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BAYES’S THEOREM AND ITS APPLICATIONS (XII, R. S. AGGARWAL)

EXERCISE 30 (Pg.No.: 1301)

1. In a bulb factory, three machines, A, B, C, manufacture 60% , 25% and 15% of the total production
respectively. Of their respective outputs, 1%, 2% and 1% are defective. A bulb is drawn at random
from the total product and it is found to be defective. Find the probability that it was manufactured by
machine C.

Sol. Let £, E,, E, be the events of drawing a bulb product by machine 4, B and C respectively, let D be the
event of drawing a deflective bulb.
2

60
We have P(E)=—,P(E, P E)=
i £4f) 100° (£:)= (£;)= 100°
1 2
P(DIE)=—P(D/E,)=— /E,
(DFE) 100 (PLE,) 100 P(DIE)= 100
P (defective bulb is product by machine C) = P(E, /D)
) P(E) P(D/E,)
P(E).P(DIE)+P(E,).P(D/E,)+P(E).P(D/E,)
1L
100 100 15 153

100 100 " 100100 " 100 100
2. A company manufactures scooters at two plants. 4 and B Plant 4 produces 80% and plant B produces
20% of the total product. 85% of the scooters produced at plant 4 and 65% of the scooters produced at
plant B are of standard quality. 4 scooter produced by the company is selected at random and it is
found to be of standard quality. What is the probability that it was manufactured at plant 4?7

Sol. Let E, =event that the selected scooter is produced at plant A, and £, = event that the selected scooter

~ 760 1.5 2 B 1 T 60+50+15 125 25

is produced at plant B.
80
Then, P(E )=—=— E, _____
(£) 100 1P 100 5
Let £ be the event of choosmg a scooter which is of standard quantity.
Then, P(ETE) =22 =1L and P(E/E, )— .
' 100 20° 00 20
Probability that the selected scooter was produced at plant A, given that it is of standard quality.
17 4
PVE/E).P(E, 205 8
ZP(F/E): — ( - |) ( 1) - 20 S — 68 26_ @
P(Llhx)J’(bl)JrP(EfE:)AP(b:) 174 131 68+13 81 \> -
205205 L AN
3. In a certain college, 4% of boys and 1% of girls are taller than 1.75 metres. Further more, 6@0;? t C)
students are girls. If a student is selected at random and is taller them 1.75 metre at 'Q
probability the selected student is a girl? Q
Sol. Let E, and £, be the events of selecting a boy and a girl respectively. %
3
Then P(F, and P(FE,)=—=
(£)= 100 (&) 100 5 O (&Q
Let E =event that the student selected is taller than 1.75 m. 0\\\ @
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BAYES'S THEOREM AND ITS APPLICATIONS (XII, R. S. AGGARWAL)

Then P(Efﬁ):%:% and P(E;"Ez)zﬁ_

Probability that the selected student is a girl. Given that she is taller than 1.75 m
A 3 A 3
_P(EE)- P(E/E,)P(E,) ___ 1005 __ 500 _500 _3
PEIE)P(E)+PEIE)P(E) T2, 1 3 2 3 83 11
255 100 5 125 500 500

4. In a class, 5% of the boys and 10% of the girls have an 1Q of more than 150. In this class, 60% of the
students are boys. If a student is selected at random and found to have an IQ of more than 150, find the
probability that the student is a boy.

Sol. Let E, and £,be the event of selecting a boy and a girl respectively. Then
60 2
P(E)=— and P(LE,)=——=
(5)=2 (B)="2-2
Let £ be the event of selecting a student having an /0O of more than 150.
10 1
100 10
P(EIE)P(E)
P(ETE) P(E)+ P(E/E) P(E,)

Then, P(E/E,)====, and P(EVE,) =

Required probability = P(E, / E) =

s 1 3
520 __100 _ 3 _3
31 2 1 3+2 I8 7

.. — ——+—
520 510 100 50
5. Suppose 5 men out of 100 and 25 women out of 1000 are good orators. An orator is chosen at random.
Find the probability that a male person is selected Assume that there are equal numbers of men and
women.

Sol. Let there be 1000 men and 1000 women Let £ and £, be the event of choosing a man and a women
respectively. Then,
o1 . )= 1000 1
2000 27 Y77 2000 2
Let £ be-the event of choosmg on orator. Then,
25 1
E/E)=——=—and P(E/E,)=——=—

FipIE)= 1000 20 ( 2)= 1000 40

Probability of selecting a male person, given that the person is a good orator
P(EIE).P(E)

P(EIE) P(E)+P(EI E) P(E)

P(E )y,

= P(E/E)=

|

| 1 1

11 1,1 241 40 4 a 6 \\'
2002 402 40 80 80

6.  Two groups are competing for the posmons on the board of directors of a corporation. T ro ?&@

R [

0"
1
+

that the first and second groups will win are 0.6 and 0.4 respectively. Further, 1fth
the probability of introducing a new product is 0.7 and when the second group wm
probability is 0.3. Find the probability that the new product introduced was by t

Sol. Let £, = event that the first group wins, £, = even that the second group wmsQ KQ
and £ = even that a new product is introduced. Then P(E,)=0.6, P(I%@ @fb

N
S
N
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P(E/E)=0.1,P(E/E,)=03

P(E/E,).P(E,
Required probability = P(E, / E) = - ( L 2) (;) -
: P(EIE).P(L)+P(E/E).P(E,)
03x04 0.12 012 2

T 06x07+03x04 042+012 054 9

7. A bag A contains 1 white and 6 red balls. Another bag contains 4 white and 3 red balls. One of the
bags is selected at random and a ball is drawn from it, which is found to be white. Find the probability
that the ball drawn is from the bag 4.

Sol. Let E, =the event of choosing bag 4. E, = the event of choosing bag B.
k£ = the event of choosing white ball.
Since the ball drawn is found to be white, .. We have to find P(E, / E)

Since both the bags are likely to be chosen. we have P(E, )= % =P(E)
Also P(E/ E, )= the probability that the ball drawn is white, if it is drawn from bag 4 =%

Similarly P(E/E,)= %

S 11 N¥% 1 4 5
PEVSR(E).P(EIE)+P(E)P(EIE) =z o =de 2
I 1
P(E)P(EIE) 57 1
FE=—"m R
14

8.  There are two bags | and' 11 Bag ['contains 3 white and 4 black balls, and bag II contains 5 white and 6
black balls. One ball is drawn at random from one of the bags and is found to be white. Find the
probability that it was drawn from bag L.

Sol. Let E be the event of choosing the bag /, £, be the event of choosing the bag // and A be the event of
choosing a white ball. Then P(E)=P(E.) =

Again P(A/E, )= P (drawing a white ball from bag I) = %

and P(A/E,)= P (drawing a white ball from bag IT) = %

The required probability of drawing a ball from bag 1.
. By Baye’s theorem
| P(E) P(d/E)

P(EA4)= .
(i) P(E).P(A/E)+P(E,).P(A/E) 6\> s&\Q
3.1 3 3 Q" oL

72 . M . H 3 154 33 %Q

U

=3 5 3 5 33435 14 63 68 \
—% == e @
772 2°11 14 22 154 C;’:)}CQ'
9. A box contains 2 gold and 3 silver coins. Another box contains 3 gold and T c@. box is
chosen at random, and a coin is drawn from it. If the selected coin is a gol in, find the probability
that it was drawn from the second box. \\\ @
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BAYES'S THEOREM AND ITS APPLICATIONS (XII, R. S. AGGARWAL)

Sol.

10.

Sol.

11

Sol.

12,

Sol.

Let E,, I, be the events that box I and II are chosen respectively.

Then P(E )= P(E,) =%. Also, let A be the event that the coin draw is of gold

Then P(A/E,)= P (a gold coin from box /) = %
3 3 1
P(A/E,)= P (agold coin from box /I) ===

The required probability of drawing a ball from box IL

11 1
P(E,).P(A/E,) 22 _ 4 _ 4 _120
P(k)P(AIEY+P(E)P(A/E) 1 2 1 1 1 T 4+5 4 9

2 522 5 4 2

Three ums A4, B and C contain 6 red and 4 white; 2 red and 6 white; and | red and S white balls
respectively. An urn is chosen at random and a ball is drawn If the ball drawn is found to be red, find
the probability that the ball was drawn from the urn 4.

Let £, E, and E;be the events of choosing the urns 4, B and C respectively and let E be the event of

5
P(E /&)= _3
(£,/4) 9

drawing a red ball. Then. P(E,)=P(E,)=P(E,) :%

P(Effz)=l%,P(EfE;)=§and P(E;’Es)zé

Required probability = P(E, / E) = P(E)xP(E/E,)
P(E)x P(ELE)+P(E,)xP(E/E,)+P(E,)x P(ELE,)
1.9 V.4 5
3 _10 10 10 2 180 36

71 6) (1 2 (1 I 2 _1_1 36+15+10 10 51 61
—X— |+ X FF| =x=| Ext otz ————
3710) 3 8) \376) M0 218 180

Three urns contain 2 white and 3 black balls; 3 white and 2 black balls, and 4 white and 1 black ball
respectively. One ball is drawn from an urn chosen at random and it was found to be white. Find the
probability that it was drawn from the first urn.

Let £ E, and E, are the events of selection of umns.
A =event of getting white

P(E}):P(El)z*P(E}):% and P(Aft;):%,P(Asz):g, and P(Au::s):‘—;

P(E) P(ALE)
P(E).P(ALE)+P(E,)P(A/E,)+P(E;).P(AlE,)

1,2 2 2 Q
_ 375 15 _ b 2 O \Q
1 2) (1 3) (1 4) 2 3 4 2+43+4 ¢ e} \,
—x = || =xZ (] =x2 —F—F—
35 35 35 15 15 15 15
There are three boxes, the first one containing 1 white, 2 red and 3 black balls; tg%
ack

containing 2 white, 3 red and 1 black ball and the third one containing 3 white, 1 re@ lls
A box is chosen at random and from it two balls are drawn at random. One b other,

white. What is the probability that they come from the second box?
?5&&11%[)(, and

Required probability = P (£, /-4)=

Let £, E, and E; be the events that the balls are drawn from box A4, box B
let I~ be the event the balls drawn are one red and another white then, .
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1

P(E)=P(E)=P(E) =1
P(E/E,)=probability that the balls drawn are one white and 1 red, given that the balls are from
66 _3

(' 15
P(E/E,) =Probability that the balls drawn are one red and one white given that the balls are from

Cx6 _2x3 2
°C; 15 3

Box 4. =

Box B=

P(E/E,)=probability that the balls drawn are one red and 1 white, given that the balls are from

3 i

Box C.= % = i = l

s 15 5
Probability that the balls drawn are from box B, it is being given that the ball drawn are one red and

P(EIEZ).P(EE)

P(E)P(EIE)+P(E)P(EIE)+P(E).P(E/E,)
E 2 2
5 N 15 _ 15 2 45 6
2

one white=P(E, /| E) =

Ly

x s
l 1 2+2+1 2+6+3 11 W

&
15

-+

3
1 1
= — + —_— — —
3 )5 35 B 15 B 45
13. Um 4 contains 7 white and 3 black balls; urn 5 contains 4 white and 6 black balls; urn (" contains 2
white and 8 black balls. One of these urns is chosen at random with probabilities 0.2, 0.6 and 0.2
respectively. From the chosen urn, two balls are drawn at random without replacement. Both the balls
happen to be white. Find the probability that the balls drawn are from the urn C.

Sol. Let E E,, E;be the events that the balls are drawn from urn 4, um 5 and urn C respectively. and
Then P(E,)=02,P(E,)=06and P(E,)=0.2
Let E be the event that 2 white ball are drawn,

Ty
They P(E/MY =120 0 5 )=-C = 5. pgyg)=-25-1
G, 45 15° °C, 45 10C, 45
i P 3]
. required probability = P(E,/E)= P{E/E)NE)
P(E)P(E/E)+P(E,)P(EIE,)+P(E,) P(E/E,)
I 2 2
Y ) =
_ 45 _ 450 __ 450 _2_1
0.2x 0t 0.6x2 SO o 1404 & WOl 80 40
15 45 45 150 450 450 450

14. There are 3 bags, each containing 5 white and 3 black balls. Also, there are 2 bags, each containin
white and 4 black balls. A white ball i1s drawn at random. Find the probability that this ball is s& \O
bag of the first group. \

Sol. Let E, =event of selecting a bag from the first group and,

E, = event of selecting a bag from the second group. (&6 Q&
Then, P(E,)z% and P(Ez)zé %\' Ny

; 7 5
Let [ = event that the ball drawn is white, then P(E/E, ) = § P(E!E3$—
N\
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BAYES'S THEOREM AND ITS APPLICATIONS (XII, R. S. AGGARWAL)

P(E/E)P(E)

P(E /E)=
)= b &) P(B)+ P(EIE) P(E)
3 3 3 3
_ 5'§ _ 8 _ 8 _3 120_1s
"3.5.2. 13 2 45416 2 61 &l

+
5853815 120

There are four boxes, A4, B, C and D, containing marbles. A contains 1 red, 6 white and 3 black
marbles; B contains 6 red, 2 white and 2 black marbles; C contains 8 red, 1 white and 1 black marbles;
and D contains 6 white and 4 black marbles. One of the boxes is selected at random and a single
marble is drawn from it. If the marble is red. what is the probability that it was drawn from the box A4?

Let £, E,, E, E, be the events of selecting boxes A, B, C, D respectively. Then,

P(E])zP(E:)zP(E3)=P(E4)=%.Let E=event that the marble drawn is red. Then

8 4
—=—_P(E/E,)=0
10 5’ (L)

(rxr)_ P(EIE)== :%; P(EIE,)

P(E/E) P(E)

P{EIE).P(E)+P(EIE,).P(E,)+P(EIE).P(E)+P(E/E)P(E,)
11 1 1
L= L A
4 10 40 __ 40

P(EJE)=

"1 W .1 3 181 .1 3 4 14618 45
W — - — X — - — 0 —_— &

x X
4 10 4 5 4 5 4 40 20 20 40

A carmanufacturing factory has two plants X and ¥. Plant X manufactures 70% of the cars and plant V'
manufactures 30%. At plant X, 80% of the cars are rated of standard quality and at plant ¥, 90% are
rated of standard quality. A car is picked up at random and is found to be of standard quality. Find the
probability that it has come from plats X'

Let I, and E,be the events that the caris manufactured by plant X and ¥ respectively,
3

Let E be the event that the car is of standard quality. Then, P —— =
quality. (£) e P(E,)= T

. 80 4 90 9

= PUEIE) =10 =5 PUEE) =10~ 10
P(E,l)xl’(bfﬁ,l)

P(E,)XP(E,’E,)+P(Ez)xP(E!EZ)

7,4 8

loxs 50 50 _28 IOO 56

[7 4 (3 9]_28+27_56+2? 5083 83
257 B3 2=
10 5} 10 10 50 100 100

An insurance company insured 2000 scooters and 3000 motorcycles The probability of an acci c)@
involving a scooter is 0.01 and that of a motorcycle is'0.02. An insured vehicle met with an acgi s\\'
Find the probability that the accidented vehicle was a motorcycle.

P(E/E)=

Let £, and E,be the events that an insured vehicle is a scooter and a motorcycle respecnv@ Q&(b

Let E be the event that the insured vehicle meets an accident.

P(F)— 2000 2000 2 ( ) 3000 3 %
7200043000 5000 5° 5000 5

P(E/E)=001and P(E/E,)=0.02 O o)



http://cbs.wondershare.com/go.php?pid=5239&m=db

mm Wondershare

Remove Watermark g PDFelement

https://millionstar.godaddysites.com/

P(E,).P(E/E,)
P(E).P(E/E)+P(E)P(E/E,)

Required probability = P(E,/E)=

3 6
~—x0.02 =5
- 5 ___ 500 _ 6 & 3
2.001+3x002 2,68 2+6 8 4
5 5 500 500

18. 1In a bulb factory, machines 4, B and C manufacture 60%, 30% and 10% bulbs respectively. Out of
these bulbs 1%, 2% and 3% of the bulbs produced respectively by A, B and C are found to the
defective. A bulb is picked up at random from the total production and found to be defective. Find the
probability that this bulb was produced by the machine 4.

Sol. Let £, E,, E,be the events of drawing a bulb produced by machine 4, B, C respectively. Let D be the
event of drawing a defective ball.

60 30 10

We have P(E)=—,P(E,)=— ,P{E)=—

ehave P(E )= o PUB ) pal ) =100

1 4 3
P(D/E)=—P(D/E,)=——,P(D/E,)=

(D/H) 100 iE) 100 (V5 100

The events £, E, and F, are mutually exclusive and exhaustive by Bayes’ theorem.

P (defective bulb is produced by machine 4)
P(k).P(D/E)

- P(EID) =
) P(E).P(D/E)+P(E,).P(D/E)+P(E).P(D/E,)
60 1
_ 100”100 W P _6_ 2
5

“60 1 30 2 10 3  60+60+30 150 15
e iy
100 100 " 100100 100 100
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