H2 MATHEMATICS (9758)
TOPIC BINOMIAL DISTRIBUTION

1

() X ~B(28,0.9)
P(X =28)=0.31886=0.319 (3 s.f.)

(i) |x P(X =x)
26 |0.20925
27 10.37200
28 [0.31886

The most likely number of students who are present in school on a typical school day is 27.

(iii)  If there are more than 2 students not present, it means that there are less than 26 students present.

P(X <26)=P(X <25)
=0.099896 (5 s.f)
=0.0999 (3 s.f)

(iv) Let W be the number of classes where there was an investigation, out of 16. Then
W~B(16,0.099896).

P(Wz%j:P(WZ 6)
=1-P(W <5)
=0.0032794 (5 s.f.)
=0.00328 (3 s5.f.)



(i)

(iii)

Let Y be random variable “number of yellow chips in a box”.
Y ~ B(36,0.3)

P(Y <9)=0.32544
P(5<Y<9) P(Y<9)-P(Y<4)
P(Y<9) P(Y <9)

Let W be random variable “number of boxes with at most 9 yellow chips”.
W ~ B(59,0.32544)

P(Y > 4|y <9)= =0.978152~0.978 (3 sf.)

Required probability = P(W =13)x0.32544 = 0.00825

Let X be random variable “number of boxes containing at most 9 yellow chips in a carton”.
X ~ B(75,0.32544)

E(X) =75x0.32544 = 24.408
Var(X) =75%0.32544x (1—0.32544) = 16.46466

Since 1 = 30 is large, X ~ N(24.408,%) approximately by Central Limit Theorem.

P(X >25)=0.21211~0.212 (3 sf)



(2)

(b)

(c)

Let X be the number of defective phones out of 10 E-phones

X ~B(10,0.01)

P(1< X <3)=P(X <2)-P(X =0) or P(X =1)+P(X =2)
=0.0955

Let Y be the number of non-defective E-phones out of 9 E-phones

Y ~B(9,0.99)

P(10™" E-phone is the 8" phone non-defective)

=P(1*' 9 E-phones consist of 7 non-defective ones) x P(last one being non-defective)
=P(Y =7)x(0.99)

=(0.0033554)(0.99)

=0.00332188

=0.00332

Let W be the number of defective E-phones out of 24 E-phones

W ~B(24,0.01)

P(carton rejected) = P(W > 2)
=1-P(W <1)
=0.0238544 =0.0239



(d)

Let G be the number of defective phones out of 20 Galexy phones

G ~ B(20,0.015)

E(G)=20x0.015=0.3 Var(G) =20x0.015%x0.985=0.2955
E(W)=24x0.01=0.24 Var(W)=24x0.01x0.99 =0.2376

Let S=G, +G,+++Gypp and T =W, + W, +---+ W,
E(S)=500%0.3 =150 Var(S) = 500x 0.2955 = 147.75
E(T)=250x0.24=60 Var(7T) =250x0.2376 =59.4

Since 250 and 500 are large, by Central Limit Theorem,

S ~N(50,147.75) and T ~ N(60,59.4) approximately.

Therefore, S —T ~ N(90,207.15) approximately

P(Number of defective Galexy phones exceed that of E-phones by at least 100)
= P(S-T2>100)

=0.244

Alternative method
Let S be the no of defective phones out of 10000 Galexy phones (500 cartons of 20 phones)
S ~ B(10000,0.015)

E(S)=10000x0.015=150 Var(S§) =10000x0.015x0.985 =147.75

Let 7 be the no of E-phones out of 6000 E-phones (250 cartons of 24 phones)
T ~ B(6000,0.01)
E(T)=6000x0.01=60 Var(7)=6000x0.01x0.99 =59.4

Since 6000 and 10000 are large, by Central Limit Theorem,

S ~N(150,147.75) and T ~ N(60,59.4) approximately.

Therefore, S —T ~ N(90,207.15) approximately

P(Number of defective Galexy phones exceed that of E-phones by at least 100)
= P(S-T2>100)

=0.244



(a) The probability of an orange being rotten is constant at p%.
The event of an orange being rotten is independent of the event of any other orange being rotten.

(b)(i) LetX be the random variable denoting the number of rotten oranges out of 10 oranges.
(defined by the question)

X ~B(10,0.2)
P(X>2)=1-P(X <I)
=0.6241903616
=0.624 (to3s.f)

(b)(ii)) Expected number of packets of oranges that contains more than 1 rotten orange
=100[P(X >1)]

=100[1-P(X <1)]
=62.41903616

Expected profit when all the packets of oranges are sold — 2(100) 5200

For the store manager to have a net profit,

Expected loss < Expected profit
62.41903616d < 200
d <3.204150726
d <320 (to2d.p.)

~0<d<3.20

() Let X be the random variable denoting the number of rotten oranges out of 10 oranges.
(defined by the question)

X ~B(10,0.01p)
P(X <1)=0.95
P(X=0)+P(X=1)=0.95
C, (0.01p)" (1-0.01p)"” +1°C, (0.01p) (1-0.01p)’ =0.95
(1-0.01p)" +0.1p(1-0.01p)" =0.95
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Intersection
X=3.6771438 Y¥=0.95

Using G.C.,

p=3.6771438
=3.68 (to3s.f)




()
(b)

(©)

(d)

Whether or not a vase is defective is independent of other vases being defective.
The probability that a vase is defective is a constant.
X ~B(30,0.04)

P(X>2)=1-P(X <2)
=0.11690=0.117 (3 sf)

Let Y be the no. of days where more than 2 defective vases are found, out of 5 days.

Y ~B(5,0.11690)
P(Y <1)=0.893
Let V' be the total no. of defective vases found in 5 days.
v ~B(150,0.04)
Required probability
341

P(x; =4)p(x, :1)[P(X3 :0)} <2

3 41

+P(x; =3)P(x, :2)[P(X3 :o)} X2l
P(V =5)

~ 0.0056980
0.16280

0.0350



(a)  Whether or not Charlie answers a question correctly is independent of other questions.
(b) C ~B(30,0.25)
P(C <£10)=0.894
() Let M be the number of marks Charlie can achieve
M =3C—-30-C)=4C-30
E(M)=E(4C-30)
=4E(C)-30
=4(30%0.25)-30
=0 (shown)
Var(M) = Var(4X —-30)
=16Var(X)
=16(30x0.25x0.75)
=90
(d) P(M =32)
=P(4C-302>32)
=P(C >15.5)
=1-P(C<L15)
=0.000819



(@) X =8 means there are 8 steps forward and 2 steps backward. Hence the counter ends up 6 steps
ahead of point S.

X~B(10,ij
5

P(X =8)=0.121 (3s.f)

(b)  P(Serene wins the game) = P(X >8)
=1-P(X <7)
=0.16728
~0.167 (3s.f) (shown)
(¢)  Let W be the number of games, out of 20, that Serene wins. W ~ B(20, 0. 16728)
P(W =3)=0.23753~0.238 (3 s.f)

0.16728
Plays Online Gam<
y 0.83272 rose

\ 0.4 Win
0.7 Plays Word
Puzzle Game
0.6

(d) .
Win

Lose

P(Plays Word Puzzle|Wins)
(0.7)(0.4)
(0.7)(0.4)+(0.3)(0.16728)

=0.84801
~0.848 (3 5.£)
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(@) X~B(30,p)
P(X =6)>P(X=5)

(30]19"’ (1-p)" >(350]p5 (1-p)"

P(X=6)>P(X=7)

(30]196 (1-p)"> [37()}197 (1-p)"

6 6
and
25p>6(1—p) 7(1—p)>24p
. <L
P 31 P 31
S—< p<—
31 P 31

(b) X~B(30,0.2)
P(5<X <10)=P(X <10)-P(X <5)

=0.54687
=0.547 (to 3s.f.)
(c) o X +X,+..+X,
40
E(X)=30(0.2)=6
Var(X)=30(0.2)(0.8)=4.8
Since n = 40 is large, by Central Limit Theorem, X ~ N(6, j—(?j approximately.

P()_( > 5) =0.99805
=0.998 (to 3 s.f)



Area of inner circle

@ p(Obtaining hit') =

Area of outer circle

2
nr

7r(152)
r2

225
(b)) Let X be the random variable denoting the number of ‘hits’ out of 8 throws. Then
X~ B(g, - 5)
P(X >6)<0.08
P(X =7)+P(X =8)<0.08

2 7 2 2 8
*C,l — | | 1-—=|+| —| <0.08
225 225 225

Using GC,
INORMAL FLOAT AUTO REAL RADIAN MP
CALC INTERSECT

Y2=.08

.............
------

Intersection
¥=11.343932 Y¥=0.08

r<11.3439 (6 s.£)
Therefore, r <11.3 (3 s.f.)

(b)) 42
—=0.16
225

Let Y be the random variable denoting the number of ‘hits’ out of 4 throws. Then
Y ~B(4,0.16)

Required probability

=P(Y =1)x(0.16)

=0.060693

=0.0607 (3s.f)

Alternative solution
Required probability
~[(0.16)(0.84)° x4](0.16)
=0.0607 (3 s.f)




(b)(iii) Let /' be the random variable denoting the number of ‘hits’ out of 7z throws. Then
W ~B(n,0.16)
P(W=1)20.7
1-P(W =0)>0.7
P(W =0)<0.3
By GC,

n P(W =0)
6 0.3513>0.3

7 0.2951<0.3
8 0.2479<0.3

Therefore, the least value of nis 7.

(b)(iv) X ~B(8, 0.16)
Required probability
=P(X <2(8x0.16) [X >8x0.16)
=P(X <2.56 | X >1.28)
_ P(1.28< X <2.56)
P(X >1.28)
P(X =2)
P(X >2)
_0.25181

1-0.62559
=0.673 (3 s.f)




10

(>i) The probability that a screen protector is cracked is constant at 0.04.
The event that a screen protector is cracked is independent of any other screen protector.

(ii) Let X' = number of cracked screen protectors out of n
X ~B(n,0.04)

Given that mode is 2,

P(X =1)<P(X =2) and P(X =3)<P(X =2)

(Tj(0.04)1(0.96)’” < [Z](O.M)Z(O.%)“

n! -1 n! 2 n-2
T (n_l)!(o.o4)(o.96)" <m(o.o4) (0.96)
21(0.96)"" y (n—1)! (0.04)*
11(0.96)" (n-2)! 0.04
2(0.96) < (n—1)(0.04)
n>49

(Zj(0.04)3(0.96)”3 < (Zj(0.04)2(0.96)”

-(0.04)°(0.96)" <

n! n! o A4
_ 0.04)*(0.96
31(n=3) (000" QO

2(n-2)
(n—=2)!(0.04)’ 3 (0.96)"*
(n-3)!(0.04)* 2!1(0.96)""
(n—2)(0.04) < 3(0.96)
n<74

S 49<n<T74 neZ

(iii) Y = number of cracked screen protectors out of 50
Y ~B(50,0.04)
Required Probability =P(Y <3)
= 0.86087 ~0.861 (3 s.f.)
@iv) Required Probability
=P(Y>2|Y <6)
_P(Y>2 N Y<6)
- P(Y<6)
_P<Y<6)
T P(Y<6)
_P(Y<6)-P(r<2)

Pr=6) Required Probabilit
0.99639-0.67671 \ cquirec Frovabtity

_ 6 3 _ 3
0.99639 = °Cy x(0.86087)" x (1-0.86087)° x (0.86087)
~0.321 (3s.f) ~0.0296 (3 s.f)
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Let X be the number of students who study H2 Biology out of 40 students.

X ~ B| 40,2
100

P(9 <X< 20) =0.25
P(XSZO)—P(XS8)=O.25

Obtain graphs of these below using GC:
y=P(X <20)-P(X<8)andy=0.25

¥2=0.25

p = 5653 s.f)

Let 4 be the number of students out of 6 students out of the 4™ to 9" interviewees who study H2
Biology.

A~B(6, 0.6)

Required probability
=(0.4)° (0.6)P(4=2)(0.6)
=0.00796 (3 s.£)
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(i) The probability of a student achieving distinction in the course is a constant
OR

The event that a student achieves distinction is independent of the event that another student
achieves distinction.

@ x5l i]
100

Mode of X'is 7.
P(X=6)<P(X=7

(160](150j ( 100) <( J( ] (1_%f
61!04!'(100j ( _150) <71103'( j (1_1goj3
G

700
> _

11
and

P(X =7)>P(X =8)
silin) (100 > i) ()
7131100 100) = 8121(100 100
8(1_Lj>3(ij

100 100

800
< —
11
700 800
=—<p<
11 1

= 63.6< p<72.7(3sf)



(i)  P(X=2)=0.00228786

Using GC,

Flotl PFlotz Plot2
INY 1Bbinomedf (10X, 2)
INY zB0. DD2287861
ENY 3=
INY 4=
INY 5=
Y 6=
ENY 7=
ENY B=
ENY 9=

Note that since 63.6 < p <72.7, we should look for probabilities above 0.5.

HORHAL FLOAT AUTO a+bi DEGREE HP n

HWINDOW

min=0.5

Xmax=1

Hecl=1

¥min=0@

Ymax=0. 003

¥Yecl=1

Xxres=1
ar=0.0018939393939394
TraceStep-E BEE?E?B?B?E?

Y2s0,08228786

Intersection
H=8, Eaaaaal Y=0.0022879

L _068
= p=68

(ivy X ~B(10,0.68)
P(X >6)=1-P(X <6)=0.595637

Let Y be the number of concluded courses out of 8 courses, with more than 6 students achieving
distinction
Y ~ B(8,0.595637)
P(5<Y<7)

P(Y 25)
P(Y<T)-P(Y<4)

1-P(Y <4)

~0.984156—-0.416069

1-0.416069
~0.973 (35f)

P(Y<7|y=5)=
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The probability that a patient has diabetes mellitus is a constant at — for each patient.

A patient having diabetes mellitus is independent of any other patient having diabetes mellitus.

(ii)  Let Y be the random variable “number of patients having diabetes
mellitus out of 49.

Y~B(49,ij
15

Required Probability
=P (Y =3)P(the 50th patient is the fourth patient who has diabetes)

=0.2284556 x% =0.0152

(iii)
Fasting blood glucose Non-fasting blood

level glucose level

less than 100 mg/dL
<200 mg/dL
84/100 1-p/100

10/100
100 — 125 mg/dL

p/100
6/100 200 mg/dL
126 mg/dL and above and above
Required Probability = 6 + P x L
100 100 100
=0.06+0.001p

(iv)  P(100 - 125 mg/dL | not diagnosed with diabetes mellitus)
_ P(100 — 125 mg/dL. nnot diagnosed with diabetes mellitus)
P(not diagnosed with diabetes mellitus)

10 (-~
_ 100 100
1-(0.06+0.001p)

~0.1-0.001p _100—p
0.94—0.001p 940—p




Let W be the random variable “number of patients having diabetes
mellitus out of n.

When p =20, 0.06+0.001p = 0.08

W ~B(n,0.08)

P(W >6)>0.3

1-P(W <5)>0.3

P(W <5)<0.7

From GC,

n P(W <5)
56 0.7102>0.7
57 0.696 <0.7
58 0.6816 <0.7

Least value of n = 57
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(a)

(b)(@)

(b)(ii)

(b)(iii)

(b)(iv)

Consider 2 cases:

Case 1: 4™ woman (W4) holds white or red light stick
W4: 2 choices

W3 and W5: 3 choices each

W1, W2, W6, W7: 2 choices each

No. of ways: 2x3*x2* =288

Case 2: 4™ woman (W4) holds pink, blue or green light stick
W4: 3 choices

W3 and W5: 2 choices each

W2 and W6: 2 choices each

W1 and W7: 2 choices each

No. of ways: 3x2>x2>x2% =192

Total = 288 +192 =480
Let X be no. of fans, out of 7, whose birthdays are in September.

cosfnl)
P(X =2)=0.094387 =0.0944

Let W be no. of groups of fans, out of 20, with exactly 2 fans having birthdays in September.
W ~B(20,0.094387)

POV >3)=1-P(W <2)=0.291

P(the child stands between any two women)

4 —1\ !
_ CZX(S 1). ><2.:z (or 0.4)
(7—1)! 5

Let Y be no. of fans, out of 120, whose birthdays are in June, July, August or September.

Y~B(120,iJ
12

0.4x120 =48
P(Y <48) =0.948
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(a)

(b)

I 1 1
P(R, =1) =P (both scores are odd numbers) :EXE:Z
1 3
P(R,=0)=1-—==
(R, =0) 13
OR: OR:
R 1|23 4|5 |6 pxp| 1|2 |3 5
1 (1 ]/of1 o1 ]o 1 1213 5
2 [o/ofofofo]o 2 2146810 12
3 '1jol1r]of1]o 3 30169 121518
4 [o/ofofofo]o 4 4 |8 | 12] 16] 20| 24
5 |1 01 ]0]1]o0 5 5 1 10] 15| 20/ 25| 30
6 [0 /00 ]0]0 0 6 6 | 12| 18] 24| 30| 36
9 1 27 3
P(R,=1)= —=—, P(R, =0)="-==
®=D=35"1 (% =0) 36 4
Probability distribution table for R, :
7 0 1
P(R,=1) é l
4 | 4
3 1 1
E(R)=0x—+1x—=—
(R,) Rk
R, =0 when the product is divisible by 6.
Alternatively,
Rj1 2|3 |4 56 pxp|1 (2|3 |4/5]|6
1 0 1 11234 |5]6
2 0 0 2 2 14 |@®))8 | 10] 12
3 0 0 0 3 3@ @ 1514
4 0 0 4 418 [@) 16] 20] 24
5 0 5 5 |10/ 15[ 20/ 25 30
6 |00 ]0]0]0 |0 6 |6 |12 18] 24 30| 3

15

P(R; = 0) = P(products divisible by 6) = 36 % (shown)




(©)

2
=§m(m—1)(lj WhereA=£ (shown)
98 12 98

25 7Y
Given —m(m—1)| = | =0.03604
iven g )lej

From GC, m =-0.11850, 1.2233 or 13.000
Since m>2, m=13 (Note: meZ")



NORHAL FLOAT AUTO REAL RADIAN MF
NORHAL FLOAT AUTOD REAL RADIAN HP [] CALC ZERD []

Flotl Plot? Flots Y1=2E#9BHCH-10(P#120)7(HI-0.0360.,

X
nyiEExx-1)( &) -0. 03604
E\NYz=
E\Y3=
E\NYa=

ENYs=
\NY &=
ENY 7=
ENYa=

2ero
X=12.99983 Y=g

OR Since m is an integer, we can choose to use table to find the integer m that best satisfies the

equation.
Foti Ptz Flots F‘ﬁ'??;’“-%“:‘n"?ﬁﬂc?iﬁh TR ]
nY1EEX (-1 (%) T[T
INES s |03
3= s |oieis
I\Yq= 9 0.1436
\Ys= i |oorr
\Yi = ig 0.0523
INY7= 14 6,0245
I\Ysg= Y1=0.03603768234804
m | P(X=2)
12 | 0.05227

13 | 0.03604, which is closest to 0.03604

14 |0.02453

Thus m = 13 since m is an integer.

(d) Let C and D denote the number of products that are divisible by 6 obtained in 10 throws of 2
fair dice by a student from Class C and a student from class D respectively.

C,D~B (10,3)
12

E(C):E(D):IOX%:%S or 4.1667 (5sf)

5 7 175
Var(C)=Var(D)=10x—x—=— .
ar(C)=Var(D) STISTRED or 2.4306 (5sf)

— 2 1
Since sample sizes, 35 and 30 are large, by Central Limit Theorem, C ~ N —5, R = i
6 7235 72

approximately and
5N {25 175 35

6°72(30) 432

J approximately.

~C-D~N O,i + 33 = 0 approximately.
72 432 432



P(C-D>0.2)=0303 (3sf)

OR (Less preferred)

Let 7, and T, be the total number of products divisible by 6 for class C and class D
respectively.

T ~B[ 350, | and 7, ~ B[ 300, |.
12 12

Now since sample sizes of 350 and 300 are both large, by Central Limit Theorem,
T ~ N(350(%),350(%)(%)) approximately, and

T, ~ N(3OO (),300(3) (%)) approximately

E(i_g_g]:o and Var(i—T—Dj_ 1 Var(TC)+$Var(TD)

35 35 30) 35°
T, T, 65 :
<€ __D _N|0,— | approximatel
35 30 ( 432j PP Y

p[Le_Tb 02120303 3sp)
35 30
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(a) For a player to reach point B, there must be 5 right steps and 3 up steps in total.
Let R, be the number of right steps taken by a player out of 5 to move from X to Y.

R ~B(5,p)
P(Rl = 3)
— 5c3 xp3q2
— 10p3q2

Let R, be the number of right steps taken by a player out of 3 to move from Y to B.
R, ~B(3,p)

P(R, =2)
= 3Cz szq
=3p’q

Required probability
=10p’q*x3p’q
=30p°¢’ (shown)

(b) 5 3
W~ B£15,30(§j (%j J =>W~ B(15,0.078643)

P(W >5)
=1-P(W <4)
=0.0046167
=0.00462 (3s.f))

(© W ~B(15,0.078643)
E(W)=15(0.078643)=1.1796
Var(W)=1.1796(1-0.078643) =1.0869

Since sample size = 40 is large, by Central Limit Theorem,

7 Witet Wy, ~N(1.1796, 1.0869

40
P(Wﬁl)zO.BS (3 s.f)

j approximately.





