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In particular, if A and B are disjoint events, then
P((AUB)IF) = P(AIF) + P(BIF)

We have

P[(AUB)NF]

P((AUB)IF) S

3 P[(AnF) u (BNF)]
P(F)
(by distributive law of union of sets over intersection)
PANF)+P(BNF)-P(AnB nF)
P(F)

_P(AnE . P(BNF) P[(AnB) nF]
P(F) P(F) P(F)
=P(AIF) + P(BIF) — P((AnB)IF)
When A and B are disjoint events, then
P((ANB)IF)=0
= P((A v B)IF) =P(AIF) + P(BIF)
Property 3 P(EIF) = 1 — P(EIF)
From Property 1, we know that P(SIF) = 1

= PEUVEIF) =1 since S=EUFE
= P(EIF) + P (E'IF) = 1 since E and E” are disjoint events
Thus, P(E'IF) = 1 — P(EIF)

Let us now take up some examples.

7 9 4
Example 1 If P(A) = B’ P(B)= - and P(A N B) = —, evaluate P(AIB).

13 13
4
Solution We have P(AIB)= PANB) _13 :i
P(B) 9 9
13

Example 2 A family has two children. What is the probability that both the children are
boys given that at least one of them is a boy ?
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Solution Let b stand for boy and g for girl. The sample space of the experiment is
S={(, b), (g b), (b, 8), (& &)}

Let E and F denote the following events :

E : ‘both the children are boys’

F : “at least one of the child is a boy’

Then E={(b,0)} and F = {(b,b), (g.b), (b,8)}
Now EnNF={(,b)}
3 1
Thus P(F) = Z andP(ENF)= Z
1
PENF) 4 1
Therefore PEIF) = ———=—=—
P(F) 3 3
4

Example 3 Ten cards numbered 1 to 10 are placed in a box, mixed up thoroughly and
then one card is drawn randomly. If it is known that the number on the drawn card is
more than 3, what is the probability that it is an even number?

Solution Let A be the event ‘the number on the card drawn is even’ and B be the
event ‘the number on the card drawn is greater than 3°. We have to find P(AIB).

Now, the sample space of the experimentis S = {1, 2,3,4,5,6,7,8,9, 10}

Then A=1{2,4,6,810}, B={4,5,6,7,8,9, 10}
and ANB=1{4,6,8,10}
5 7 4
=—,P(B)=—and P(AnB)=—
Also P(A) 0 (B) 0 ( ) 10

Then P(AIB) = W:

4
P(ANB) 19 4
7 7

10

Example 4 In a school, there are 1000 students, out of which 430 are girls. It is known
that out of 430, 10% of the girls study in class XII. What is the probability that a student
chosen randomly studies in Class XII given that the chosen student is a girl?

Solution Let E denote the event that a student chosen randomly studies in Class XII
and F be the event that the randomly chosen student is a girl. We have to find P (EIF).
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430
Now PF) = 22 043 and P(E F)=—>_—0.043 (Why?)
1000 1000

P(ENF) 0043

Then PEIF) = — ® o

Example 5 A die is thrown three times. Events A and B are defined as below:
A : 4 on the third throw
B : 6 on the first and 5 on the second throw
Find the probability of A given that B has already occurred.

Solution The sample space has 216 outcomes.

(1,1, (1,24 ..(1,64) 2,1.4) (224) ... (2,6,4)
Now A=47314) (324 ..(364) 4,14 4.24) ..4,64)
5,1,4) 5,24) ... (5,6,4) (6,1,4) (6,2,4) ...(6,6,4)

B = {(6,5,1),(6,5.2), (6,5.3), (6,5.4), (6,5,5), (6,5.6)}
and ANB={(654).

6 1
Now P(B) == and P(ANB)= 7

Then P(AB) = ——— =420 __

Example 6 A die is thrown twice and the sum of the numbers appearing is observed
to be 6. What is the conditional probability that the number 4 has appeared at least
once?

Solution Let E be the event that ‘number 4 appears at least once’ and F be the event
that ‘the sum of the numbers appearing is 6.

Then, E = {(4.1),(4,2),(4,3),(4.4),(4,5),(4,6), (1,4),(2,4),(3,4),(5,4), (6,4)}
and F={(1,5),(2,4),(3,3),(4,2),(5,1)}

11 5
We have P(E) = %and PF) = 36

Also EnF={24),42)}
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2
Theref PEENF) = —
erefore (ENF) 36

Hence, the required probability

P(EF) = —— =

2
PENF) 36 2
PF) 5 5

36

For the conditional probability discussed above, we have considered the elemen-
tary events of the experiment to be equally likely and the corresponding definition of
the probability of an event was used. However, the same definition can also be used in
the general case where the elementary events of the sample space are not equally
likely, the probabilities P(ENF) and P (F) being calculated accordingly. Let us take up
the following example.

Example 7 Consider the experiment of tossing a coin. If the coin shows head, toss it

again but if it shows tail, then throw a die. Find the (H,H)
conditional probability of the event that ‘the die shows Head (H) <
a number greater than 4’ given that ‘there is at least (H,T)
one tail’. <
(T,1)
Solution The outcomes of the experiment can be (T,2)
represented in following diagrammatic manner called Tail (T) (?z)
the ‘tree diagram’. gTZS;
The sample space of the experiment may be (T,6)

described as Fig 13.1

S ={H,H), (H,T), (T,1), (T.2), (T,3), (T.4), (T.5), (T,6)}
where (H, H) denotes that both the tosses result into Vi

(H,H)
head and (T, i) denote the first toss result into a tail and Head (H) <
the number i appeared on the die for i = 1,2,3,4,5,6. 2 Yy~ (H,T)
Thus, the probabilities assigned to the 8 elementary
1

events

H,H), H,T), (T, 1), (T, 2), (T, 3) (T, 4), (T, 5), (T, 6) Tail (T)

11111111

are 5 1212 10 12 respectively which is
clear from the Fig 13.2. Fig 13.2
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Let F be the event that ‘there is at least one tail’ and E be the event ‘the die shows
a number greater than 4. Then

F={(HT),(T.1),(T.2),(T.3),(T4),(T.5),(T.6)}
E = {(T,5), (T,6)} and EN F = {(T.5), (T,6)}
Now P(F) =P{HD}) + P ({(T.DH} + P ({(T.2)}) + P ({(T.3)})
+ P({(T.H}) + PA(T.5)}) + P{(T.0)})
11 1 1 1 1 1 3

=—t—t+t—+t—+t—+—+—=—
4 12 12 12 12 12 12 4
1 1 1
and  PENF)=P{THH+PUTON =5+ "¢
1
H P(EIF M—E 3
ence (EIF) = P 379
4

|EXERCISE 13.1]
1. Given that E and F are events such that P(E) = 0.6, P(F) = 0.3 and
P(E N F) = 0.2, find P (EIF) and P(FIE)
2. Compute P(AIB), if P(B) =0.5 and P (A " B)=0.32
3. If P(A)=0.8, P(B)=0.5and P(BIA) = 0.4, find
i) P(ANnB) (i) P(AIB) (i) P(A U B)

5 2
4. Evaluate P(A U B), if 2P(A) = P(B) = > and P(AIB) = ¢

-1 7 .
5. IP(A)= 7, P(B) = 7 and P(A UB) = find
(i) P(AMB) (i) P(AIB) (iii) P(BIA)

Determine P(EIF) in Exercises 6 to 9.
6. A coin is tossed three times, where
(1) E : head on third toss ,  F : heads on first two tosses
(ii) E : at least two heads , F : at most two heads

(ii) E:at mosttwo tails , F: atleast one tail



