® @ —cos’ 9

~ sin®*@+cos? @

=sin’ @ —cos? @
=~—co0s268 (Shown)

Alternative method

x=tan@—-coth, y =tan & +cot b, 0<6’<§

& sec’ 8+ cosec’d b sec’ 8 —cosec’d
dé dé

dy sec’ -cosec’d

dx  sec’ +cosec’d

sec? 0(1 _cos ec20]

sec’ @

sec? 0(1 _cos ecze]

sec’ @
(1 —cot? 0)
" l+cot’h
_1-cot’g
cosec’d

—cos’ @

cosec’d
=sin’ §-cos’ 0
= —(0052 6 —sin’ 0)
=—cos 260 (Shown)
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(ii)

At 0 =p,

Equation of L : y—(tan p +cot p) =—cos2p(x— (tan p —cot p))
y+(cos2p)x = tan p +cot p+cos2ptan p—cos2pcotp

y +(cos2p)x = tan p(1+cos2p)+cot p(l—cos2p)
y+(cos2p)x = tan p(2 cos’ p)+cot p(2sin’ p)

sin p cos

(2cos? p)+ 2L (25in? p)
cos p sin p

y +(cos 2p)x = 2sin pcos p+2sin pcos p

y+(cos2p)x =

y+(cos2p)x=2sin2p (shown)

(iii)

Give g =0.2
dr

When y =0,

(cos2p)x=2sin2p

x=2tan2p

Note:SinceO<0<Z—:> O<p<%:> O<2p<—§—

tan2p >0

O(2tan2p,0)
When x=0, y=2sin2p

Note: Since O<0<Z—:> O<p<%:: 0<2p<%

sin2p >0
R(O,25in2p)

Area of OQR, 4= %(25in2p)(2tan 2p)=2tan2psin2p
d4 . 2
Ep; = 2(tan 2p(2cos2p)+(sin2p)2sec 2p)

=4(sin2p+tan2psec2p)

% =4(sin(-§j+tan(%)sec(-§n =4[12_3—+2J§J =4(%)J§=10J§
d4
at
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6(a) | Case 1: Two married couples are in the same taxi
) Number of ways =2
Case 2: Two married couples are in different taxis
Number of ways = °C, x“C, x2C,= 12
Total number of ways =2+ 12 =14
(i) | The two married couples must sit at the back in different taxis.
Number of ways to sit the two married couples = 2 x (2 X 2) X
(2x2)=32
Number of ways to sit the 4 singles = 4! or *C, x2!x 2! =24
Required number of ways = 2 X (2 X 2) x (2 X 2) x 4! = 768
7(a) | If 4 and B are independent, P(4 B) = P(4)P(B)
Since B< 4, P(ANB)=P(B) and since 4 §,P(4) #1
So P(4NB)=P(B) # P(A)P(B) . Hence 4 and B are not independent.
OR
A and B are not independent since the occurrence of B implies the
occurrence of 4.
(or the non-occurrence of 4 implies the non-occurrence of B)
OR
From the Venn Diagram, Bc 4 S . Hence P(4|B)=1= P(A) as seen
from the Venn Diagram.
OR
From the Venn Diagram, B< A< § . Hence P(B| A)# P(B) as the
reduced sample space 4# S as seen from the Venn Diagram.
P(4|B)=1
70) | PX=2)
1) = P('2"appears once and 0' appears twice or '1' appears twice and ‘0’ appears once)
1. 1.1 3t 1.1 1 3t
X=X =X =X X=X
26 6 2336 2
s
7
(1) | P(X=6)
= P('2'appears 3 times)
1 11
=—X=X—
2 2 2
_1
8
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P(X =5)
= P('2'appears twice and 'l" appears once)

P(X =3)
= P('2','1",'0" all appear once or '1' appear 3 times)
1 1.1 1 1

=ox=X—X3H—x—x—
6 33

2
11
54
Or Complement Method
1 1 7 7 1 1 11
PX=3)=1l-———=—"55—37" 7" =2~ —

216 36 72 24 4 8 ~ 54

(iii)

!
Required Probability = P(X = 0)x[P(X > )] x[P(X =1 or 2)F x— !

2121
1 ( 11 7]2(1 7)2 51

=X l-————- x| —+— | X——

216 216 36 72 36 72) 2121

=0.00164 (3 s.f)

8®)

Assumptions:
Whether a toy is faulty or not is independent of other toys.
The probability of a toy being faulty is constant at 0.02 for each toy.

(ii)

Let X be the random variable denoting the number of faulty toys in 15
blind boxes.

X~B(5,0.02)

P(X >3)=1-P(X <2) = 0.00304 = 0.00304 (3 5.f)

(iii)

Method 1:

Let Y be the random variable denoting the number of faulty toys in 13
blind boxes.
Y ~B (13, 0.02)

Required probability
=P(¥Y =1)x(0.02)
=0.204026x(0.02)
=0.00408 (3 s.f)
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Method 2:

Required probability
= C,(0.02)(0.98)"* x (0.02) = 0.00408 (3s.f)

()

Let K be the random variable denoting the number of faulty keychains
out of 3.
K~ B(3 s P )

P(X =1)

_3

= 1P1(l_p)2
=3p(1-p)’

™)

Let A be the number of faulty toys in 2 blind boxes.

A~B(2,0.02)
K~B@3,p)

P(1 faulty toy and no faulty keychains | at most 1 faulty toy in the pack)
=0.035

P(4=1)-P(X =0)

P(4=0)-P(K =0)+P(4=1)-P(K =0)+P(4=0)-P(K =1)
0.0392-(1- p)*

0.9604-(1- p)* +0.0392-(1- p)’ +0.9604- °C, p(1- p)’

=0.035

=0.035

Method 1: Using GC
From GC,

¥2u0.035%

Intersection
Reg.04e17E8 ¥=6.035

Since 0< p<1, p=0.0401759 = 0.0401 (3 s. f)

Method 2: Algebraic approach
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0.0392(1- p)’ 0,03
0.9604(1— p)’ +0.0392(1— p)’ +0.9604x *C,p(1-p)*
0.0392(1- p) 0,035

0.9604(1— p)+0.0392(1- p)+0.96043p)
0.0392(1— p) = 0.033614(1 — p) +0.001372(1 - p) +0.100842 p

0.004214-0.105056p =0

p=—3__0.0401 (35.£)

1072
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9()

(A):y=a+bx*, wherea>0andb<0

AF

X

(B):y=c+g wherec>0andd >0
x

X
A
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(i)

y / sleep quality score
A

I

1.6

T

39

» x /hours of
screen time

(iii)

From the scatter diagram, as x increases, y decreases at a decreasing rate.

Case (B) is the most appropriate model.
r=0.99868 =0.999 (3 s.f)

(iv)

Case (B):

y=-4.6636+ 21.716

X

y=—4.66+ 217 (3s.f)
x

When x=3,
y=-4.6636+ 21.716

=2.5751

Sleep quality score =3 (nearest integer)

Yes, the estimate is reliable as the » =0.999 is close to 1 and x=3 is

within the data range.

V)

Since t = 60x,
21.716(60)

60x

y=-4.6636+ ——130t3'0

y=—4.6636+

y= —4.66+E:)—0 (3s.f)
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No, the » value does not differ/ stays the same as it is unaffected by
change of units/ scaling.

(vi) I disagree with Alvin because the outcome of the study determines how
sleep quality is linearly correlated to the amount of screen time and does
not imply that the increased amount of the screen time causes poorer
sleep quality.

10

(@0) Y / \

7™
X
/ 20 Number of hours
=40, e
a
t=40+1.8c
@) | required probability = P(Z >1.8)] =(0.035930)" = 0.00129
(1v) Y ~ N(40, p?)
P(Y >42)>0.25
P(Y—4O S 42—40) > 0.5
B B
2
P(Z>—=)2025
p
2
—<0.67449
B
f=2.9652=297
(b) Let § be the random variable denoting the mass, in kg, of a small bag of
) rice.
S~N(1, 0.16%)
P(S>1.25)=0.059085
Let W be the number of small bags of rice with a mass greater than 1.25
kg out of 300 bags.
W ~ B(300,0.059085)
EW)=300x0.059085=17.7
Expected number of small bags of rice with a mass greater than 1.25 kg
is 17.7
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(b)(11)

Let L be the random variable denoting the mass, in kg, of a big bag of
rice.
Since n = 30 is large enough, by Central Limit Theorem,

2

L~N 5,05
30

J approximately .

Let W=058,+8,++S,—L.
E(W)=5E(S)-E(L)
=51)-5
=0
Var(W) = SVar(S)+Var(Z)

0.5?
=5(0.16") + ——
( ) 30

_ 409
3000

W~ N(O, :T(:)gé) approximately

Required Prob.=P (W >0.25)
=0.249 (3sf)

or 0.13633(5sf)

11
(¥

Let X mg be the Vitamin C content in a randomly chosen bottle of orange
juice and # mg be the population mean vitamin C content in the bottles of

orange juice.
H,: u=50
H :u#50

Test at 4 % level of significance.

2
Under H,, X’~N(50, %]
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Critical Region:

48.814 51.186

Reject Ho if ¥ <48.814 or ¥ >51.186
ie. ¥<48.8 or ¥>51.2 (3sf)

(i)

In the earlier test, the distribution of the Vitamin C content in the bottles
of juice was known to be normally distributed with a known variance,
Therefore, regardless of the sample size, the sample mean Vitamin C
content in the bottles of juice will still be normally distributed.

However, the distribution of the new “Vitamin Boost” Vitamin C content
is unknown. Hence, a larger sample size of at least 30 needs to be taken so
that Central Limit Theorem can be applied to approximate the distribution
of the sample mean Vitamin C content of the new juice line to a normal
distribution.

(iii)

Unbiased estimate of population mean,

y= 1_;4;_5 = 62.167 (5sf) = 62.2 (3sf)

Unbiased estimate of population variance,

2
s =—21§[116275— 18605 ]=11.523 (5sf)=11.5(3sf)

(iv)

Let Y mg be the Vitamin C content in a randomly chosen bottle of
“Vitamin Boost” Orange Juice, and let 4, mg be the population mean

Vitamin C content in the “Vitamin Boost” Orange Juice bottles.

Hy: p,=60

H: u,>60

Test at 5% level of significance.

Under Ho, since 7 =30 is large enough, by the Central Limit Theorem,

)_’~N(60, 11.523

) approximately.
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Method 1: p-value Method
p-value = P(Y 2 62.167)

=0.000236 or 2.36x107 (3sf)
<0.05
.. Reject H, .
Therefore, there is sufficient evidence at 5% level of significance to

conclude that the mean vitamin C content in the bottles of the new juice
line is greater than 60 mg.

Method 2: Critical Value method
Critical Region:

60 T
61.019

Reject Ho if 3y 261.019

Since y =62.167>61.019,

Reject H, .

Therefore, there is sufficient evidence at 5% level of significance to
conclude that the mean vitamin C content in the bottles of the new juice
line is greater than 60 mg.
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