A-LEVEL H2 MATH 2023 - PAPER 2

Question 1
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Question 2
[ Ans: (a) show (b) y—ix2 +ix“ +...(c) In2 ~i;z2 +i7z4 (d) 0.005219 ]
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Question 3
7
5 V12

[Ans: (a) | 10 | (b) 85 (c) 83.8° (d) Q% ]

14 24%6

(a) BC =2AB
&:’—@:2(0_3’—&)
1 -1 5
OC =30B-20A=3|-2|-2| 2 |=|-10
8 5 14
1) (-1 2 1) (1 0
(b) AD=|2|-| 2 |=| © BD=|2|-|-2|=| 4
d) \5) \d-5 d) \8) (d-8
0] o)
2 0
0 (=] 4
d-5) |\d-8

J2 +0% +(d =5) =0 +47 +(d -8’
d2-10d +29 = d2 ~16d +80
6d =51=d =85

2 0
(c) AD=| 0 | BD=| 4
35 05
\E\ - \ﬁ\ —/22+0%+3.52 =/16.25
AD-BD = ‘EH@‘COS /ADB
2\( 0
0 4
AD-BD _ |35)05) 175 7
W)’ @\ - \16.25\16.25 16.25 65

/ADB =cos™ (lj =83.8°
65

cos ZADB =




(d)

/APB =2/ADB
ZAPM =2/ADM =26
tan ZAPM =tan20 =M _ py = AM_
PM tan 20
AM _AM

tan Z/ADM =tan@=——= DM =
DM tan @

AM

PM  tan29 tand  tand :1(1—tan29)
2

DM AM  tan29  2tané
tan @ 1-tan’@

From (c), cos ZADB = é = C0S20 = s

65
2c0520—1=l:>c05249:§:>sec20=§
65 36
1+tan20=§:tan20:§
36 36

PM —1(1—29j:%:> DP:PM =65:7

DM 20" 36
. 1 (1 0
. (1)OA+(1)OB
oni = WOAT(OB _ 11} | | || g
1+1 2
5 8 6.5
.
650M +70D 1 0 ! ﬁz
—— +
OP=—"—"""""="165 0 [+7| 2 ||=| 7
65+7 72 Ae;

6.5 8.5 24%6



Question 4

12152 16 25
Ans: (a units? (b) A(5,4) (c) | -—,——
[ (a) = (b) A( )()[5 4j]
(a) From GC,
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Sub. (2) into (1):
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y 25
500 = 2y°® +4y® + 2y + 75y
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FromGC, y=4
20
X=—=
5

4
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Since there is only one solution to (1) and (2), .. there are no other points of
intersections. (shown)
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(c) Gradient of tangent to curve C, —

=4 =
dx At 4t
At point A(5,4),
y=4
A
5
Ldy_5
Tdx 4

Equation of tangent:

y-4=2(x-5)~ @)

For tangent at A to meet curve D,

sub. (2) into (3) y—d= §(§_5J
aly

4y? +9y-100=0
y =4 (NA) or y:—§

oy 20 16
X= 57Ty
A 5
.. the tangent meets curve D again at [—%,—?
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Question 5
[Ans: (@)()) A and B, A and D (ii) show; B and C (b)(i) A and B, A and D (ii) no]
18 1 18 1
a) P(A)=—=—; P(B)=—==
@ ( ) 36 2 ( ) 36 2
P(C)=P(3,6,9,12,15,18,21,24,27,30,33,36) = % :%

P(D)=P(6,12,18,24,30,36) :% 1

6

(i) A and B are mutually exclusive.
A and D are mutually exclusive.

N 6 1
(ll) P(AﬁC):%:E

1\/(1) 1
.. A and C are independent.

6 1
P(BﬂC):ﬁzg

P(B)P(C)z(%j(%)=%= P(BNC)

..B and C are independent.

:E; P(C)=P(3,6,9,12,15,18,21, 24,27,30,33)=E
35 %

(i) A and B are mutually exclusive.
A and D are mutually exclusive.

(b) P(A)

0 P(AmC)=3—65

p(A)p(c):(gj[%]:%;tp(Amc)

.. A and C are now not independent.



Question 6
[ Ans: (a) show (b) 2r+5=b; 0.0516 ]
r b

3 9
r+b

(a) Probability that Mei obtain 3 red counters=
12

r b
4 8

r+b
12

Probability that Mei obtain 4 red counters=

'C,’C, 'C,"C,
r+bC12 - r+bC12

r! bt r! b!
3!(r—3)!9!(b—9)!_4!(r—4)!8!(b—8)!
41(r—4)18!(b—8)1=3!(r—3)191(b—9)!
4(31)(r—4)18!(b—8)(b—9)!=31(r—3)(r—4)!9(8!)(b—-9)!
4(b—8)=9(r-3)
9r +5=4b (shown) --- (1)

) -CaCo _5 [ C, 6]
rerCl2 3 r+bC12

rl b! 5{ rl b!

3!(r;3)!9!(b—9)!=§ 2!(r—2)!10!(b;10)!

3 2!(r-2)110!(b-10)!|=5[ 3!(r —3)19!(b—9)!]
3[21(r—2)(r-3)10(9!)(b-10)!]=5[3(21)(r-3)19!(b—9)(b-10)!]
10(r-2)=5(b-9)

2r+5=h--- (2)

Solving (1) & (2) from GC, r=15, b=35

Probability that Mei obtain 1 red counters

— 15C135C11

- 15+35C
12

=0.0516




Question 7

[ Ans: (a)(i) r=0.9281 (ii) r =0.9697 (b) e’ =376x—-1880 (c) y =8.87; unreliable ]
(a) From GC,

(i) r=0.9281 (i) r=0.9697
g=z+bx 9=a+bx
a=3.353452381 a=-1881,481827
b=0.3268452381 b=375.6152263
rz=g,8614200041 rz=g,9403637113
r=0.9281271487 r=0.9697235231

(b) €’ =cx+d gives a better fit as the magnitude of its product moment correlation
coefficient is close to 1.

From GC, e’ =376x-1880

(c) In 2024, x=24,
e’ :375.62(24)—1881.5
y =8.87

As X =24 is not within the data range of 4 < x <18, the estimate is unreliable.



Question 8

[Ans: (a)(i) Hy: =1, H =1 (b)) Hy: =2, H:u<2, X <198

(i) sufficient evidence ]
(a) (i) Let u bethe mean weight of a bag of granulated sugar.

Hy:u=1; H:1u#1

(i) As the distribution of the weight of a bag of granulated sugar is not known to be
following a Normal Distribution and the sample size of 10 is too small for Central
Limit Theorem, it is not suitable for z-test .

Furthermore, the selection process described is not random enough so the sample
may not be a fair representation of the population.

(b) () Hyiu=2
Htu<2

2
o’ ~s’ = L{Z X% — (Z X)} = ! {155.6746 —M} =0.00316
n-1 n 40-1 40

Test Statistics,
Since n=40 (large)

X ~N (2, 0.02316) by CLT (approx.)

From GC,
invNorm(@.025,2,[0.00316/+

1.982579459 ﬁrga:e.ezs

01 7(0.00316,40)
Tail: MEgEN CENTER RIGHT
Paste

Critical region: X <1.98

(i) n=

x|

40
X
2X_T7888 _ .o
n 40

Since x <1.98, it is within the critical region .. there is sufficient evidence that
average mass of sugar in the bags is less than 2 kg at 2.5 % level of significance.



Question 9

[ Ans: (a) 0.440 (b) 0.542 (c) 55.2 (d) 0.237 (e) 0.492 (f) explain ]

(a) Let X be the length of Long planks.

X ~N (1.82,0.22)

P(X <1.79)=0.440

(b) E(X,+...+X,)=8E(X)=8(1.82)=14.56
Var (X, +...+ X, ) =8Var(X)=8(0.2")=0.32
X, +...+ Xy ~ N (14.56,0.32)

P(X,+...+ Xy >14.5) =0.542

(c) Let Y be the length of Regular planks.

(d)

(e)

Y~N (1.22,0.32)

P(Y >1.25) = 0.46017

Let W be the number of Regular planks that are longer than 1.25m out of 120

Regular planks.

W ~ B(120,0.46017)
E (W ) =120x0.46017 =55.2

E((X,+...#+ Xy)—

(Y, +...+Yy))

=10E(X )-16E(Y)=10(1.82)-16(1.22) = -1.32

Var (X, +...+ X0 )= (Y, +...+Yq))
=10Var (X )+16Var(Y)=10(0.2%)+16(0.3°) =1.84

(Xy 4+t Xyg )= (Yo ...+ Yy ) ~ N (~1.32,1.84)

P(|(Xy+ 4 Xg) = (¥, +...+ Y )| < 0.65)
=P(-0.65< (X, +...+ Xy )= (Y, +...4+Y,;) < 0.65)

=0.237

Let S, be the length of a Short planks derived from the Long plank.

1

E(SL)zE(éxj

1

1 1

=3 E(X)= 5(1.82) =0.6066667

Var(S, ) =Var (5 X ] = (%TVar (X)= (%}2 (0.2%)=0.0044444

S, ~ N (0.6066667,0.0044444)



(®

Let S; be the length of a Short planks derived from the Regular plank.

E(SR)zE(%sz%E(Y)z%(l.ZZ)zO.Gl

Var(SR):Var(%Y) = (%TVar (Y):(%)Z (0.3%)=0.0225

Ss ~ N (0.61,0.0225)

E(S.—Ss)=E(S,)-E(Ss)=0.6066667 —0.61=—0.0033333
Var(S —S,)=Var (S, )+Var(S,)=0.0044444 + 0.0225 = 0.026944
~ N (~0.0033333,0.026944)

P(S, >Sz;)
= P(S, S >0)=0.492

As a Long plank will be cut more than a Regular plank to get Short planks, there will
be more of of the Long plank that will go to waste, causing possibly a smaller chance
that the length of a Short plank made from a Long plank to be greater than that made
from a Regular plank. Therefore the probability in part () may turn out smaller in this
case.



Question 10
[ Ans: (a)(i) State (ii) show (iii) 0.677 (iv) 0.805 (v) 0.583 (b) show ]
(a) (i) Assumption 1: The probability of any ornament being faulty is the same.

Assumption 2: For one ornament to be faulty, it is independent of any other
ornament.

(i) Let X be the number of faulty ornaments in a day.
X ~ B(50,0.04)

[E(X)-Var(X)|=]50(0.04)-50(0.04)(1-0.04)|=0.08 (shown)
(i) P(X <2)=0.677

(iv) Let Y be the number of days with no more than 2 faulty ornaments produced in a
day out of 5 days.

Y ~ B(5,0.67671)
P(Y >3)=1-P(Y <2)=0.805

(v) Let W be the number of faulty ornaments in 5 days.
W ~ B(5x50,0.04):>W ~ B(250,0.04)

P(W SlO) =0.583
(b) Probability that Mr Lu accepts a box

6
=p° +(5) p°(1-p)
=p°+6p°(1-p)=6p°-5p°
Probability that Mrs Ming accepts a box

3
=p’ +(2] p*(1-p)x p’
=p*+3p°(1-p)=p’+3p°-3p°

Probability that Mrs Ming accepts a box — Probability that Mr Lu accepts a box
:(p3+3p5_3p6)_(6p5_5p6)

=p*-3p°+2p°

_ p3(1—3p2+2p3)

= p*(p-1)°(2p+1)>0 (- p*>0, (p-1)° >0, 2p+1>0)

.. Mrs Ming accepts a greater proportion of boxes than Mr Lu does. (shown)



