In this chapter, we will discuss the concept of conditional probability of an event
given that another event has oceurred, which will be helpful in understanding the
Baye's theorem, multiplication rule of probability and independence of events. We
will also study random variable, its probability distribution; mean of probability

distribution.

PROBABILITY

| TOPIC 1|
Basic of Probability and
Conditional Probability

SOME BASIC DEFINITIONS

Experiment An operation which can produce some well-defined outcomes is
called an experiment.
Random Experiment An experiment is called random experiment, if it satisfies
the following two conditions

(i) It has more than one possible outcomes.

(i1) It is not possible to predict the outcome in advance.

e.g. When a fair coin is tossed, it may turn up a head or tail but we are not sure
which one of these results will be actually obtained.

Outcomes and Sample Space A possible result of a random experiment is called
its outcome. The set of all possible outcomes of a random experiment is called
its sample space. It is usually denoted by 5. Each element of a sample space is
called a sample point or an event point.

e.g. The sample space of rossing a coin is § = {H, T}.

Trial When a random experiment is repeated under identical conditions and it
does not give the same result each time but may result in anyone of the several
possible outcomes, then each such action is called a trial and the outcomes are
called cases. The number of times the experiment is repeated, is called the
number of trials.

e.g. One toss of a coin is a trial, when the coin is tossed » times.
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Event

A subset of the sample space associated with a random
experiment is called an event.

e.g. On tossing a coin, we have sample space § ={H, T}
The event of getting a head is given by E ={H}.

Clearly, £ C §, so E ={H} is an event.

TYPES OF EVENTS

(i) Impossible and Sure Events The empty set & and the
sample space S describe events (as § and ¢ are also
subset of §). The empty set ¢ is called an impossible
event and whole sample space § is called the sure
event.

e.g. When we throw, a die, then the event of getting a

number greater than 6 is a impossible event and the

event of getting a number less than 7 is a sure event.
(i) Simple Event If an event has only one sample point

of a sample space, then it is called a simple or
elementary event.

e.g. Let a die is thrown, then sample space
§=1{12,3,4,5,6}
Again, let A = event of gerting 3 ={3}

Here, Aisa simp]e event.

(iii) Compound Event If an event has more than one
sample point, then it is called a compound event.
e.g. In the experiment of tossing a coin twice, the
events E = exactly one head appeared
and F = atleast one head appeared are compound
events. The subsets of § associated with these events
are E={HT,TH}and F ={HT ,TH, HH |.

(iv) Equally Likely Events The given events are said to
be equally likely, if none of them is expected to occur
in preference to the other.

e.g. In throwing an unbiased die, all the six faces are
equally likely to come.

(v) Mutually Exclusive Events Two or more events are
said o be murually exclusive, if the happening of one
excludes the happening of the other ie. if no two of
them can occur rogether. If 4 and B are murually
exclusive events, then (A B) = .

e.g. In throwing a die, all the 6 faces numbered 1 10 6
are mutually exclusive, if anyone of these faces comes,
the possibility of others in the same trial is ruled out.

(vi) Exhaustive Events A ser of events are said to be
exhaustive, if one of them necessarily occurs
whenever the experiment is performed.

Let £,, E,,..., E, be subsets of sample space S. Then,

events E|,E,,..., E, are exhaustive events,

fE,WE, W WE, =5

e.g. In the experiment of throwing a die,
§=11,2,34,5,06}

Let E| = event of getting an even number

=12,4,06}
and E, = event of getting an odd number
={L3,5}
Here, £, W E, =S. So, E, and E, are exhaustive

events.
(vii) Complement of an Event Let A be an event in a
sample space S, then complement of A is the set of all
sample points, which are not in 4 and it is denoted by
A’ or A.
ie. A" ={n:ne 8, ne A}
e.g. In the random experiment of throwing a die, the
sample space § =1{1,2,3,4,5,6} and if we define the
event £ as getting multiple of 3, then complement of
E e E=1{1,2,4,5).

PROBABILITY OF AN EVENT

If there are # elementary equally likely events associated
with a random experiment and m of them are favourable to
an event A, then the probability of happening or occurrence

of A is denoted by P(A) and defined as

Number of elementary events
m | favourable to event A
pA)=2=
n Total number of elementary |
events to the experiment
Note

MHo=PA) =1
(i) Probability of impossible event is zera.
(iii) Probability of sure event is 1.
{iv) P{Aw A)=1
W PANA)=0
(vi) P (A = P(A)
[vii) Sometimes, we have to select r abjects from n distinct objects,

nl
0zr<n

then we use the formula, "C, = ———,
fl{in=r)!



Coin

A coin has two sides, head and tail. If an experiment
consists of more than one coin, then coins are considered
as distinct, if not otherwise stated.

(i) Sample space of one coin= (H, T}

{ii) Sample space of two coins = ((H, T), (T, H), (H H), (T, T}
(iii) Sample space of three coins

={(H H,H)(H H, TLIH T, H)T, HH),
(H T, AT H DT TLHL T T, TH

&«

Die
A die has six faces marked 1, 2, 3, 4, 5 and 6. If we have
maore than one die, then all dice are considered as distinct,
if not otherwise stated.
(i) Sample spaceofadie=1(1,2 3, 4,5, 6}
(i) Sample space of two dice
(LD, (L2, (1,3, (14, (L5 (
(20, (23, (23), (24, (258), (
30, (3,2, (3,3, (3,4, (3,5), (3
T4, (4,3, (4,3), (4,4, (4,5), (4
50, 63, 6 3), 649 658, 6
(6 1), (63, (63), (6 4), (65), (6

L€
2.8
.6
. 6)
.6
&

Playing Cards

A pack of playing cards has 52 cards. There are 4 suits
namely spade, heart, diamond and club, each having 13
cards. There are two colours, red (heart and diamond) and
black {spade and club), each having 26 cards.

In 13 cards of each suit, there are 3 face cards namely king,
queen and jack, so there are in all 12 face cards. 12 face
cards along with 4 ace cards are together known as

16 honour cards, i.e. 4 ace, 4 king, 4 queen and 4 jack.

Cards
52
!
l Colours
Red Black
26 26
! l
Heart Diamond Club Spade
13 13 13 13

EXAMPLE |1] 4 cards are drawn from a well-shuffled

deck of 52 cards. What is the probability of obtaining
3 diamond cards?

Sel - Total number of cards in a deck = 52 [given]

Total number of ways of selecting 4 cards out of 52 cards,

n(s)= 5251
Let E = event of getting 3 diamond and one another card
Then, n(E)="C, % ¥C,
n(E) _ e, x YC,

. Required probability, P(E) =
q P ty, F(E) ) s,

Important Results on Probability

1. Addition Theorem of Probability
(i) For two events A and B,
PALUB) =PA+PB)-P(ANB)
If A and R are mumaﬂy exclusive events, then
P(AvB)=P(A)+ P(B)
[for mutually exclusive events, P (A M B) =0]
(ii) For three events A, B and C,
PlAVBUC)=P(AY+ P(B)+ P(C)
—P(AnB) - P(Bn(C)
=PANCI+ P(An BN ()
If A, B and C are mutually exclusive events, then
PAVUBOC)=P(A)+ P(B)+ PIC)
[for mutually exclusive events,
PANB=P(BNCC)
=PlCn A= PIANBENC)=10)]
2. If A and B are two events associated with a random
experiment, then

(i) PANB) =P(B)=P(ANB)
(i) P(AnB)=P(A)-P(ANB)

(i) P[(AnB)u (AN B)
=P(A)+ P(B) -2P(AN B)

(iv) P(AnB)=1-P(AU B)

(v) P(AUB)=1-P (AN B)

(vi) P(A)=P(ANB)+P(ANB)

(vit) P(B)=P(AmB)+ P(Bm A)
(viti) Plexactly one of A, B occurs)
= P(A)+ P(B) = 2P(ANB)
=P(Au B)- P(An B)
3, If A, B and C are three events, then
P(exactly one of A, B, C occurs)
=P(A+ P(B)+ P(CY-2P(AnB)-2P(BNC)
=2P(ANC)+3P(AN BNC)
4, P(A)=1=P(A)

EXAMPLE |2| If A and B are two events such that
P(A) =0.42, P(B) =0.48 and P(A B)=0.16, then find
P(AuU B).
Sol Given, P(A) =042, P(B)=048 and P(A nB)=0.16
. P(AUB)=P(A)+ P(B)- P(AN B)
=0.42+0.48=0.16=090=0.16=0.74

EXAMPLE |3| There are 25 tickets bearing numbers
from 1 to 25. One ticket is drawn at random. Find the
probability that the number on it is a multiple of 5 or 6.



Sol. Let E = event of getting a multiple of 5
F = event of getting a multiple of 6
and E m F = event of getting a multiple of 5 and 6, ie. 30

P{E}:% [+ E = {5,10, 15, 20, 25}]
4
Fy=— " F = 6_12,1 24
B(F) = [ { 8, 24]]
and P{EHF:}=%=D [ EnF={d]]
. Required probability.
P(EUF)=P(E)+ P(F) - P(En F)
5 4 9
e —— ] = —
25 25 25

CONDITIONAL PROBABILITY

If A and B are two events associated with the same sample
space of a random experiment, then conditional probability
of the event A given that B has occurred,

i.e. P(A/B) is given by

P(iJ = m, provided P(B) #0
B P(B)

Probability of occurrence of event B, when A has already
occurred i.e. P (B /A) is given by

By PBnA
P[—J L CIat)

, ided P(A) 20
y 27 provi (A)

Properties of Conditional Probability

Let A and B be the events of a sample space § of an
experiment, then

(i) PS5/ Ay=P(A/A)=1

(ii) If A and B are any two events of a sample space § and
C is an event of §, such thar P(C) £ 0, then
PllAUB)IC=P(A/C)+ P(B/C)—P (A B)IC}

In particular, if A and B are disjoint events, then

2 12)A2)
(& C [
(iii) P(A'/B)=1— P (A/lB), where A" is complement

of A.
Note If A and B are mutually exclusive events, then P{A[B) = 0.

METHOD TO SOLVE PROBLEM BASED ON
CONDITIONAL PROBABILITY

To solve problems based on conditional probability, we use
the following steps

I. Firstly, write the sample space for given experiment
and then assume the given events as A, B, which are
associated with sample space.

II. Find the probability of that event A or B, which is
already occurred and find P(A M B).
Il Find the required conditional probability by using
suitable formula
A P(AMn B) B P(Am B)
Pl—|l=———or P|—|=—7—
B P(B) A P(A)

Note If elermentary events of the sample space are not equally likely,
then probabilites P(A~B) and P(A) or P{B) being calculated
accordingly.

EXAMPLE |4| If P(4) = % P(B)= % and

P(AuB):%, then find
(i) P(AnB) (i) P(A/B) (i) P (B/4).  INCERT|

Sol. Given, P(A)=2, P(B)=2 andP(AuUB)=L
11 11 11

(i) P(AUB)=P(A)+ P(B)-P(ANB)

1.843 _pans
11 11 11
6 5 7
AnNnB)l=—+—=-—
= AAns TRETRET
. P(ARB)=—
11
(1) P[i]=w=4_f“=i [“‘P{Aﬁﬂ)=4_]
B P(B) 511 5 11
(ﬁi}p[£]=w=ﬂ=i=3
A P(A)  6/11 & 3
EXAMPLE |5 Two dice are thrown. Find the

probability of getting an even number on first die, if the
outcomes on the two dice always exhibits a sum of 8.
Sol Here, two dice are thrown. So, sample space is
(1.1).(1,2),(L3),(L4).(L5).(L6).
(21).(2 2).(23)(24).(25).(20),

s = J(31).(3.2).(3,3).(3.4).(3.5).(3.6).
(4,1).(4, 2).(4,3).(4,4),(4,5),(4.6),

(5.1).(5.2).(5.3).(5.4).(5.5).(5.6).
(6,1),(6.2).(6,3).(6,4).(6.5).(6.6)

n(5)=736
Let A = event of getting an even number on first die

(21).(2 2).(23).(24).(25).(26),
ie. A =1(4,1),(4, 2),(4,3).(4,4),(4,5),(4.6),

(6.1).(6.2).(6.3).(6.4).(6,5).(6.6)
n(A)=18
and B = event of getting a sum of 8
={(2. 6), (3, 5). (4, 4), (5. 3). (6, 2)}
n(B)=5




Here, (A nB)={(2 6), (4, 4). (6 2)}

n(A N B)=3
_n(AnB)_3
Now, P(A HB}——H{S] "
and P(B)= nB) _5
n(s) 36

Since, we have to find the conditional probability of
getting an even number on first die, when the dice
always exhibits a sum of B.

.. Required probability = P(%] = M: 356_3

P(B) 5836 5

EXAMPLE |6| Given that the two numbers appearing
on throwing two dice are different. Find the probability of
the events

(i) the sum of numbers on the dice is 4.

(ii) the sum of numbers on the dice is not 4. INCERT]

Sol. Here, two dice are thrown, so number of outcomes in
the sample space, 5 =6 ¥ & = 36 (equally likely sample
events) ie. n(5)=73a
Let E be the event of getting sum of the numbers on the
dice is 4 and F be the event that numbers appearing on
the two dice are different.

Then, E = {{1, 3), (2 2), (3 1)}
=n(E)=3

(1, 2), (1, 3), (1, 4), (1, 5), (1, &),
(2,1).(23). (2 4). (2 5), (2 8),
4 po]BD.G2.069.35.306.
(4,1),(4, 2), (4, 3).(4, 5), (4, 8),
(5,1), (5, 2), (5. 3), (5. 4).(5. 6),
(6,1), (6, 2), (& 3), (6, 4), (6 5)

= n(F)=130
Here, E M F = {(1,3), (3, 1)} = 2

_ Number of favourable outcomes _30_5

P(F) ===
Total number of outcomes 36 6
and P(EnF)=2=21
36 18

(i) The probability that the sum of numbers on the dice
showing different number is 4,

p(E).PENF) 118 _1
F F(F)

5/6 15
(ii) The probability that the sum of numbers on the dice
showing different numbers is not 4,

E’ E 1 14
P =1-f—|=1-—=—
(Fl-dF)-5-%

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 conditional probability of
the event that ‘the die shows a number greater than 4
given that there is atleast one tail. [NCERT; Delhi 2014C)
Sol. The outcomes of the experiment can be represented in
the following tree diagram.
The sample space S of the experiment is given as
S={(H, H), (H, T),(T,1),(T, 2), (T, 3),
(T.4),(T,5),(T,8)}

(T.8)
The probabilities of these elementary events are
1 1 1
PY{H Hj}=—-x=-=—
()= 2x 2=t
1 1 1
PlH, Tl=—-x—=—,
I(H, =2 x o=
1 1 1
PUT 1)} =—x—=—,
(T 0b=oxo=3
1 1 1
PHT. 2)j==n—-=—,
(T, 2= x—=2
1 1 1
PUT. 3= —x == —,
(T3 =ox—=2
1 1 1
PUT. 4} =—x —=—,
(T h=ox-=0
1 1 1
PYT, 5} =—x—=—
(7.5 =oxo=0
1 1 1
d P{T,6f}j=—x—=—
and PYT, €)= x—=—=
A& (H, H)
Headtm<
12 114 H T

Tail (T)

Consider the following events
A = the die shows a number greater than 4
and B = there is atleast one tail.



We have, A = {(T. 5). (T 6)}, VERY SHORT ANSWER Type Questions

B={(H, T),(T,1),(T, 2).(T, 3),(T, 4),(T.,5),(T,6)} 5 Events E and F are such that P (not E or not F)
and A N B={(T, 5), (T, 6)} = 0.25. State whether E and F are mutually
exclusive.
P(B)=P{(H, T)} +P{{T. 1)} + P{(T, 2)} + P{(T, 3)}
+ P{(T, 4)} + P{(T, 5)} + P{(T, 6)} 6 If P(ﬁ)} P(A), then prove that P(E] = P(B).
1,1 .1 .1 .1 .1.1_3 B INCERT]
AT TR TR TN T
4 12 12 12 12 12 12 4 - .
L1 SHORT ANSWER Type I Questions
and (A N B)=P{(T.5)}+ P{{T.6)}=—+ —=— .
12 12 & 7 Three distinct numbers are chosen randomly
) N A} P(AnB) from the first 50 natural numbers. Find the
- Required probability = P[E] = TPRE) probability that all the three numbers are
; . divisible by both 2 and 3. |Delhi 2020)
1/6
[ Py e . . 3 2
34 18 9 8 Find[P(B/ A) + P(A/ B)), if P(A) =o' P(B) =3
Note Here, the elementary events are not equally likely. So, we and P(AuB)zE.
5 [Delhi 2020]

cannot say that P(B) = % PlAnB)= %
9 The probability that atleast one of the two
events A and B occurs is 0.6. If A and B occur

simultaneously with probability 0.3, then
TOP IC P RACT[CE 1 | evaluate P(4) + P(B). [NCERT Exemplar]

OBJECTIVE TYPE QUESTIONS 10 If P(not A) =0.7, P(B) = 0.7and P(B/A) = 0.5, then
1 A die is thrown once. Let A be the event that the find P(A/B). [All India 2019]
number obtained is greater than 3. Let B be the . .
event that the number obtained is less than 5. SHORT ANSWER Type II Questions
Th';n‘ P(AuB) 153 [All India 2020] 11 Ablack and a red die are rolled together. Find
(a) z (b) z ()0 (d)1 the conditional probability of obtaining the sum
8, given that the red die resulted in a number
2 From the set {1, 2, 3, 4, 5, two numbers a and less than 4. [CBSE 2018]
bla #ﬂb) are choten a-t random. The probability 12 Given that E and F are events such that
that - i an integes, & [Delhi 2020] P(E)=0.6, P(F)=0.3 and P(EF) =0.2.
1 1 1 3
@31 (CERNNCE @k Find p[E] and p[f}
F E [NCERT]
3 Three dice are thrown simultaneously. The B
probability of obtaining a total score of 5 is 13 1fP(4) =08, P(B)= 0.5and F{E] =0.4,then find
[ 20201 he value of P(A U B)
the value o u
W= ®f ©i @i (NCERT]
216 6 36 49 3 1 4
14 1fP(B)==,P(A/B)==and P(Au B) = =, then
4 A card is picked at random from a pack of 52 5 2 5
playing cards. Given that the picked card is a find P(AwB) + P(A" w B). [NCERT Exemplar]
queen, the probability of this card to be a card 9 3 ]
of spade is [All India 2020] 15 1fP(A)= T P(B) = Eand P(AnB)= 3 then find
1 4 1 1
a) = - = d) =
@3 ® 3 @7 @3 P(A’/B’)-P(B’/ A"). [NCERT Exemplar]
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A and B are two events such that P(4) # 0.

Find P(E} if
A

(i) Aisasubsetof B. (ii) AnB=¢ [NCERT]

A fair die is rolled. Consider the following events
A=(246),B={4,5)and C = {3,4,5,6}
Find (i) P(AUB/C) (ii) P(AnB/C)

Assume that each born child is equally likely to
be a boy or a girl. If a family has two children,
then what is the conditional probability that both
are girls, given that

(i) the youngest is a girl?

(ii) atleast one is a girl? [NCERT; Delhi 2014

A couple has 2 children. Find the probability
that both are boys, if it is known that

(i) one of them is a boy.

(ii) the older child is a boy. [Delhi 2014C]

A couple has two children. Find the probability
that both children are males, if it is known that
atleast one of the children is male. [NCERT]

Two coins are tossed once, if K : tail appears on
one coin and F': one coin shows head, then find

E

F
A die is thrown three times. Events A and B are
defined as below

INCERT]

A: 4 on the third throw
B : 6 on the first and 5 on the second throw.

Find the probability of 4, given that Bhas
already occurred. INCERT]

A die is thrown twice and the sum of the
numbers appearing is observed to be 8. What is
the conditional probability that the number 5
has appeared atleast once? [NCERT]

A black and a red die are rolled. Find the
conditional probability of obtaining a sum
greater than 9, given that the black die resulted

inas. [NCERT)]

An instructor has a question bank consisting

of 300 easy true/false questions, 200 difficult
true/false questions, 500 easy multiple choice
questions and 400 difficult multiple choice
questions. If a question is selected at random
from the question bank, then what is the
probability that it will be an easy question, given
that it is a multiple choice questions? [NCERT]

26

27

28

In a college, 7T0% students pass in Physics,
75% students pass in Mathematics and 10%
students fail in both. One student is chosen at
random. What is the probability that
(i) he passes in Physics and Mathematics?
(ii) he passes in Mathematics, given that he
passes in Physics?
(iii) he passes in Physics, given that he passes in
Mathematics?

In a hostel, 60% of the students read Hindi
newspaper, 40% read English newspaper and
20% read both Hindi and English newspapers. A
student is selected at random,

(i) find the probability that he/she reads neither
Hindi nor English newspaper.

(ii) if he/she reads Hindi newspaper, then find
the probability that she reads English
newspaper.

(iii) if he/she reads English newspaper, then find
the probability he/she reads Hindi
newspaper. [NCERT; Delhi 2011]

Consider the experiment of throwing a die, if a
multiple of 3 comes up, then throw the die again
and if any other numbers comes, then toss a
coin. Find the conditional probability of the
event ‘the coin shows a tail’, given that atleast
one die shows 3'7 [NCERT)]

HINTS & SOLUTIONS

(d) We have, A={4,5 6} and B={, 2 3, 4}

Now, AnB={1}

Now, P(A v B)= P(A)+ F(B)- P(ANB)
3 4 1 6
=k ——= —=]
6 6 6 6

(c) We have sets of number {1, 2, 3, 4, 5}.

Sample space of choosing two numbers
Ixd

- 5{:2 - =10
1x2

Favourable outcomes are (E 3 i, i. i) =5

5 1
~.Required probability = — =—
q P ¥ 0 2

(c) Three dice are thrown simultaneously favourable
outcomes = {{1, 1, 3),(1,3,1),(3, 1, 1). (1, 2, 2) (2, 1, 2)

(2.2 1)}
=6
Total number of outcomes = 6* = 216
6 1
. Required probability = — = —
4 P 7 216 36



(c) Let A be the event that card drawn is a spade and B
be the event that card drawn is a queen. We have a total
of 13 spades and 4 queen and one queen is from spade.

13 1

pay=2-1

52 4

4 1

By ——

HE) 52 13
1

o(A)_PAnB) 152 _1
B P(B) 1113 4
Given, P(not E or not F) =0.25

= P(E' UF’)=P(EnFY =025
P(ENF) +P(ENF)=1
= P(EMF)=1-P(ENFY

P(ENF)=1-025=075%0
Hence, E and F are not mutually exclusive.

iven A L{A N B)
G ,P[B]}PI{A}= (B = P(A)

= m}l’(ﬁ] = P[%]:sP{B}

P(A)
Hence proved.

Three distinct numbers are chosen from first 50 natural
numbers in *C; ways. Total numbers which is divisible
by 2 and 3 from first 50 natural numbers is

[6. 12, 18, 24, 30, 36, 42, 48} =8
"C, _ BxTxe 1

0o, 50x49x48 350

. Required probability =

We have, P(A)= iﬂ P(B) =§and PAUB) =2
1

5
We know that
P(AUB)= P(A)+ P(B)- P[AnB)
3 3 2
—==—+—-=PFANE
- 5 10 5 KANBE)
3 2 3 1
AnBl=—+4====—
- HANB) lﬂ+5 5 10
P(AnB) P(ANB)
N B/A)Y+ P(A/B)]= +
ow [P( P(A/B)] PA) PB)
1 1

= i + i = l + l = 1
3/10 2/5 3 4 12
We know that A U B denotes the occurrence of atleast
one of A and Band A M B denotes the occurrence of both
A and B, simultaneously.

Then, P(A w B)=06and P(A N B) =03
~ P{AuU B)=P(A)+ P(B)- P(A " B)
06=PA)+ P(B)-03=P(A)+ P(B)=0.9
= {1-PA]+[0-FAB)}=09 B
[ P(A)=1- P(A)and P(B) =1-P(B)]
= P(A)+P(B)=2-09=11

10.

12.

13.

14.

Given, P(A")=0.7, P(B)= 0.7 and P [;] =05

Clearly, P(A)=1=PA")=1=-07=03
Now, P(£)=—HAHB)
A P(A)
05=-HANB)
0.3
= P(AnB)=015
B F(B) 0.7 B) 14

Let us denote the numbers on black die by B.B,......B,
and the numbers on red die by R R, ... K.

=

Then, we get the following sample space.

5 =) By R)ABLR,), oo (By, R (B Ry ), (B R ). e
(BLR,). s (BL.RLIB,R,)......(B.R.)
Clearly, n{5) =36

Now, let A be the event that sum of number obtained
on the die is 8 and B be the event that red die shows a
number less than 4.

Then, A = {(By.R ), (Bg.R;).( By.Rs ). ( Bo.Rs). (By.R, )}
_ |(By. Ry)L(ByRy).(By.Ry). (By. Ry ).(By.Ry). (By,Ry)
and B { e (B Ry, (B Ry), (B, R,) }

= AnB={(B;.R,),.(B; Rs)}
Now, required probability,

2

P[A]_P{AHB]_E_Z_I

B PB) 18 18 9
36

Similar as Example 4 (ii) and {iii)[ﬂ.ns. ; a.nd%]

Hint P(A n B)= P(A)x P(B/A)
and P(Aw B)=P(A)+ P(B)- P(A n B)[Ans. 0.98]

HEI‘E.P{E}=g,P{A!B}=%andP{AU5]=§
. P(A i B)
Since, P(A/B)= ———
F(B)
=  PAnB) = PA/B)-P(B)=~x2=2
B 275 10
Also, P(A U B) = P(A) + P(B)— P(AB)
4 03 3 1
A== — ==
- A =3-5% 02
P{AUB]‘=1—P(AUB}=1-%=%
and P(A’UB)=1- P(A-B)=1-F(ANB’)
12 4
=1=PFAY-PABYy=l=—=i—m ==
P{A)-P(B") 5373

= PAUBY+PA'UB=L+4-3-,
5 5 5



15.

16.
17.

18.

HiutP[AJ)xP(B']= L-PABF [AmL E]
B A"} =P(B)[1-P(A)] 42
Hint P (A n B)=P(A)[Ans. ()1 (ii)0]
Given events are
A={246),B={45}and C = {3,456}

Sample space, 5§ = {1, 2 3 4, 5, 6}
AUB={245¢6},AnB=1{4}

(AUB)NC ={24,56}Nn{34,56}={4,5 6}
and ANBNC={4}n{3.4,56}={4}

nS)=6n[{{AUBNCH=3 nlANnBNC)=1
and n(C) =4
ﬁ“{,q.uﬂ)= P{AUB)NC} _ n{(AUB)NC}/n(S)
[

Now,

P(C) n(C)/n(S)
_3/6 _13
4/6 4
{H)P[A m3]= P(AnBNC) _ n(AnBNC)/n(S)
C P(C) n(C)/ni(S)
_ /6 _ 1
T4/6 4

Let B represents elder child which is a boy and b
represents younger child which is also a boy. Also, G
represents elder child which is a girl and g represents
younger child which is also a girl.

If a family has two children, then all possible cases are
5 = {Bb, Bg, Gg, Gb}

n(S)=4
Let us define event A that both children are girls, then
A={Gg} = n(A)=1
(i) Let E, be event that youngest child is a girl.

T, 7{ 2]~ A4 0E)
E, HE,)

Now, El={Bg,Gg}=pP(EI]=;£= %

and ANE, ={Gg} = P(A nE1)=i

Thus, ff A |=XANQE) _1/4 1
E, P(E,) 1/2 2

*. Required probability = 15

(ii}) Let E, be event that atleast one child is a girl.
Then, E, = {Bg Gg. Gb}

3
= n(E,)=3 = P(EZ]=;

Now, (AN E,)={Gg}=P(A nE2}=l_

Ths, P{i]=_ﬂﬂﬁﬂzl=ﬁ=1
E, HE,)

. Required probability =1/3

19.

20.

21.

22,

24.

Solve as Question 18. 1|:Ans. (1) % (i1) 12}

Hint A = both children are male

and B = atleast one children is male
1

pa)=L P(B)=2 P(AnB)=
4 4 4

NDW,P [i]= w [AII.S. l]
B P(B) 3
Hint P(E) = 43. P{F)=4E, P(EnF)=2

4
Now, P [E] = F(EQF) [Ans. 1]
F P(F)

] 1
Hint P(B)=—, F(An B)=—
216

216
Ncw,P[i]=LﬁE)|—Aus. l-l
B)- " rm |l

Hint Let E : sum of numbers is 8§

and F : number 5 appears atleast once
5 11 2
Then, (E)=—, P(F)J=—and (ENF)=—
KE)= o, AF)=__and X )=
ENT 2]
Required probability = P| —| | Ans. —
e prone iy (E)l 5
Hint A = sum greater than 9

and B = black die resulted 5
- PA)=2 PB)=L P(AnB)=
36 36

Naw,P(i]=—Pm N B) [Am.l]
B P(B) 3

Total number of questions,
n(5) =300 + 200 4 500 + 400 = 1400

]

g

Let E be the event that question is easy and F be the
event that question is a multiple choice.

Then, n{E) =500+ 300 =800

- P(E) = Number of easy questions _ n(E) _ 800 4
v Total number of questions  n(5) 1400 7
n(F) =500 + 400 = 900

Number of multiple choice questions

Also,

P(F)= -
Total number of questions
_ n(F)_900 9
T As) 1400 14
and P(E m F)

_ Total number of easy multiple choice questions

Total number of questions

_ 500 5
T 1400 14

p[E]:”E nF)_5/14_5
F P(F) 914 9



26. P(A)="Probability of students passed in Physics = 70/100
P( B) = Probability of students passed in Mathematics
=75/100
P{A" m B") = Probability of students fail in both = %
v P(A"n B )=1=-P(AUB)
10 20
AuB)=1-PA' NB)=1-—=—
H ) A ) 100 100
(i) P(he passes in Physics and Mathematics)
= P(A N B)= P(A) + P(B) - P(A U B)

_70 75 9% _55 11
100 100 100 100 20
(ii) P(he passes in Mathematics given that he passes in
Physics)
55
_F{B)_ P(ANB) 100 _55_11
la) a0 70 14
100
(iii) Pthe passes in Physics given that he passes in
Mathematics)
_ F( A ) _P(AnB)
“\B) mB
55
1o _55_11
7575 15
100

| TOPIC 2|

Multiplication Theorem on

27. Let H = student reading Hindi newspaper
and E = student reading English newspaper
Let n(5) =100, then n{ H) = 60,
m(E) =40 and n(H N E) = 20
n(H) 60 3 _n(E) _40 _2

== P(E)=
n(§) 100 5

. P(H)=

n($) 100 5
and P(HNE)=—=—=—
n(S) 100 5
(i) Required probability = P(student reads neither Hindi
nor English newspaper)
=PH' NE)=FKHUEY =1-P(H UE)
= 1= [P(H) + P(E) = P(H  E)]
1-[342 1,80
[57575)7 7575
(ii) Required probability = P(student reads English

newspaper, if he/she reads Hindi newspaper)
A{E)-mEnm 15 1

H P(H) 35 03
(i1i) Required probability = P(student reads Hindi

newspaper when it is given that
he/she reads English newspaper)

{2)-Aon) 151
E}] PHE) 25 2

28. Similar as Example 7. [Ans. 0]

Probability and Independent Events

MULTIPLICATION THEOREM

Let A and B be two events associated with a random
experiment, then

P(A)- P(BlA), where P(A) #0

P(AnB)= {P(B}.P(A,FB],whcr:P(B} #0

Here, A B denotes the simultaneous occurrence of the
events A4 and B. The event A M B is also written as AB.

The above result is known as the multiplication rule of
probability.

EXAMPLE |1] Find the probability of drawing a
diamond card in each of the two consecutive draws from a
well-shuffled pack of cards, if the card drawn is not
replaced after the first draw.

Sol. Let Abe the event of drawing a diamond card in the

first draw and B be the event of drawing a diamond card

in the second draw. Then, P(A) = B_1

52 4
After drawing a diamond card in first draw, 51 cards are

left out of which 12 cards are diamond cards.

F(B ] A)=Probability of drawing a diamond card in
second draw when a diamond card has
already been drawn in first draw

B 12 4
= Pl—=|=—=—
(A] 51 17

Now, required probability

=P(ANB)= P{A)-P[E]
A
1 4 1
= e N ——
4 17 17



EXAMPLE |2| A bag contains 19 tickets, numbered
from 1 to 19. A ticket is drawn and then another ticket is
drawn without replacement. Find the probability that
both tickets will show even numbers.

Sol. Let A be the event of drawing an even numbered ticket
in first draw and B be the event of drawing an even
numbered ticket in the second draw. Then,

Required probability = P(A n B)=P(A)- P(B/A) _.(i)
Since, there are 19 tickets numbered 1 to 19 in the bag,
out of which 9 are even numbered viz. 2, 4, 6, 8, 10, 12,
14, 16 and 18.

Therefore, P(A)= i
19

Since, the ticket drawn in the first draw is not replaced,
therefore second ticket drawn is from the remaining 18
tickets, out of which 8 are even numbered.

B 8 4
P(_]=_=
A 18 9

Hence, required probability = P (A n B)

=P(A)-P(B/A)
9 )(4 4

[from Eq. (i)]

Multiplication Rule for

More than Two Events
Let E, F, G and H be four events of sample space 5. Then,

. F e
(1) P(EHFHG]-P(E)-P(EJ-P(EHF]

(ii) P(ENFNGn H)

:P(E,.P{ﬁ].,n[ G Jp[ H )
E EnF EnFnG

EXAMPLE |3]| Three cards are drawn successively
without replacement from a pack of 52 well-shuffled

cards. What is the probability that first two cards are king
and the third card drawn is an ace?
Sol There are 52 cards in a pack.
n(S)=52
Let A = event that the card drawn is king
and B = event that the card drawn is an ace.
Now, P(A)=4/52

%] = Probability of drawing second king when one

king has already been drawn = %

[ remaining cards are (52 —1) = 51]
P(B /AA) = Probability of drawing third card to be an

ace when two kings have already been drawn = :_CI

Now, probability of getting first two cards are king and
third card is an ace = AN A N B)

=P(A)- F(%] P[%] [by multiplication theorem]
4 3 4 2

=———=
52 51 50 5525

EXAMPLE |4| Abag contains 5 white, 7 red and 8 black
balls. If four balls are drawn one by one without
replacement, then find the probability of getting all white
balls.
Sol. Let A, B, C and D denote events of getting a white ball
in first, second, third and fourth draw, respectively.
Then, required probability = P(A n B C n D)
=P(A)P(B/A)P(C/ANB)P(DIANBAC) ..()
Now, P (A) = Probability of drawing a white ball in first
draw

When a white ball is drawn in the first draw, there are
19 balls left in the bag, out of which 4 are white.

P(B/A)=2
19

Since, the ball drawn is not replaced, therefore after
drawing a white ball in second draw, there are 18 balls

left in the bag, out of which 3 are white.
P(C/IAnB=2=1
18 6

After drawing a white ball in third draw, there are 17
balls left in the bag, out of which 2 are white.

P(DIAanC)=%

1

Hence, required probability = P(An BN C N D)
=F(A)-P(B/A)P(C/ANB)P(DIANBNC)

1 4 1 2 _ 1

4

19 6 17 969

INDEPENDENT EVENTS

Two events A and B are said to be independent, if the
occurrence or non-occurrence of one event does not affect
the occurrence or non-occurrence of another event. Two
events F and F are said to be independent, if

P(g] = P(F), provided P(E)#0

and P(?] = P(E), provided P(F) #0.

In other words, let F and F be rwo evenrts associated with
the same random experiment, then £ and F are said to be

independent, if P(E N F)= P(E)- P(F).



Some Important Results

1. Two events E and F are said to be dependent, if
they are not independent.
ie. P(EnF)# P(E)- P(F)
2. Two experiments are said to be independent, if for
every pair of events E and F, where F is associated
with the first experiment and F with the second
experiment, the probability of the simultaneous
occurrence of the events F and F is the product of
P(E) and P(F) calculated separately on the basis of
two experiments.
ie. P(EnF)=P(E)- P(F)
3. Difference between independent events and
mutually exclusive events
(i) Term independent is defined in terms of
probability of events whereas mutually exclusive
is defined in terms of subset of sample space.

(i1) Mutually exclusive events never have an
outcome common, but independent events
may have common outcome. In other words,
two independent events having non-zero
probabilities of occurrence cannot be mutually
exclusive and conversely i.e. two mutually
exclusive events having non-zero probabilities
of occurrence cannot Ec independent.

4. Three events A, B and C are said to be mutually
independent, if

P(An B)=P(A)- P(B)
P(ANC)=P(A)- PIC)
PIBNC)y=P(B)- P(C)

and P(ANBNC)=P(A)- P(B)- PIC)

If atleast one of the above is not true for three given

events, then events are not independent.

i.e. dependent.

PROPERTIES OF INDEPENDENT EVENTS
If A and B are independent events, then
(i) 4and B’ are also independent events.
(i) A’ and B are also independent events.
(iii) A" and B’ are also independent events.

EXAMPLE |5| An unbiased die is thrown twice. Let the
event A be ‘odd number on the first throw” and B he the
event ‘odd number on the second throw”. Check the
independence of the events 4 and B .

Sol. On throwing a die twice, we get 36 elementary events

of the experiment which are to be considered to be
equally likely. Odd numbers are 1, 3 and 5.

P(A)= P (odd number on the first throw)

18 1
T3 2
[ possible outcomes (1, 1), (1, 2). (1, 3), (1, 4), (1, 5), (1, 6).
(3, 1), (3, 2), (3, 3), (3. 4), (3, 5), (3, 6), (5, 1), (5, 2),
(5, 3). (5, 4), (5. 5) and (5, 6) i.e. 18 outcomes]
Similarly, P(B) = P (odd number on the second throw)
18 1

36 2
Also, P(A n B) = P(odd number on both throws)
9 1
3% 4
[ events are (1, 1), (1, 3), (1, 5), (3, 1), (3, 3).
(3. 5), (5. 1), (5, 3) and (5, 5) i.e. 9 outcomes]
1 1

1
Now, P(A)-P(B)==x—=—
ow, P(A)-P(B) %571

Thus, P(A rB)= P(A)-P(B)

Hence, A and B are independent events.

EXAMPLE |6| Two dice are thrown, find the probability

of getting an odd number on the first die and a multiple of

3 on the other die. Also, show that both events are

dependent.

Sol Let A be the event of getting an odd number on the first
die and B be the event of getting a multiple of 3 on the
second die.

On throwing two dice, total outcomes = 36

Qutcomes favourable to A M B, i.e. an odd number on
first die and a multiple of 3 on the other die are

(1, 3), (1, 8), (3, 3), (3, 6), (5, 3), (5, 6)}

n(AnB)=6
Then, required probability, P (A m B) = % =—
Now, A = {1, 3,5}, B={3 6}
So,n(A)=3 n(B)=2
P(A;,:“M]=i=l
n(s) 36 12
2 1
d By=—=—
- H(B) 36 18
1 1 1
Here, PA)-P(B)=—x—=—=2 P ANB
ere. A(A)-R(EB) lleﬁ 216 HANE)

Hence, A and B are dependent events.

Note If A and B are two dependent events, then we cannot apply
P{Arn B)=FP(A)-FP(B)

EXAMPLE |7| If each element of a second order
determinant is either zero or one. What is the probability
that the values of the determinants is positive? Assume
that the individual entries of the determinant are chosen
independently, each value being assumed with probability
1/2. [NCERT]



Sol. A second order determinant has four entries which may

be 0 or 1.

Total number of determinants = 2' =16

The only positive determinants are Lojpo and|[!!
o011 01

Since, each entry of the above determinant can be

selected with probability 1/2.

Therefore, required probability = 3(1 * L * L * l) E
2 2 2 2 16

EXAMPLE |8| A and B throw a pair of dice alternately.
A wins the game, if he gets a total of 7 and B wins the
game, if he gets a total of 10. If A starts the game, then

find the probability that B wins. |Delhi 2016]
Sol. Here, n(S)=6x6=736
Let A =Event of getting a sum of 7 in pair of dice

={(1, ). (2, 5), (3, 4). (6, 1), (5, 2), (4, 3)}
= n(A)=6
and B = Event of getting a sum of 10 in pair of dice
={(4. 6). (5. 5). (6, 4)}
=  n(B)=3

pay="4_6 1
n(5) 36 6
and P{E}_M_'B:I=i_l_
n(S) 36 12
(i ] 12 12
Now, the probability that if A start the game, then B

WwWIins _ _ _ _
P(Bwins)=P(AnB)+ P(AnBnAnNB)

+P{Z nEﬁEﬁEanBH
= P(A) P(B) + P(A)P(B)P(A)P(B)
+ P(A)P(B)P(A)P(B)P(A) P(B) + ...

[~ events are independent]

5 1 5 11 5 1
=M — oM — XX —
6 12 6 12 & 12
5 11 5 11 5 1
6

o —x oK —x X —+

12 6 12 6 12
5 5 55 5 (55}
=— ¢+ —x—+—x|—=| +
72 72 72 T2 \72
s[ 55 (ss5Y ] 5( 1 ]
=—|1+—=+|=| +..|==
2 712 \72 J72[1_§J
72

[ sum of infinite GP series is

o5 1 )_5s
7201772 ) 17

a |
l-rJ

| TOPIC PRACTICE 2 |

OBJECTIVE TYPE QUESTIONS
1A bag contains 3 white, 4 black and 2 red balls.

If 2 balls are drawn at random (without
replacement), then the probability that both the
balls are white, is [Delhi 2020]

1 1 1 1
(a) E (b) E (c) E (d) g

Four cards are successively drawn without
replacement from a deck of 52 playing cards.
The probability that all the four cards are king is

1
a
( ]27[)?21 ®) 270722
1 1
C d
© 270724 @ 270725

If three mutually independent events are 4, B

and C, then

(a) P(AnB)= P(A)- P(B), P(AnC) = P(A)-P(C)
(b) P(BC) = P(B)- P(C)

(¢) P(AnB ~C) = P(A).- P(B)- P(C)

(d) All of the above

If A and B are two independent events with
P(4) =%and P(B) = % then P(A’ n B') equals to
[NCERT Exemplar]
4 8
a)— =
@ 15 ®) 45

©3F @2

Two events A and B are said to be independent, if
[NCERT]

(a) Aand B are mutually exclusive

(b) P(A" n B’) =[1- P(A)][1 - P(B)]

(c) P(4) = P(B)

(d) P(A) + P(BY=1

VERY SHORT ANSWER Type Questions

6 Given two independent events 4 and B such

that P(A4) =0.3 and P(B) =06, find P(4' nB").
[All India 2020]

7 A die is tossed thrice. Find the probability of

getting an even number atleast once. INCERT]

SHORT ANSWER Type I Questions

8 Two cards are drawn at random and without

replacement from a pack of 52 playing cards.
Find the probability that both the cards are
black. [INCERT]



10

1

12

13

An urn contains 10 black and 5 white balls. Two
balls are drawn from the urn one after the other
without replacement. What is the probability
that both drawn balls are black?

Adiemarked 1,2, 3inred and 4, 5, 6 in green, is
tossed. Let A be the event ‘number is even’ and
B be the event ‘number is marked red’. Find
whether the events A and B are independent or
not. [Delhi2019]

Prove that if E and F are independent events,
then the events E and F’ are also independent.
[Delhi 2017]

A die, whose faces are marked 1, 2, 3 in red and
4,5, 6 in green, is tossed. Let A be the event
“number obtained is even” and B be the event
“number obtained is red”. Find if 4 and B are
independent events. |All India 2017]

Adie marked 1,2, 3 inred and 4, 5, 6 in green is

tossed. Let A be the event, ‘number is odd’ and B

be the event, ‘number is green’. Are 4 and B
independent? INCERT]

SHORT ANSWER Type II Questions

14

15

16

17

18

If A and B are independent events, then prove

that

(i) P(A)=P(AnB)+ P(AnE).

(i) P(AuB)=P(AnB)+ P(AnB)+ P(A nB)
[NCERT Exemplar]

Given two independent events 4 and Bsuch

that P(4)=0.3 and P(B) = 0.6. Find

(i) P(A and not B) (ii) P(AorB)

If A and B are two independent events, then

prove that the probability of occurrence of

at least one of A and B is given by 1- P(A")- P(B").

[All India 2017C]

If Aand B are two events such that P(A4) = i

P(B)= %and P(AnE)= % then find P (not A and

not B ). |NCERT]

One card is drawn at random from a
well-shuffled deck of 52 cards. Events E and F
are defined below

E:the card drawn is a spade

F:the card drawn is an ace

Check whether the events are dependent or
independent. [NCERT]

19

20

2

22

23

Two balls are drawn at random with
replacement from a box containing 10 black
and 8 red balls. Find the probability that
(i) both balls are red.
(ii) first ball is black and second ball is red.
[NCERT]

Probability of solving specific problem
independently by 4 and B are 1/2 and 1/3,
respectively. If both try to solve the problem
independently, then find the probability that
(i) the problem is solved.
(ii) exactly one of them solves the problem.
[NCERT]

A can hit a target 4 times out of 5 times,

B can hit the target 3 times out of 4 times and
C can hit the target 2 times out of 3 times. They
fire simultaneously. Find the probability that

(i) any two out of A, B and C will hit the target.
(ii) none of them will hit the target.

Aand B throw a pair of dice alternately. A wins
the game, if he gets a total of 6 and Bwins, if
she gets a total of 7. If A starts the game, then
find the probability of winning the game by Ain
third throw of the pair of dice.

A and B throw a pair of dice alternately, till one
of them gets a total of 10 and wins the game.
Find their respective probabilities of winning, if

A starts first. [All India 2016]

LONG ANSWER Type Questions

24

Two dice are thrown together and the total
score is noted. The events E, F and G are ‘a total
of 4’, ‘a total of 9 or more’ and ‘a total divisible
by 5', respectively. Calculate P(E), P(F) and P(G)
and decide which pairs of events, if any are
independent? [NCERT Exemplar]

If A and B are two independent events such that
P(AnB)= % and P(AnB) = é, then find P(4)

and P(B). [Delhi 2015]

HINTS & SOLUTIONS

{c) We have 3 white, 4 black and 2 red balls.

Total number of balls=(3+4 + 2)=9

Two balls are drawn at random (without replacement).
Then, the probability that both the balls are white

3 s 2 6 1



2. (d) Let A denotes the event that the first card is king,
B denotes the event that the second card is king,
C denotes the event that the third card is king
and D denotes the event that the fourth card is king.
Now, {AnBnC D)
=P(A)x P(B/A)x P(C/ANB)
* DfANBNC)
4 3 2 1
= — X=X — X —
52 51 50 49
1 1 1 1

13 17 25 49
1

- 270725
3. (d) We know, three events A, B and C are said to be
mutually independent, if
P(A AB)= P(A)- P(B)
P(ARC)= P(4)-F(C)
P(BNC) = P(B)- (C)
and P(AnBNC)= P(A)-P(B)- F(C)
If any one of the above conditions is not true for three

given events, we say that the events are not mutually
independent.

4. (d)P(A'NB)=1-P(AUB)
=1=[P(A)+ P(B)= P(A N B)]

[ P(A n B) = P(A)- P(B)]

_ _[Z7+20-12
45

(_B_w_2
45 45 9
5. (b) A and B are independent, if P(A m B) = P(A) P(B)
. P(A’AB)=P(AUB) =1- P(AUB)

=1-[P(A) + P(B) - P(A N B)]
=1- P(A) - P(B) + P(A) P(B)
=[1-PA)[1 - P(B)]

6. Given, P(A)=03and P(B) =06

Now P(A’‘NB')=P(AUBY =1- P[AUB]
=1-[F(A)+ P(B) - P(A nB)]
=1- {03 + 06 — 0306}
[ A and B are independent events
- P(ANB)=P(A)P(B)]
=1-{09 - 018}
=1- {072} = 0.28
7. P(getting even number on a die) = §= %
~.Required probability = 1- Probability of getting an even
number in none of the throw

1. 1.1 7
=l-—X=—X===
2 2 2 8

10.

There are 26 black cards in a pack of 52 cards.
Required probability = P(E and F)

F
o)

where, E :First card drawn is black
and F : Second card drawn is black.

Number of favourable outcomes

HE)=

Total number of outcomes
_ 26 _ 1

52 2

F 25
M—]=—
E 51

.. Required probability,
ne =)o £

125 25

2 51 102

Hint P(BB)= "2 x> | Ans. 2
15 14 7

Given, a die marked 1, 2, 3 in red and 4, 5, 6 in green, is

tossed.

Clearly, 5 =1{1, 2,3, 4, 5, 6}

Also, we have the following events

[after drawing 1 black card, there
will be 25 black cards left]

A : the number is even
and B : the number is red
Now, two events A and B are independent, if

P(AnB)= P(A)-P(B)

A={24.¢6}

31

= P(A]—E—E,
B=11,2 3}

3_1

1 ™

= AB) o3

and A B =The number is red and even = {2}

1
= PANB)=-
6

Since, (A n B) # P(A)- P(B)
Therefore, A and B are not independent.

Given, E and F are independent events, therefore
P(E AF)=PE)PF) D)
Now, we have
PIENF )+ EnF )=F(E)
= P(ENF")=FE)=-FKEnF)
= P(ENF ")=P(E ) - P(E )P(F )
. P(ENF )= P(E )[1- P(F )]
= P(EAF*)=P(E)P(F")
s E and F " are also independent events.
Hence proved.

[using Eq. (i)]



12,

13.

14.

15.

16.

17.

18.

When a die is thrown, then sample space is
S=1{,23456} = n(S)=6

Also, A : number is even and B : number is red.
A={24,6.B={ 23land A nB={2}

= n{A)=3n(B)=3%andnr(A M B)=1

nfA) 3 1 n(B) 3 1
N Al=——m— = — e = =
ow,  P(A) n5) 6 2 (B) 5) 6 2
mdp(ﬁng)_m :
ni(5) 6
Now, P(A)x P(B)=~x~ =~ 2 L= pAnB)
' 22 4 6

P(A n B)# P(A) x P(B)
Thus, A and B are not independent events.

When a die is thrown, then sample space,
§={.,234,56} = nS)=6
Also, A:Numberis odd and B:Number is green

W A={,35), B={4,56land AN B =15
= n(A)=3 n(B)=3 n(ANB)=1
MA) 31 e nB) 31
Now, F(4)= n(s) 6_2'”5)_;1{5} 6 2
P.;AnB):M:l
ni5) 6
1 1 1 1
and HA)XP{E} = E—z#;—ﬂﬂnﬁ)
P(Ans)ﬂm]xﬂm

Thus, A and B are not independent events.

(i) Hint RHS = F(A n B)+ P(A N B)
= P(A)-P(B)+ P(A)- P(B)= P(A)[P(B) + P(B)
= P(A)[P(B)+1- P(B)] = P(A)=1HS

(ii) Similar as part (i).

Hint (i) P(A and not B)=F(A)=P(A n B)

=03 - (0.3) (0:6)
[* A and B are independent events]
(ii) P(A or By= P(A)+ P(B)=P(A N B)
=03406-018 [Ans. (i)0.12 (i) 0.72]
Required probability = F{A v B)
= P(A)+ P(B)- P(A)- P(B)= P(A)[1-
= P(A)P(B")-P(B")+1
= 1-P(B')[1 - P(4)] =1- P(A")A(B')
Hint P (not A and not B)= P(A")x P(B’)
[*- A and B are independent events]

=[1- P(A)][1 - P(B)] = [1 - i][ _15) [Ans. %]

1 1 1
Hint P(E)=— P(F)=—,P(ENF)=—
(E) P (F) 5 ( ) =2

P(B)]+1- P(B')

Hence proved.

Now, P(E A F)= P(E)x P (F)
[Ans. E and F are independent events]

19. Hint (i) P(RR) -% x:’—s

i 10,2 | Ans. ()8 ) 22
@ par)=1x 2 [A 02 ¢ )31]

20. We have, P{A):%;md P(B}=%

— 1 1
P(A)=1 {)122

and P{E}=1—P{E}=1-l=£
3 3

(i) P(problem is solved)
= P(atleast one of them will solve the problem)
= 1= P(none of them solve the problem)
=1-P(A)-P(B)
['* Aand B are independent events, then

A and B are also independent events]

1 2 1 2
=l=—H—=] ===
2z 3 3 3

(ii) P (exactly one of them solves the problem)
=P(AnB)+ P(AnBE P(A)-P(B)+ P(A)-P(B)

[- A and B are independent events, then A, B

and A, Bare also independent events]
= b4 = E - l= 3 =
6 6

W | b

+1x
2

B | =
L | =
b | =

[
2. Wehave, P(A)=% P(B)=2andP(C)=2
5 4 3

_ 4 1
Th P(A)=1-P(A)=1-—=—
emn, (A) (A) s
- 3 1
P(B)=1-P(B)=1--==~

(B) P(B) P

and P(T)=1-P(C)=1-2=1
3 03

a2

(i) P (any two of them hit the larjget}
P(ANBAC)+ {ANBNC)+ (ANBNC)
= P(A)- P(B)- P(C)+ P(A)- P(B)- P(C)

+ P(A)- P(B)- P(C)
A, B C are independent events]
[4 3.1 (
5 4 3
12 8 6 26 13
+

1 3 2
54 3
"0 e W s

(ii) P (none of them hit the target) = P(A)- P(B)-P(C)
[+ A, Band C are independent events]

_1

*

5
5 6
22. Hint P(A)=— P(B)= —
int P(A) il ) v
775
Required probability = P{A} P{B] P{A}[ﬁns ?7?6]



23.

24,

Here, n(S)=6x6=736
Let E =Event of getting a total 10

=14, 6), (5. 5), (6, 4)}
= n(E)=3

-, Plgetting a total of 10) = P(E)="E = 3 _ 1
Plgetting a total of 10) = P(E) n(S) 36 12
and F{not getting a total of 10) = P(E)
1 11
=]=FAEj=]1—-—==—
HE) 12 12

Thus, P(A getting 10) = P(B getting 10) = —

and F(A is not getting 10) = P(B is not getting 10)
11
T12
Now, (A winning) = P(A) + P(A N B 1 A)

+PANBNANBNA)+...

= P(A)+ P(A)P(B)P(A)+ P(A)P(B)P(A) P(B)P(A)+...

1 11 11 1 11 11 11 11 1

e
ERCRCAS hr

12 12 12 12 12 12 12 12 12
J 12

~(3)

12

[ the sum of an infinite GPis §_ =

]
144 =121 23

1 —
el
1211

Now, P(Bwinning) 1= P{ A winning)=1-—= —
(B winning) 1~ P g9=1-=

Hence, the probabilities of winning A and B are
respectively, Ea.l'n:lE
23

Two dice are thrown together, so number of outcomes in
the sample space is 36 = n(5) =136

i

1=-r

1
2

—— e ————— - o

E = Total of4 = {(2. 2),(3,1).(1,3)}
=3 n(E)=3

F = Total of 9 or more

- {(1 6).(6, 3).(4, 5).(5. 4),(4. 61,}
(6, 4),(5, 5).(5 6).(6, 5).(6, 6)

= n(F)=10
and G = Total divisible by 5

={(1. 4), (4, 1), (2, 3). (3, 2). (4, 6). (6, 4), (5, 5)}
= n(G)=7
Here, (EnF)=¢ and (ENG)=¢
Also, (F nG)={(4,6), (6, 4), (5 )}
= mFnG)=3and (ENFnNG)=0¢

nE) 3 _1

AE= 5 "% 12

and PG )_':53; ;_6
MFNG)=o=
and P(F)- P(G)-E :—6 ._:3

Here, we see that P(F nG)# P(F)- P(G)
[since only F and G have common events,
s0 only F and G are used here]

Hence, there is no pair which is independent.

Given, A and B are two independenl events with
P{A NB)= —and P(AHB)— -

We know that, if A and B are independent events, then

;, Band A, Bare independent events.

Now, p{ins]=%=p{m-p@)=35

- PB) - P(A))= =
= P(B)- HA)-F(B) = — -0
and P(A n5}=é=& H{A}-P{E}—;—
= P(A)-[1- P(BY] =
> P(A)= PA)P(B) = = (i)
On subtracting Eq. (i) from Eq. (i), we get

P(A)- P(B]___E=E=L

15 30 30

= P(A) = _+ P(B) (i)

e T oam. -1 1 oA s Y

Now, on substituhing the value ot HA) m Eq. (1), we get
1 1 2
B)=|—+ PF(B) |-F(B)= —
F(B) |_30 B ]J P(B) =
Let P(B) = x, then

1 2
X=|—+x|lx=—
30 15

= 30x —(1+30x)x =4 =230x—x—30x" =4

= 0x = 29x +4 =0= (6x -1)(5x—4)=0
1 4 1 4

= x=- or —=P(B)=—or — [ox=PB
p S K(B) 593 [ )]
1

Now, if P(B) = —, then P(A) = [using Eq. (iii)]
6

[=al L T

andif P(B)= % then P(A) =



| TOPIC 3|

Theorem of Total Probability and Baye’s Theorem

PARTITION OF A
SAMPLE SPACE

Asetofevents E|, E,,..., E, is said to represent a partition
of the sample space S, if it satisfies the following conditions
() E,NE; =i # jii, j=12...n

(i) E,UE,U...UE, =§

(iii) P(E;)>0,Vi=12,....,n
In other words, the events E,E,,..., E, represent a
partition of the sample space S, if they are pairwise disjoint,
exhaustive and have non-zero probabilities.

Note The partition of a sample space is not unique. There can be
several partitions of the same sample space.

THEOREM OF TOTAL
PROBABILITY

Let{E,, E,,..., E,} be a partition of the sample space § and
suppose that each of the events E, E,,..., E, has non-zero
probability of occurrence.

Let A be any event associated with §, then
P(A)=P(E,))- P (AIE\) +P(E,)-P(AIE,)
+..+P(E,)-P(AIE,)

=Y, P(E,)-P(AIE))

j=1

EXAMPLE |1] Let bag A contains 4 black and 6 red balls
and bag B contains 7 black and 3 red balls. A die is thrown.
If 1 or 2 appears on it, then bag 4 is chosen, otherwise bag
B. If two balls are drawn at random (without replacement)
from the selected bag, then find the probability of one of
them being red and another black. |Delhi 2015]
Sol Given, bag A =4 black and 6 red balls
and bag B =7 black and 3 red balls.
Let E, = the event that die show 1 or 2
E, = the event that die show 3or 4 or5or 6

and E = the event that among two drawn balls,
one of them is red and other is black

2 4
Now, P(E,)=— P(E;)=—
P(E, P 2 P

[ total number in a die is six]

P[i] = P (getting one red and one black
E
! from bag A)
'y x°C, Axex?

e, 10x9

and !{—] = P (getting one red and one black
from bag B)

_ey xPC _Tx3x2
e, 10%9
. Total probability,

E E

E)=P(E,)-F| — E;)-Pl —
o= e { ) re-o{
_E_ 4 xbx2 +i‘ Tx3x2
6 | 10x0 6 | 10x0

_dxﬁxll_ 22

d+7)=——m——=—
6x10x9 45

_ 46
6x10x9

EXAMPLE |2| A bag contains (2n + 1) coins. It is known
that (n-1) of these coins have a head on both sides,
whereas the rest of the coins are fair. A coin is picked up at
random from the bag and is tossed. If the probability that

the toss results in a head is E, determine the value of n.
4 [All India 2016C)

Sol. Number of coins with head on both sides = (n-1)

Number of fair coins = (n+ 2)
Let E, = Picking a coin with head on both sides
E, =Picking a fair coin
and A = Getting a head on tossing the coin
n-1 n+2
. P(E;)=
a4+l 7 2n41

e P — PR r—

Then, P(E, ) =

= P{i}=l, P(AJE,) =1/2

E,

P(A) = P(E,)P(A/E,) + P(E,)F(A/E,)

n-1 n+2 1 3n
= 14 P

2n+1 2n+l 2 AZn+1)
3n 31
=—=_
2A2n+1) 42
= n=31




BAYE'S THEOREM

If £,, E,...., E, are n non-empty events, which
constitute a partition of sample space 5, ie.
E,,E,,..., E, are pairwise disjoint,

EVE,u . wE =5 and P(E;)>0, ¥i=123,...,n
Also, let A be any event of non-zero probability, then

P(E,|A)= n"’(Ef"P‘A"Ef’

EP[EJ-} -P(AIE;)
i=1

,foranyi=1,2,3,....n

Or

Let E\,E;, E;,....E, be »n mutally exclusive and
exhaustive events associated with a random experiment.
If A is an event, which occurs together with E’s. Then,

P(E,A)= ”P(E.-}'P(A!E,.)

ZP{EJ.}-P(AJEJ.}

i=1

Here, events E|, E,,...,E, are called hypothesis. The
probability P(E;) is called the priori probability of the
hypothesis £; and the conditional probability P(F;/A) is
called a posteriori probability of the hypothesis E ;. Baye's
theorem is also called the formula for the probability of

CAUSES,

METHOD TO SOLVE PROBLEMS
BASED ON BAYE'S THEOREM

To solve problems based on Baye's theorem, we use the
following steps
I. Identify the events, which constitute a partition of
sample space § and name them £, £,, E; and so on.
I1. Assume the other event of non-zero probability as A.
ITI. Find the probabilities of £, £, E;, ...
IV. Find the conditional probabiliies of A with
Ey Ey B ...
V. Use Baye’s theorem to find required probability, i.e.
P(E, | A).

EXAMPLE |3| A box contains 4 orange and 4 green
balls, another box contains 3 orange and 5 green balls, one
of the two box is selected at random and a ball is drawn
from the box, which is found to be orange. Find the
probability that the ball is drawn from the first box.
Sol Let E; = event of selecting box I,
E, = event of selecting box II
and A= event of drawing an orange ball.

Now, P{E|]=%andP(E2]=15

Now, P(A[/E,) = Probability of selecting an orange ball
from box I

_ 4 _ 1
8 2
[ total balls = 8 and orange balls = 4]

and P{A [ E,) = Probability of selecting an orange ball
from box II

= % [ total balls = 8 and orange balls = 3]

Now, P(E,/A)=Probability that drawn ball
is from the first box
- P(E,})-P(A/E))
P(E,)-P(AJE)+ P(E,)- P(AJE,)

Hence, the probability that the ball is drawn from the
.4
first box is =

Note If P(E,) = P(E,) = P(E;) = ... = P(E, ), then
PE/E)
¥ PEIE)

i=1

P(E, [ E)=

EXAMPLE |4| There are three coins, one is a tweo
headed coin (having head on both faces), another is a
biased coin that comes up heads 75% of the time and third
is an unbiased coin. One of the three coins is chosen at
random and tossed, it shows head. What is the probability
that it was the two headed coin? [NCERT; All India 2014)
Sol Let us define the events as

E, = selecting a two headed coin,

E, = selecting a biased coin,

E; = selecting an unbiased coin,

A =head comes up.

Here, (E, )= P(E,)= F(E;)=1/3

[+ all coins have equal chances]
P(A /E,) = Probability that head comes up on a two

headed coin
=1
P(A [/ E,)="Probability that head comes up on a
biased coin
=T75% =T75/100
and P(A [ E,) = Probability that head comes up on an
unbiased coin
=1/2



Now, by Baye's theorem, we get

P(E,)-P(A/E,)

EJA) =
HEJA) [P(E,)-P(A/E,)+ P(E,)- P(A/E,)]
+P(E,)-P(A/E,) |
1
5)(1
E fA)=
TR
— X1+ —-x— 4] -x—
3 3 100 3 2
1+£+l 100 + 75+ 50 % 0
100 2 100

Hence, the required probability is 4/9.

EXAMPLE |5] In a factory which manufactures bolts,
machines A, B and € manufacture respectively, 30%, 50%
and 20% of the bolts. Of their outputs, 3%, 4% and 1%
respectively are defective bolts. A bolt is drawn at random
from the product and is found to be defective. Find the
probability that this is not manufactured by machine B.

[All India 2015]

Sol Let E,=boltis manufactured by machine A

E, =bolt is manufactured by machine B

E; = bolt is manufactured by machine C

and E =bolt is defective.

Then, we have F(E, )= 30%=— P(E,)=50% = 0
100

20

and P(E,)= 20% =

Also, given that 3%, 4% and 1% bolts manufactured by
machines A, B and C respectively are defective. So,

E 3 E 4
—|=3%=— — |=4% =—and
E, wo |\ E, 100

Now, firstly find the probability that selected bolt which
is defective is manufactured by machine B, is

LAY

al e 2
ErremriTe

_x_

_ 100 100
30 3 50 4 20 1
% - H—t—x

100 100 100 100 100 100
200 200

90 + 200 + 20 310
. The probability that selected bolt which is defective is

not manufactured by machine B, is

Lo p[Ea)o _200_110_11
E 310 310 31

EXAMPLE |6]| Three persons 4, B and € apply for a job
of Manager in a private company. Chances of their
selection (4, B and C) are in the ratio 1:2:4. The
probabilities that A, B and C can introduce changes to
improve profits of the company are 0.8, 0.5 and 0.3,
respectively. If the change does not take place, find the
probability that it is due to the appointment of C.

[Delhi 2016]
Sol Let us define the following events
A = zelecting person A
B = selecting person B
C = selecting person C
4
A= = and C)=
A4)= 1+2+4 + AB)= 2+4 ) 1+244
= P(A)- —.FB)=— a.ndPl{C}——

Let E = person 1nt.r1:|-duce the changes in their profit.

Also, given F{E) =05, F(£)=ﬂ.5 and P(E] =03
A B C
= P[£}=l—ﬂ.3=ﬂ.2,l{£]=l—05=ﬂ.5
A B
P[£J=1-03=IM
C

The probability that change does not take place by the

appointment of C,
E
P(C)-P| —
C

C
p[=]= _ = -
E E E E
PlA)x F(I}+ P(B)= P[E]+ P(C)x P[E]

4
—x07
7

and

l><112!+E><|‘J_=,+i><l]|.'?
7 7 7

28 _ 28

== -7
02+10+28 4

EXAMPLE |7| A letter is known to have come either
from TATANAGAR or from CALCUTTA. On the envelope, just
two consecutive letter TA are visible. What is the
probability that the letter came from TATANAGAR?
[NCERT Exemplar]

Sol Let E, = Letter has come from CALCUTTA
E, = Letter has come from TATANAGAR
and E = Two consecutive letters (i.e. alphabets) TA are
visible on envelope
1 1 E nEME) 1
PE) = HE) =7 [ = |- ZE02) 1
2 2 E, n(E, ) 7
[+ 7 pairs of consecutive letters are
CA, AL, LC, CU, UT, TT, TA]



P[E] nEnNE,) 2
and | — |=2= 152 _ 2
E; n(E;) 8

[ 8 pairs of consecutive letters are
TA, AT, TA, AN, NA, AG, GA, AR]

)
) o

E E E

P‘E”"{E]ME”"{E—J

[using Baye's theorem]

12 2
9% le  _2x7_7
"1 1 1 2  8+14 T
11,1 2 8+ » 11
277 278 2x7x8

Hence, the probability that the letter TA came from

TATANAGAR is %

aa

TOPIC PRACTICE 3 |

OBJECTIVE TYPE QUESTIONS

1 The events E,, E,, ..., E, represent a partition of

the sample space §, if

(a) ENnE;=¢i#jij=123 ..n
(b) E,uE,u...uE, =8

(¢) P(E)=0foralli=123, n
(d) All of the above

2 Let(E, E,, .., E,) be a partition of the sample

space S and A be any event associated with S,
then
(a) P(A)=P(E;)P(AJE|)+ P(E;)P(A/E;) + ---

+ P(E,)P(A/E,)

(b) P(4)= Y P(E,P(A/E))
J=1

(c) Both (a) and (b) (d) None of these

3 If E,, E,, .., E, constitute a partition of sample

space S and Ais any event of non-zero
probability, then P(E;/ 4) is equal to
@ P(E,)P(A/E,)

— foranyi=12,3,.,n
SP(E,)P(A/E))
=1

(o) _PEIPE/A)

- foranyi=123,...n
¥ P(E;)P(A/E,)
i=1

(© PEPE /)
P(a)
(d) None of the above

foranyi=123,..,n

SHORT ANSWER Type II Questions

4 Suppose that 5 men out of 100 and 25 women
out of 1000 are good orators. Assuming that
there are equal number of men and women,
find the probability of choosing a good orator.

[Delhi 2020]

5 Three machines E, , E; and E; in a certain
factory producing electric bulbs, produce 50%,
25% and 25% respectively, of the total daily
output of electric bulbs. It is known that 4% of
the bulbs produced by each of machines E; and
E, are defective and that 5% of those produced
by machine E; are defective. If one bulb is
picked up at random from a day’s production,
then calculate the probability that it is
defective. [Foreign 2015]

6 Suppose a girl throws a die. If she gets 1 or 2,
she tosses a coin three times and notes the
number of tails. If she gets 3, 4, 5 or 6, she
tosses a coin once and notes whether a ‘head’ or
‘tail’ is obtained. If she obtained exactly one
‘tail’, what is the probability that she threw 3, 4,
5 or 6 with the die 7 [CBSE 2018]

7 A bag contains 5 red and 4 black balls, a second
bag contains 3 red and 6 black balls. One of the
two bags is selected at random and two balls
are drawn at random (without replacement)
both of which are found to be red. Find the
probability that the balls are drawn from the
second bag. |All India 2019]

8 Abag contains 4 red and 4 black balls and
another bag contains 2 red and 6 black balls.
One of the two bags is selected at random and a
ball is drawn from the bag which is found to be
red. Find the prabability that the ball is drawn
from the first bag. [NCERT]

9 There are three coins. First is a biased that
comes up tails 60% of the times, second is also
a biased coin that comes up heads 75% of the
times and third is an unbiased coin. One of the
three coins is chosen at random and tossed, it
shows heads. What is the probability that it was
the first coin? [Delhi 2016C]

10 a bag X contains 4 white balls and 2 black balls,
while another bag Y contains 3 white balls and
3 black balls. Two balls are drawn (without
replacement) at random from one of the bags
and were found to be one white and one black.
Find the probability that the balls were drawn
from bag Y. |All India 2016]



LONG ANSWER Type Questions

1

12

13

14

15

16

Bag I contains 3 red and 4 black balls and bag II
contains 4 red and 5 black balls. One ball is
transferred from bag I to bag II and then ball is
drawn from bag II. The ball so drawn is found to
be red in colour. Find the probability that the
transferred ball is black. [NCERT]

In answering a question on a multiple choice
test, a student either knows the answer or
guesses. Let 3/4 be the probability that he knows
the answers and 1/4 be the probability that he
guesses. Assuming that a student who guesses
the answer will be correct with probability 1/4.
What is the probability that the student knows
the answer, given that he answered it correctly?

A shopkeeper sells three types of flower seeds
A, A, and A,. They are sold as a mixture, where
the proportions are 4 : 4 : 2, respectively. The
germination rates of the three types of seeds
are 45%, 60% and 35%. Calculate the probability
(i) of a randomly chosen seed to germinate.
(ii) that it will not germinate given that the seed
is of type A,.
(iii) that it is of the type A, given that a randomly
chosen seed does not germinate.
[NCERT Exemplar]

A man is known to speak the truth 3 out of 5
times. He throws a die and reports that it is 1.
Find the probability that it is actually 1.

[Delhi 2014]

A laboratory blood test is 99% effective in
detecting a certain disease,when it is infact
present. However, the test also yields a false
positive result for 0.5% of the healthy person
tested (ie. if a healthy person is tested, then
with probability 0.005, the test will imply he
has the disease). If 0.1% of the population
actually has the disease, then what is the
probability that a person has disease, given that
his test result is positive? INCERT]

By examining the chest X-ray, the

probability that TB is detected when a person is
actually suffering is 0.99. The probability of an
healthy person diagnosed to have TB is 0.001.
In a certain city, 1 in 1000 people suffers from
TB. A person is selected at random and is
diagnosed to have TB. What is the probability
that he actually has TB? [NCERT Exemplar]

17

18

19

20

21

22

10°5° 10

Two groups are competing for the position on
the board of directors of a corporation. The
probability that the first and the second groups
will win are 0.6 and 0.4, respectively. Further, if
the first group wins the probability of
introducing a new product is 0.7 and the
corresponding probability is 0.3, if the second
group wins. Find the probability that the new
product introduce was by second group. [NCERT]

An item is manufactured by three machines
A, B and C. Out of the total number of items
manufactured during a specified period, 50%
are manufactured on A4, 30% on B and 20% on
C. 2% of the items produced on 4 and 2% of
items produced on B are defective and 3% of

these produced on C are defective. All the items
are stored at one godown. One item is drawn at
random and is found to be defective. What is
the probability that it was manufactured on
machine A? [NCERT Exemplar]

A doctor is visit to a patient. From the past
experience, it is known that the probabilities
that he will come by train, bus, scooter or by

other means of transport, are respectively

all and % The probabilities that he will be

late are l land l if he comes by train, bus
4 3 12

and scooter respectively, but if he comes by
other means of transport, then he will not be
late. When he arrives, he is late. What is the
probability that he comes by train? [NCERT]

An insurance company insured 2000 scooter
drivers, 4000 car drivers and 6000 truck
drivers. The probabilities of an accident for
them are 0.01, 0.03 and 0.15, respectively. One
of the insured person meets with an accident.
What is the probability that he is a scooter
driver or a car driver? [Foreign 2014]

Suppose a girl throws a die. If she getsa 5 or

6, she tosses a coin three times and notes the
number of heads. If she gets 1,2, 3 or 4, she
tosses a coin once and notes whether a head or
tail is obtained. If she obtained exactly one
head, then what is the probability that she
threw 1, 2, 3 or 4 with the die? [NCERT)]

A bag contains 3 red and 7 black balls. Two balls
are selected at random one-by-one without
replacement. If the second selected ball happens
to be red, then what is the probability that the
first selected ball is also red? [Delhi 2014C)



23

24

ol L

A card from a pack of 52 cards is lost. From the
remaining cards of the pack, two cards are
drawn and are found to be diamonds. Find the
probability of the lost card being a diamond.
[NCERT]

An urn contains 4 balls. Two balls are drawn at
random from the urn (without replacement) and
are found to be white. What is the probability that
all the balls in the urn are white? [All India 2014C]

HINTS & SOLUTIONS

{d) Hint By definition of partition of a sample space.

(c) Hint By the statement of theorem of total probability.
{a) Hint By the statement of Bayes theorem.

Let E, be the event that selected person is men and E, be

the event that selected person is women, E; and E, are
mutually exclusive and exhaustive event moreover

P(E) = PE;) =

Let E be the event that selected person is good orator.
5 1 25 1
ME/E)=—=—and HE [E,)= —=—
100 20 1000 40
The probability of choosing a good orator,
P(E)= P(E,) x P(E [E,)+ P(E,) x P(E /E,)
1 1 +‘1 X 1 2+1 3

2 20 2 40 2x40 80

Let A be the event that the picked up bulb is defective.
Let A;, A; and A, be the events that the bulb produce by
machines E,, E, and E4, respectively.
) 50 1 25 1
Given, P(A)=50% = —=— P(A,)=25%=—=—
10 2 100 4

and i =5'3;=i=i
A, 100 20

By using total probability theorem,
P (getting a defective bulb)

= P(A, }-P[i]+ sz}-P[i} P(A,): P[i]
A, A, A,

1 1 1 1 1 1
oM — K — =X —

2 25 4 25 4 20

1 1 1 B8+4+45 17

+ -
50 100 80 400 400

Hence, the probability that the picked up bulb is
defective, is 0.0425.

6. Let E, be the event that the girl gets 1 or 2

E, be the event that the girl gets 3. 4, 50r 6
and A be the event that the girl gets exactly a "tail’.

2 1

Then, Ej==—=—
o P(E)) 6 3
4 2

and Ej=—=—
PEs)=—=2

P[Ei} = P (getting exactly one tail when a coin is

1 )
tossed three times)

-

_ 3
1
A . . _
F{E—] = P (getting exactly a tail when a coin is
2
tossed once)
1
T2

7. LetE,, E, and A denote the following events

E, = first bag is chosen, E, = second bag is chosen and
A = two balls drawn at random are red.

Since, one of the bag is chosen at random.
1
P(E))= PEy) =~

If E; has already occurred, i.e. first bag is chosen.
Therefore, the probability of drawing two red balls in

5
this case = P A =_C2=E
) e, 36

3
Similarly, P[ A |= S22
E,)] ‘c, 36

We are required to find P (&}
A

By Baye's theorem,
A
vl
E £
A

P{EI}-P(Ei]+P(E2}|-P[

1 3 3

—_¥ = = =

3
2 3 _ 72 _T72_3

1 10 1 3 10 3 13 13

—H— X — —4—

2 36 2 36 72 72 72
8. Solve as Example 3. [Ans. 2/3]

Rl S
S




10.

Let the events be E, = Choosing first coin,
E, = Choosing second coin, E; = Choosing third coin
and A = Getting head

P(E,) = P(E,)= P(E,) =

Now,Pi =£,Pi =£mdpi =l
E,) 100 \E,] 100 E,) 2

,{5 ]= P(E)P(AJE,)
A ) P(E,)P(AJE,)+ P(E,)P(A/E,)+ P(E,)P(A/E,)
1490
3 100 _8

140 175 11 T
3100 3100 3 2
Let us define the following events
E, : Bag X is selected
E, :BagV is selected
and E : Getting one white and one black ball in a draw
of two balls.

Here, P(E, ) = P(E,) =%
[ probability of selecting each bag is equal]

Now, }{Ei} = Probability of drawing one white and
! one black ball from bag X
_'cyx*, _ax2_ 16 _ 38
ST ex5

2 —_—

2x1

6x5 15

and P[i] = Probability of drawing one white and one

2

black ball from bag ¥
', x’c, _3x3_3
- ‘c, T Bx5 5

2x1

. Probability that the one white and one black balls are
drawn from bag ¥,

E
{Z)- ”Ef"‘{z]
E) ey o £ o mie o £

1 El 2 E

z

[by using Baye's theorem]

o |2

3
5

_ 3 _9
38 3 B+9 17 17
+—x —+ = — Fx—
2 15 2 5 15 5 15 15

Let E, = Red ball is transferred from bag I to bag II
and E, = Black ball is transferred from bag I to bag I
So, E, and E, are mutually exclusive and exhaustive

events.
3 3 4 4
KE)z=——==and F(E,)= ——=—
) 344 7 HE) 344 7

Let E be the event that the ball drawn is red.
hen o E)o_4*1 5 _
E, ) (4+1)+5 10

=L
2
E 4 4 2
and B e —
P(Ez} 44(5+1) 10 5
.. Required probability,

il-ﬂfz)

) e
E E E
L) e+ L) me

2,4
5 7
3 2
X—4—x
7 5

1 4
2 7
8 8
_ 35 _ 35 _8xl4 _1le
E R T1054112 0 217 31
14 35 14 x 35
Hence, the probability that the transferred ball is black, is
16
31

12. Let E, =Student knows the answer
E, = Student guesses the answer
and A =5tudent answered correctly
1

3
S H‘E[)= 4—B.ﬂd P{Ez]=;

Now, f{i] = P (student answered correctly, when
E
: he puesses)

1
4

and P[EiJ = P (he answers correctly given that he

! knew the answer)

=1

.. Required probability,

—
12) [HEI}.{§]+HE=>'P(5}]]

[using Baye's theorem]

3 3 3
—x1 —_ -
- 4 —_4 __4
3 1 1 3 01 1241
—xl|+|=-x=| —-+—
4 4 4 4 16 16
3 18 12
=—x—=—
4 13 13

Hence, the probability that the student knows the

. . .12
answer, given that he answered it correctly, is —
1



13. Wehave, 4, : Az A3=4 4:2
P(AJ—_ Pif'lz) - aﬂd HAS)__I}

where A, A, and A, denote the event of choosing
flower seeds A;, A, and A;, respectively. Let E be the
event that a seed germinates and E be the event that a
seed does not germ.inate.

Then, Elos g EN3
1007 A, ) wo la,) 100

55 E 40 E 65

and — == = — ==
F{Al] 100 P[Az] 100 J{As) 100

(1) Probability that a randomly chosen seed to germinate,

r(e) - £ ]wm ’ P[—]wms) {4

_4 45 4

—_ X — 4 —X

ll} 100 10 lﬂﬂ lI] 100
18!] 240 T0 491]_

ll}ﬂﬂ 1000 1000 1000

(ii) P(i] 1-P[—]= 1- B _5
A 100 100

(]
T 220 , 160 130 " 510 —;—1}.313?25—0.314

1000 1000 1000 1000

14. 1Let E be the event that the man reports that 1 occurs in
throwing of a die, E, be the event that 1 occurs and E, be
the event that 1 does not occur.

Then, P(E, ) = Probability that 1 occurs = -
6

P(E,) = Probability that 1 does not occur = 2
]

{5)-

= P (man speaks the truth) = 3

P (man reports that 1 occurs, when 1 has
actually occured on the die)

= P(man reports that 1 occurs, when 1 has not
occured on the die)

= P (man does not speak the truth)
3_2

=

5 5

15.

16.

-, Probability that the report of the man that 1 has
occurred is actually 1, is given by

E

P(E,)
E\_ .
e

[by Baye's theorem]

IXS 3
1 3 5 2 3 10 3
AN ==X = —d—
6 5 6 5 30 30

3
Hence, the probability that it is actually 1 is =
1

Let E, =Event that the person has disease
and E, = Event that the person is healthy.

Then, E, and E, are mutually exclusive and exhaustive
events.

P(E)=01%= 2L = 0001
100

and P(E,)=1=0.001=0.999
Let E : Event that test is positive.

fifoe

=99% = —=1099

100
E -—
EZ

=05%= E= 0.005
100

F (result is positive, given that person

has disease)

P (result is positive, given that person does not
have disease)

Probability that a person has disease, given that test
result is positive, is given by

)
e

[by Baye's theorem]

- 0.001 % 0.99
" 0.001 % 0.99 +0.999 x0.005
~ 0.00099

" 0.00099 + 0.004995

_ 000099 _ 9% _ 110 _ 22

0.005985 5985 665 133

22
Hence, the required probability is —.
133

Let E, be the event that person is suffering from TB and

E, be the event that person is not suffering from TB. Let
E be the event that the doctor diagnoses that person has
TB.



Then, P(E,)= ——

1000
1 999
P(E))=1= —= —
(E2) 1000 1000
E
F [—]= P (TB is detected when a person is actually
' 050 Suffering)
=0.99=——
1000

and P (£]= P (TB is detected when a person is not
£y

actually suffering)

=0.001= L
1000

P (A selected person has actually TB), is given by

E
E,)-P|—
P(E,) L,

g

1 2

[by Baye's theorem]

1 990 oy
_ (m)(m] — __1000000
ol () ()
1000 /1 1000 1000 /11000 1000000
_ %0 _10

T 1080 221

Hence, the probability that a selected person has actually
110
TB is —.
221
17. Hint E, and E, be the events of first group and second

group wins and E be the new product is introduced.

Then, P(E,)=10.6, P(E,) =04, f{i] =07

1
and £ =03

E,
Determine P(%) by using Baye’s theorem. [A.ns. %]

18. Hint P(A)= 50%, P (B) = 30%, P(C) = 20%,

P[£]= 2%, p(2]= 2%, P(£)=3%
A B C
Required probability,

50% % 2%

F Al .ﬂ..us.i
D 50% » 2% + 30% ® 2% + 20% X 3% 11

19. Hint E, = Doctor will come by train.
E, = Doctor will come by bus.

E, = Doctor will come by scooter.
E, = Doctor will come by other transport.
and A =Doctor will be late.

20.

21.

| =

Then,P{El)=%.P{Ez]= . F(E;)=
z (A 1 AY 1
P(E))==P|—|==,P|—|==
R
o))
E,) 1277 |E,
Find P(ﬂ)[pms.l]
A 2

Hint E, = Scooter driver, E, = Car driver,

un
==

E4 =Truck driver and A = Meets with an accident.

.-.P(El}=§,P{EZJ=%. P(E3]=%,

A A A
P|—|=001, P| —|=003 P| —|=015
'El 'E2 ES

Required probability,
L %001+ = x 003
p(ﬂ] + p[&) = ] 3
1 1 1
A AT 2 %001 4 = x 003 + = x 015
6 3 2
[Ans. 0.019]

Let E, =Event that 5 or 6 is shown on die
and E, = Event that 1, 2, 3 or 4 is shown on die.
Here, M(E,)= Zandn(E,)=4
Also, n(S)=6
4

2 1 2
E=—=— d E,y=—=—
HE,) 5 3 and P(E;) P

Let E = The event that exactly one head show up.

F{EE] = P (exactly one head show up when

! coin is tossed thrice)
3
= P{HT T, THT, TTHI-=§
[ total number of outcomes = 2° = §]

P(Ei} = P (head shows up when coin is tossed once) =

1
2 2

The probability that the girl threw 1, 2, 3 or 4 with the
die, if she obtained exactly one head, is given by

E
F{E)= PTIEz}'f{E—z}
E
e e e
[by Baye's theorem]

2)(1 1
-3 2 __3 _ 8 _ 8

3 021 1 1
1.3,2,1 1,1 843 1

38 3 2 8 3



22, Hint E, = First ball is red
E, =First ball is black
and A =Second ball is red

3 7 (A} 2z (A) 3
..P{E,]zEP{Ez}zﬁ,P[E—1)=;P(_)=E
A
P{EI]xP[—]
A e
P(Elij[Ei]+Pczz)xP[Ei]

1 2

23. Hint E, = Missing card is diamond
E, = Missing card is not diamond
and A =Drawing two diamond cards from the
remaining cards

1 3
~P(E,)=— P(Es)==,
(E\) =2 P(Es) =1
P i =Ex£‘
E,)] 51 50

plA)=B12
E,) 51 50

| TOPIC 4|

A
P(E,)x P[E—}

P(£]= ! [Am.ﬂ]
4 P{EI}XP[Ei}+P{E2}xP[Ei} 30

1 2

24. Hint E, = There are two white and two other colour
balls in the bag
E, = There are three white and one other colour
balls in the bag
E; = There are all white balls in the bag

and A = Drawing two white balls from the bag
1
P(E,)=P(E;)= P{E3]=§.

Random Variable and Its Probability Distribution

RANDOM VARIABLE

A random variable is a real valued function, whose domain
is the sample space of a random experiment. Generally, it is
denoted by capital letter X. Also, more than one random
variables can be defined on the same sample space.

e.g. Let a coin be tossed twice.

Then, sample space, § ={HT,TH, HH,TT}

If X denotes the number of heads in two tosses, then X isa

random variable and for each ourcome, its value is
X(TT)=0,X(HT)=1, X(TH)=1and X(HH)=2

Clearly, values of X are 0, land 2.

Let ¥ denotes the number of heads minus the number of
tails for each outcome of the above sample space § and for
each outcome, its value is

V(iHH)=2-0=2,

Y(HT)=1-1=0,

Y(TH)=1-1=0
and Y(IT)=0-2=-2

Thus, X and ¥V are two different random variables defined
on the same sample space 5.

EXAMPLE |1| Abag contains 2 black and 1 green balls.
One ball is drawn at random and then put back in the box
after noting its colour. The process repeated again. Let X
denotes the number of green balls recorded in the two
draws, describe X.

Sol. Given a bag contains 2 black and 1 green balls. Black
balls are denoted by b,, b, and green ball is denoted by
£, then the sample space for two draws is

5 ={bby, bybs, boby, biby, bigy. bagy. giby, giba, 215 )
Now, X denotes the number of green balls.
Then,

X(bb)=X(bb,)= X (b,b )= X (b,b,) =10,
Xibg)=X(bg)=X(gh)=X(gh)=1
and X (g,g,)=2

Hence, X is a random variable whose range is {0, 1, 2}.

Probability Distribution of a
Random Variable

The system in which the values of a random variable are
given along with their corresponding probability, is called
probability distribution.



If X is a random variable and rtakes the values of

X1s X35 X3,..0, X, with respective probabilities

Pv P2 P3rs Pa
Then, the probability distribution of X is represented by

X X, Xy Xg Xy

PX| o | p | P | | P

n
where p, >0 and Zp,- =1;i=123,...n

i=l
Note If x; is one of the possible values of a random variable X, then
statement X = x, is true only al some point(s) of the sample space.
Hence, the probability that X lakes value x, is always non-zero, ie.
RX=x)=0

EXAMPLE |2| Two cards are drawn successively with
replacement from a well-shuffled deck of 52 cards. Find
the probability distribution of the number of aces.
[NCERT]
Sol Let the number of aces is a random variable denoted by
X. Here, two cards are drawn. Let A denotes an ace card
and B denotes a non-ace card, then sample space for two
cards is 5 = {AB, BA, AA, BB}.
Then, X (AB)=1, X (BA)=1, X (AA)= 2and X (BB) = 0.
So, X takes the values 0, 1 or 2. Since, the draws are
done with replacement, two draws form independent
experiments.
48 48 144
- P(X=0)=P(BB)= P(B) X P(B)= —x —=—
[+ in 52 cards, 4 aces and remaining 48
are non-ace cards]
P(X =1) = P(AB or BA)= P(AB) + P(BA)
= P(A)- P(B) + P(B)- P(A)
4 48 48 4 12 12 24
K— ot — K — b=

T52 52 52 52 169 169 169

4 4 1
dAX=2)=PAA = (A} -PA)=— % — = —
and P( )= PAd) = RA)-NAY=ox o=
Hence, the required probability distribution is
X 0 1 2
Pog | 1% | 2 | 1

169 160 169

Verification Sum of probabilities,
= 144 24 1 144+ 2441 169
Yp=—t—t—=—————=—=1
= 169 169 169 169 169
EXAMPLE |3| From a lot of 15 bulbs which include
5 defectives, a sample of 2 bulbs is drawn at random
(without replacement). Find the probability distribution
of the number of defective bulbs. [Delhi 2015C)
Seol. Total number of bulbs =15
Number of defective bulbs =5

- Good bulbs =15-5=10
Let X be the random variable of number of defective

bulbs.
. X =012
mw_9 9
P{X = ﬂ) = W — = —
15 14 21
05 5 10 10
FX=1)=—x—+—x—=—
15 14 15 14 21
5 4 2
X=N=—y—=—
A ) 15 14 21
.. Required probability distribution table is
X 1] 1 2
p 9 10 2
®) 21 21 21

Mean of a Random Variable

Let X be a random variable taking values x|, x5, x5,...,x,
with probabilities p,, p;, p3,....p,. respectively. Then,

mean of X denoted by 1 is the number Ex,-p!-, Le. the
i=l

mean of X is the weighted average of the possible values of

X, each value being weighted by its probability with which

it occurs. It is also called the expectation of X, denoted by

E(X). i
Then, E(X)=pn = Er;p;- =x pytx,pytotx,p,

i=1
Thus, in other words we can say that the mean or
expectation of a random variable X is the sum of the
products of all possible values of X by their respective

probabilities.

Note
(i) Mean is a measure of location or central tendency in the sense

that it roughly locates a middle or average value of the random
variable.

(i) Random variables with different probability distributions can
have equal means.

METHOD OF FINDING MEAN
OF A RANDOM VARIABLE
Suppose a random experiment is given to us, then to find
mean and variance of a random variable associated with
random experiment, we use the following steps
1. First, identify the random variable (say X') associated
with given random experiment and then find all
possible values x,, x5, x3,..., which X can take.
II. For each value of X obtained in step I, find the
probability.
III. Write the probability distribution table for random
variable X



IV. Calculate mean by using the formula, mean
X= Ex!. p(x;)s i.e. multiply each value of x; by
i=l
the corresponding probability and then find their
sum to get required mean.

EXAMPLE |4| The random variable X can take only
the values 0, 1, 2, 3. Given that P(X =0)=P(X =1)=p
and P(X =2) = P (X =3) such that Zp,x’ =25p;x;, find
the value of p. |Delhi 2017]
Sol Given,X =0,1,2 3 and

P(X =0)=P(X =1)=p, P(X=2)=P(X=3)

such that Ep:.xf =2Ep.x,
Ip=l=py+p+p+py=1
= prp+x+x=1

[let P(X = 2)= (X =3) = x]

= 2p+2x=1=&2x=1—2p=&x=£&
2

MNow,

The probability distribution of X is given by

X=x, | 0 1 2 3
P, p p |12p|1=2p
2 2
Now, Epixi = 2Ep;x;

z z z 2
= PoXp tpxy Fpax; + paxg
=2[pyxy + prxy + paxz + pix;)

= px0+px12+%ﬂx{2)g+%£x{3)z

=2[pxﬂ+pxl+%

x 2+ﬂx3—l
2
9
= p+(1=-2p)x 2+{1-2p)x5

=2[p+{1—2p]+{1—2p)x%]

=

9 [ 3
=>p+2—4p+5—9p=2 p+1—2p+3-3p:|
= —12p+2+2=2 -4p+1+2

2 L 2
13 [ 5
= —12p+—=2|—-4p+—
2 L 2
13
= —12p+5p=5-;
= dp= 3=4 _3
g 2 g 2
P'3
8

EXAMPLE |5| In a game, a man wins ¥ 5 for getting a
number greater than 4 and loses ¥ 1 otherwise, when a fair
die is thrown. The man decided to throw a die thrice but to
quit as and when he gets a number greater than 4. Find the
expected value of the amount he wins/loses.
|All India 2016]
Sol Let X be a random variable that denotes the amount
received by the man. Then, X can take values 5, 4, 3
and =3.
Now, P(X =5)= P (getting a number greater than 4 in
the first throw)

- X
s | =

P(X = 4) = P (getting a number less than or equal to 4 in

the first throw and getting a number greater than 4 in
the second throw)

6 6 9
P(X =3)= P (getting a number less than or equal to 4 in
first two throws and getting a number greater than 4 in
the third throw)

4 2 2
=

4 4 2 4
= — = —= —
6 6 6 27
and F(X = =3) = P (getting a number less than or equal

to 4 in all three throws)

4 4 4 B8
=—M—¥—=—
6 6 6 27
Thus, the probability distribution of X is
X 5 < 3 -3
Px=x | 1 2 12| &
3 9 27 27

Now, expected value of the amount
1 2 4 ]
=E(X)=Sx,p =5 —+4-=+3 —-3 —
3 9 27 27
_45+24+412-24 _57 _ 19

27 )
EXAMPLE |6] Two cards are drawn simultaneously

(without replacement) from a well-shuffled deck of 52
cards. Find the mean of number of red cards.
Sol Here, we have to drawn two cards simultaneously from a
deck.
Let X denotes the number of red cards (since mean and
variance of red card to be calculated here), then X can

take values 0 (no red card), 1 (one red card) and 2 (both

red cards).
6

For X =0, (X =0) = P(getting no red card) = 52_':2
C

2
[ there are 26 red and 26 black cards in a deck]

26 % 25
_ 2x1 _1 25 25
52x51 2 51 102

2x1



For X =1, P(X=1)
= P(getting one red and other black card)

_Mo, x Mo, _26x26x2_ 2
~ T ®c,  s2xs1 sl
26 x 25
For X =2 Xegye € 2x1 _ 25
rx=n A _)_“Cz_szxn_ﬁ
2x1
The required probability distribution is
X 0 1 2
25 26 25
PO e | 51 | e

We know that mean, X = Ex‘- plag)

i=1

X= t:lxE + 1><E + 2x£
102 51 102
51 102 51 51 51
Hence, mean =1

EXAMPLE |7| Two numbers are selected at random
(without replacement) from positive integers 2, 3, 4, 5, 6
and 7. Let X denotes the larger of the two numbers
obtained. Find the mean of the probability distribution
of X. |Foreign 2015]
Sol The total number of pairs will be formed by taking two

numbers at a time = *C, x °C, =30.

Let X denotes larger of the two numbers be obtained.

Obviously X may have values 3,4, 5,6 and 7.

Now, P(X =3) = P[getting (2,3), (3,2) out of 30 pairs]

2 1

30 15

P(X =4) = P [getting (2.4), (3.4), (4.2), (4.3) out of 30
irs]=4 =2

pairs] TRET

P(X =5) = P [getting (25). (5.2). (3.5), (5.3). (4,5),(5.4) out

of 30 pairs]

P(X =6) = P [getting (2.6), (6,2), (3.6), (6.3), (4.6).(6.4),
(5,8), (6,5) out of 30 pairs]
8 4

= E = E

P(X =7) = P [getting (2,7), (7.2), (3.7), (7.3). (4.7), (7.4).
10 5

5.7). (7.5), (6,7), (7.6) out of 30 pairs] = —=—

(5.7). (7.5). (6.7). (7.6) out of 30 pairs] woT

Therefore, required probability distribution is

X 3 4 5 6 7
P(X) 116 | 215 | 315 | 415 | 515

. Required mean = |1 = Ex;p;

=3><—+4:'<£+S:-<3+E+:-<i+i'>-:i
15 15 15 15 15
3 8 15 24 35 85 17
—4—+—+——=—=—
15 15 15 15 15 15 3

EXAMPLE |8| An urn contains 4 white and 3 red balls.
Let X be the number of red balls in a random draw of
3 balls. Find the mean of X.
Sol. When 3 balls are drawn at random, there may be no red
ball, 1 red ball, 2 red balls or 3 red balls.

Let X denotes the random variable showing the number
of red balls in a draw of 3 balls.

Then, X can take the values 0, 1, 2 or 3.
P(X =0) = P (getting no red ball)

= P (getting 3 white balls)
e, _(4x3x2x3x2x1]_ 4
e, \3x2x1 7x6x5) 35

P(X =1) = P (getting 1 red and 2 white balls)

_foyx'c, (3xd4x3 3x2x1)_18
C, 2 Tx6x5) 135
P(X = 2) = P (getting 2 red and 1 white balls)
*c,x ',
TCS
(:mz 3><2><1] 12
= —xdx——|==
21 Txex5 35

*C, _3x2x1_1
C, Tx6x5 35

P(X = 13) = P(getting 3 red balls) =

Thus, the probability distribution of X is given below

X=x 0 1 2 3
4 18 1z A
Pi 35 35 £ B

5 Mean, = Zx;p;

=ﬂxi+1>< §+ 2x£+3 xL=4—5=2
35 35

35 35 35 7

TOPIC PRACTICE 4 |

OBJECTIVE TYPE QUESTIONS

1 Let X represent the difference between the
number of heads and the number of tails
obtained when a coin is tossed 6 times. Then,
the possible values of X are
(a)0,1,3,5 (£)0,1,2,3
(€)0,1,2,4 (d)0,2,4,6



2 The probability distribution of a discrete

random variable X is given below

X 2 3 4 5
5 7 9 11
POk K K | %
The value of k is [NCERT Exemplar]
(a) 8 (b) 16
(c) 32 (d) 48

For the following probability distribution.

X -4 -3 | -2 -1 | o
P(X) 0.1 0.2 0.3 02 02
E(X)is equal to [NCERT Exemplar]
(a) 0 (b) -1
(c) -2 (d)-18

The mean of the number obtained on throwing
a die having written 1 on three faces, 2 on two
faces and 5 on one face is [NCERT ]

(@1 (b)2 ()5 @:s

VERY SHORT ANSWER Type Questions
5 Anurn contains 6 red and 3 black balls. Two

balls are randomly drawn. Let X represents the
number of black balls. What are the possible
values of X7?

State whether the following distribution is a
probability distribution of a random variable or
not.

X 3
P(X) 03

2
0.2

1
0.4

0 -1
0.1 0.05
INCERT]

SHORT ANSWER Type II Questions
7 Find the probability distribution of X, the

number of heads in a simultaneous toss of two

coins. |All India 2019]

8 The random variable X has a probability

distribution P(X) of the following form, where

‘K’ is some number.

Jk, ifx=0l
|2k ifx=1
PIX=X)=13% ifx=2

0, otherwise

Determine the value of ‘K. [Delhi 2019]

10

1

12

13

14

15

16

17

18

Two numbers are selected at random (without
replacement) from the first five positive
integers. Let X denotes the larger of the two
numbers obtained. Find the mean of X.

[CBSE 2018]

A biased die is such that P(4) = % and other

scores being equally likely. The die is tossed
twice. If X is the ‘number of four seen’, then find
the mean of the random variable X.

[NCERT Exemplar]

3 defective bulbs are mixed up with 7 good
ones. 3 bulbs are drawn at random. Find the
probability distribution of defective bulbs.

A coin is biased so that the head is three times
as likely to occur as tail. If the coin is tossed
twice, find the probability distribution of
number of tails. Hence, find the mean of the
number of tails. [Delhi 2020)

Three cards are drawn at random (without
replacement) from a well-shuffled pack of 52
playing cards. Find the probability distribution
of number of red cards and also find the mean
of the distribution. [Foreign 2014]

Three cards are drawn successively with
replacement from a well-shuffled pack of 52
cards. Find the probability distribution of the
number of spades. Also, find the mean of the
distribution. |All India 2015]

Two cards are drawn simultaneously (or
successively without replacement) from a well-
shuffled pack of 52 cards. Find the mean of the
number of kings. [Delhi 2019]

From a lot 30 bulbs, which includes 6
defectives, 3 bulbs are drawn one-by-one at
random with replacement. Find the probability
distribution of number of defective bulbs.
Hence, find the mean of the distribution.

[All India 2017C]

A coin is biased so that the head is 2 times as
likely to occur as tail. If the coin is tossed twice,
find the probability distribution of number of
tails. Hence, find the mean of the distribution.
[Delhi 2016C]

In a meeting, 70% of the members favour a
certain proposal, 30% being opposite. A
member is selected at random and let X =0, if
he opposed and X =1 if he is in favour. Find
E(X). [NCERT]



19

Suppose 10000 tickets are sold in a lottery
each for ¥ 1. First prize is of ¥ 3000 and the
second prize is of ¥ 2000. There are three third
prizes of ¥ 500 each. If you buy one ticket, then
what is your expectation? [NCERT Exemplar]

20 There are 4 cards numbered 1,3,5and 7, one

number on one card. Two cards are drawn at
random without replacement. Let X denotes
the sum of the numbers on the two drawn
cards. Find the mean of X. [All India 2017

LONG ANSWER Type Questions

21 The probability distribution of a random

22

23

24

26

27

variable X is given as under
kx?, x=123
P(X =x)=12kx, x=4,56
0, otherwise
where k is a constant. Calculate
(i) E(X)

(ii) P(X = 4) [NCERT Exemplar]

Arandom variable X has following
probability distribution.

X |o/1/2/3|4|5|8| 7
P(X) O | k |2k 2k | 3k|K |2k | 7K® + Kk

Find (i) k (i) P(X < 3)

(iii) P(X =6)  (iv) P(0 < X < 3). [All India 2011]

Let X denotes the sum of the numbers
obtained, when two fair dice are rolled. Find
the mean of X. [NCERT)]

There are 5 cards numbered 1 to 5, one number
on one card. Two cards are drawn at random
without replacement. Let X’ denotes the sum of
the numbers on two cards drawn. Find the
mean of X. [NCERT Exemplar]

A coin is biased so that the head is 4 times as
likely to occur as tail. If the coin is tossed
thrice, find the probability distribution of
number of tails. Hence, find the mean of the
distribution. [All India 2017C]

An urn contains 3 white and 6 red balls. Four
balls are drawn one-by-one with replacement
from the urn. Find the probability distribution of
the number of red balls drawn. Also, find mean
of the distribution. |Delhi 2016)

Two numbers are selected at random (without
replacement) from the first six positive
integers. Let X’ denotes the larger of the two

28

numbers obtained. Find the probability
distribution of the random variable X and also
find the mean of the distribution.

[NCERT; All India 2014]
Three numbers are selected at random (without
replacement) from first six positive integers. Let
X denotes the largest of the three numbers
obtained. Find the probability distribution of X.
Also, find the mean of the distribution.

[All India 2016]

HINTS & SOLUTIONS

(d) Let M denotes the number of heads and N denotes the
number of tails when a coin is tossed 6 times.

Given, X = Difference between Mand N =| M = N |
Here, both M and N can take values 0, 1, 2, 3, 4, 5, & but
M + N is always equal to 6.

Look at the following table
M 0 1 2 3 4 5 5]
N 3] 5 4 3 2 1 0
x| 6|al2]o0]2]4a]s
Thus, we see that X takes values 0, 2, 4 and 6.
(c) We know that EP(X) =1

5 7 9 11 32
= ——t ===l = —=1
Ek k kK k k
k=32

(d) E(X)=ZX P(X)
==4x(01) 4+ (=3x02)+(-2x03)
+(=1x02)+{0x0.2)
=-04-06-06-02=-=18

(b) Let X be the random variable representing a number
on the die.

The total number of observations is six.
301 2 1 1
P(X=1)=>=— P(X=2)=>=—and (X=5)=-
6 2 6 3 [}
Thus, required probability distribution of X is as follows:

X 1 2 5
1 1 1

P - = =
. 2 3 6

Mean X = SXP(X)=1xt+2xL45xL
2 3 6
34445 12

6 6

=2

Here, two balls are drawn, so possible values of X are 0,
land 2.

Hint ¥ p, =105 [Ans. No]



7. When two coins are tossed, there may be 1 head, 2 heads Now, mean of X = E(X)=X X-P(X)

or no head at all. ) 1+3 2+4 3+5 4
Thus, the possible values of X are 0, 1 and 2. T T 10 10
. 1
Now, P(X = 0) = P (getting no head) = P{TI]=Z =l{2+5+12+2n]
10
. 2 1 40
P(X =1)= P(getting one head) = F(HT or TH) = === = =4
4 2 10
. 1
P(X = 2) = P (getting two heads) = P(HH) = E 10. Since, X = Number of four seen on tossing two dice,
Thus, the required probability distribution of X is X=a12
1 9
T Also, P{4)= —and P(not 4) = —
X o | 1 ‘ 2 ) 10 10
1 1 1 9 9 81
PX) = - - So, A{X =0) = P(not 4)- Plnot 4)= — — = —
L4 ]2 4 " )= A i 10 10 100
k., ifx=0 P(X =1)= P(not 4)- P(4) + P(4)- P(not 4)
8. Given, (X =x)= 5.2:' lgrilz =1,L+lli=£
R 10 10 10 10 100
0, otherwise
1 1 1
Making it in tabular format, we get the following P(X =2)=P(4)-P4) = E E = E
X 0 1 2 otherwise Thus, we get the following table
P k 2k 3k 0 |
) X 0 1 2
Since, sum of all probabilities is equal to 1. v 81/100 18/100 11100
IR X =x)=1 X)
= PX=0+PAX=1)+PX=2)+040+.. =1 81 18 1
. k+ 2% +3k=1 Now,meanofX=P{X)={lxﬁ+lxﬁ+2xﬁ
= ok =1 20 1
= k=1 T100 5
6 1l. Given, defective bulbs =3 and good bulbs =7
9. Total number of possible outcomes Here, total number of bulbs =3 + 7 = 10
= E‘Fz = 2 =5%xd =2 Let X denotes the number of defective bulbs.
3! ) Then, X takes the values0, 1, 2and 3.
Here, X denotes the larger of two numbers obtained. Now, P(X =0) = P (getting 0 defective bulb)
» X can take values 2, 3, 4 and 5.
) 2 1 1% Tx6X5
Now, P(X = 2)= P {getting (1, 2) or (2, 1]}=5=E ={3CDXTCS}= 3% 2%1
10
P(X =3) = P{getting (1, 3) or (3, 1) or (2, 3) or (3, 2)} C, 10x9x8
4 2 Ix2x1
_E_E _Txex5 l
P(X =4)= P{getting (1, 4) or (4, 1) or (2. 4) or (4, 2) 10x9x8 24
6 4 or (3, 4) or (4, 3)} P(X =1)= P (getting 1 defective bulb)
20 10 _ {5‘51 ® 752)
and P{X =5) = P {getting (1, 5) or (5, 1) or (2, 5) or (5. 2) e,
or (3, 5) or (5, 3) or (4, 5) or (5, 4)} ( 7 % 5]
8 4 Ix
- 2x1
20 10 Iy ee——
Thus, the probability distribution of X is [M)
Ix2x1
X 2 3 4 > IxTxex3d 21
P(X) 1 2 3 4 =" -
10 10 10 10 10x9x§ 40




P(X = 2) = P (getting 2 defective bulbs)

3><2x,?
_fe,xTo) _L2xa

e (10x9%8
Ix2x1
_3x 2>-:?><3_ 7

10x9%8 40
P(X =3) = P (getting 3 defective bulbs)

_Coyx’cy) 0 1x1

T Mo, [10x9x8
[3X2>(1}

_dxa2x1l _ 1

10x9%8 120

.. Required probability distribution as follows
X 0 1 2 3
PX)| 7/24 | 21140 | 7/40 | 1120

12. Let X be the random variable which denotes the number
of tails when a biased coin is tossed twice.

S0, X may have values 0, 1 or 2.

Since, the coin is biased in which head is 3 times as

likely to occur as a tail.
3 1
H)y==and A(T)==
P(H) : 4 "

P(X = 0) = P(HH) = P‘{H}-P(Hl=[§) -2

P{X =1) = P (one tail and one head)
=P(HT, TH)= P(HT )+ P(TH)
= P(H)- P(T) + P(T)- P(H)
3 1 1 3 3 3 6 3
=K =t =H=—=—

44 4 4 16 16 16 8
P(X = 2) = P(ewo wiky) = P(TT) = (T)- A(T)

Lok

Therefore, the required probability distribution is as

follows
X 0 1 2
P(X) 9/16 3/8 1116

Now, mean = ZX P(X)

9 3 1 31 4 1
=X —+1lx—4+2x—=04+—F+-=—=—
16 8 16 8 8 8 2
13. Similar as Example 6.
Ans.
X 0 1 2 3  _Mean=15

P(X) | 2117 | 13/34 | 13/34 | 2117

14. Let X be a random variable that denotes the number of
spades in a draw of three cards. So, X can takes values 0,
1,2 and 3.

39 39 39
Now, P(X =0)= P(no spade) = — x — x —
A ) (no spade) 52 52 52
[ cards are drawn with replacement]
3.3 3 27
=¥ ===
4 4 4 o4
P(X =1) = P (one spade and two non-spade)
= P (I card is spade, I and III cards are non-spade)
+ P(I card is non-spade, I card is spade

and 111 is non-spade) + P (I and II cards are
non-spade and III card is spade)
13 39 39 39 13 139 39 139 13
= X X — e — X — X —F — X —X—
52 52 52 52 52 52 52 52 52
=3 lxzxi =£
4 4 4 64
P(X = 2) = P (two spade and one non-spade)
13 13 39 13 39 13 39 13 13
S XKt XX — KX —
52 52 52 52 52 52 52 52 52
4 4 4 64
» P(X =3) = P (all are spade cards)
13 013 13 1 1 _1 1
== x—=x K==

52 52 52 4 4 4 64
Thus, the required probability distribution is as follows
X 0 1 2 3
P | 27/64 | 27/64| 9/6a | 164

Now, mean of above distribution is given by
3
E(X)= ¥ x-P(X=x)
x=10

=0-P(X=0)+1-P(X=1)+ 2- (X= 2)+ 3- P(X=3)

64 64 64 64
2741843 48 3

64 64 4
15. Let X be the number of kings obtained.

We can get 0, 1 or 2 kings.
So, value of Xis 0, 1 or 2.
Total number of ways to draw 2 cards out of 52

ie. Total ways = **C, =1326

KX =0)

i.e. probability of getting 0 king

Number of ways to get 0 king

= Number of ways to select 2 cards out of non-king cards
= Number of ways to select 2 cards out of (52 — 4)

=48 cards

=B, =1128

Number of ways to get 0 king _ 1128
Total number of ways T 1326

F(X =1)ie. probability of getting 1 king

P(X=0)=




16.

17.

Number of ways to get 1 king
= Number of ways to select 1 king out of 4 king cards
» number of ways to select 1 card from
48 non-king cards
=1C, x Be,
=4 x48=192
PX=1)= Number of ways to get 1 king _ 113'5'22€|

Total number of ways
P(X = 2), i.e. probability of geeting 2 kings
Number of ways to get 2 king
= Number of ways of selecting 2 kings out of 4 king cards
1
= C2 =6

AX=2)

T 1326

Now, = E(X)= i X,p;

i=1

1128 192 6
00X —— 41X — + 2% —
1326 1326 1326
_192412 204 _ M4
1326 1326 221

Hint Let X denotes the number of defective bulbs drawn.
Then, P (getting defective bulbs) = 1

r
P (non-getting defective bulbs) = X
5
and X=0123
4 4 4 o4
Now, PX=0)=—-x—x—=—
5 5 5 125
4 4 1 48
X=1)=3x—-x—x—=—
A ) 5 5 5 125
4 1 1 12
PX=2)=3x—-%=-%X—=—
5 5 5 135
1 1 1 1
X=3)=-x-—-=—
H ) 5 5 5 125
48 24 3 3
Mean= —+4 — 4+ — rAns. Mean =—-|
125 125 125 | 5

Here, Plhead) = ; Pltail) = %

Let X be the number of tails in two tosses.

Then, X =0,1 2
X 0 1 2
PI’I’) Exg=i gxlflxé:i lxl:l
3 3 9 3 3 3 3 9 3 3 8
XP(X) 0 4/9 2/9
. Mean = ZXP(X)
_6_2
9 3

18.

19.

20.

21

Hint
X 0 1
P(X) 310 710
[ Ans. E(X)= L]
| 10
Hint
X 0 500 2000 3000
P 9935 3 1 1
10000 | 10000 | 10000 | 10000
PX, i) 1500 | 2000 3000
10000 | 10000 | 10000
< E(X) = ZXP(X) [Ans. 0.65]
Here, § = {(L 3), (1.5). (L. 7). (3 1)

(3.5), (3. 7). (5.1), (5. 3), (5. 7). (7. 1), (7, 3). (7, 5)}
= n(5)=12
Let random variable X denotes the sum of the numbers

on two cards drawn. So, the random variables X may
have values 4, 6, 8, 10 and 12.

-

2
ALX =4, P(X) ==
1

2
At X =4 P(X)=—
6 P(X) 5

AtX =8 P(X)=

lﬁ“l'—' -

4
12

2
At X =10, P(X)=—
12

2-
12

Therefore, the required probability distribution is as
follows

AtX =12 P(X)=

o= =

X 4 | 6|8 |[10]12
PX)| 16 | 16 | 1/3 | 1/6 | 1/6
s Mean, E (X)=2X P(X)

1 1 1 1 1
=4 M —dbhu—+8x— +10x —412x -
6 6 3 6 6

=E+1+E+E+2=w+3=5+3
3 3 3

=5+3=8
The probability distribution table for given function is

X 1 2 3 4 5 6
PO | K

We know that ZF, =1
k+4k +9k + 8k + 10k +12k +0=1

otherwise
4 | 9 Bk 10k 12k 0

= ch=1='.~Jr=L
44



(i) E(X)=EX-P(X)
=1xk+2x4k +3x% +4 =8k +5x10k

+6x12k+0
=k + 8k + 2Tk + 32k + 50k + 72k
=190k
_1oox L= [k_]
44 22 44

(ii) (X 24)= (X =4)+ P(X =5)+ P(X =6)
=30k =30 X — =068
44

22. Hint Use EF(X)=1
[Ans. (i) 1/10 (ii) 3/10 (i) 17/100 (iv) 3/10]

23. Let X denotes the sum of the numbers obtained when two
fair dice are rolled. So, X may have values 2, 3,4, 5,6, 7, 8,
9. 10, 11 or 12,

[as 1 cannot be the sum of two numbers on fair dice]
P(X =2) = P{(1, 1):=;—6,
P(X =3)= P{(L 2).(21)} = %
P(X =4)= PL3).(2 2), (3 1)} = :—6
X =5)= PL.4.(2 3. (.. (@D} = o
AX=6)= P{L5.(24). (.34 2. G} =
POX=7) = P{0.6)(2 ). (3.4). (4.3). 6. 2. 6. D)= =
X =8)= Pl(26).(35). (4.4).6.3. (6.2} = -

4

P(X=9)= P((3, 6)(4,5), (5. 4). (6. 3} = ——.

P(X =10) = P{(4, 6).(5.5). (6,4)} = % :
PX=11) = P((5,6)(6.9) = = and

P(X =12) = P{(6, 6)} = 3‘—6

The probability distribution of X is represented by

x| 2|3 |4 |5 |6 7|89 |10 11 12

S 413

3 4|5 ] 2
P(X) 31215 3 2
36| 36|36 | 36|36 36|36 36 | 36

glm

a1
36

Mean, X = EX A X)
[2%1+3%244x34+5Xx4+6%X5+7%x6 |
|+8x5+49xa+10x3+11x2+12%x1 |
- 36
_[246+124 204 30+42+40+36+30 + 22 +12]
36

(1,2),(21),(1,3),(3.1),(2.3).(3,2),
24. Here, s = }(14).(41).(15).(31).(24).(4,2).(25)
(5,2),(3:4).(4,3).(35).(5.3),(54).(4.5)
= n(S)=20
Let random variable X denotes the sum of the numbers

on two cards drawn. So, the random variables X may
have values 3,4, 5, 6, 7, §and 9.

2 1

AtX = X)=—=—,
3 PX) 20 10

2 1

AtX =4 AX)=—=—
AX) 20 10

4 1

AtX =5 P(X)=—=~,
5 P(X) it

4 1

20 5

4 1

AtX =7 P(X)= — ==,
20 5

20 10

20 10
Therefore, the required probability distribution is as
follows
X 3 L 5 6 7 8 9
1 1 1 1 1 1
PO 1% %0 |5 |5 5|7 %

< Mean, E(X)= ZXP(X)

=3:-<L+4:»<1—+5><li-sirxl+1|"><l+:3-:»<L+';‘xl
10 10 5

10
=3 44,5,6,7, 8,2
0 10 55 5 10 10
344410412414 4849
10
=ﬂ=6
10
. . 4 1
25. Hint P(head) = 4P (tail) = AH) = =, AT) = =
X
(Number of tails) 1 2 3
64 | 48 12
P 2| = - —
0 |%s| 5 | s | s
48 24 3
XP S8 2 3
%) 125 | 125 | 125

75
*. Mean=ZXP(X)=—
) 125

[Ans. Mean = E]
5



26.

Consider, p = probability of getting a red ball = %

W | b

and 1

g = probability of getting a white ball = g

Let X denotes the number of red balls in four draws.
Then, X can take values 0, 1, 2, 3 and 4.
Now, P(X =0)= P (no red balls) = F (all black balls)
1. 1.1 1 1
=oX—XmX—=—
3 3 3 3 81
P(X =1) = P(one red and three blacks balls)

2.1 1.1 1 2 1.1 1
= =

2 xlyly 2,1, 1,1,1,2,1
33 3 3 3 3 3 3 3 3 3 3
+lxlxlx£=4xi=i
3 3 3 3 81 81
P(X = 2 )= P(two red and two black balls)
4.2
81 381
P{X =13) = P (three red and one black ball)
—ax2o2
81 81
16 16
P(X =4)= P (all red balls) =1x—=—
81 &1
Hence, the probability distribution is shown below
X 0 1 2 3 4
P(X) 1 8 24 32 16
gl | 8 | 8 | B | 8

Now, mean of distribution, E(X) = ZX. P(X)
=0 L. B, 20,532, ,08
81 81 81 81 81

= L [0+8+48+96+64]
81

_ 216 _8
81 3

27. Similar as Example 7.
Ans.

X 2 3 3 5 &
P(X) 1 2 3 4 5
15 15 15 15 15
28. Given, X denotes the largest of the three positive
integers.

So, the random variable X may have values 3, 4, 5 or 6.

P(X =3)= P (getting 3 and two numbers less than 3)

_lopxic, 1
fC, 20
P(X =4)= P(getting 4 and two numbers less than 4)
_leyxic, 3
5C, 20

P(X =5) = P (getting 5 and two numbers less than 5)
_lopx'c, e

e, 20
P(X = 6) = P (getting 6 and two numbers less than 6)
_leyx’c, 10
“c, 20

.. Probability distribution is shown below

X ‘ 3 | 4 5 ‘ &
1 3 6 10
RERERES ‘ 2

Now, mean of distribution, E(X)= XX -F(X)

1 3 6 10
=3 —+4 X —+ix—+06x—
20 20 20 20

_3+12+30+60 _ 105 _ 21
20 20 4



SUMMARY

= Probability of an Event If there are n elementary equally likely events associated with a random experiment and m of them are
favourable to an event A, then the probability of happening or occurrence of Ais denoted by P(A)and is defined as P(A) = s
n

= Conditional Probability If Aand B are two events associated with the same sample space of a random experiment, then conditional
probability of the event A given that B has occurred, i.e. P (A/B) is given by

P(A/B)=%

,where P(B)# 0
= Multiplication Theorem
(i) Let Aand B be two events associated with a random experiment, then
P(A)- P(B/ A), where P(A)# 0
AnB)=
PAGE) {P(B)- P(AIB), where P(B) % 0
Here, AnB denotes the simultaneous occurrence of the events Aand B.
(i) Let E, F and G be three events of sample space S.
G

Then, P(E nFnG)=P(E)‘P[§)'P(EW)

= Theorem of Total Probability Let{E,, E,, ..., E,} be a pariition of the sample space S and suppose that each of the events
E;, E,, ..., E, has non-zero probability of occurrence.
Let Abe any event associated with S, then

P(A)=P(E,)-P(AIE;)+ P(E,)-P(AIEs)+ ...+ P(E,)-P(AIE,) = iP(Ei)-P(A/E])
j=i

= Baye's Theorem IfE,, E,, ..., E, are n non-empty events, which constitute a partition of sample space S, i.e. E;, E...., E, are pairwise
disjoint, E, UE, U...UE, =S and P(E;)>0,¥i=12._...n.

Also, let A be any event of non-zero probability, then
PEI A= L EVED foranyi=12.3....n
g. P(E;)-P(AIE;)

conditional probability P(E;/ A)is called a posteriori probability of the hypothesis £;.

= Random Variable A random variable is a real valued function, whose domain is the sample space of a random experiment.
Generally, it is denoted by capital letter X.

= Probability Distribution of a Random Variable If X is a random variable and takes the values x;, X,, X5, ..., X, with respective
probabilities py, ps, Ps,---, P,- Then, the probability distribution of X is represented by

2 | e S s | o

PO p e o | - | M

n
where, p,->0andZJ),—=1;i =123....n
=

n
= Mean of X denoted by u is the number f; x;p;, it is also called the expectation of X, denoted by E(X).
=



CHAPTER
PRACTICE

OBJECTIVE TYPE QUESTIONS

1 If A and B are events such that P[ﬁ] = P{E}
B A
then
{a) AcBbut A= B (b)A=EB
[)AnB=¢ (d) P(A) = P(B)

2 If Aand B are two events such that P(B) = %

P(A/B) = %and P(AUB)= % then F(A) equals

to [NCERT Exemplar]

3 1 1 3

a) — - c)— d)2

@5 ®) (€)5 @

3 If A and B are two events such that Ac B and
P(B) # 0, then which of the following is correct?

[NCERT]
orfE)s o)
(©) P[g] > P(A4) (d) None of these

4 Aflashlight has 8 batteries out of which 3 are
dead. If two batteries are selected without
replacement and tested, then probability that

both are dead is [NCERT Exemplar]
33 9 _
a) — b) —
( )55 () 64
1 3
—_ d) —
(©) 14 (d) 28

5 The probability of obtaining an even prime
number on each die when a pair of dice is rolled
is [NCERT]

1
(a) zero (b) 3

1 1
€3 @25
6 If two events are independent, then
[NCERT Exemplar]
(a) they must be mutually exclusive
(b) the sum of their probabilities must be equal to 1
(c) Both (a) and (b) are correct
(d) None of the above is correct

7

If a die is thrown and a card is selected at
random from a deck of 52 playing cards, then
the probability of getting an even number on
the die and a spade card is [NCERT Exemplar]

1 1 1 3
(a) E {b}z (c) g (d) 4—

YERY SHORT ANSWER Type Questions

8

10

1

A card is drawn from a well-shuffled deck of 52
cards. Find the probability of getting an ace
card.

Two dice are thrown simultaneously. Find the
probability of getting a doublet.
Let E and F be the events with P(E) = %
P(F)= % and P(E nF) = % Find whether the
events are independent or not.

Two cards are drawn at random from a pack of
52 cards one-by-one without replacement.
What is the probability of getting first card red
and second card jack?

[CBSE Sample Paper 2021 (Term II)]

SHORT ANSWER Type I Questions

12

13

14

In class XII of a school, 40% of students study
Mathematics, 30% of students study Biology
and 10% of class study both Mathematics and
Biology. If a student is selected at random from
the class, then find the probability that he will
studying Mathematics or Biology.

A die has two faces each with number 1, three
faces each with number 2 and one face with
number 3. If die is rolled once, then determine
probability of not getting 3.

If P(4) = % P(B) = % and P(A ~ B) = %, then

find P(i}
B [NCERT Exemplar]



15

16

17

If P(A4) = 0.4, P(B) = 0.8and P(%] = 0.6, then find

P(Au B). [NCERT Exemplar]

A coin is tossed 4 times. Find the mean of the
probability distribution of the number of tails.

Abag contains 1red and 3 white balls. Find the
probability distribution of the number of red
balls, if 2 balls are drawn at random from the
bag one-by-one without replacement.

[CBSE Sample Paper 2021 (Term IT)]

SHORT ANSWER Type II Questions

18

19

20

21

22

23

24

If Aand B are two events such that P(A4) = %
P(B) = %and P[g] - i, then find P(A’ A B’).
[NCERT Exemplar]

If Aand B are two events such that P 4) = g

P(B) = gand P(AUB)= % then find
5)45)
B B

If a mother, father and son line up at random

[NCERT Exemplar]

for a family picture as F (son on one end) and F
(father is on middle), then find P (E/F). (ycgrT)

12 cards, numbered 1 to 12 are placed in a box,
mixed up thoroughly and then a card is drawn
at random from the box. If it is known that the
number on the drawn card is more than 3, then
find the probability that it is an even number.

In a college, 30% students fail in Physics, 25%
fail in Mathematics and 10% fail in both. One
student is chosen at random. Find the
probability that she fails in Physics, if she failed
in Mathematics. [NCERT Exemplar]

A bag contains 5 red, 7 green and 4 white balls.
3 balls are drawn one after another without
replacement. Find the probability that
(i) the balls are white, green and green,
respectively.

(ii) out of 3 balls, one is white and 2 is green.

Abag contains 4 red and 5 black balls. Another
bag contains 3 red and 6 black balls. One ball is
drawn from bag I and two balls are drawn from
bag IL Find the probability that out of three,
two are black and one is red.

25

26

27

28

29

30

31

32

A box contains 3 orange balls, 3 green balls and
2 blue balls. Three balls are drawn at random
from the box without replacement. Find the
probability of drawing 2 green balls and one
blue ball. [NCERT Exemplar]

Two events E and F are independent. If
P(E)=0.3 and P(EwF) =0.5, then find

H7)-AE)

Given that the events 4 and B are such that
P(A) = % P(AUB)= %and P(B) =p. Find p, if

[NCERT Exemplar]

they are
(i) mutually exclusive.
(ii) independent.

In a group of students, there are 3 boys and

3 girls. 4 students are to be selected at random
from the group. Find the probability that either
3 boys and 1 girl or 3 girls and 1 boy are
selected.

Aand B appear for an interview for two posts.

The probability of A's selection is %and that of

B’ s selection is % Find the probability that

(i) only one of them is selected.
(ii) none is selected.

Three persons A, B and C fire at a target in turn,
starting with A. Their probability of hitting the
target are 0.4, 0.3 and 0.2, respectively. Find the
probability that exactly two of them hit the
target. [NCERT Exemplar]

Three bags contains a number of red and white
balls as follows. Bag I : 3red balls, Bag I1: 2 red
balls and 1 white ball and Bag III : 3 white balls.
The probability that bag i will be chosen and a

ball is selected from it is é wherei=1 2, 3. What

is the probability that
(i) ared ball will be selected?

(ii) a white ball will be selected?
[NCERT Exemplar]

A box contains 2 gold and 3 silver coins.
Another box contains 3 gold and 3 silver coins.
A box is chosen at random and coin is drawn
from it. If the selected coin is a gold coin, then
find the probability that it was drawn from
second box.



33

34

35

36

There are two bags, bag I and bag II. Bag I
contains 2 white and 4 red balls and bag II
contains 5 white and 3 red balls. One ball is
drawn at random from one of the bags and is
found to be red. Find the probability that it was
drawn from bag IL [All India 2010]

Find the probability distribution of number of
doublets in three tosses of a pair of dice.
[All India 2011C; Delhi 2010C]

Two cards are drawn simultaneously (without
replacement) from a well-shuffled deck of 52

cards. Find the mean of number of red cards.
[All India 2012]

In a die game, a player pays a stake of ¥1 for
each throw of a die. She receives ¥ 5, if the die
shows a 3; ¥ 2 if the die shows al or 6 and
nothing otherwise. What is the player’s
expected profit per throw over a long series of
throws? [NCERT Exemplar]

LONG ANSWER Type Questions

37

38

39

40

Bag [ contains 3 red and 4 black balls and bag II
contains 5 red and 6 black balls. One ball is
drawn at random from one of the bags and is
found to be red. Find the probability that it was
drawn from bag IL [Delhi 2011, 2010]

A man is known to speak truth 3 out of 4
times. He throws a die and reports thatitisa

six. Find the probability that it is actually a six.
[Delhi 2011]

A factory has two machines A4 and B. Past

record shows that machine A produced 60% of
items of output and machine B produced 40%
of items. Further, 2% of items, produced by
machine 4 and 1% produced by machine B were
defective. All the items are put into a stockpile
and then one item is chosen at random from
this and this is found to be defective. What is
the probability that it was produced by machine
B? [Foreign 2011]

In a bulb factory, machines A, B and C
manufacture 60%, 30% and 10% bulbs,
respectively. 1%, 2% and 3% of the bulbs
produced, respectively by 4, B and C are found
to be 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 machine A.

H

42

143

44

45

46

If a machine is correctly setup, it produces
90% acceptable items. If it is incorrectly setup,
it produces only 40% acceptable items. Past
experience shows that 80% of the setups are
correctly done. If after a certain setup, the
machine produces 2 acceptable items, then find
the probability that machine is correctly setup.
[NCERT]

There are three coins. One is a two tailed coin
(having tail on both faces) another is a biased
coin that comes up heads 60% of the times

and third is an unbiased coin. One of the three
coins is chosen at random and tossed and it
shows tail. What is the probability that it is a two
tailed coin? [All India 2011C]

Suppose 5% of men and 0.25% of women have
grey hair. A grey haired person is selected at
random. What is the probability of this person
being male? (assume that these are equal

number of males and females)
[NCERT; Delhi 2011]

A crime is committed by one of two suspects A
and B initially, there is equal evidence against
both of them. In further investigation at the
crime scene. [t is found that the guilty party had
a blood type found is 20% of the population. If
the suspect A does match this blood type,
whereas the blood type of suspect B is
unknown, then find the probability that 4 is the
guilty party.

A letter is known to have come either from
LONDON or CLIFTON. On the envelope just
two consecutive letters ON are visible. What is
the probability that the letter has come from (i)
LONDON (ii) CLIFTON?

Suppose we have four boxes 4, B, C, D
containing coloured marbles as given below:

Marble Colour
Boxes T T

Red White Black
A 1 6 3
B & 2 2
c 8 1 1
D 0 5] . 4

One of the boxes has been selected at random
and a single marble drawn from it. If the marble
is red, then what is the probability that it was
drawn from
(i) box A7
(iii) box C?

(ii) box B?
[NCERT]



47 Aclass has 15 students whose ages are 14, 17, 15,
14,21,17,19, 20, 16, 18, 20,17, 16, 19 and 20 years.
One student is selected in such a manner that
each has the same chance of being of chosen
and the age X of the selected student is
recorded. What is the probability distribution of

the random variable X ? Find mean of X.
[NCERT]

CASE BASED Questions

48. Acoachis training 3 players. He observes that
the player A can hit a target 4 times in 5 shots,
player B can hit 3 times in 4 shots and the

player C can hit 2 times in 3 shots.
[CBSE Question Bank]

e

Answer the following questions using the above
information.
(i) Let A: the target is hit by A, B: the target is hit
by B and C: the target is hit by C. Then, the
probability that 4, B and C all will hit, is

4 3 2 1
(a) 3 (b) 3 (c) 5 (d) 5

(ii) Referring to (i), what is the probability that B,
C will hit and A will lose?

1 3 7 4

a)— (b)— c) — d) —

@5 ®F © 5 @5
(iii) With reference to the events mentioned in (i),

what is the probability that any two of 4, B

and C will hit?
1 1 17 13
(a) 30 (b) 30 (c) 30 (d) 30
(iv) What is the probability that none of them will
hit the target?
1 1 1 2
(a) 30 (b) B0 (c) g (d) g

(v) What is the probability that atleast one of 4, B
or C will hit the target?

@2 ®F ©f (@

49. The reliability of a COVID PCR test is specified
as follows

Of people having COVID, 90% of the test
detects the disease but 10% goes undetected. Of
people free of COVID, 99% of the test is judged
COVID negative but 1% are diagnosed as
showing COVID positive. From a large
population of which only 0.1% have COVID, one
person is selected at random, given the COVID
PCR test and the pathologist reports him/her as
COVID positive. [CBSE Question Bank]

Answer the following questions using the above
information.

(i) What is the probability of the ‘person to be
tested as COVID positive’ given that ‘he is
actually having COVID'?

(a) 0.001 (b) 0.1
(c) 0.8 (d) 0.9
(ii) What is the probability of the ‘person to be

tested as COVID positive’ given that *he is
actually not having COVID'?

(a) 0.01 (b) 0.99

(c) 01 (d) 0.001
(iii) What is the probability that the ‘person is
actually not having COVID"?

(a) 0.998 (b) 0.999

(c) 0.001 (d) 0111

(iv) What is the probability that the ‘person is
actually having COVID given that ‘he is tested
as COVID positive'?
(a) 0.83 (b) 0.0803
(c) 0.083 (d) 0.089

(v) What is the probability that the ‘person
selected will be diagnosed as COVID

positive'?
(a) 0.1089 (b) 0.01089
(c) 0.0189 (d) 0.189



50. m answering a question on a multiple choice

test for class XII, a student either knows the

answer or guesses. Let %be the probability that

he knows the answer and %be the probability
that he guesses. Assume that a student who
guesses at the answer will be correct with
probability % Let E,, E, and E be the events that
the student knows the answer, guesses the

answer and answers correctly respectively.
[CBSE Question Bank]

Answer the following questions using the above

information.
(i) What is the value of P(E,)?
2 1 3
(a) z (b) 3 (©)1 (d) 3
(ii) Value of P(E |E,)is
1 2
(a) 3 (b) 1 (c) 3 (d) 415
(iii) E: L fP(EEk] P(E,)equals
11 4 1
@ ®F © @1
(iv) Value of ¥'; - P(E,)is
1 1 3
(a) 3 (b) 3 (o)1 (d) T

(v) What is the probability that the student
knows the answer given that he answered it

correctly?
2 5 9 13
“: b) = — d) —
(a)ll ()3 (C)Il ()3
1. (d) 2. (o) 3. (o) 4. (d) 5. (d) 6. (d) 7. (0 ) %
9.1 10. Not 1L 12. 06 3.2 4.2 15. 0.96 16. Mean =2
26 ] 9
17. X 0 1
1 1
e 2 2
1 5 2 ) . 3 1
18. — 19. — 20.1 21. = 22. = 23.(i)o05 (ii)0.15 24 25/54 — 26. —
4 25 o 28 70
27. () p=11—u (ii) p== 2.3.; 29. (i)7hns ()25 30.0.188 31 (i}% (ii]% 32.5/9 33.9/25
34 x 0 1 2 3
pix | 125|518 1 1
216 | 216 | 216 | 216
35. Mean=1 36.050  37. 2 38, 2
68 .1
39. L 40. 2 4109053 42. 19 43. 2 442 150202 460> ) @2
4 5 19 21 1) 17 17 15 5 15
47. x 14 15 18 17 18 19 20 21
py | 2 | L 2 3| 41z 3 | 4
15 15 15 15 15 15 15 15
Mean=17.53
8. (i) = (), (i) — (a), (iii) —> (d), (iv) — (b), (v) — (a) 49, (i) —(d), (ii) — (a), (iii) — (b), (iv) — (c), (v) —(b)

50.

(1) = (d), (iL) — (b), (iii) — (a), (iv) — (<), (v) = (c)



