In earlier classes, we have study the statistical and classical approach of probability. But
both the theories have some serious difficulties and limitations. To overcome these

difficulties, modern probability theory has been developed axiomatically. This theory of
probability was developed by Russian Mathematician A.N. Kolmogorov in 19:33. In his
book “Foundation of probability”, he laid down some axioms to interpret probability. To
understand this approach, we must know about some basic terms, viz. experiment,

random experiment, sample space, events, etc.

PROBABILITY

| TOPIC 1| N2 CHAPTER CHECKLIST
Event and Algebra of Events |
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* Axiomatic Approach to

EXPERIMENT Probability

: : 2 ¢ Addition theorems on
An operation which can produce some well-defined outcomes, is known as o
Probability

experiment. There are two types of experiments, viz.

(1) Deterministic Experiments An experiment which gives the same result
every time, when it is repeated under identical conditions, is called
deterministic experiments.

(i1) Random Experiments In our daily life, we perform many experimental
activities, where the result may not be same, when they are repeated
under identical conditions. e.g. when a fair coin is tossed it may turn up
a head or a tail, but we are not sure which one of these results will be
actually obtained. Such experiments are called random experiments.
Thus, rolling an unbiased die, drawing a card from a well-shuffled pack
of cards are all examples of random experiments.

An experiment is called random experiment, if it satisfies the following two
conditions.

(i) It has more than one possible outcomes.

(ii) It is not possible to predict the outcomes in advance.

Outcomes and Sample Space

A possible result of a random experiment is called its outcome. The set of all
possible outcomes in a random experiment is called a sample space and it is

generally denoted by S, i.e.
Sample space (S) = {All possible outcomes}
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e.g. Suppose a die is thrown and let A be an event of getting
an odd number.

Then, A=11,3,5}

Now, if the outcome of experiment is 3. Then, we can say
that event A has occurred. Suppose, in another trial,

outcome is 4, then we can say that event A has not
occurred.

Types of Events

Events can be classified into various types on the basis of
their elements.
Sure Event  The whole sample space S is also a subset of §,
so it represents an event. Since, every outcome of an
experiment carried out a member of S, therefore the event
represented by § is called a sure or a certain event.
e.g. (i) Sun rises in the East, is a sure event.

(ii) On tossing a coin, either head or tail will occur, is a

sure event.
(iii) On throwing a die, we have sample space
5=1L2,3,4,5,6}

Let E = Event of getting a number less than 7.
Then, E ={1,2,3,4,5,6}.

So, £ is a sure event.

Impossible Event The empty set ¢ is also a subset of the

sampl: space (5) so it represents an event. Since there is no

element in the empty set, therefore it can not occurs.

Thart's why event ¢ is called an impossible event.

e.g. On throwing a die, we have the sample space
§5=1{1,2,3,4,5,6}

Let  FE =Event of getting a number less than'1.

Then, E =d.

So, E is called an impossible event.

EXAMPLE |3| Identify that following events as
sure/impossible events.

(i) Event of getting a number multiple of 7 in a single toss
of a die.

(ii) Event of getting five kings in a pack of cards.
(iil) Event of drawing a club queen in a pack of cards.

Sol (i) We know that in a single toss of a die only 1 to 6
number exist. So, multiple of 7 does not exist.
(ii) We know that in a pack of cards only four kings exist.
So five kings does not exist. Hence, it is an impossible
event.
(iii) We know that in a pack of cards club queen exist.
Hence, it is a sure events.
Simple Event If an event has only one sample point 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 getting 4 = {4}
B = Event of getting 1= {1}
Here, A and B are simple events.

Note

Elementary events associated with a random experiment are also
known as indecomposable events.

Compound Event If an event has more than one sample
point, then it is called a compound event.

e.g. On rolling a die, we have sample space
§=1{1,2,3,4,5,6}
Then, the events
E : Getting an even number
F : Getting an odd number
G : Gerting a multiple of 3

are all compound events. The subsets of § associated with
these events are

E ={2,4,6},

F=113,5}, G=13,6]
Each of the above subsets contain more than one sample
point, therefore they are all compound events.

Note

All events other than elementary events and impossible evenls
associated with a random experiment are compound events.

EXAMPLE |4| Two dice are rolled. Let 4, B, C be the
events of getting a sum of 2, a sum of 3 and a sum of 4
respectively.
(i) Which events are elementary events?
(ii) Which events are compound events?
Sol. On throwing of two dice, we get the sample space

(1.1).(1,2).(1.3).(1.4).(1.5).(L.6),
(21).(22).(23).(24).(2.5).(26),
(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)

Now, as A is the event of getting a sum of 2.

o A={L1)}
Similarly, B={(12).(21)}
and C={(13).(31).(22)}

(i) Since, A consists a single sample point, therefore it is
an elementary or simple event.

(ii) Since, both B and C contain more than one sample
points, therefore each of them is compound event.



ALGEBRA OF EVENTS

We know that how to combine two or more sets by using
the operations on sets union (U), intersection (M)and
difference (—). Like-wise we, can combine two or more
events by using the analogous set notations. Let A and B are
two events associated with a sample space S, then

1. COMPLEMENTARY EVENT

For every event E, there corresponds another event E’
called the complementary event of E, which consist of those
outcomes that do not correspond to the occurrence of £ E'
is also called the event ‘not £”.
e.g. In tossing three coins, the sample space is
S={HHH,HHT , HTH,THH,
HIT,THT,TTH,TTT}

Lee E={THT,TTH,HTT}

= the event of gerting only one head.
Clearly, for outcome HHT, event E has not occurred
s HHTe E’
Similarly, for the outcomes HTH, THH, TTT and HHH,
event £ has not occurred.

E’ = {HHT, HTH, THH, TTT, HHH}

It can be seen that £ contains only those outcomes which
are not in E.

EXAMPLE |5| Two dice are thrown once. The events
A, B, E are as follows

A : Getting an even number on first die.
B : Getting an odd number on first die.
E : Getting the sum of numbers on the dice = 10.
Describe the events
i & (ii) B’ (iii) B [NCERT]

Sol. On throwing of two dice, we have sample space
(1.1), (1, 2). (13). (1,4), (L5). (L6),
(21).0(2.2), (23), (24),(25). (286),
(31). (3.2), (3.3), (3.4), (3.5), (3.6),
(4.1), (4, 2), (4.3), (4,4), (4,5), (4,8),
(51). (5.2), (5.3), (5.4), (5.5), (5.6),
(81). (62), (6,3), (64), (6.5), (6.6) |

(i) A:Getting an even number on first die.
=+ A”: Getting an odd number on first die.
(1,1), (1, 2), (1,3), (1L,4), (1,5), (1,6),
=1(31).(3.2).(3.3). (3.4), (3.5). (3.6),
(5,1), (5, 2), (5.3). (5.4), (5.5), (5.6)

(ii) B:Getting an odd number on first die.
= B":Getting an even number on first die.
(21).(2.2), (23). (24), (25). (26),
={(4.1), (4,2), (4.3). (4.4). (4.5). (4.6),
(6.1), (6. 2). (6,3), (6.4), (6,5). (6.6)

(iii) E :Getting the sum of the numbers on the dice =10,
= E” : Getting the sum of the numbers on the dice < 10.
[(L1), (1,2), (L3), (L4), (L5). (L6).(21),(22), ]
_|(23),(24),(25), (26). (31). (3.2), (3.3),
T34, (35). (3.6), (4.1), (4.2), (4.3), (4.4), (4.5),
(51), (5 2). (5.3), (54). (6.1), (6,2). (6.3)

2. THE EVENT ‘AOR B’

The event ‘4 or B' is same as the event 4w B and it
contains all those elements which are either in event 4 or in
events B or in both.

Thus, Aer B=Av B={m:we A or we B}

3. THE EVENT ‘A AND B’

The event ‘4 and B’ is same as the event ‘A m B and it
contains all those elements which are commen to both A

and B. Thus, 4 and B= A B={w:m € A and we B}
4. THE EVENT ‘A BUT NOT B’

The events ‘A but not B’ is same as the event
A—B=({An B")and it conrains all those elements which
are in A bur not in B.

Thus, A but not B=A—-B={w:we A and © ¢ B}

Mote

For any event E. associated with a sample space S,
E=nlE=S-E={w:wed and w & E}.



In the following table, we give verbal description of some events and their equivalent set alongwith the venn diagram.

Events Verbal Description Equivalent Set Venn Diagram
() Neither AnorB It is the intersection of sets A and B, which AnEB ]
contains the common elements of A and B. or
U-{AuB) ‘B
(i) Exactly oneof A It is the union of one event and complement of (A E] u{I nB) ]
and B other events. ar
ar (AuB)-(AnB) ‘B
It is the difference of union and intersection of
both events.
(i) Atleast one of It is a union of all three sets, which contains AuBulC m
ABorC either Aor Bor C etc. e.g
l\
{iv) Al three of It is an intersection of all three sets, which AnBnC ]
A BandC containg common elements of A, Band C. e‘e
l‘\
(v) Exactlytwoof It is the union of three conditions, where in (ANBNC) u(AnBnC) 7
A BandC each condition we take intersection of any two U (E nBnC) )
events and complement of remaining third P
event. a

EXAMPLE |6] A die is thrown. Describe the following

events

(i) A:a number less than 7.
(ii) B :a number greater than 7.
(iii) € :a multiple of 3.
(iv) D:a number less than 4.
(v) E: an even number greater than 4.
(vi) F :a number not less than 3.

Also, findAu BANBBUCEn FFDnEA-CD-E,

F'and Em F'.

Sol When
5=1,

(i) A:

(i) B:

(iii) C:

{iv) D:

(v) E:

(vi) F:

[NCERT]
a die is thrown, then sample space

234,56}

a number less than 7 = {1, 2, 3, 4, 5, 6}

a number greater than7 = {}=¢

a multiple of 3 = {3.6}

a number less than 4 = {1, 2, 3}

an even number greater than 4 = {6}

a number not less than 3= {3 4, 5, 6}

Now, A B =The elements which are in A or B or both

={L23456/U0
={, 23 4,5 6}

A n B = The elements which are common in both
Aand B
={L23456/Nno=0
Bu C = The elements which are in B or C or both
={}u{3 6l ={3 6}
E n F = The elements which are commeon in both
Eand F
=16} {3 4,5 6} = {6}
D n E = The elements which are common in both
Dand E
={L23}n{e}=4¢
A = C =The elements which are in A but not in C
={,23456-{36}=1{ 245}
[} = E = The elements which are in I? but not in E
={.23}-{e} =11, 2 3}
F’=The elements which are not in F
=(5=F)
={. 234,56 -{34506 =12
and EnNF =En(5=F)
=En(f. 234,56} —{34,56])
={e}n{l, 2t=0



Mutually Exclusive Events

Two events are said to be murtually exclusive, if the
occurrence of any one of them excludes the occurrence of
other event, ie. if they cannot occur simultaneously.

Thus, two events £, and F, are said to be mutually
exclusive, if
E,nE,=¢
e.g. In throwing a die, we have sample space
S=1{12,3,4,5,6}
Let E; = Event of getting even numbers
=1{2,4,06}
E, = Event of getting odd numbers = {1, 3, 5}
E.NE,=¢.

So, E, and E, are murually exclusive events.

Here,

In general, events E|,E,,..., E, are said to be murually
exclusive, if they are pairwise disjoint,
e ifE,;ME; =¢forallizj

Note
Simple events of a sample space are always mutually exclusive.

EXAMPLE |7| An experiment involves rolling a pair of
dice and recording the numbers that comes up. Describe
the following events.

A : the sum is greater than 8.
B : 2 occurs on either die.
C : the sum is at least 7 and multiple of 3.
Which pairs of these events are mutually exclusive?
[NCERT]
Sol There are 36 elements in the sample space
S={{x, y)ix, y=12734,5¢6}
Given, A= events of getting the sum greater than 8,
ie. events of getting the sum 9, 10, 11 and 12.

. A ={(63),(36).(4,5,(5.4).(64)(4.6)
(5.5).(6.5).(5.6).(6,6)}

and B = event of getting 2 on either die.

B ={(21).(22).(23).(24).(25).(26).(1,2),

(3,2),(4,2),(52).(6,2)}

and C = event of getting the sum atleast 7 and a multiple

of 3, i.e. event of getting the sum 9 and 12.

={(4.5). (5.4). (8.3). (3.6). (6.6)}
Here, AN B= 6, BAC =0
and ANC#0

Thus, we can say that, the pairs A and B; B and C are
mutually exclusive events.

EXAMPLE |8| Three coins are tossed once. Let A
denotes the event “three heads show”, B denotes the event
“two heads and one tail show”, C denotes the event “three
tails show” and D denotes the event “a head shows on the
first coin”. Which pair of events are INCERT]
(i) mutually exclusive events.
(iii) compound events.

(ii) simple events.

Sol. When three coins are tossed, then the sample space is
S ={HHH, HHT, HTH, THH, HTT,THT, TTH,TIT}
Given, A= event of getting three heads
~  A=[HHH)
B = event of getting two heads and one tail
B ={HHT, HTH, THH)
C = event of getting three tails
C={TIT}
and D= event of getting a head on first coin.
~  D={HHH, HTT, HHT, HTH}
(i) Clearly, An B=, An C=0,
An D= [HHH}, Bn C=é,
B D= [HHT, HTH)}and C n D=¢
. We can say. A and B; A and C; Band C;C and D are
mutually exclusive events.
(ii) A and C are simple events, since both have only one
sample point.
(iii) B and D are compound event, since they have more
than one sample point.

Exhaustive Events

For a random experiment, a set of events is said to be
exhaustive, if one of them necessarily occurs whenever the
experiment is performed. Let E|, E,, E,,..., E, be »n
subsets of a sample space S. Then, events Ey, E,, E;,...,
E, are called exhaustive events, if
EVE,VE;U..UE, =8

e.g. Consider the experiment of throwing a die. We have,
§=1{1,2,3,4,5,6}. Let us define the following events

E, : a number less than 4 appears.

E, : a number greater than 2 bur less than 5 appears.

E, : a number greater than 4 appears.

Then, E, ={1,2,3}, E, ={3,4}, E; ={5.6}.

We observe that
E\WE,UE;={1,2,3lU{3,4u56l=5

Thus, the events E|, E, and E; are exhaustive events.

Mote

WE,nE;=6¢fori=j, Le evenlsE; and E; are pairwise disjoint and

_u__,"Er- =35, then events E,, E. ..., E, are called mutually exclusive

and exhaustive evenls.



EXAMPLE |9] A coin is tossed three times, consider
the following events?

A : No head appears.
B : Exactly one head appears.
and C : Atleast two heads appears.
Do they form a set of mutually exclusive and exhaustive

events? [NCERT]
Sol. When a coin is tossed three times, then the sample
space is

S={HHH, HHT, HTH, THH, THT, TTH, HTT, TTT}
Given, A= event of getting no head
A={TIT}
B= event of getting exactly one head
B={TTH, HTT, THT}
and C= event of getting atleast two heads
C={HHT, HTH, THH, HHH}
Clearly, AnB=¢, AnNC=¢ and BNC=¢
So, we can say that A, Band C are mutually exclusive
events. [ A, Band C are pairwise disjoint]
Also, AUBUC = {TTT, TTH, HTT, THT, HHT.
HTH. THH, HHH} =S
- A, Band C are exhaustive events.

Hence, A, Band C form a set of mutually exclusive and
exhaustive events.

TOPIC PRACTICE 1 |

OBJECTIVE TYPE QUESTIONS

1 The total number of elementary events
associated to the random experiment of throwing

three die together is
(a) 210 (b) 216
(c) 215 (d) 220

2 If an event has more than one sample point,
then it is called a/an
(a) simple event
(b) elementary event
(¢) compound event
(d) None of the above

3 When the sets A and B are two events
associated with a sample space. Then, event
‘A v B denotes
(a) Aand B (b) only A
(c) Aor B (d) only B

4 The set A- B denotes the event

(a) Aand B (b) Aor B
(c) only A (d) Abut not B

5 A coin is tossed three times, consider the

following events

A:no head appears.

B : exactly one head appears.

C: atleast two heads appear.

Then,

(a) A, B and C are mutually exclusive events

(b) A, B and C are exhaustive events
(c) Only (a)
(d) Both (a) and (b)

SHORT ANSWER Type I Questions

6

10

1

A coin is tossed. Find the total number of
elementary events and also the total number of
events associated with the random experiment.

Consider the experiment of rolling a die. Let A
be the event ‘getting a prime number’ and B be
the event ‘getting an odd number’. Write the

sets representing events [NCERT]
(i) Aand B. (ii) AorB.
(iii) A but not B. (iv) not A.

Two dice are rolled. Let E, E, and E; be the

events of getting a sum of 4, 5 and 6 respectively.
(i) Which events are elementary events?
(ii) Which events are compound events?

An experiment involves tossing of two coins
and recording them in the following events
A: No tail

B : exactly one tail

C: at least one tail.

Write the sets representing events
(i) Aand C. (ii) AnotB.

A die is tossed. Let E denotes the event of
getting a number multiple of 2 and F denotes
the event of getting a number less than 7.
Simplify the following event

(i) EuF (ii) F-E

(iii) E (iv) EnF

SHORT ANSWER Type II Question

A coin is tossed two times, consider the
following events?

E,: No head appears.
E,: Exactly one head appears.
and E; : At least one head appears.

Do, they form a set of mutually exclusive and
exhaustive events?



12

13

Two dice are rolled, 4is the event that the sum
of the numbers shown on the two dice is 5 and

Bis the event that atleast one of the dice shown
up a 3. Are the two events 4and B

(i) mutually exclusive? (ii) exhaustive?
Three coins are tossed once. Let A denotes the
event “three tails show”, B denotes the event
“one tail and two head show”, C denotes the
event “tail on the first coin”.
Which pair of events are

(i) mutually exclusive?

(if) simple events?
(iif) compound events?

LONG ANSWER Type Questions

14

15

Two dice are thrown. The events A, B and C are
as follows:

A': getting an even number on the first die.

B : getting an odd number on the first die.

C: getting the sum of the numbers on the
dice < 5

Decribe the events

(1) A7 (i1) not B
(iiif) Aor B (iv) Aand B
(v) Abutnot C (vi) BorC
(vil) Band C (viii) AnB'~C’

Two dice are thrown and the sum of the

numbers which come up on the dice 1s noted.
Let us consider the following events associated
with this experiment.

A:‘the sum is even'.

B : ‘the sum is a multiple of 3.
C: ‘the sum is less than 4.

D : ‘the sum is greater than 11%

Which pairs of these events are mutually
exclusive? [NCERT]

HINTS & ANSWERS

(b) When three dice tossed together, then the total

number of possible outcomes = 6" = 6 x 6 X 6 = 216

10.

{c) I an event has more than one sample point, then it is
called a compound event.

(c) When the sets A and B are two events associated with
a sample space, then ‘A U B’ is the event "either A or Bor
both’. This event ‘A v B’ is also called ‘A or B".
Therefore, event ‘A or B'= A u B=|{w: we A or we B}
(d) We know that, A — B is the set of all those elements

which are in A but not in B. Therefore, the set A = Bmay
denote the event “A but not B'.

(d) The sample space of the experiment is
S={HHH, HHT, HTH, THH, HTT, THT, TTH, TTT}
A ={TTT},
B ={HTT,THT, TTH},
and  C={HHT, HTH, THH, HHH}
Now, AU BUC ={TTT, HTT, THT, TTH, HHT, HTH,
THH, HHH)}
=5
Therefore, A, B and C are exhaustive events.
Also, AnNnB= AnC=¢and BNC=¢
Therefore, they are mutually exclusive.

Hence, A, B and C form a set of mutually exclusive and
exhaustive events.

2,4

A={235}and B={1, 3 5}

Ans. ()3, 5} (i) {L235} (i) {2} (iv) {1.4.6}
E, ={(1.3).(2 2),(3.1)}

E, = {(L 4).(23). (3 2). (4.1)}

E; =1{(1.5).(2 4).(3.3).(51). (4, 2)}

Solve as Example 4.

Ans. (i) No event.
(ii) E,, E, and E,

A={{H H)},B={(H,T),(T, H)}
andC ={(H, T), (T, H).(T, T)}
(i) AandC=AnC=0
(ii) Anot B=A - B={(H, H)}
E={24,6}and F={, 2 3,4, 5, 6}
Ans. (i) {1, 234,56} (i){, 3 5}
(iii) {1, 3, 5} (iv) {2, 4, 6}
E, ={T.T) E, ={(H, T),(T, H)}
and E; ={(H, T),(T, H),(H, H)}
Here, E, "E, =0 E, nE;=¢andE, nE; 2 ¢
Also, E, WE, UE, ={(H.T).(T.H),(T.T).(H.H)}=5

Ans. E, E, and E; are not mutually exclusive but they
are exhaustive events.



12. () A={1L4),(41).3 2)(23)
and B = {(3,1).(3 2), (3 3).(3.4).(3,5). (3. 6). (1. 3)
(2 3). (4. 3). (5, 3). (6, 3)}
. ANB={(32),(23)}=0¢
(i) AUB#S
Ans. (i) No (i) No
13. Solve as Example 8.
Ans. (i) Aand B Band C

(i) A (iii) Band C.
(21).(2.2),....(26), (L1).(1,2),....(L6),
14. {i}A=‘{4,1],{4,2],...,{4,6},],B= {3,1),{3,2),...,{3,6},]
(6.1).(6,2).....(6.6) (51),(5.2).....(56)

and C = {(1,1).(1,2),(21),(1,3),(3.1),
(2.2).(23).(3,2).(1.4).(4.1)}
(1,1),(1,2),..., (L&),

Ans. (i) A" =4(31),(3,2),....(3,6).} =B
(5.1),(52),....(5,6)

(i) B'={(21),(2.2).(23).(24).(25),

|TOPIC 2|

(2.6),(4.1).(4,2),(4,3),(4,4).(4,5).(4.6),
(6.1),(6,2).(63).(6.4).(6.5).(6,6)} = A

(iii) AU B={(11),(1.2),(1,3).(L4).(L5),
(L6),(3.1).(3,2),(3.3),(3.4),(3.5).(3.6).
(51),(5,2),(53).(5.4).(55).(5.6).(21).
(2.2).(23), (2 4), (25).(26),(4.1),(4,2).(4.3),
(4.4).(4,5).(4,6).(61).(6,2).(6.3).(6,4),(65).(6,6)} = 5

(ivi AnB=d

(v) A-C ={(24).(25).(26).(4,2).(4.3),
(4,4).(4,5).(4,6).(6.1).(6.2).(6.3).(6,4),(6,5),(6.6)}

(vi) BuC = {(11).(1.2),(13),(L4).{L5).(L6),
(21).(2.2),(23),(31),(3,2).(33),
(3.4),(35).(3.6),(4.2),(51),(5,2),
(5.3).(5.4).(5.5).(5:6)}

(vii) B C = {(L1).(1.2),(13).(L4)(3.1).(3.2)}

(viii) AN B'nC'={(24).(25).(26).(4.2).(4.3).(4.4),
(4,5),(4.6),(6,1),(6,2),(6,3),(6,4),(6,5).(6.6)
15. Solve as Example 7. Ans. Cand D

Axiomatic Approach to Probability

PROBABILITY OF
OCCURRENCE OF AN EVENT

A numerical value that conveys the chance of occurrence of
an event, when we perform an experiment, is called the
probability of that event.

(i) Axiomatic approach to probability
Let § be the sample space of a random experiment. The

probability P is a real valued function whose domain is the
power set of §and range is the interval [0, 1] satisfying the
following axioms

(i) For any event E, P(E) =0
(i) P(S)=1

(i1i) If £ and F are mutually exclusive events,

thenP(E W F) = P(E)+ P(F).
Now, let § be a sample space containing outcomes
ELE .. E, Le S={E,E,. .. E}L
Then, from the axiomatic definition of probability we have
« 0 P(E,)SL,VE, €S
© P(E,)+ P(Ey)+...+ P(E,)=1

* Foranyevent A, P(A)= Y P(E;), E; € A

i=1

Note (i) (¢} = 0.
(i) For notational convenience, we write P (E) for P ({E,}).

EXAMPLE |1] Which of the following cannot be valid
assignments of probahilities for outcomes of sample space.
§={W,, W, Wy, W, Ws, W, W; }2

Assignment W W Wy W W, W, W

M 01 0.01 005 003 0O 0.2 0.6
@ 1 1 1 1 1 1 1
7 7 7 7 7 7 7
(iii) 01 0.2 03 0.4 0.5 0.6 07
(iv) 0.1 0.2 0.3 04 02 0.1 0.3
® L 2 3 4 5 & 15

14 14 14 14 14 14 14

-r3- According to axiomatic approach to probability, we
¥ should have
Mo PW)=IVWeS.

(i) P+ PML)+ ..+ P =1
Sol (i) Here, each of P(W,),
where i =1 to 7 is positive and less than 1.
Also, sum of probabilities
=01+001+0054+003+001+02+06=1

. This assignment is valid.



(ii) Here, each of P(W,), where i =1 to 7 is positive and

1
less than 1. Also, sum of probabilities =7 x H =1

. This assignment is also valid.
(iii) Here, each of P{W,),
where i =1 to 7 is positive and less than 1.
But sum of probabilities
=01+024+034+04 +054+06+07
=28#1
.. This assignment is not valid.
(iv) Here, P(W;) and P(W;) are negative.
.. This assignment is not valid.
[ 0< P(W,)<1Y W, £5]
(v) Here, {W;)>1
.. This assignment is not valid.
[-0< P(W,)<1¥ W, € 5]
Hence, assignments (iii), (iv) and (v) are not valid.

(i) STATISTICAL APPROACH TO PROBABILITY
In statistical approach, probability of an event ‘A " is
defined as

Number of trials in which the event A happened
Total number of trials

PA)=

EXAMPLE (2] A die is thrown 500 times with
frequencies for the outcomes 1, 2, 3, 4, 5 and 6 as given
in the following table

Qutcome 1 2 3 4 5 G

Frequency | 110 115 100 50 45 80

Find the probability of getting outcome 3 7
Sol. Here,
Total frequency = Total number of times a die is thrown

=500
and number of observed frequency, A
= Number of times the outcome 3 is thrown = 100
. Probability of getting outcome 3,
P(A) = Number of observed frequency _ 100 _ 1

500 5

Total frequency
(111) CLASSICAL APPROACH TO PROBABILITY

To obtain the probability of an event, we find the ratio of
the number of outcomes favourable to the event, to the
total number of equally likely outcomes. This theory is
known as classical theory of probability.

Number of favourable outcomes

ie.  P(A)=

" Total number of possible outcomes

This is also known as theoretical probability.

EXAMPLE |3| Suppose we throw a die once. Find the
probability of getting a number greater than 4.
Sol Let A be the event of getting a number greater than 4

Here, total number of possible outcomes
= Total number of outcomes on throwing a die=6
and number of favourable outcomes
= Number of outcomes which are favourable to event A
= {5 6}=2

~.Probability of getting a number greater than 4,P(A) = E
[}

PROBABILITY OF EQUALLY
LIKELY OUTCOMES

The outcomes of a random experiment are said to be
equally likely, if the chance of occurrence of each outcome
is same, i.e. chances of each outcome is same.
Let the sample space of an experiment is

S={s, 50,000, 5,1
Also, let all the outcomes are equally likely.
ie P(s;)= p, forall 5, €5, where 0< p <1

Since, by axiomatic approach to probability, £ P(s;)=1
i=ml

prptotp=1
‘-_V_‘

(1 timed 1
= np=1=:.‘9=;
Thus, P(s,-]:l‘v’i:l,z,...,n.
i
Note

Let E be an event associated with a sample space S, such that
n(S)=nand nlE) = m, then by axiomatic approach
P{Ej=l+1+1+...+ l=r.\'r:-<l=E
n on n n n o on

m rimes

and by classical approach,
P(E) = MNumber of favourable outcomes to E _m

Total number of possible outcomes n

Thus, in case of equally likely outcomes axiomatic approach
coincide with the classical approach.

EXAMPLE |4| Suppose that each child born is equally
likely to be a boy or a girl. Consider a family with exactly
three children.
(i) List the eight elements in the sample space whose
outcomes are all possible genders of the three children.
(ii) Write each of the following events as a set and find its
probability.
(a) The event that exactly one child is a girl.
(b) The ewent that atleast two children are girls.
(c) The event that no child is a girl. [NCERT Exemplar]



Sel (i) Let B denotes a boy and & denotes a girl. Then, all
possible genders are expressed as

S = {BBB, BBG, BGB, GBB, BGG.GBG, GGB, GGG)
(ii) (a) Let E, denotes the event that exactly one child is
a girl.

Then,  E, = {BBG, BGB, GBB}

3
= P[E|}=E

(b) Let E, denotes the event that atleast two children
are girls.
Then, E, = {BGG, GBG, GGB., GGG}

4 1
=  P(E,)==-==
(Ex)=2=1

(c) Let E; denotes the event that no child is a girl.

Then, E, = {BEB} = P(E;)= %

EXAMPLE |5| One urn contains two black balls
(labelled B, and B,) and one white (W) ball. A second
urn contains one black (B) ball and two white balls
(labelled W, and W,). Suppose the following experiment
is performed.
One of the two urns is chosen at random. Next, a ball is
randomly chosen from the urn. Then, a second ball is
chosen at random from the same urn without replacing
the first ball. What is the probability that two balls of
opposite colour are chosen? [NCERT Exemplar]
Sol Clearly, the sample space of the experiment is
5 ={B,B,, B,W, B,B,, B,W, WB,, WB,, BW,,
BW,, W,B, W, W,, W,B,
WZWI}
Let E be the event that balls of opposite colour are
chosen, then
E = {B,W, WB,, B,W, WEB,, BW,, BW,, W,B, W,B}
8 2
KEY=5=3
Note In one-by-one selection, order of things is considered.

EXAMPLE |6]| What is the probability that in a leap year
chosen at random will contain 53 Sundays or 53 Mondays?

Sol Since, a leap year has 366 days, so there are 52 weeks
and 2 days. These 2 days can be {Sun-Mon, Mon-Tues,
Tues-Wed, Wed-Thu, Thu-Fri, Fri-Sat, Sat-Sun}.

~ P(53 Sunday or 52 Monday)
3
= P( getting Sun-Mon, Mon-Tues, Sat-Sun) = ;

KNOWLEDGE PLUS
Odds of an Event

If an event E occurs in m ways and not occur in n# ways, then
we say that

- =,

I (i) odds in favour of event E = E|:rr m:n
n

and corresponding probability =

m+n

(ii) odds against the event E = 2 oorn:m
m

and corresponding probability =

\ m+n Y.

EXAMPLE |7| The odds in favour of an event are 2:4.
Find the probability of the occurrence of this event.
Sol. We know that, if odds in favour of an event are m:n,

then probability of occurrence of this event is

m+n

. Required probability = 2 a1
244 6 3

EXAMPLE |8| If the odds against the occurrence of an
event are 4:7, find the probability of occurrence of the event.
Sol We know that, if odds against of an event are n:m, then

probability of occurrence of this event is

m+n

7 7
». Required probability = —=—
1 F 4 7+4 11

Different Problems Based on Probability

[TYPEI|
PROBLEMS BASED ON COINS

EXAMPLE |9| A fair coin with 1 marked on one face
and 6 marked on the other and a fair die are both tossed.
Find the probability that the sum of numbers that turn up
is (i) 3 (ii) 12.
Sol Let Sbe a sample space associated with the given experiment.
Then, S ={(1,1),(L 2),(L3).(L4),(1,5).(L6),
(6.1).(6, 2).(6.3).(6.4).(6,5). (6.6)}

= n(§)=12
(i) Let A be the event of getting the sum of numbers 3.
Then, A={(1,2)}
= n(A)=1
pay="A L
n(s) 12
(ii) Let Bbe the event of getting the sum of numbers 12.
Then, B = {(6,6)}
= n(B)=1
n(s) 12



EXAMPLE |10]| Three coins are tossed once. Find the
probability of getting

(i) 3 heads (ii) atleast 2 heads
(iii) atmost 2 heads (iv) exactly two tails
(v) no tail. [NCERT]
Sol  Inrandom experiment of tossing three coins, the sample
space 1s
§ = {HHH, HHT, HTH, THH, HTT, THT, TTH, TTT}
= n(5)=8

(i) Let E, be the event of getting 3 heads. Then,
outcomes favourable to E, is {HHH}.
Thus, n(E,;)=1,
P(E,) = n(E)_1
n(s) &
(ii) Let E; be the event of getting atleast 2 heads.
Then, outcomes favourable to E, are {HHT, HTH,
THH and HHH}.
Thus, n(E;)=4
E 4
P(-E::)= d 2)=___
ns) 8 2
(iii) Let E; be the event of getting atmost 2 tails. Then,
outcomes favourable to E, are {HHH, HHT, HTH,
THH, TTH, THT, HTT}.

Thus, n{E;)=17
_mE;) _7
P(E;)= 5) B

(iv) Let E; be the event of getting exactly two tails.
Then, outcomes favourable to E, are {TTH, HHT,
THT).
Thus, n(E;)=3

mE;) 3

PE,)="—4l=Z

(E,) w5) 3

(v} Let E; be the event of getting no tail. Then, outcomes

favourable to E; is {HHH}.
Thus, n(E;)=1
nE;) |
HE;)= 5) 8
| TYPE II|

PROBLEMS BASED ON DICE

EXAMPLE [11] A die is thrown. Find [NCERT]
(i) P (a prime number) (ii) P(a number = 3)
(iii) P(a number < 1) (iv) P(a number more than &)
(v) P(a number less than &)
Sol. In throwing a die, the sample space will be
§5={1.234.56)
- n(S)=6
(i) Let E, be the event of getting a prime number.

Then, E, =1{213 5}
n(E)=3
Now, probability of getting a prime number,
AE)="E) _3_1
niS)y 6 2
(ii) Let E, be the event of getting a number = 3.
Then, {3, 4, 5, 6}
- n EZ] =
Now, probability of gettlng a number 23,
P{Ez:}= i.II:I:E|Z)=_ —
nS) & 3
(iii) Let E; be the event of getting a number < 1.
Then, E; ={1}
o n(E;)=1
Now, probability of getting a number <1,
p(Ey="E) L
n(S) 6
(iv) Let E, be the event of getting a number more than 6.
Then, ={}=0¢
= E, is an impossible event.
mE,;)=0
Now, probability of getting a number more than 6
n {E n(E,)_0
=0
P(E,)= ©) &
(v) Let E. be the event of getting a number less than 6.
Then, E .= {1 2,3 4,5}
S n(Es)=
Now, probability of getting a number less than 6.
P(E,) = n(E) _5
nis) 6

EXAMPLE | 12| Three dice are rolling simultaneously.
Find the probability of getting same numbers on all dice.
Sol. In rolling of three dice, the number of possible outcomes
aren(S)=6x6x6=216
Let E be the event of getting same numbers on all dice.

Then, the outcomes favourable to E are (1, 1, 1), (2, 2, 2),
(3.3,3), (4,4, 4), (5.5, 5) and (e, 6, 6).

= n(E)=

n(E) _ 6 _1

n(S) 216 36

Now, required probability, P(E) =

| TYPE 111 |
PROBLEMS BASED ON PLAYING CARDS

EXAMPLE |13] A card is drawn from a pack of 100 cards
numbered 1 to 100. Find the probability of drawing a
number which is a square.



Sol Here, a card is drawn at random from a pack of 100
cards numbered 1 to 100.

. Total number of possible outcomes n(S) =100

Now, let A be the event of getting a number which is a
square. Then, the outcomes favourable of A are 1,4, 9,
16, 25, 36, 49, 64, 81, 100.

= A =1{1,4,9 16 25, 36, 49, 64, 81, 100}

= n{A)=10

Hence, required probability,
ni A mw 1
n(5) 100 10

EXAMPLE |14] A card is selected from a pack of
52 cards.
(i) How many points are there in the sample space?
(ii) Calculate the probability that the card is an ace of
spades.

(iii) Calculate the probability that the card is
(b) black card. [NCERT]
Sol (i) A card is drawn at random from a pack of 52 cards,

therefore there are 52 sample points in the sample
space.

(a) an ace

(ii) There is only one ace of spades, therefore number of
favourable outcomes is 1.

1
Hence, required probability is =

(iii) (a) Since, there are four ace in a pack of 52 cards,
therefore number of favourable outcomes are 4.
4 1
Hence, required probability is —or =

(b) Since, there are 26 black cards in a pack of 52 cards,
therefore number of favourable outcomes are 26.

Hence, required probability is % or IE

| TYPE IV
PROBLEMS BASED ON LETTERS/NUMBERS

EXAMPLE |15] If a letter is chosen at random from the
English alphabet, then find the probability that the letter is
(i) a vowel (ii) a consonant

Sol There are 26 letters in English alphabet, out of which 5
are vowels and 21 are consonants.
So, total number of possible outcomes = 26
Let E be the event of getting a vowel and F be the event
of getting a consonant
Then, n{ E) = Number of outcomes favourable to E =5

and n(F) = Number of outcomes favourable to F = 21
(i) Now, Probability of getting a vowel, F(E)= 21
{i]

(i) Probability of getting a consonant, P(F) = %

EXAMPLE |16] A single letter is selected at random

from the word 'PROBABILITY’, then find the probability

that letter is a vowel. [NCERT Exemplar]
Sol There are 11 letters in the word PROBABILITY.

Since, a letter is selected randomly, therefore the
possible outcomes are P, R, O, B, A, L, T, Y.

But here, outcomes are not equally likely

1 1

as P (letter P) = —; P (letter R) = —
11 11

1 2

FP(letter O) = —; P(letter B) = —

11 11

[ B repeated twice in the word]
1

F(letter A)= —;
11

P(letter I) = z
11

1 1
P(letter L) = —; P (lett =
(letter L) 0 {letter T) m

and P (letter Y) = 1
11

Now, let E be event of getting a vowel. Then outcomes
favourable to E are A, and O.

= E=1A,1 0}
P(E)= F(A)+ F(I) + P(O)
[by axiomatic approach to probability]
1,2,1 4
11 11

Now,

11 11

EXAMPLE |17| What is the probability that a number
selected from the number 1, 2,..., 25 is a prime number?
You may assume that each of the 25 numbers is equally
likely to be selected.

Sol. Here, a number is selected at random from the numbers
1,2, 3,..,25

. Total number of possible outcomes, n(5) = 25
Now, let A be event of getting a prime number.

Then, the outcomes favourable to A are 2, 3, 5, 7, 11, 13,

17, 19, 23
= A={21357111317,19, 23} = n(A)=9
. - n(A) 9
Hence, required probability, P(A) = = —
eq P y. P(A) ns) 25

|TYPE V|
PROBLEMS BASED ON COMBINATIONS
When two or more things are selected, then to find the rotal
outcomes or outcomes favourable to an event, we use the
combination. Number of combinations out of n things
taken r at a time is denoted by "C, and it is defined as

" n!

ri(n=r)!

Note "C, = "C,_,



EXAMPLE |18| An urn contains 7 white, 5 black and
3 red balls. Two balls are drawn at random. Find the
probability that
(i) both the balls are red.
(ii) one ball is red, other is black.
(iii) one ball is white.
Sol Number of white balls =7
Number of black balls =5
Number of red balls =3
Total number of balls=7 +54+3=15
Total number of ways of drawing 2 balls out of 15 balls
=5,
= Total number of possible outcomes = °C,,
(i) If both balls are red, then number of favourable

outcomes = *C,
Hence, P (drawing both balls are red)

_c, o3 1
Be, 15x14 35
2x1

(ii) If one ball is red and other is black, then number of

favourable outcomes = 3¢, x °C, =3x5=15

Hence, P (drawing one red ball and one black ball)

_feyxc, 151
15(;2 15x14 7
2x1

(iii) If one ball is white, then other ball can be red or black.

So, number of favourable outcomes = ?Cl ® BCl

=7 X 8=56
Hence, P (drawing one white ball)
56 _ 56 _8
_lscz_lsxm—E
2x1

EXAMPLE |19] While shuffling a pack of 52 playing
cards, 2 are accidentally dropped. Find the probability
that the missing cards to be of different colours.

[NCERT Exemplar]

Sol.  Probability that the missing cards to be different colours
_ ¥ x g
= T{:z

[ in a pack of cards, there are two colours,
each of them contain 26 cards]

_26x26 _ 26
52x51 51
2wl

EXAMPLE |20| Four cards are drawn at random from
pack of 52 playing cards. Find the probabhility of getting
(i) all face cards
(ii) two red cards and two black cards
(iii) one card from each suit.

Sol. Total number of possible outcomes = ¢,
(i) We know that, there are 12 face cards.
. Number of favourable outcomes = *C,

12
Cy
52

P (getting all face cards) =

Hence,

4
{(ii) We know that, there are 26 red cards and 26 black

cards.
. Number of favourable outcomes = **C, x *C,
; (*c,)
Hence, P (getting 2 red and 2 black cards) = —_
Cy

(iil) We know that, there are 4 suits each having 13 cards.
. Number of favourable outcomes
- 'SC1 % BC‘, % ISCL % lECI =(13)"

Hence, P (getting one card from each suit) = =

4

EXAMPLE |21| A bag contains tickets numbered from
1 to 20. Two tickets are drawn. Find the probability that
both the tickets have prime numbers on them.
Sol. Out of 20 tickets, 2 tickets can be drawn in **C, ways.
.. Total number of possible outcomes = *'C,
There are 8 prime numbers in 1 to 20, namely, 2, 3, 5, 7,
11, 13, 17 and 19.
Out of these 8 numbers 2 numbers can be selected in
!Cz ways
. Number of favourable outcomes = °C,

8
Hence, required probability = m& _ Sx7 _14
C, 20x19 95

EXAMPLE |22| In a lottery, a person chooses six

different natural numbers at random from 1 to 20 and if
these six numbers match with the six numbers already
fixed by the lottery committee, he wins the prize. What is
the probability of winning the prize in the game?
Sol Total number of ways of selecting six different natural
numbers out of first 20 natural numbers = 2°cs.

= Total number of possible outcomes = *C,

Note that, number of favourable outcomes =1
[ it is given that a persons win the prize if six selected
numbers match with the six numbers already fixed by
the lottery committee]

1 1
Hence, required probability = —

c, 38760

EXAMPLE |23| Three of six vertices of a reqular

hexagon are chosen at random, what is the probability

that the triangle with these vertices is equilateral?
[NCERT Exemplar]



Sol. Let ABCDEFbe a regular hexagon.
Clearly, out of 6 vertices, 3 vertices can be chosen in
'sl:'3 ways = 20 ways.
Thus, total number of triangles so
formed = 20

[+ no three points are collinear]

Note that. out of these 20 triangles only
AACE and ABDF are equilateral
triangles

2 1
. Required probability = — = —
1 P ¥ 20 10

| TYPE VI|
PROBLEMS BASED ON PERMUTATION OR
ARRANGEMENTS

EXAMPLE |24| If the letters of the word ALGORITHM
are arranged at random in a row, what is the probability
the letters GOR must remain together as a unit?
[NCERT Exemplar]|
Sol. There are 9 letters in the word "ALGORITHM'.
These 9 letters can be arranged in a row in 9! ways.
. Total number of possible outcomes = 9!

Now, if the letters GOR remain together, then we have 7
letters (considering GOR as 1 letter i.e. ALITHMGOR)

which can be arranged in 7!.

Number of favourable outcomes = 7!

7! 1 1
Hence, required probability = — = —— = —
“ P v 9! gxg§g 72

EXAMPLE |25| Three letters are dictated to three
persons and an envelope is addressed to each of them. The
letters are inserted into the envelopes at random so that
each envelope contains exactly one letter. Find the
probability that atleast one letter is in its proper envelope.
[NCERT]
Sol. Let L, L,, L, be three letters and E,, E,. E, be their
corresponding envelopes.
Clearly, 3 letters can be inserted into 3 addressed
envelopes in ® Py =3!= 6 ways, which are shown as
follows
{{L1|E1)’ {LzuEs }- [LauEz}, [LpE: )- [Lz rE]_l {L;uEg )
{L1 |E3)>“2-E2 ):“-3-5'1 ): [LpE] ) [Lz rEgl [13 i Eg )
(LyEyh(Ly Eg ) (Lg, By )i (Ly, Ex ) (Ly By ) (Ly By )}
Note that, there are 4 ways in which atleast one letter is
in its proper envelope.

. Required probability = %=

|k

EXAMPLE |26]| The letters of the word ‘FORTUNATES

are arranged at random in a row. What is the chance that
the two ‘T" come together.

Sol. There are 10 letters in the word ‘FORTUNATES’ out of
which 2 are T's.
10!
. Total number of arrangements = —
2!
. 10!
=3 Total number of possible outcomes = o

Now, if two “T" come together, then we have 9 distinct
letter (considering two “T" as one letter) which can be
arranged in 9! ways.

=+ Number of favourable outcomes = 9!

9! Ax2 2 1
Hence, required probability = ——=——=—=-

10! 10! 10 5
2

EXAMPLE |27| 6 boys and 6 girls sit in a row randomly.
Find the probability that all 6 girls sit together.
[NCERT Exemplar]
Sol. Total number of persons =12, which can be arranged in
a row in 12! ways.
Now, if 6 girls sit together, then we have 7 persons

(considering 6 girls as one person), which can be ina
row in 7! ways. But 6 girls can be arrange in 8! ways.

. Required probability
_Tix6l_ 1
12! 132

EXAMPLE |28| The number lock of a suitcase has four
wheels, each labelled with 10 digits i.e. from 0 to 9. The

lock opens with a sequence of four digits with no repeats.
What is the probability of a person getting the right
sequence to open the suitcase? INCERT]
Sol When the digits are not repeated, then first place may
have one of 10 digits, the second 9, third 8 and fourth 7.
Number of 4-digit numbers, n(5) =10 % 9 x 8 x 7 = 5040
Now, lock can be opened only in 1 way.

n(E)=1
n(E) 1

n(S) 5040

Hence, probability of opening the lock =

EXAMPLE |29| Without repetition of the number, four

digit numbers are formed with the numbers 0, 2, 3, 5. Find

the probability of such a numbers is divisible by 5.
[NCERT Exemplar]

Sol  In a four digit number, 0 cannot put in thousand's place. So,
the number of ways of filling up the thousand’s place = 3.

¥ } I J
Thl:::ands Hundred's Ten's Unit’s
P place place place



Now, we left with three digits (including 0) and 3 places.
Note that, hundred's place can be filled up in 3 ways.

ten's place can be filled up in 2 ways and unit's place
can be filled up in 1 ways

S0, the number of 4-digits numbers =3 x3x 2x1=18
=» Total number of possible outcomes =18

Now, if the number is divisible by 5, then its unit's place
is filled by either 5 or 0.
Casel When units place filled by 0.

LI [ o]

In this case, thousand's place can be filled up in 3 ways,

hundred's place can be filled up in 2 ways and ten's
place can be filled up in 1 ways.

Thus, in this case, number of four-digits number
divisible by 5=3x 2x1=6

Case Il When unit’s place is filled by 5.

L1 1 |s]

In this case, thousand's place can be filled up in 2 ways.

hundred's place can be filled up in 2 ways and ten's
place can be filled up in 1 ways

Thus, in this case, number of four-digits number
divisible by 5= 2x 2 x1=4. From cases I and II,

Total number of 4-digits numbers divisible by 5
=6+4=10

=» Number of favourable outcome =10

Hence, required probability = %: g

EXAMPLE |30| On her vacations, Veena visits four
cities (4, B, € and D) in a random order. What is the
probability that she visits
(i) A before B? (i) A before B and B before C?
(iii) A first and B last? (iv) A either first or second?
(v) A just before B? [NCERT]

Sol. Number of ways, in which Veena can visit four cities A,
B, Cand D, is 4! i.e. 24.

- n(S)= 24
Clearly, sample space for this experiment is
[ ABCD, ABDC, ACBD, ACDB, ADBC, ADCB, |
_ BACD, BADC, BCAD, BCDA, BDAC, BDCA,
- CABD, CADB, CBAD, CBDA, CDAB, CDBA,
DABC, DACE, DCAB, DCBA, DBAC, DBCA
(i) Let E, be the event that Veena visits A before B. Then,
_ ABCD, ABDC, ACBD, ACDB, ADBC, ADCB,
v {C‘ABD, CADB, CDAB, DABC, DACB, DCAB }

= n(E,)=12

(ii) Let E, be the event that she visits A before B and B
before C.

Then E, = {ABCD, ABDC, ADBC, DABC}
= n(E,)=4
. P (she visits A before B and B before C) = P(E,)
_n(E;) 4 1
“hs) 2 6
(iii) Let E, be the event that she visits A first and B last.
Then, E,={ACDB, ADCB} = n(E,)=2
.~ P (she visits A first and B last) = P(E,)
=MEy)_32 _1
T on(s) 24 12
{iv) Let E, be the event that she visits A either first or
second. Then,
_ ABCD, ABDC, ACED, ACDB, ADBC, ADCE,
o {BACD, BADC, CABD, CADB, DABC, DACB }

= n(E,)=12
Hence, P (she visits A either first or second)
= PI:E‘)= ﬂ(E_‘] =£=l
n(S) 24 2

(v) Let E; be the event that she visits A just before B.
Then, E, ={ABCD, ABDC, CABD, CDAB, DABC, DCAB}

=5 n(E;)=6
Hence, P (she visits A just before B)
n(E.) 6 1
=PME. )= 3 =" ==
(Es)=— (S) 24 4
|TYPE VII|

MISCELLANEOUS PROBLEMS

EXAMPLE |31| There are four men and six women on

the city council. If one council member is selected for a

committee at random, how likely is it that it is a woman?
Sol Total number of person = 4 (men) + & (women) =10

Since, a person is selected at random, therefore total
number of possible outcomes =10

Now, let A be the event of selecting a woman. Then
number of outcomes favourable to A are 6.

Hence, probability of selecting a woman, P(A) = % = %

EXAMPLE |32| A bag contains 9 red, 7 white and 4
black balls. A ball is drawn at random. Find the probability
that the ball drawn is

(i) red (i) white
(iii) not black
Sol. Total number of balls = 9 red + 7 white + 4 black
=20



=» Total number of possible outcomes, n(5) = 20
(i) Let E, be the event of getting a red ball. Then,
n(E )=9
. (E,) 9
Now, P (getting a red ball) = HE, )= meg_Z
(getting ) == 5
(ii) Let E, be the event of getting a white ball.
Then. n(E,)=7
n(Es) _ 7
n(s) 20
(iii) Let E4 be the event of getting a non-black ball. Then,
n(E,)=9+7=16
Now, P (getting a non-black ball)

Now, P (getting a white ball) = P(E,) =

EXAMPLE |33| One mapping (function) is selected at
random from all the mappings of the set 4 = {1, 2, 3,...,n}
into itself. Find the probability that the mapping selected
is one to one.
Sol. We know that, total number of mappings from a set A
having n elements into itselfis n".
and the total number of one to one mapping is n!

1
. Required probability = :T

Mote

In one to one mapping, distinel element of a domain have
distinet image.

TOPIC PRACTICE 2

OBJECTIVE TYPE QUESTIONS
1 Let S be a sample space containing outcomes
ay, @y, @, ., O LE, § = {my, @y, 0, ).
Then, which of the following is true?
L 0=<P(m)<lforeachw, €5
IL Ploy)+ Plugy + ...+ Plo,) =1
II. For any event 4, P(A)=ZP(w,), o, € A
(a) OnlyI
{b) Only II

(c) Only III
(d) All of the above

2 Acoin is tossed twice. Then, the probability that
atleast one tail occurs is

(a) % (b) %

(c)

3
3 @ 4

3 Three numbers are chosen from 1 to 20. Find
the probability that they are not consecutive.
186 187 188 18

a) — b) — c) — d
I“19{} IE]190 “190 Umc

3

4 Three dice are thrown together. The probability
of getting a total of at least 6 is
101 103 105 107
a) — b) — c) — d) —
( ]108 ( )IDE ()103 ( Jl[.'lE
5 Acard is drawn from an ordinary pack of 52
cards and a gambler bets that, it is a spade or an
ace. The odds against his winning this bet is
(a)4:9 (b)9:4 (c)3:8 (d)8:3

VERY SHORT ANSWER Type Questions

6 The odds in favour of an event are 3: 5. Find the
probability of the occurrence of this event.
7 1fthe odds against the occurrence of an event

are 3 : 5. Find the probability of occurrence of
the event.

8 IfE,, E,, Eg, E, are the four elementary
outcomes in a sample space and P(E,) =01,
P(E,) =0.5, P(E;) = 01, then find the probability
of E-&‘

9 Abag contains 4 white and 5 black balls. A ball
is drawn at random from the bag. Find the
probability that the ball drawn is white.

10 a bag contains 6 red, 4 white and 8 blue balls.
If three balls are drawn at random, find the
probability that the drawn balls are of different
colours.

SHORT ANSWER Type I Questions

11 Let a sample space be § = {w,, @, ...,0). Which

of the following assignments of probabilities to
each outcome are valid?

Outcomes | o, w, iy w, g g
M 1 1 1 1 1 1

[ 5] 6 6 6 6

(ii) 1 1] 0 0 0 0

i) 1 2 1 1 _ 1 _ 1
8 3 3 3 4 3

{iv) 1 1 1 1 1 3

12 12 6 6 6 2
(v) 01 | 02 0.3 04 |05 0.6

12 A coin is tossed twice, what is the probability
that at least one head occurs?



13

14

15

16

17

18

19

20

2

22

23

24

26

In a simultaneous toss of two coins, find the
probability of

(i) exactly 1 tail (ii) no tail.

What is the probability of drawing a ‘King’
from a well-shuffled deck of 52 cards?

Abag contains 5 green and 7 red balls. Two
balls are drawn. What is the probability that
one is green and other is red?

Two cards are drawn at random from a pack of
52 cards. What is the probability that both the
drawn cards are aces?

4 cards are drawn from a well-shuffled deck of
52 cards. What is the probability of obtaining 3
diamonds and one spade? [INCERT)

A die is rolled. If the outcome is an odd
number, then what is the probability that it is a
prime number?

Find the probability that in a random
arrangement of the letters of the word
‘SOCIAL vowels come together.

What is the probability that in a leap year
chosen at random will contain 53 Tuesday or
53 Wednesday?

Two cards are drawn without replacement
from a well-shuffled pack of 52 cards. What is
the probability that one is red queen and the
other is a king of black colour?

The letters of the word 'CLIFTON’ are arranged
at random in a row. What is the chance that
two vowels come together?

=)

What is the probability that a number selected
from the number1 2 3, ..., 35 is a prime
number?

Find the probability that in a random
arrangement of the letters of the word
‘UNIVERSITY' the two I's come together.

There are 4 letters and 4 addressed envelopes.
Find the probability that all the letters are not
dispatched in right envelopes.

One mapping is selected at random from all

the mappings of the set B={L 2 3, ..., 6} into
itself.

Find the probability that the mapping selected
is one-to-one.

27

28

29

In a lottery, a person choose 4 different natural
numbers at random from 1 to 30 and if there four
numbers match with the six numbers already
fixed by the lottery committee, he wins the prize.
What is the probability of winning the prize in
the game?

Three digit numbers are formed using the digits
0,2, 4, 6, 8. Anumber is chosen at random out of
these numbers. What is the probability that this
number has the same digits? [NCERT Exemplar]

If letters of the word PENCIL are arranged in
random order, then what is the probability that N
is always next to E?

SHORT ANSWER Type Il Questions

30

31

32

33

34

35

A card is selected from a pack of 52 cards.

(i) How many points are there in the sample
space.

(ii) Find the probability that the card is an ace of
club.

(iii) Find the probability that the card is
(a) a king (b) red card

Three coins are tossed once. Find the probability

of getting
(i) 2 heads

(1ii) 3 tails

(ii) no head
(iv) atmost two tails

A die is thrown, find the probability of getting
(i) an even number.
(ii) a number less than or equal to 4.

(iii) a number less than or equal to 6.

Two dice are thrown simultaneously. Find the
probability of getting
(i) an even number as the sum
(ii) a doublet
(iii) a doublet of even number
(iv) a multiple of 3 as the sum

From a well-shuffled deck of 52 cards, a card is

drawn at random. Find the probability of getting
(i) a heart (ii) ared card

(iii) a face card (iv) an eight of hearts

A letter is chosen at random from the word
‘ASSASSINATION'. Find the probability that
letter is

(i) avowel.

(ii) a consonant.



36

37

38

39

40

H

42

143

45

A single letter is selected at random from the
word ‘ASSESSMENT’, then find the probability
that letter is a vowel.

20 cards are numbered from 1 to 20. In those of

them, one card is drawn at random. What is the

probability that the number on the card drawn is
(i) a prime number? (ii) an odd number?

(iii) a multiple of 57  (iv) not divisible by 37

Abag contains 8 red and 5 white balls. Three balls
are drawn at random. Find the probability that

(i) all the three balls are white.

(ii) all the three balls are red.
(iii) one ball is red and two balls are white.

A box contains 10 bulbs, of which just three are
defective. If a random sample of five bulbs is
drawn, find the probability that the sample
contains

(i) all defective bulbs.

(ii) good bulbs.
(iii) exactly 2 defective bulbs.

A committee of two persons is selected from two
men and two women. What is the probability
that the committee will have

(i) no man?

(ii) one man?
(iil) two men?

A box contains 150 bulbs, 40 of which are
defective. 20 bulbs are selected for inspection.
Find the probability that

(i) no bulb is defective.

(ii) exactly one bulb is defective.
(iii) exactly two bulbs are defective.

A five digit number is formed by the digits
1,2,3,4,5 without repetition. Find the probability
that the number is divisible by 4.

A combination lock on a suitcase has 3 wheels,
each labelled with nine digits from 1to 9. If an
opening combination is a particular sequence of
three digits with no repeats, what is the
probability of a person guessing the right
combination?

Three squares of chess board are selected at
random. Find the probability of getting 2
squares of one colour and other of a different
colour. [NCERT Exemplar]

In a relay race, there are five teams A, B, C, D and E.

47

48

49

50

51

52

(i) What is the probability that 4, B and C finish
first, second and third, respectively.

(ii) What is the probability that A, B and C are
first three to finish (in any order), assume
that all finishing orders are equally likely.

[NCERT]

Atypical PIN (personal identification number)
is a sequence of any four symbols chosen from
the 26 letters in the alphabet and the ten digits.
If all PINs are equally likely, what is the
probability that a randomly chosen PIN
contains a repeated symbol? [NCERT Exemplar]

What is the probability that in a group of 2
people, both will have the same birthday,
assuming that there are 365 days in a year
and no one has his/her birthday on 29th
February.

Two balls are drawn at random from a bag
containing 3 white, 3 red, 4 green and 4 black
balls, one-by-one without replacement. Find
the probability that both the balls are of
different colour.

A bag contains 8 red, 3 white and 9 blackballs.
If three balls are drawn at random, determine
the probability that

(i) all the three balls are of blue colour.

(ii) all the balls are of different colours.
(ili) one is red and two are white.

A group consist of 3 men, 2 women and 4
children. If four persons are selected at
random, find the probability of selecting
(i) 1 man, 1 woman and 2 children.
(ii) exactly 2 children.

(iii) 2 women.

A die is rolled in such a way that each odd
number is twice as likely to occur as each even
number. Find P(G), where G is the event that a
number greater than 3 occurs on a single roll
of the die. [NCERT Exemplar]

LONG ANSWER Type Questions

In a lottery of 50 tickets numbered 1 to 50, two
tickets are drawn simultaneously. Find the
probability that

(i) both the tickets drawn have prime number.

(ii) none of the tickets drawn have prime
number.

(iii) one ticket has prime number.



53 If 4-digit numbers greater than 5000 are

randomly formed from the digits 0,1, 3, 5 and 7.
What is the probability of forming a number
divisible by 5 when,
(i) the digits are repeated?
(ii) the repetition of digits are not allowed?
[NCERT]

HINTS & ANSWERS

(d) Let 5§ be a sample space containing outcomes

0, Gy, ... 0, Le. 5 ={oy, oy, ... o}
It follows from the axiomatic definition of probability
that

(H0< P(m,)<1foreachm, €8
(i) Plwy ) + Ple,) + ... + Plw,) =1
(iii) For any event A, F(A) = Z P(w,), i € A,
{d) The sample space is § = {HH, HT, TH, TT}
Let E be the event of getting atleast one tail
E={HT, TH, TT}
.. Required probability P
_ Number of favourable outcomes
" Total number of outcomes
_nE)_3
= ;-;(_5') =<
(b) Three numbers chosen from
20x19x18 x17!
173 x2x1

1to 20=""Cy = =20%19%3=1140
Now set of three consecutive numbers =18
_ 3
1140 190
3 187

Athey are not consecutive) =1 - —=
¥ ) 190 190

FAthey are consecutive) =

(b) The total number of elementary events
=b6xX6X6= 216
Let A be the event of getting a total of at least 6. Then,
A denotes the event of getting a total of less than6ie. 3
4, 5.
A={1,1,1),(1,1,2), (1,2 1), (2.1, 1), (1, 1, 3),

(1,3,1),(3,1,1),(1,2,2),(2, 1, 2), (2, 2, 1)}

So,n(A) =10

— 10

A)=—

P{ } 216
— 10 103
ﬂﬁ:}=l—ﬂﬂ:}=l——=_
216 108

{(b) Let A be the event of getting a spade or an ace from a
pack of 52 cards.

Then, total number of possible outcomes =*°C, =52

Since, there are 13 spade cards including an ace of
spade and three aces other than an ace of spade.

10.

11
12.

13.

14.

15.

16.
17.

18.

19.

20.
21

. Number of favourable outcomes ='°C, =16

16 4
52 13
. - 9 4
Hence, odds against A are P(A): P(A)= —3:—3= 9:4
13 1
Solve as Example 7. Ans. 3
8
Solve as Example 8. Ans. 2
&

By axiomatics approach to probability, we have
P(E,)+P(E,)+P(E;)+P(E,)=1 Ans. 03
1

G

Probability = -

Ans. 4
1 9
Let E, be the event of getting all balls of different colours.
thenn(E,) =°C, x 'C, x 8C, =192
192

Ans. 2
B, 17

Ans. (i) and (ii)

Required probability =

Solve as Example 1.

S = {HH,HT,TH,TT}
son(S)=4

n (at least one head occur) =3

3 3
Required probability = = Ans. n
4

(i) Favourable outcomes = {HT, TH}

1 1
(ii) Favourable outcome = {HH} Ans. {'1]5 (ii) n
1
C, 1
Probability = —* Ans, —
52C1 13
.. 35
Solve as Example 18 part (ii). Ans. i
6
Number of favourable outcomes *C,. Ans. L
221
Total number of possible outcomes =¥,
Number of favourable outcomes = "¢, x C,.
13~ 13
Ans. —23 G
2

On rolling a die, we get outcomes as odd number. So,
sample space, 5={1,3,5} = n(5)=3
Let E be the event of getting a prime number
then, E={3,5} = n(E)=2
Required probability = n(E) -2
n(S) 3

Total outcomes = &!

1
Favourable outcomes =4'<3!  Ans. s
3
Solve as Example 6. Ans. -

Number of ways of selecting 2 cards out of 52 cards
=%, = 26 x 51



22

23.

24,

26.

27.

28.

=» Total number of possible outcomes = 26 x 51

We know that, there are 2 red queen and 2 kings of
black colour in a pack of 52 cards

. Number of favourable outcomes

=%, x%C,=2x2=4

. - 4 2
Hence, required probability = =—
e F ¥ 2651 663

There are 7 letters in the word 'CLIFTON".
These 7 letters can be arranged in a row in 7! ways.
= Total number of possible outcomes = 7!

Now, if vowels ([, O) come together, then we have 6
letters (considering vowel as one letter ie. CLFIN 10)
which can be arranged in 6! ways.

But two vowels can be put together in 2! ways.

- The total number of arrangements in which two
vowels come together is 6! x 2!

=+ Number of favourable outcomes = &! x 2!

' '
Hence, required probability = fxz_2
7! 7
Prime numbers are {2, 3, 5, 7, 11,13, 17, 19, 23, 29, 31}
Ans. u
35

1
Solve as Example 26. Ans. 3

Clearly, 4 letters can be inserted into 4 addressed
|

envelope in ~ Py =4!= 24 ways.

= Total number of possible ways is 24.

*. P{all letters are not dispatched in right envelopes)

=1=P (all letters are dispatched in right envelope)

[ there is exactly one way in which all

24 letters are dispatched in right envelope]
23
Ans. —
24
a!
Solve as Example 33. Ans. —
1
Solve as Example 22. Ans.
e,

Since, a 3-digit number cannot start with 0, therefore
hundredth place can be filled up in 4 ways.

Now, as repetition of digits is allowed, therefore each of
ten's and unit’s place can be filled in 5 ways.

Thus, the total number of possible 3-digit number
=4 x5x5=100
Note that, there are three digits numbers, which has the
same digits, viz. 222, 444, 666 and 888.
= Number of favourable outcomes = 4

Hence, P (3-digit number with same digits) = 4L
100 25

29. There are 6 letters in the word ‘PENCIL', which can be
arranged in 6! ways.
= Total number of possible outcomes = 6!

MNow, if letter N is always next to E, then we have 5
letters (considering EN as one letter i.e. PCIL EN) which
can be arranged in 5! ways
=» Number of favourable outcomes = 5!

1

]
Hence, required probability = 2 -
6 6

30. Solve as Example 14.

1 1
i) @) = G5

1
Ans. (i) 52 i) —
ns- @) @) 52 2

31. Solve as Example 10.

L3 i 1 7
Anmns. (1} = - - -
ns. (i) : (i1} . (1it) . (iv) T

32. Solve as Example 11.
Ans. (i) % (ii) ; (iii) 1
33. Total number of outcomes = 36 = n(s) = 36

(i) Possible outcomes are (1, 1) (1, 3) (3, 1), (2, 2), (1, 5).
(5, 1), (2, 4), (4, 2).(3, 3), (3, 5), (5, 3), (4, 4), (4, 6), (2, 6),
(6, 2), (6, 4). (5, 5). (6, 6) .n(E) =18

(ii) Possible outcomes are (1, 1), (2, 2), (3, 3), (4, 4), (5, 5), (6, 6)

(iii) Possible outcomes are (2, 2), (4, 4), (6. 6).

(iv) Possible outcomes are (1, 2), (2, 1), (1, 5). (2, 4), (3. 3),
(4, 2), (5, 1), (3. 6), (6. 3), (4, 5), (5, 4), (6, 6).

Ans.{i)% (ii) % (ii) é (iv) %
34. (i) Required probability = g

(ii) Required probability = %

(iii) Required probability = g

(iv) Required probability = 51—2
L1 1 3 ]
Ans. (i) = (il) = (iii) = (iv) —
{}4 ) 2 2}13( 52
35. Solve as Example 15. Ans.(i)% l:i.i}l3
1 1

36. Solve as Example 16. Ans. 2
10

37. (i) Favourable outcomes are 2, 3, 5, 7, 11, 13, 17 and 19.

Ans. E
5

(ii) Favourable outcomes are 1,3, 5,7, 9,11, 13, 15, 17 and 19.

1
Ans. —
2

(iii) Favourable outcomes are 5, 10, 15 and 20. Ans. !



{iv) Favourable outcomesare 1,2, 4, 5,7, 8,10, 11, 13, 14, 16,

17, 19, 20. Ans.
10

38. (i) Number of favourable outcomes = *C,
Total number of possible outcomes="C,  Ans. 2
143
(ii) Number of favourable outcomes = ¢, Ans. B
143
40
{iii) Number of favourable outcomes=*C, x°C, Ans. ey

39. Total outcomes = 1°C5, defective bulbs =3
MNon-defective bulbs =7
‘cyx’C e *c,x’C
Ans. (i) % (ii) - 2 (i) %
G G 5

40. Total number of possible outcomes ="C,
1
(i) Number of favourable outcomes =°C, Ans. -
(ii) Number of favourable outcomes =C, x °C, Ans.%
1
{iii) Number of favourable outcomes = °C, Ans. -

4. Total outcomes = 1mcm

Number of defective bulbs = 40
Number of non-defective bulbs =110
110 a 110 10 10
. C .. C,xC C,x 0
Ans. (1) 150 = {u] :sn = fsu =
Ca Co Co

42. For a number to be divisible by 4, last two digits should be
divisible by 4. (i.e. 12, 24, 32, 52).

(iif)

Favourable cases = 3! % 4 H.ns.l
5
1
43. Solve as Example 28. Ans. Y

44. We know that, in a chess board, there are 64 squares of
which 32 are white and 32 are black.

Clearly, 3 squares can be selected.in *C, ways.

Let E be the event of getting 2 squares of one colour and
other of a different colour.

Then, n(E)=%C,x¥C, +%C x%C,

3

[ 2 squares of one colour and 1 of other
can be 2W, 1B or 1W, 2B]

21

45. The sample space consisting of all finishing orders in the
first three places, will have
1

5 .
F;, ie.

32 32
=2xTC,x T C,

G '3}1 =5x4 x3 =60 sample points, each with a

1
bability of —
probability o s

(i) If A, Band C finish first, second and third respectively,
then there is only one finishing order for this, i.e. ABC.

1
Ans. —

60

(ii) If A, B and C are the first three finishers, then there
will be 3! arrangements for A, B and C. Thus, the
sample points corresponding to this event will be 3! in

number.

Hence, P(A, B and C are first three to finish)
S 1
60 10

46. Total number of symbols = 36
There are 36x36x36x36=(36)" = 1679616 PINs in all.

[by fundamental principle of counting]
Note that, when repetition of symbols is not allowed,
then there are 36x35x34 x33=1413720 different PINs.

Now, the number of PINs that contain atleast one
repeated symbol = 1679616 — 1413720 = 265896
Ans. 0.1583

47. Clearly, the total number of ways in which two persons
may have their birthday
= 3652365 = (365)°

Fo.d= . ] LIRS I | ETUE |

[ first person may have birthday in anyone of 365 days.
Similarly, second person may have birthday
in anyone of 365 days]

MNote that, the number of ways in which two persons have
the same birthday = 365 Amns. 1
5

48. Total number of balls=3+3+ 4 +4=14

Since, two balls are to be drawn one-by-one without
replacement.

There will be 4 cases

First ball Second ball Probability

3 1
C,, c, _ 8 11

Casel 1 White (3) 1 Mon-white (11) @ E 12 13

ic, x"c, 311

¥c, e, 1413

Casell 1Red(3) 1Mon-red(11)

‘c, "c, 4 10
e K e =

Case lll 1 Green (4) 1MNon-green (10) W TBe 14 13
1 1

Case IV 1Black (4) 1 Non-black (10) 25

. Required probability
14 13 14 13 14 13 14 13
73

91



49. Total number of balls =8 + 3+ 9=20
Number of ways of selecting 3 balls out of 20 balls= *'C,
= Total number of possible outcomes = *C,
(i) Let E, be the event of getting all balls of blue colour.
Then, n(E,)= I’IC'_,_
Hence, required probability
_JCs _ 9%8xT _ 7
Mo, 0x19x18 95
(ii) Let E, be the event of getting all balls of different

colours. Then,
n(E,)="C, » °C, x °C,
=8x3x9

Bx3Ix9

Hence, required probability = ———

3
_Bx3xX9x6
T 20x19x18
Ixe 18
95 95
(iii) Let E, be the event of getting one red and two white
balls. Then,
mE;)="C, % *C, =8%3
Hence, required probability

_ax3 &x3 _ 2
MCE 20%19x18 95
3 x2x1

50. Total number of persons in the group =3+2+4=9
Clearly, out of 9 persons 4 persons can be selected in €,

ways.
Total number of possible ways = °C, =126

(i) Let E,be the event of getting 1 man, 1 woman and 2

children.
Then, n(E,)=* C, x* C, x' C, =3% 2x6
IxZxe 2
Hence, required probability = ” = -
1

(ii) Let E, be the event of getting exactly 2 children.
Then, n(E,) =" C, x* C, =6x10
[ remaining two persons will

be selected from 3 men and 2 women]
6x10 10

126 21
(iii) Let E; be the event of getting 2 women.
Then n(E;)=C,x" C,=1x21=21
Hence, required probability = L l
126 6
51. When a die is rolled, then we getlor2or3ordor5oré.
: S=1{. 23456}

Hence, required probability =

It is given that

Pleach odd number) = 2 x P (each even number)
Let P (each even number) = x. Then, we get
P(1)=2x, P(2) = x, P(3) = 2x, P(4) = x, P(5) = 2x
and P(6)=x
We know that, P(5)=1
s P(1)+ P(2)+ P(3)+ P(4) + P(5) + P(6) =1

= 2x+x+2x+x+2x+x=1 = :c=l
9

Thus,  P(1) = P(3) = P(5) =%
and  P(2)= P(4) = P(6) =(1;
Now, F(G) = P (getting 4 or 5 or 6)

= P(4) + P(5) + P(6) Pms.%

52. Total number of ways of drawing two number = *’C,
Prime numbers are 1, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37,

41, 43, 47.
se,
(i) Probability =
) ty = c.
SSCZ
(ii) Probability =
) =g
15 15
(iii) Probability=—1 X ©1
2
21 17 3
Asc ) 2L 17 o3
5. (i) o (i1) P {1ii) =

53. (i) (a) Thousand's place can be filled in 2 ways (5 or 7).
(b) The remaining 3 places can be filled by any of the digits
0,1,3,5and 7, as repetition of digits is allowed.
= Number of 4-digits numbers
=(2x5x%5x5)—1 [~ 5000 cannot be counted]
(c) If the number is divisible by 3, then its units place is
filled by 0 or 5.
=» Number of 4-digits numbers divisible by
5=(2x5x5x2)—1
[here, repetition of digits is allowed)]
Ans. =
83
{ii) (a) Thousand's place can be filled in 2 ways (5 or 7).
(b) The remaining 3 places can be filled in 4x3x2 ways.
- Number of 4-digits numbers = 2x4x3x2
(c) If the number is divisible by 3, then its units place is
either 0 or 5.
(d) If units place is 0, then thousand, place can be filled in 2
ways and other two places can be filled in 32 ways.
(e) Ifunits place is 5, then thousand's place can be filled in 1
way and other two places can be filled in 32 ways.
- Number of 4-digits numbers divisible by 5
=2x3IX2+1x3x2

3
Ans. —
3



| TOPIC 3|

Addition Rule of Probability

If A and B are rwo events associated with a random
experiment, then

P(AUB)=P(A)+ P(B)-P(AnB)
ie. P(Aor B)=P(A)+ P(B)- P(Aand B)

It is known as addition law of probability for two events.
Also,
(i) when events A and B are mutually exclusive, then
PAUB=P(A)+P(B)

(ii) when events A and B are mutually exclusive and

exhaustive, then P(A U B)=P(A)+ P(B)=1

3 2
e IfP(A)==, P(B)=—
eg (A) 5 (B) 5

and P(An B) = %, then by addition law of probability,

we have
PlAVB =P(A)+P(B)=P(An B)
3 2 1 9+2-1_10 2

5715 15 15 15 3
= P(A0r8}=§

Probability of the Event Aor Bor C

If A, B and C are three events associated with a random
experiment, then

PIAUBLC)=P(A)+ P(B)+ P(IC)-P(ANB)
-P(BNC)-PICNnA)+ P(ANBNC)

Note

If A, B and C are mutually exclusive events,

ie. ANB=¢BNC=9,AnC=9AnBNC =0
Then, P(AuBUC)=P(A)+ P(B)+ P(C)

Probability of
Complementary Event

Let £ be any event and E (or E’) be its complementary
event.

Then, P(E)=1-P(E)

Note

The odds in favour of occurrence of the event E are defined by
P(E): P(E) and the odds against the occurrence of event E are
defined by P(E): P(E).

Important Results
1. For any two events A and B, A c B = P(A)< P(B)

2. For any two events 4 and B,
(1) P(A=B)=P(A) = P(ANn B)
or P(AN B)=P(A)-P(An B)

(i) (AN B)= P(AuU B)
3. P(AnB)< P(A)and P (A B)< P(B)

[if these conditions hold true, then events
are said to be consistently defined]

Problem based on
addition rule of probability

ITYPE 1|

PROBLEMS DIRECTLY BASED ON FORMULA
EXAMPLE |1]If 4 and B are two events such that
P(4) =%,P{B’j \ %and P(4nB)=-.

8
Then, find P (not A and not E).
Sol. P (not A and not B)= P(A n B)

=P(AUB)=1-P(Au B)
=1-[P(A)+ P(B)— P(An B)]

1 1 1 244-1
=l-|=+——=|=1-
R e

EXAMPLE |2| The accompanying Venn diagram shows
three events A, B and C and also the probabilities of the
various intersections [for instance P(A n B) = 0.07].
Determine
(i) P(4) (i) P(BNC)
(iii) P(A U B) (iv) P(An E) (v) P(BNC)
(vi) Probability of exactly one of the three event occurs.

[NCERT Exemplar]
B
0.10
o),




Sol. (i) P(A)=0.13+ 0.07=0.20
(ii) P(BNC)=P(B)— P(BNC)
= (0.07+ 0.10+4 0.15)— (0.15)= 0.17
(iii) P(A U B)=P(A)+ P(B)— P(A B)
= 0.20+ (0.07 + 0.10+ 0.15)— 0.07
=020+ 0.25=0.45
(iv) P(An B) = P(A)— P(An B)=0.20— 0.07= 0.13
v) P(BNC)=0.15
{vi) P (exactly one of the three events occurs)
= P{ A only)+ P(Bonly)+ P(C only)
=0.13+ 0.10+ 0.28 = 0.51

EXAMPLE |3]| 4 and B are two events that
P(A) = 054, P(B) =0.69 and P(A m B) =0.35. Find
(i) P(A U B) (ii) P(A'n B)
(iii) P(A  B) (iv) P(B ~ A") [NCERT]
Sol We have, P(A) =054, P(B)=06%9and P(Ar B)=035
(i) P(AuwB)= P(A)+P(B)— P(AnB)
=054 + 069 — 035 =038
(ii) P(A'NB’)=P((AUBY)=1— P(AUB)
[- P(E')=1—- P(E)]
=1-088=0.12
(iii) P(ANB’)=P(A)— P(ANB)=0.54 — 0.35=0.19
(iv) P(BNA")=P(B)— P{ANnB)=0.69— 0.35 =034

EXAMPLE |4| The probability that at least one of the
events A and B occurs is 0.6. If A and B occurs
simultaneously with probability 0.2, then find
P(A)+P(B). [NCERT Exemplar]
Sol. We have, P(Au B)=06and P{AnB)=0.2
We know, P(Au B) = P(A) + P(B)—P{An B)
06= P(A)+P(B)—02
=  P(A)+P(B)=06+02=08 i)
Now, P(A)+ P(B)=1—P(A)+1—-P(B)
=2—(P(A)+P(B))
=2-08
=12

[using Eq. (i)]

EXAMPLE |5] If A and B are any two events having
P(AuB’):l andP[E):g, then find P (4 N B).
2 3 [NCERT Exemplar]
Sol. We have, P(AU B) = IEand P(A) = E

2 2 1

= 1-P(A)== = P(A)=1—-==-

(4) 3 (A) 273

Also, we have P(Aw B)= P(A)+P(B)-P(An B)
= 1L pBna)
2 3

= P(BnA)=—-1=1
2 3 6

[- (AN B)=P(Bn A)=P(B)— P(ANBE)]

EXAMPLE |6]| Events E and F are such that
P(not E or not F) =0.25. State whether E and F are

mutually exclusive. |NCERT]
Sol. We have, P(EUF)=025
= P(EM F)=0.25 [+ENF=EUF]
= 1-P(EnF)=025
= P(EMF)=1-025=075#0

. Eand Fare not mutually exclusive events.

EXAMPLE |7| If A, B and C are three mutually
exclusive and exhaustive events of an experiment such
that 3 P(4)=2P(B)=P(C), then find P (A4).

Sol. Let3P(A)=2P(B)=P(C)= p. Then,

P(A) = %, P(B) =% and P(C)=p

Since, A, B and C are mutually exclusive and exhaustive.
P(A)+P(B)+P(C)=1
= £+%+ p=1=

p+3p+ep _ 1
3 ]

= 1p=6 = p=2
11
6 1 2
Hence, P(A)=E=—><—=—
3 11 3 11

EXAMPLE |8| Check whether the following
probabilities P(4) and P(B) are consistently defined
(i) P(A)=0.5, P(B)=0.7, P(An B)=0.6
(ii) P(A)=0.5, P(B)=04, P(A U B)=08 [NCERT]
Sol. (i) We have, P(A)=05, P(B)=07 and P(A B)=06
We know that, AnBc Aand AnBC B
+ (ANB)<P(A)and P(An B)<P(B)
But for the given probabilities P(A m B)£ P(B).
So given probabilities are not consistently defined.
(i) We have, P(A)=05, P(B)=04 and P(AU B) =08
Clearly, P(An B)=P(A)+ P(B)— P(AU B)
=05+04-08=101

Here, P(ANB)< P(A)
and P(ArB)< P(B).
So, given probabilities are consistently defined.

EXAMPLE |9] Let 4, B and C be three events such that
P(A)=03, P(B)=04, P(C)=08, P(AnB)=0.08,
P(BnC)=028 and P(ANBNC)=009. If P(AUBwUC)=08,
then show that P (4 ~C) lies in the interval [0.23,0.43]
Sol We have, P(AUBUC)=08
0.8< P(AuBU(C)=1
[~ probability of occurrence of an event
is always less than or equal to 1]
= 08< P(A)+P(B)+P(C)— P(An B)-P(BNC)
—P(ANC)+P(ANBNC)=1



= 08<03+04 +08—008—0.28
—P(ANC)+009<1

= 08<123— P(ANC)<1

= 08-123< —P(ANC)<1-1.23

[subtracting 1.23 from each terms]
= —043 —P{ANC)= —0.23
= 0.23< P(ANC)=043
[multiplying each term by (-1)]
Hence, P{AnC) lies in the interval [0.23, 0.43].
Hence proved.

| TYPE 11 |
PROBLEMS BASED ON COINS

EXAMPLE |10| Find the probability of getting atmost
two tails or atleast two heads in a toss of three coins.
Sol Clearly, the sample space
S5={HHH, HHT, HTH, THH, TTH, THT, HTT, TTT }
Let A be the event of getting atmost two tails and B be
the event of getting atleast two heads.
Then, A={HHH, HHT, HTH, THH, TTH, THT, HTT}
and  B={HHT, HTH, THH, HHH)}

7 4 4

P(A)== P(B)=—and P{An B)=—

(A) " (B) Pl ( ) "
Now, required probability = P(AuU B)

7 4 4 7
=P(A)+P(B)-P(ANB)= —4———= —
PA)+P(B)-P(ANB)= o4 o—o =12

| TYPE 111 |

PROBLEMS BASED ON DICE

EXAMPLE |11] A coin is tossed and a die is thrown.
Find the probability that the outcome will be a head or
a number greater than 4.
Sol. When a coin and a die are thrown, then sample space is
§={Hl, H2 H3, H4,H5 He,T1, T2 T3, T4, T5, Ta}

o n{5)=12
Let A :Event of getting a head.
= A ={H1, HZ H3, H4, H5 He)
. n(A)=6
Then, P{A}:w:i
n(S) 12
B:Event of getting a number greater than 4.
= B={H5 Hea, TS5, T}
n(B)=4
Then, apy="B_4
n(§) 12

Also, A n B =event of getting a head and a number
greater than 4 = {H5, He}

mMAnB)=2

Then, P(AHB)=%
1

Now, required probability,
P(AU B)= P(A) + P(B)— P(A  B)
6 4 2 8 2

12 12 12 12 3

EXAMPLE |12| Two dice are tossed together. Find the
probability of getting a doublet or a total of 6.

Sol. Let S be the sample space. Then, n(5)=36

Also, let A be the event of getting a doublet and B be the
event of getting a total of 6.

Then, A= {(L1),(22),(33).(4.4).(5.5).(66)
and B={{15).(51).(24).(4.2).(33)}
= n(A)=6n(B)=5and n{AnB)=1

6 5 1
Then, P{A)=£;P{B]=£and P{Anﬁ)=£

Now, required probability = P(Aw B)
6 5 1 10 5

=P(A)+P(B)—P(AnB)= —+ 2 ="
(A)+P(B)-P( )3636363613

EXAMPLE |13| Find the probability of getting an even
number on the first die or a total of 8 in a single throw of
two dice.

Sol Let 5 be the sample space. Then, n(5)=36.

Also, let A be the event of getting an even number on
the first die and B be the event of getting a total of 8.

(21),(2.2).(23).(2.4).(25).(28),

'I‘]'IET.I, A= {4'1}5{4- 2]-{4-3]~{4-4]1{4!5]~{4=6]-
(6.1).(6 2).(6,3).(6,4).(6,5).(6,6)
B={(26).(6.2).(4,4).(3.5).(53)}
and AnB=1{(26),(6 2), (4,4)}
= n{A)=18 n(B)=5and n(AN B)=3

P(A):E,P{B]=iand P(AmB)= 2
36 36 36

Now, required probability = P(Aw B)
= P(A)+P(B)-P(ANB)
18.5 3 _20_5

=-=—f———=— =

36 36 36 36 9

EXAMPLE |14| Two dice are thrown together. What is
the probability that sum of the numbers on the two faces
is neither divisible by 3 nor by 4?
Sol Let 5 be the sample space. Then, n(5) =36
Also, let A be the event that sum of numbers of two faces
is divisible by 3 and B be the event that sum of numbers
is divisible by 4, i.e. A be the event of getting the sum 3, 6,
9, 12 and B be the event of getting the sum 4, 8, 12.
Then,
A ={(12).(21).(24).(4,2).(3.3).(1,5), (51).(4,5).(5.4).
(6.3).(3.6).(6.6)}
B={(22),(1,3).(31).(26),(6.2). (53).(3.5).(4,4). (6 6)}



and An B={6a6)}
= nA)=12n(B)=9 and n(AnB)=1
12 9 1
P{A]—E.P(B}—iandP{AnB]—g
Now, P(Aw B)= P(A)+P(B)-P(AnB)
12,2 1. 25
36 36 36 36 9

Now, required probability = P(A n B)

=P(ANB)=1-P(AUB)=1-

E-R R
F-N

| TYPE IV |
PROBLEM BASED ON PLAYING CARDS

EXAMPLE |15| A card is drawn at random from a
well-shuffled pack of 52 cards. Find the probability that it
is either a king or a spade.
Sol. Let Sbe the sample space associated with the given
random experiment, then n(5) =52
Also, let A be the event that the drawn card is a king
and B be the event that the drawn card is a spade.
Then, n(A)=4;n(B)=13and n{An EB)=1
[+ A B denotes the event that the
drawn card is a king of spade.]

4 13 1
P(A)=— P(B)= —and AN B) = —
Now, required probability = F{AU B)
= P(A)+P(B)-P(AN B)
4 13 1 16 4

52 52 52 52 13

EXAMPLE |16] A card is drawn from a deck of 52 cards.
Find the probability of getting a king or a heart or a red

card. [NCERT Exemplar]
Sol Let 5 be the sample space. Then, n(5) =52

Let A, B and C be the events of getting a king, a heart
and a red card, respectively.

Then, n(A)=4. n(B) =13 n(C) = 26

Clearly,( A m B)is the event of getting a king among hearts.
(B C)is the event of getting a heart among red cards.
{A N C)is the event of getting a king among red cards.
(A M B C)is the event of getting a king among heart
and the red cards.

= MANB)=LnBnC)=13nANC)=2
and n(AnBnC)=1

n(s) 52
__H(EHC}=£=.1_
ABAC) (5) 52 4
AAnC)="ANO _2 _1

a(S) 52 26
and PAnBnC)=ZANENC)_1
n(s) 52
Now, P (getting a king or heart or red card)
=Pl{AorBorC)=P(AUBUC)
= P(A)+ P(B)+ P(C)-P(An B)- (AN C)
—PBNC)+ PIANBNC)
1 1 1 1 1 1 1 28 7
=—t—t——————— —_——— =
52 52 13
EXAMPLE |17| Four cards are drawn at a time from a
pack of 52 playing cards. Find the probability of getting all
the four cards of the same unit.
Sol. Let S be the sample space associated with the given
random experiment. Then, n(5) = *C,.
Now, let A be the event of getting all spade cards,
B be the event getting all club cards,
C be the event getting all heart cards and
D be the event of getting all diamond cards.
Then, n{A)= C,:n(B)= "C,:n(C) = YC,
and n(D)="C,

] i3 i3
C C C
S P(A)= ot P(B) = 5% AC) = 5
52C4 5264 5‘25,
13
and P(D)=—S4
EEC

1
Now, required probability = P(Aw BuCu D)

[~ A, B, Cand D are mutually exclusive events)
13
_ o .Be, 4

=4 x =
2, 4165

EXAMPLE |18| Find the probability that, when a hand
of 7 cards is drawn from a well-shuffled deck of 52 cards, it
contains
(i) all kings. (ii) 3 kings. (iii) at least 3 kings. [NCERT]
Sol. Let 5 be the sample space associated with the given
random experiment. Then, n(5) = **C,
(i) Let A be the event that it contains all kings.
Then, n{A) = ‘C, x *C,

48 x 47 x 46
48
[ Ix2xl
= A)= 3=
n(A) 0. 52X51%50 %49 x 48 x 47 X 46

THEXEX4XIX2x1

1

4
= e =1
7735 [-7Co=1



(i1} Let B be the event that it contains 3 kings. Also, ArnB={24,4872...,192}

Then, n(B) = 'C, x *C, [ A B denotes the event that the chosen
48 % 47 % 46 % 45 number is divisible by LCM (6,8)]
:}P{B)=4X‘SC"= dxIx2xl Now, HA):E,P(B}zz_qandp(Anm=i
2, 52x51%50x49x 48X 47 x 46 200 200 200
Tx6x5x4 x3x 2x1 v P (chosen integer is divisible by 6 or 8)
0 = P(AUB)= P(A)+P(B)-P(An B)
4 4
T [-7°Cy="C, =4] B, M 8 _ 0
(iii) Let C be the event that it contains at least 3 kings. 200 200 200 200
Then, P(C)=P(A U B) EXAMPLE |21| Tickets numbered 1 to 20 are mixed up

= P({A)+ P(B) [. Aand Bare mutually exclusive]
1 9 46

= — =
7735 1547 7735

EXAMPLE |19] A card is drawn from an ordinary pack
and a gambler bets that it is spade or an ace.

together and then a ticket is drawn at random. What is the
probability that the ticket has a number which is a
multiple of 3 or 77

Sol. Let S be the sample space associated with the given
random experiment. Then, n(5)=20.

What are the odds against the winning his bet? Now, let A be the event of getting a ticket bearing
Sol. Let 5be the sample space associated with the given number which is a multiple of 3 and B be the event of

random experiment. Then, n(§)=52 getting a ticket bearing a number which is a multiple
Now, let A be the event of getting a spade and B be the of 7.
event of getting an ace. A B denote the event of Then, A={369121518}and B = {7,14}
getting an ace of spade. = n(A)=6 n(B)=2and n(AnB)=0
Then, n{A)=13and n(B) =4 6 2

n(AnB) =1 PN oy AE) =
Thus, we have P(A) = %‘, P(B)= :—2and P(AnB)= é Now, required probability = P(Aw B)= P(A)+ P(B)

[+ A and B are mutually exclusive events]
6 2 -] 2

- = =
20 20 20 5

Now, P (winning the bet) = P (getting a spade or an ace)
= P(An B)= P(A)+P(B)-P(An B)
13 4 1 16 4

= t——— = — = —
52 52 52 52 13 EXAMPLE |22| Three numbers are chosen from 1 to 20.
= P (not winning the bet) =1 4_9 Find the probability that they are not consecutive.
13 13 [NCERT Exemplar]
Hence, odds against the winning his bet Sol. Let S be the sample space associated with the given
o i experiment. Then,
=P{nutmnmn.gthebet]=ﬁ=2=g:4 n(S) = ®C, =1140
P{winning the bet) 40 4
E Now, let E be the event that the chosen numbers are
consecutive.
ITYPE vV I Then, E be the event that the chosen numbers are not
consecutive.
PROBLEMS BASED ON SELECTING NUMBERS Thus, = (1.23).(23.4),(3.4,5),...(1819,20)}
EXAMPLE |20| An integer is chosen at random from _ - 18 3
first two hundred natural numbers. What is the probability = n(E)=18 = P(E)= 1140 1%
that the integer chosen is divisible by 6 or 8? -
Now, P(E)=1-P(E)=1-——=17
Sol. Let S be the sample space associated with the given ’ 190 190
random experiment. 187
Then, n(S)=200 Hence, the required probability is )

Now, let A be the event that the chosen number is
divisible by 6 and B be the event that the chosen number ~ EXAMPLE |23| A number is chosen at random from the

is divisible by 8. numbers ranging from 1 to 50. What is the probability that
Then, A=161218,...,198} the number chosen is a multiple of 2 or 3 or 10?

and B=1{81624,...,192} Sol Let 5 be the sample space associated with the given

= n( A) =133 and n( B)=24 random experiment.

[to find n{ A) and n( B), divide 198 by 6 and 192 by 8] Then, n(5)=50.



Now, let A be the event that the chosen number is a
multiple of 2, B be the event that the chosen number is a
multiple of 3 and C be the event that the chosen number
is a multiple of 10.
Then, A={24,6,...48 25}
B=1{3609.. 48 and C = {10,20....,50}
A B denotes the event that chosen number is multiple
of 6=LCM(23)
B C denotes the event that chosen number is a
multiple of 30 = LCM (3, 10)
A C denotes the event that chosen number is a
multiple of 10 = LCM (2, 10)
and A n B C denotes the event that chosen number is
a mulhp]e of 30 =LCM (2, 3, 10)
ANB={612...,48}, n(B) =16,
BAC =0}, AnC = {10, 20. .50}
and AnBnC={30}
= n(A)=25n(B)={lekn(C)=5n(AN B)=8
n(BNC)=1,nlANC)= Sandn{AﬂBr“lC}=l
p(ay=" n(A)_25
‘n(s) 50
n(B) _1e
n(s) 5
n(C) _
n(S) 50
n(AnB) 8
n(§) 50
p(BrC)="EDC)_1
n(5) 50
PAnC)="ACO 5
n(s) 5
n(AnBnC)_1
n(S) 50

P(B)=
P(C)=

P(AnB)=

and P(ANBNC)=

Now, required probability
=P(AUBULC)
R PrT
—P(BNC)-PANC)+P(ANBNC)
25 16 5 8 1 5 \ 1 2548 133

50 50 50 50 50 50 50 50 50

Hence, required probability is E
50

| TYPE VI|

PROBLEMS BASED ON SELECTING THINGS
FROM A BAG/BOX CONTAINING DIFFERENT
TYPES OF THINGS

EXAMPLE |24| A basket contains 20 apples and 10
oranges out of which 5 apples and 3 oranges are defective.
If a person takes out 2 at random, then what is the
probability that either both are apples or both are good?

Sol. Let S be the sample space associated with the given
experiment. Then, n(S)=*C,.
[ total number of fruits = 20410 = 30]

MNow, let A be the event that both are apples and B be
the event that both are good fruits. A m B denotes the
event that both are good apples.
Then, n{A) = zn..:z and n(B) = 22CE.

[ number of good fruits =15+7=22]

n(AnB)="c,
[+ number of good apples =15]
2 22C 15 ,
P{A}— 5 . P(B) = — we 2 and P(ANB)= — :

Now, required probability,

P(AUB)= P(A)+ P(B)- (AN B)
2 22 15
G, G G

Bﬂcz SI]C M-CE
_190+231-105_316
®e, 435

EXAMPLE |25| A box contains 6 red, 4 white and
5 black balls. A person draws 4 balls from the box at
random. Find the probability that among the balls
drawn, there is atleast one ball of each colour.
Sol. Given, total number of red balls =6
Total number of white balls =4
and total number of black balls =5
.. Total number of balls =15
Let § be the sample space associated with the random
Br, =1365
Here, atleast one ball of each colour can be drawn in
one of the following ways :
{i) 1 red, 1 white and 2 black balls
(ii) 2 red, 1 white and 1 black balls
{iii) 1 red, 2 white and 1 black balls

experiment. Then, n(5) =

Mow, let A be the event ot gething 1 red, 1 whate and
2 black balls; B be the event of getting 2 red, 1 white and
1 black balls and C be the event of getting 1 red, 2 white
and 1 black balls.
Then, n{A)="°C, x 'C, x°C,=6x4x10=240
n(B)=°C, x '€, x*C, =15 x4 x 5=300
and n(C)="°C, x 'C, x°C, =6 x6x5=180
240 ﬁ
: P(B) = and P(C)=
1365 ( 36 )= 65
MNow, required probability
= P(A U Bu C)= P(A)+ P(B) + P(C)
[*- A, B and C are mutually exclusive events]

P(A)=

1365 1365 1365 1365 91



| TYPE VII |

MISCELLENEOUS PROBLEMS

EXAMPLE |26| Probability that Ram passed in
Mathematics is %and the probability that he

4
passed in English is r If the probability of passing in
both subjects is %, then what is the probability that

Ram will pass in atleast one of these subjects?
Sol Let M be the event that Ram passed in Mathematics,

E be the event that Ram passed in English and M m E be
the event that Ram passed in both subjects

Now, P (Ram pass in atleast one subject) = (M U E)

= P(M)+ P(E)-P(MnE)=2+4_1
3 9 4
_24416-9 31
36 36

EXAMPLE |27| In class XI of a school, 40% of the
students study Mathematics and 30% study Biology. 10%
of the class study both Mathematics and Biology. If a
student is selected at random from the class, then find
the probability that he will be studying Mathematics or
Biology. [NCERT]
Sol Let M be the event that selected student studies
Mathematics and B be the event that selected student
studies Biology. Then, P(M) = 40% =04
P(B)=30% =03 and P(Mn B) =10% = 01
Now, P (he will study Mathematics or Biology)
=P(MuUB)=P(M)+P(B)—P(MnB)=04 + 03— 01=10s6
Hence, the required probability is 0.6.
EXAMPLE |28| Probability that a truck stopped at a
roadblock will have taulty brakes or badly worn tires are
0.23 and 0.24, respectively. Also, the probability is 0.38
that a truck stopped at the roadblock will have faulty
brakes and/or badly working tires. What is the probability
that a truck stopped at this roadblock will have faulty
breaks as well as badly worn tires?
Sol Let Bbe the event that a truck stopped at the roadblock

will have faulty breaks and T be the event that it will
have badly worn tires. Then, we have

P(B)=0.23, P(T)=0.24 and P(Bu T) =038
Now, consider, P(BuU T)= P(B)+ F(T)- (BN T)
= 038=023+024—P(BNT)
= PBAT)=023+0.24—038 =009

Hence, the probability that a truck stopped at the
roadblock will have faulty breaks as well as badly worn
tires is 0.09.

EXAMPLE |29| The probability that a student will pass
the final examination in both English and Hindi is 0.5 and
the probability of passing neither is 0.1. If the probability
of passing the English examination is 0.75, then what is the
probability of passing the Hindi examination? [NCERT]
Sol Let events H and E denote the students that, passing
Hindi and English examination, respectively.
Given, probability of passing both examinations
=P(HNE)=05
and probability of passing neither examinations
=PH'NE)=PHUE)=01
Then, (H U E)=1- P(H U E)'=1-0.1=0.9
Also, it is given, that probability of passing English

examination,
P(E)=0.75
Now, consider FHWE)=P(H)+ WE)-PF(HNE)
= 09= P(H)+075-05
= 09 = P(H)+0.25
= P(H)=09-0.25=065

Hence, probability of passing Hindi examination is 0.65.

EXAMPLE |30| In an interview for a job in call center,
5 boys and 3 girls appeared. If 4 persons are to be selected
at random from this group, then find the probability that
3 boys and 1 girl or 1 boy and 3 girls are selected.
Sol. Given, number of boys = 5 and number of girls =3
Let A :Selection of 3 boys and 1 girl

B: Selection of 1 boy and 3 girls
Sx4

R 5 x3
P(A) = C,x7C, _ 2x1 _d0_3
‘C‘ BxTx6x5 70 7

4x3Ix2x1

5 3

C, x°C 5x1 5 1
and F(B)=—L 3= = =_
“c_t ExTx6xX5 70 14

dw3Ix2xl

Hence, the required probability,
P(Aw B)= P(A)+ P(B)— P(A n B)

3 01 7 1

=PA B)—0==4 —=—=_

PA)+ HB) 7 14 14 2
EXAMPLE |31| The probability that a student will
receive 4, B, C or D grade are 0.40, 0.35, 0.15 and 0.10,
respectively. Find the probability that a student will receive

(i) B or C grade (ii) atleast C grade.

Sol LetE, E, E, and E, denote respectively the events that

a student will receive A, B, C and D grades. Then, we
have

P(E,)=040, P(E,) =035, P(E,)=015and P(E,) =010
(i) P(getting Bor Cgrade)= P(E, WE;)= P(E,)+P(E;)
=035+015=05

[+ Ey and E; are mutually exclusive events]



(ii) P (getting atleast Cgrade) = P (getting Cor D grade)
= P(E;WE, )= P(E;)+P(E,)
=0154010=0.25

EXAMPLE |32| Four candidates 4, B, C, D have applied
for the assignment to coach a school cricket team. If 4 is
twice as likely to be selected as B, and B and € are given
about the same chance of being selected, while € is twice as
likely to be selected as D, what are the probabilities that
(i) C will be selected? (ii) A will not be selected?
Sol let E,, E,, E; and E, denote respectively the events that
the person A, B, C and D is selected.
Also, let the probability of D selected be p, i.e. P(E, )=p.
Then, according to given condition we have
P(E,)=2P(E;)and P(E,)= P(E;)=2P(E,)
= P(E,)=2x2p, P(E,)=2p and P(E;)=2p
= P(E;)=4p, P(E,)=2pand P(E;)=2p
Since, E, E,, E, and E, are mutually exclusive and
exhaustive events, therefore we have

P(E, )+ P(E, )+ P(Ey )+ P(E ) =1
= Adp+2p+2p+p =1

= i}P =1= p= %
(i) P(C selected) = P(E; )= 2p=§

(i) Now, P(A selected) = P(E,}=4p =%

= P(A is not selected) =1—P (A selected)
4 5
=]——=-=
9 9
EXAMPLE |33| Abox contains 100 bolts and 50 nuts. It

is given that 50% bolts and 50% nuts are rusted. Two
objects are selected from the box at random. Find the
probability that either both are bolts or both are rusted.
Sol. Given, total number of bolts = 100
and total number of nuts = 50
Now, total number of rusted objects
=50% of 100 + 50% of 50

=1;x100+%x50=50+25=?5

Clearly, total number of objects =100 + 50 =150

Let § be the sample space associated with the given
experiment. Then, n($) = ""C,

Now, let A be the event that both objects are bolts and B
be the event that both objects are rusted.

Then, n(A) = ""C, and n(B)= ™C,

A N B denotes the event that both objects are rusted
bolts.
: n(A n B)="c,

[ number of rusted bolts = 50% of 100 = 50]

Lo0 75
Now, P(A}:Mzmi: P{B:}: ﬂl:E) - 15‘162
n(S) C, n(s) C,
50
and P(An By="ACE) _ " Cy
H{S} lSﬂcz

. Required probability = P{A v B)
Me, + B, -*¢
IE'DC

= P(A)+ P(B)— P(A n B)= 2

2
_ 4950 + 27751225 _ 6500

11175 11175
Hence, the required probability is 0.58.

=0.58

EXAMPLE |34| Out of 100 students, two sections of 40
and 60 are formed. If you and your friend are among the
100 students, then what is the probability that
(i) you both enter the same section?
(ii) you both enter the different sections?
Sol. Let there be two sections A and B of 40 and 60 students,

respectively.
(i) Let both students enter the section A.

So, 38 students are to selected out of 98, since two
particular students are already in section A.
- Number of ways of selecting 38 students out of
98 = %Csa ways
Number of exhaustive cases of selecting 40 students
out of 100= 'ma ways
. P (both students enter section A)
_ MOy 98! 100!
lmcw 38!60!  40!60!

98! » 40! 60! _ 4039 _ ﬂ

38'a60! 100! 10099 165

If both students enter the section B. Then, the number
of ways of selecting 58 students out of 98= o
Ways.
Total number of ways of selecting 60 students out of
100 = chau Ways.
.. Probability that two students enter section B
_ Bo, 98t 100! F“,,C _oon ]
e 581400 60!40! T T e
_ 93! x&ﬂ!dﬂ!= 6l %59 =£

58!40! 100! 10099 165
.. P (that two particular students enter either section

A or B)

r

26 59 _ B85 17

165 165 165 33
The probability that they enter different sections

=1—P (that two particular students enter either
section A or B)

—

(ii

17 16
33 33



TOPIC PRACTICE 3

OBJECTIVE TYPE QUESTIONS

1

If A and B are mutually exclusive events, then
(a) P(A)< P(B) (b) P(A)= P(B)
{c) P(A)< P(E) (d) None of these

Probability that a truck stopped at a roadblock
will have faulty brakes and badly worn tires, are
0.23 and 0.24, respectively. Also, the probability
is 0.38 that a truck stopped at the roadblock
will have faulty brakes or badly worn tires.
Then, the probability that a truck stopped at
this roadblock will have faulty breaks as well as
badly worn tires, is ..K... . Here, K refers to

(a) 0.04 (b) D.07 {c) D.06 (d) 0.09

If A, Band C are three mutually exclusive and
exhaustive events of an experiment such that

4P (A) =2P(B) = P(C), then P(A)is equal to ..K....

Here, K refers to

1 2 5 6
aj— b) = c) = d) =
(a) - (b) = (c) - (d) =
In an essay competition, the odds in favour of
competitors P,Q, Rand Sarel1:2,1:3,1: 4 and 1
: 5 respectively. Then, the probability that one of

them wins the competition, is

12 113 114
a) — b) — c) —
( )120 ( ]120 ( ]12{)

115
dy 22
@ 120

If P(B) = g, P(AnBn E}z%and
P(ANBNC)= é then P(B n C) equals

1 1 1 1
(a) T (b) B (c) a (d) 3

VERY SHORT ANSWER Type Questions

6 If A and B are two events such that PI{A}=%,

P(B) =% and P (4 and B) = % Then, find
P(AorB).

Iflz—l is the probability of an event 4, then what is
the probability of the event ‘not A’ 7

Given, P(A) = % and P(B) = % Find P(Aor B),if A

and B are mutually exclusive events.

SHORT ANSWER Type I Questions

9

10

1

12

13

14

15

16

17

18

19

A and B are two events, such that
P(A)=042 P(B)=048 and P(Aand B) =016.
Determine

(i) P{not A4)
(iii) P(Aor B)

(i) P(not B)
[NCERT]

If E and F are events such that P(E) = %,P{F] = %

and P(E and F) = % then find

(i) P(Eor F) (ii) P (not E and not F)

If Aand B are mutually exclusive events, such
that P(A4) =0.28 and P{B) = 0.38, then find

(i) P{A v B) (ii) P(AnB)
(iii) P(A nB') (iv) P(4'nE)

If E, E, and E, are three mutually exclusive and

exhaustive events of an experiment such that
2P(E,) = 3 P(E,) = P(E;), then find P(E,).

Check whether the following probabilities

P(4)=03, P(B)=0.65and P(4A w B) =Tare
consistently defined.

The probabilities of happening of two events Aand
Bare 0.25 and 0.50, respectively. If the probablity
of happening of 4 and Btogether is 0.14, then find
the probability that neither Anor B occurs.

The probability of an event A occurring is 0.5
and that of B is 0.3. If A and B are mutually
exclusive events, then find the probability that
neither 4 nor B occurs.

A and B are mutually exclusive events of an
experiment. If P (not 4) =065, P(Au B)=0.65
and P(B)=p, then find the value of p.

In an entrance test that is graded on the basis of
two examinations, the probability of a randomly
chosen student passing the first examination is
0.8 and the probability of passing the second
examination is 0.7. The probability of passing
atleast one of them is 0.95. What is the
probability of passing both? [NCERT]

The probability that atleast one of the events A4
and B occurs is 0.7. If A and B occurs
simultaneously with probability 0.35, then find
P(4) + P(B).

Events E; and E, are such that P(not E, or not

E,) = 0.35 State whether E, and E, are mutually
exclusive.



20

In any school examination, probability that

Mohan passed in Chemistry is % and the
probability that he passed in Physics is % If the

probability of passing in both subjects is % then

what is the probability that Mohan will pass in
atleast one of these subjects?

SHORT ANSWER Type II Questions

21

22

23

24

The probabilities of three events shown in the
Venn diagram is shown below

Determine

(i) P(E;)
(iii) P(E, UE,)

(i) P(E; nEs)
(iv) P(E nE,)
Let A, B and C are three events, such that

FP(A)=04, P(B)=0.42 P(C)=017,
P(AnB)=02 P(An(C)=0.32and
P(AnBnC)=007.If P(AUBuLC(C)=07,
then show that P(B n C) lies in the
interval [0.07, 0.37].

Find the probability of getting atmost two heads

or atleast two tails in a toss of three coins.

The probability that a person will get an electric
contract is % and the probability that he will not

get plumbing contract is % If the probability of

. . 2 .
getting atleast one contract is 3 then what is

the probability that he will get both?

In a large metropolitan area, the probabilities
are 0.87, 0.36, 0.30 that a family (randomly
chosen for a sample survey) owns a colour
television set, a black and white television set,
or both kinds of sets. What is the probability
that a family owns either anyone or both kinds
of sets? [NCERT Exemplar]

26

27

28

29

30

31

32

33

34

35

36

Two unbiased dice are thrown. Find the
probability that neither a doublet nor a total of
10 will appear.

Two dice are thrown together. What is the
probability that sum of the numbers on the two
faces is divisible by 3 or 4?

If% is the probability of occurrence of an

event, find

(i) the odds in favour of its occurrence.
(ii) the odds against its occurrence.

In a drawing competition, the odds in favour of
competitors 4, B, C and D are 1:2, 1:3, 1:4 and 1:5,
respectively. Find the probability that one of
them wins the competition.

From a well-shuffled pack of 52 cards, a card is
drawn at random. Find the probability that it is
either a heart or a queen.

One number is chosen from numbers 1 to 200.
Find the probability that it is divisible by 4 or 6.

A coin is tossed and a die is thrown. Find the
probability that the outcomes will be a tail or a
number greater than 3.

Find the probability of getting an odd number
of the first die or a total of 7 in a single throw of
two dice.

Two dice are thrown together. What is the
probability that sum of the numbers on the two
faces is neither divisible by 3 nor by 57

Two dice are thrown. Find
(i) odds in favour of getting the sum 5.
(ii) the odd against getting the sum 6.

If a person visits his dentist, suppose the
probability that he will have his teeth cleaned is
0.48, the probability that he will have a cavity
filled is 0.25, the probability that he will have a
tooth extracted is 0.20, the probability that he
will have a teeth cleaned and a cavity filled is
0.09, the probability that he will have his teeth
cleaned and a tooth extracted is 0.12, the
probability that he will have a cavity filled and a
tooth extracted is 0.07, and the probability that
he will have his teeth cleaned, a cavity filled,
and a tooth extracted is 0.03. What is the
probability that a person visiting his dentist will
have atleast one of these things done to him?
[NCERT Exemplar]



37

38

39

40

H

42

143

45

46

47

Find the probability that, when a hand of 5
cards is drawn from a well-shuffled deck of 52
cards, it contains

(i) all queens.
(iii) atleast 3 queens.

(ii) 3 queens.

Tickets numbered 1 to 30 are mixed up together
and then a ticket is drawn at random. What is
the probability that the ticket has a number
which is a multiple of 2 or 57

Let A, Band C be three events. If the probability
of occuring exactly one event out of A and Bis
1-x,out of Band Cis1-2x, out of C and A4 is
1-x, and that of occuring three events
simultaneously is x?, then prove that the
probability that at least one out of 4, B, Cwill
occur is greater than 1/2.

Suppose an integer from 1 through 1000 is
chosen at random. Find the probability that the
integer is a multiple of 2 or a multiple of 9.
[NCERT Exemplar]
In a race, the odds in favour of horses P, 0, R
and Sarel:2,1: 3,1: 4 and 1: 5 respectively. Find
the probability that one of them wins the race.

If the odds against winning a race of three
horses are respectively 3:1, 4:1and 5: 1, then
what is the probability that one of these horses
will win?

A basket contains 15 guava and 12 banana, out of
which 5 guava and 7 banana are defective. If a
person takes out 3 at random, then what is the
probability that either all are guava or all are
good?

A card is drawn from an ordinary pack and a
gambler bets that it is a diamond or a jack. What
are the odds favour in the winning his bet?

In higher secondary school, 30% students study
Economics and 40% study Accounts. 20% of the
class study both Economics and Accounts. If a
student is selected at random from the class,
then find the probability that he will be
studying Economics or Accounts.

The probability that a student will receive
A, B, C and D grades are 0.50, 0.40, 0.20 and
0.15, respectively. Find the probability that a
student will receive

(i) BorC grade. (ii) atleast C grade.

A box contains 4 red, 5 white and 6 black balls.
A person draws 4 balls from the box at random.
Find the probability of selecting atleast one ball
of each colour.

48

19

A die has two faces each with number ‘1", three
faces each with number 2’ and one faces with
number ‘3. If die is rolled once, determine

(i) P(2) (i) Plor3) (iii) P(not 3).
A bag contains 5 white and 7 black balls and a

man draw 4 balls at random. What are the odds
against these being all black?

LONG ANSWER Type Questions

50

51

52

53

54

A number is chosen at random from the
numbers ranging from 20 to 50. What is the
probability that the number chosen is a
multiple of 3 or 5 or 77

A card is drawn from a well-shuffled deck of 52
cards. Find

(i) the odds in favour of getting a face card.

(ii) the odds against getting a spade.
A box contains 200 bolts and 70 nuts. It is given
that 60% bolts and 40% nuts are rusted. Two
objects are selected at random from the box.
Find the probability that either both are bolts or
both are rusted.

If A and B are mutually exclusive events, such
that P(A4) =0.35and P(B) = 0.45, then find

(i) P(A") (i) P(B)
(iii) P(4AuUB) (iv) P(AnB)
(v) P(AnB) (vi) P(ANE)

[NCERT Exemplar]

In a class of 60 students, 30 opted for NCC,
32 opted for NSS and 24 opted for both NCC
and NSS. If one of these students is selected at
random, then find the probability that

(i) the student opted for NCC or NSS.

(ii) the student has opted for neither NCC nor NSS.
(iii) the student has opted NSS but not NCC.

HINTS & ANSWERS

(a) Given that, A and B are two mutually exclusive events
Then,
P(A U B)= P(A) + P(B)
P(A)+ P(B)<1
P(A)+1—- P(B)=<1
P(A)< F(B)

(d) Let B be the event that a truck stopped at the
roadblock will have faulty brakes and T be the event that
it will have badly worn tires.

[(Ar B)= ]



7.

8.
9.

We have P(B)=0.23, A(T)=024 and P(Bu T)=033
and (BUT)=P(B)+ F(T)-FBnNT)

So 038=023+024— (BN T)

= PFBNT)=009

(a) Let 4P(A) = 2P(B) = P(C) = p which gives P(A) = J;l,
P{B)=f21;md P(C)=p

MNow, since A, B, C are mutually exclusive and
exhaustive events, we have

P(A) + P(B) + P(C) =1

- _4
F 7
po1

Hence, A)=—=—

)= ==

(c) Let A, B,C, D be the events that the competitors
P, Q, Rand 5 respectively win the competition.
Then, P(A) =1, P(B) =1, P(C)=Land PD)=1

3 4 5 6
Since, only one competitors can win the competition.
Therefore, A, B, C, D are mutually exclusive events.

.. Required probability = A BuCwu D)

= P(A)+ P(B)+ P(C)+ P(D)
1 1 1 1 114
[ S s o pe——
3 4 5 6 120
(a) We have, P{f_lﬁBnE)=%
= m(snE]an%
1

= P(EnE)—P((EﬁE]nA}=§

[ (X NY)=P(X)- P(XNY)]

= P(BAC)— P(A F\BHE}=%

- 1 1

BAC)—=—=-

- HBAC) 3 3

= P{Enf}=£

3

= P{B]—P{BHC)=§

2 3 2 1

N BAC)=P(B)——=2_2-_

W’P‘n)”)z 4 3 12
P (A or B)= P(A)+ P(B)— P(A AB) A.ns.%
P(not Ay= P(A)=1—P(A) Ang 2
11

P(A U B)= P(A)+ P(B) Ans.%

Ans. 0.58
Ans. 052

{i) P(not A)=1—P(A)
(i) P(not B)=1-P(B)

(iii) P(A or B)= P(A)+P(B)-P(A n B) Ans. 0.74

10.

(i) P(Eor F)= P(E)+ P(F)— P(E and F)
(i) HENnF)=P(EnF)=1- (EnF)

Ans. (i) g (ii) %

11. (i) (AU B) = P(A)+ F(B)

12,

13.
14.

15.

16.

17.

18.

19.
20.

21.

22
23.

24,

26.

27.

(i) (AN B)=0
i) AN B’)=P(A)— (AN B)
(iv) A(A'NB’)=P(AUB)'=1- (AU B)

Ans. (i) 0.66 (i) 0
(iii) 0.28 {iv) 0.34
Solve as Example 7 Ans. El

11
Solve as Example 8 part (ii). Ans. Yes.
P(A U B) =025 + 050 — 014 = 061
. P(neither Anor By= P(AnB)]=1— P(Au B)
Anmns. 0.39
AN B)=PAUB)
=1-P(Aw B)y=1—-[P(A)+ P(B)] Ans. 0.2
Use P{A v B)=P(A)+ P(B), for mutually exclusive events.
Amns. 0.3

Let E and F denote the events that, students passing the
first and second examination, respectively.

Then;  P(E) =08 P(F)=07and P(E UF)=095

Anmns. 0.55

Solve as Example 4. Ans. 1.05
Solve as Example 6. Ans. 0.65
Solve as Example 26. Ans. 7
30
Solve as Example 2.
Ans. (i) 0.39 (ii) 0.19
(iii) 0.31 (iv) 0.12
Solve as Example 9.
7
Solve as Example 10.  Ans.—

Let A be the event that the person get an electric contract.
and B be the event that the person get an plumbing contract.

32
" 105

Let A be the event that the family owns a colour
television set and B be the event that the family owns a
black and white television. Then, we have

P(A) =087, P(B)=036 P(A B)=030 Ans.0.93
Solve as Example 12.
P (getting neither a doublet nor a total of 10)

Then, P(A)= % P(B) = gand P(A uB}=§ Ans

=1-P (getting a doublet or a total of 10) Amns. %

5
Solve as Example 14. An,s.a



5 =, 5 9
28. Let P(E)="— Then, P(E)=1-PFE)=1-—=—
(E) 14 Then, (E) P(E) T n
Now,
(i) Odds in favour of occurrence of event E = LE]
FP(E)
Ans.=5:9 _
. . P(E)
(ii) Odds against the occurrence of event E = ﬁ

9
Ans. =—
5
29. Let E,, E,, E and E  be the events that the competitors A,
B, C and D respectively win the competition.
1 1 1 1
Then, P(E,) =;‘-P(Eﬂ =;;P(E;, ) =;ilﬂd P(E,) =

Now, required probability
=P(E,UE,JE,UE,)

= P(E,)+P(E,)+P(E;)+P(E,) Ans. = %
1
30. Solve as Example 16.  Ans. 13
1

a7

31. Solve as Example 20. Ans. —

200

32. Solve as Example 11.  Ans. 3
4

33. Solve as Example 13.  Ans. ;—

34. Let Aand B be the events that sum of numbers of two
faces is divisible by 3 and 5 respective.

2 A={12).(21),(24). 4 2),
(3.3). (L 5).(5.1). (4. 5). (5. 4). (6. 3). (3. 6). (6. 6)}
and B ={(1,4), (4.1). (2 3). (3, 2), (4, 6). (6. 4). (5. 5)}
36
35. Let S be the sample space associated with the given

and A m B={}. Now, solve as Example 15.

random experiment. Then, n(S)=36.
(i) Let E be the event of getting the sum 5. Then,
E={(1,4).(4,1).(23).(3;2)}
= n(E)=4
pEy="E) _ 4 21 = 1.8

nS) 36 9 9
Hence, odds in favour of getting the sum 5 = ——=

Ans. 1:8
(ii) Let F be the event of getting the sum 6.
Then,
F={(1,5),(51).(24).(4,2),(3,3)} = n(F)=5
& P(F):ﬂzi = P(F):]-i:g_l
nS) 36 36 36
. ) P(F)
Hence, odds against getting the sum 6 = _P(F)

Ans. 31:5

36.

37.

38.
39.

40.
41.

42.

43.

45.

Let C be the event that the person will have his teeth
cleaned. Fbe the event that the person will have a cavity
filled. and E be the event that the person will have a tooth
extracted.

Then, P(C)=048 P(F)=0.25 P(E)=0.20,
AHCn Fy=009 CnE)=012 P(E N F)=007
and P([Cn F M E)=003
Now, P (that a person will have at least one of these
things)
=PCUFUE)=PFC)+PFF)+PFE)
—P(CF)-P(F AE)
—PACME)+PI(CNFNE)
=048 + 0.25 4+ 0.20 — 009
—012 — 007 4003 =068
Amns. 068
Solve as Example 18.
1081 .. 47
812175 @ 10829 (i)

3
Ans. —
5

Ans. (i)

812175
Solve as Example 21.

We have,
P(A)+ P(B)-2P(AnB)=1—-x i)
F(B)+P(C)-2P(BNC)=1—2x i)
PC)+ P(A)-2P(CnA)=1-x _[(iii)
and P(ANBAC)=x" iv)
On adding Eqgs. (i), (ii) and (iii), we get
P{A)+ P(B)+ P(C)— P(An B)— P(BNC)

3_4
—P(CnA)=——2

an,P{AuBuC}=3_4r+x? =x?—2x+%

={x—1]2+l>l

Solve as Example 23. Ans. 0.556
Let A, B, C and D be the events that the horses P, Q. R
and S respectively win the race.

Then, P(A)=%, P(B)=i, P(C)=%and P(D)=%.

Since, there can be only one winner.
A, B, C and D are mutually exclusive event.
19

Required probability = P(A U Bu C U D) Ans. o

Solve as Q. 41. Ans. L
60

Solve as Example 24. Ans. 0.27
Solve as Example 19.  Ans. i
9
Solve as Example 27. Ans. 0.5
Solve as Example 31.  Ans. (i) 0.60 (i1) 0.35



47. Let A = event that 1 red, 1 white and 2 black balls are

48.

49.

50.

51

drawn

B = event that 1 red. 2 white and 1 black balls are drawn and
C =event that 2 red, 1 white and 1 black balls are drawn.

Here A, B and C are mutually exclusive events.
Hence, required probability

= P(AU BUC)=P(A) + P(B)+ P(C) Ans. 2

a1

(i) Number of faces with number *2' =3

3 1
P(2)="==
)=5"32

(i) P (1 or 3) = (P not 2)=1_P{2)=1_lz=%

(iii) Number of faces with number ‘3’ =1
1
FP(3)=-
@=1

1 5
= P(not 3)—1—P{3}—1—;—E
Given, total number of white balls =5
and total number of black balls =7
.. Total number of balls =12
Let 5 be the sample space associated with the given
experiment. Then, n(S)="*C,.
Now, let E be the event of getting black balls only.
Then, n(E)="C,
'C, _ Txéx5x4 7T
2o 12x 11X 10x 9 99

= P(E)=

= 7 92

Hence, odds against getting black balls

e
_PE)_99_2_g
PE) T 7

99

A ={21, 24, 27,30, 33, 36, 39, 42, 45, 48}

B = {20, 25, 30, 35, 40, 45, 50}, C={7, 14, 21, 28, 35, 42, 49}
Solve as Example 23.  Ans. %
Let S be the sample space associated with the given
random experiment. Then, n(5)=52

{i) Let E be the event of getting of face card.

Then, n(E)y=12
pEy=ME) 123
nS) 52 13
— 3 10
= PE)=1-FlE)=1—-—=—
(E) (E) 50
Hence, odds in favour of getting a face card
3
P(E) 10 10

52,

54.

(ii) Let F be the event of getting a spade. Then n(F)=13.

P(F)= mF) _13_1
n(s) 52 4
= P(F)=1-AF)=1-1=2
4 4
Hence, odds against of getting a spade
_ 3
P
= —)= i = E =31
FlF) 1 1
El
28363
Solve as Example 33. Ans.——
36315

We have, A and B are mutually exclusive events.
Also, it is given that P(A) =035 and P(B) =045
(i) P(A")=1-P(A)=1-035=065
(i) P(B")=1—P(B)=1-045=055
(ifi) P(AUB)= P(A)+ P(B) =035+ 045 =08
[ A and B are mutually exclusive]

(iv) P(ANB)=0
[ A and B are mutually exclusive, therefore A B=d)]
(v) P(ANB')=P(A)— P(AN B)
= P(A)-0= P(A)=035
(vi) P(A’AB") = P((AUBY)=1-P(AUB)=1-08=0.2
Let A and B denote the events that, the selected students
opted NCC and NSS, respectively.
n(A) =30, n(B) = 32
n(A N B) = 24, n(S) = 60
[ - 24 students opted for both NCC and
NSS Le. they are common in both]

Given,

n(s) 60 n(s) 60
_n(AnB)_24
and  HANB)= n(SY a0

v g o
(i) P(student opted for NCC or NSS)
= P(AuU B)= P(A) + P(B)— P(An B)

_30. 312 M

50 60 60
_30432-24 6224
B 60 T
38 19

T 60 30

ii) P(student opted neither NCC nor NS5
P
=P(AnB)=P(AU B)
=1-p(aup=1-2-30-D_1
30 30 30
(iii) P(student has opted NS5 but not NCC)
- 32 24 _ 8 2
=P(BNA)=PB)-P[AnBl=—-—=—=2
R FE) ) 60 60 60 15




SUMMARY

* Every subset of a sample space, is an event.
+ Types of Event
(i} Whole space S < § and it represents an event, which is called sure event or certain event.
(i) Empty set ¢ C & and it represents an impossible event.
(i) An event having only one sample point of 5, is called simple or elementary event.
(iv) An event having more than one sample point, is called a compound event.
+ Events are said to be equally likely, if none of them is expected to occur in preference to the other.

+ A set of events (E,,E,,....E,) is said to be exhaustive, if one of them is necessarily occurs whenever the
experiment is performed. ie. £, UE, U ...UE, =8

* Two or more events are said to be mutually exclusive, if no two of them can occur together. i.e. for events £, and
E,LENnE, =0¢

+ The chances that a particular event will occur when we perform an experiment, is called the probability of
occurrence of that event.

+ Algebra of Events
(i) E* or not £, is called the complementary eventto £ ie NotE=F =5 - E.
(i) Let £, and £, be two events associated with 5, then
(a) the event either £, or £, or both=EF, W E,.
(b)the event £, andE, =E, N E,.
(c) the event £, but notE, =E, —F, orE; n E5.
+ Axiomatic Approach to Probability

Let § be a sample space containing outcomesE,, £,, ..., E,. Then, from the axiomatic definition of probability, we
have

MO=PE)=LVE €5
(i) P(E,) + P(E,) +...+ P(E,) =1
(iii) For any event A, P(4) = EH:P{E, WE, EA

+ Probability of an Event

Mumber of elements in set £ _ni(E)
Mumber of elementsinset §  n(5)
+ Probability of Event Aor Bis P(Aw B)=P(A) + P(B) - P(An B)

+ Let E be any event and E be its complementary event. Then, P(E) =1 - P(E).

Let S be the sample space and E be an event, then P(E) =




CHAPTER
PRACTICE

OBJECTIVE TYPE QUESTIONS

Which of the following is true?
I. The empty set ¢ is called an impossible event.

II. The whole sample space § is called the sure
event.

(a) Only I is true
(b) Only II is true
(c) Both I and II are true
(d) Both I and II are false

Consider the experiment of rolling a die. Let A
be the event ‘getting a prime number’ and B be
the event ‘getting an odd number’.
Then, which of the following is true?
L AorB=AUB={1,2, 3}

IL Aand B=A B=(3,5)

Il Abutnot B=A-B={2}

IV. Not A=A"'={l,5,6)
(a) Only I is true
(c) II and III are true

(b) Only 1I is true
(d) Only IV is true

A die is rolled. Let E be the event “die shows 4”
and F be the event “die shows even number”.
Then, E and F are

(a) mutually exclusive

(b) exhaustive

(c) mutually exclusive and exhaustive

(d) None of the above

Seven persons are to be seated in a row.
The probability that two particular persons sit
next to each other, is

1 1 2

1

= d) =
(e) - (d) 3
A box contains 6 nails and 10 nuts. Half of the
nails and half of the nuts are rusted. If one item
is chosen at random, then the probability that it
is rusted or is a nail, is _.K.... Here, K refers to

5 1 14

= = d) —=
(b) T (e} (d) -

3
a) —
{)16 16

6.

4 cards are drawn from a well-shuffled deck of
52 cards. Thus, the probability of obtaining
3 diamonds and one spade is

12 12 12 13
@ &) ——=

1 4

13 I 13 L
(© Cls:a 5c, (@ C;Ix ic,

-CZ C-l.

P and Q are two condidates seeking admission
in NEET. The probability that P is selected is 0.5
and the probability that both P and Q are
selected is at most 0.3. Then, the probability of
O being selected is
(a)=08

(c)=08

(b)208
(d) None of these

If Aand B are any two events such that

P(AuB) = % and P(4) = % then P(AnB) =
1 1
{C}E

1 1
(@) 2 ®) 2 (d) =

VERY SHORT ANSWER Type Questions

9.

10.

11.

12.

A pair of dice is rolled. If the outcome is a
doublet, a coin is tossed. Determine the total
number of elementary events associated to this
experiment.

An experiment has four possible outcomes A, B,
C and D, that are mutually exclusive. Explain
why the following assignments of probabilities
are not permissible?

(i) P(4) =012, P(B) =0.63, P(C) =0.45, P(D) =020

(i) P(4) = =, P(B) = > P(C) =2 P(D) = =

2o T® = 5o 120’

A bag contains 9 red and 12 white balls. One ball
is drawn at random. Find the probability that
the ball drawn is red.

In a lottery, there are 10 prizes and 25 blanks.
Find the probability of getting a prize.



SHORT ANSWER Type I Questions

13.

14.

15.

16.

(i) How many two-digit positive integers are
multiple of 37
(ii) What is the probability that a randomly
chosen two-digit positive integer is a
multiple of 37
What is the probability that a leap year selected
at random will contain 53 Sunday?

Five marbles are drawn from a bag which
contains 7 blue marbles and 4 black marbles.
What is the probability that

(i) all will be blue?

(ii) 3 will be blue and 2 black?
If A and B are two events associated with a
random experiment such that P{4) =0.3,
P(B)=02and F (A n B) =01, then find the
value of P(A F}.

SHORT ANSWER Type II Questions

17.

18.

19.

20.

Abag contains 6 discs of which 4 are red, 3 are
blue and 2 are yellow. The discs are similar in
shape and size. A disc is drawn at random from
the bag. Calculate the probability that it will be
(i) red  (ii) yellow  (iii) blue (iv) not blue
(v) either red or blue. [NCERT]

One card is drawn from a well-shuffled deck of
52 cards. Calculate the probability that the card
will be
(i) a diamond
(iii) a black card
(v) not an ace

(ii) an ace
(iv) not a diamond
(vi) not a black card

(vii) ared card. [NCERT Exemplar]

Two students Anil and Ashima appeared in an
examination. The probability that Anil will
qualify the examination is 0.05 and that Ashima
will qualify the examination is 0.10. The
probability that both will qualify the
examination is 0.02. Find the probability that

(i) both Anil and Ashima will not qualify the

examination.
(ii) atleast one of them will not qualify the
examination.
(iii) only one of them will qualify the
examination. [NCERT]

In a single throw of three dice, find the
probability of getting a total of 17 or 18.

LONG ANSWER Type Questions

21

22.

23.

24.

What is the probability that a non-leap year
selected at random will contain 53 Tuesday
or 53 Wednesday?

Ateam of medical students doing their
internship have to assist during surgeries at
a city hospital. The probabilities of surgeries
rated as very complex, routine, simple rated
as very complex, complex, complex, routine,
simple or very simple respectively 0.15, 0.20,
0.31, 0.26 and 0.08. Find the probabilities
that a particular surgery will be rated

(i) complex or very complex.

(ii) neither very complex nor very simple.
(iii) routine or complex.

(iv) routine or simple. [NCERT Exemplar]

From the employees of a company, 5 persons
are elected to represent them in the managing
committee of the company. Particulars of the

five persons are as follows: [NCERT)]
S.Na. Person Age (in yr)
1 Male a0
2 Male 33
"3 Female 16
4 Female 28
5 Male M

A person is selected at random from this group
to act as a spokespersons. What is the
probability that a spokesperson will be either
male or over 35 yr?

One of the four persons John, Rita, Aslam or
Gurpreet will be promoted next month.
Consequently, the sample space consists of four
elementary outcomes 5= [John promoted, Rita
promoted, Aslam promoted, Gurpreet promoted}
You are told that the chances of John's promotion
is same as that of Gurpreet, Rita's chances of
promotion are twice as likely as Johns. Aslam's
chances are four times that of John.
(i) Determine P (John promoted)
P(Rita promoted);
P(Aslam promoted)
P(Gurpreet promoted)
(ii) If A ={John promoted or Gurpreet promoted),
then find P(A). [NCERT Exemplar]



CASE BASED Questions

25. There are 4 red, 5 blue and 3 green marblesin a
basket.

Based on the above information answer the
following.
(i) If two marbles are picked at randomly, then
the probability that both red marbles is
3 1 1 1
a) = b) — €)= d) —
(a) : (b) 5 () T (d) =

(ii) If three marbles are picked at randomly, then
the probability that all green marbles is
1 1 1

b) — c) — d) —

(b) = (c) = (d) =

(iii) If two marbles are picked at randomly then

find the probability that both are not blue
marbles.

6
@5 (b)

1
(a) 220

5 7

— C) —

12 © 22

(iv) If three marbles are picked at randomly, then
the probability that atleast one of them is blue,
is

7 37 5
(a) o (b) vy (c) o

9
@ =

1
(d) 7y

(v) If three marbles are picked randomly, then

the probability that either all are red or all are

green
7 7 5 1
(a) yvi (b) o (c) o (d) v
22. Two students Anil and Vijay appeared in an
examination. The probability that Anil will
qualify the examination is 0.05 and that Vijay
will qualify is 0.10. The probability that both
will qualify is 0.02.
On the basis of above information, answer the
following questions.
(i) Find the probability that Vijay will not qualify
the exam.
(a) 0.9 (b) 0.5 (¢) 0.8 (d) 0.2
(ii) Find the probability that atleast one of them
will qualify the exam.
(a)0.09 (b)013  (c)025  (d) 0.9
(iii) Find the probability that atleast one of them
will not qualify the exam.
(a)0.82 (b)074 (c)056  (d) 0.98
(iv) Find the probability that both Anil and Vijay
will not qualify the exam.
(a) 0.43  (b)0.67 (c)0.87 (d)0.91
(v) Find the probability that only one of them
will qualify the exam.

(021 ()01l (c)031  (d) 025

27. On her vacation, Veena visits four cities. Delhi,
Lucknow, Agra, Meerut in a random order.

On the basis of above information, answer the
following questions.

(i) What is the probability that she visits Delhi
before Lucknow?

1 1 1 1
(a) 5 (b) g (c) E (d) E

(ii) What is the probability she visit Delhi before
Lucknow and Lucknow before Agra?

1 1 1 1

a) - - c) = d) —

(a) = (b) 5 (c) i (d) =

(iii) What is the probability she visits Delhi first
and Lucknow last?

1 1 1 1
(a) s (b) 1 (c) 3 (d) =

(iv) What is the probability she visits Delhi either
first or second?

1 2 1 1
(a) E (b) g (c) E (d) g

(v) What is the probability she visits Delhi just
before Lucknow?

1 1 2 1

= b) — o d) —

(a)4 ()6 (0)3 ()12

28. Four friends Daksh, Yash, Sourabh, and Raju are

playing cards. Daksh, shuffling a cards and told
to Raju choose any four cards.

On the basis of above information, answer the
following questions.
(i) What is the probability that Raju getting all
face card.



IZC IEC
(a) 5= (b) =
EEC‘ 52C4
12 2
(c) ( E:: 2) (d) None of these
C,

4
(ii) What is the probability that Raju getting two
red cards and two black card.

wGar (5) gret
4 4
ZEC 2 ZEC 2

(iii) What is the probability that Raju getting one
card from each suit.

ISC4 (13)4
(a) q (b) q

(c) (1:::_"-)2 (d) None of these
CA

(iv) What is the probability that Raju getting all

king cards.
(a) o (b) o=
52 C‘ SEC‘
4 6
() q (d) q

(v) What is the probability that Raju getting two
king and two Jack cards.

4
[ 36
a) —2
@) 5 &) 5
(c) d (d) None of these

Ech,

| HINTS & ANSWERS |

(c) The empty set ¢ is called an impossible event and 5,
i.e. the whole sample space is called the sure event.
(c) Here,5=11,2,3, 4,5, 6}, A={2, 3, 5} and B={1, 3, 5}
Obviously,

L'Aor B=AuUB={123, 5

IL‘Aand B'=" A B=13, 5}
I “Abut not B'=A — B={2}
IV. not A'=A"={1, 4, 6}
(d) Let E = The die shows 4 = {4}
Let F = The die shows even number = {2, 4, 6}
~EnF={}#0
Also, EVU F #{1,234,56/=5
Hence, E and F are neither mutually exclusive nor
exhaustive.
(c) Given, number of persons =7
Total number of sitting arrangements = 7!
Favourable number of arrangements = 6!
2 persons can be arranged in two ways.
Total number of favourable arrangments = 2(6!)
26l 2
77

(c) Given that, number of nails =6

. Required probability =

Number of nuts =10

Total number of items =6+ 10 =16
and half of them are rusted

. Total rusted items =3+ 5=28

F(the items is rusted or nail) = 2 + LI .
16 16 16 16
(b) Total number of ways selecting 4 cards out of 52 cards
52
= C‘

10.
11.

13.

15.
16.
17.

If E be the event obtaining 3 diamonds and 1 spade, then
wE)= "¢, x °C,

1363 % I5C1

. Required probability = =
[

4

(a) Let A, and A, be two events defined as follows
A, = Pis selected, A, = Q is selected

We have, P{A,)=05and P(A; m A,)=0.3

Now, F(A U A )=1

= P(A)+P(A,)-P(A " A,)=1
= P(A,)S05+P(A, N A,)
= P(A,)<08

(c) Clearly, A~ B and A are mutually exclusive events
such that

AUB=AU(ANnB)
P(AUB)= P(A)+ (AN B)

1 - 2
wP(AUB)==, P(A)="=
(Au B) 2.P1 ) 3]
= HEHB}:%
42
(i) (D) is not possible (i) AS)#1
3 2 2
7 7
1 2
i) 30 i) — 14. =
@ (i) 3 7
| -1
(1}5 (H)H
0.2

0% @2 )y W3



8. mi (ii) % (ifi) % (iv) ; {v}g {vi}% i) 15

19. (i) 0.87 (ii) 0.98 {ii) 0.11
20, L 2.2

54 7
22. (i) 0.35 (ii) 0.77 {iii) 0.51 {iv) 0.57
232

5

24. (i) P (John promoted) = ;—; P (Rita promoted) =i;

P (Aslam promoted) = i; P (Gurpreet promoted) = !
2

8
(i) P(A) =
4
25. Total marhles=4 +5+3=12
4x3
. . . ‘c 2x1 1
(i) (c) Required probability = % ST 0
2x1
(i) (a) Required probability = ;& - .t
C, 12x11x10 3220
IJx2
TX6

C, _2x1 _21_7

20, T12x11 s 22
2x1

(iii) (c) Required probability =

{iv) (b) Required probability =1 — P (None is blue)

_ I 2
T 12x11%10
Fx 2

737

=] ——= —

44 44
Cy+'Cy
e
_1+ 4 _ 5 _1
T 220 220 44
26. Let E, and E, denotes the events that Anil and Vijay will
respectively qualify the exam.
(i) (a) The probability that Vijay will not qualify the

exam

3
(v) (d) Required probability =

=1- PE;)
=1-0.10=09

(ii) (b) P(E, w E;) = P(E,)+ P(E;) - P(E; N E;)
=005+0.10—-0.02=0.13

27.

(iii) (d) Probability of atleast one of them does not qualify
=PE’, WE",)=F(E, nE,))
=1-P(E, M E,)=1- 002 = 0.98
{iv) (c) Probability that both Anil and Vijay will not
qualify the exam
=PE', nE,)=P(E, W E,))
=1-PFE, W E,)=1-013=087
{v) (b) Probability that only one of them will qualify
the exam
=PF(E, - E,)U(E, - E)
=ME, - E;)+ PE, - E,)
=PE, VE,)- P(E, N E,)
=013 -002=011
Let the Veena visits four cities Delhi, Lucknow, Agra,

Meerut are respectively A, B, C and D. Number of way's
in which Veena can visit four cities A, B, C and D is 4!

ie. 24.
o on(S)=24
Clearly, sample space for this experiment is
[ ABCD, ABDC, ACBD, ACDB, ADBEC, ADCE, |
_ | BACD, BADC, BCAD, BCDA, BDAC, BDCA,
" |CABD, CADB, CBAD, CBDA, CDAB, CDBA,
IDABC, DACE, DCAB, DCBA, DBAC, DECA J
(i) (a) Let E, be the event that Veena visits A before B.
Then,
_ [ABCD, ABDC, ACBD, ACDB, ADBC, ADCB,
L {CABD, CADB, CDAB, DABC, DACB, DCAB }

=n(E)=12

. P(she visits A before B)= P(E,)= n(E,)_12 _

1
n(s) 24 2
(ii) (c)Let E, be the event that she visits A before Band B

before C.
Then, E, = {ABCD, ABDC, ADBC, DABC}
= n(E,)=4
= P (she visits A before B and B before C) = P(E,)
_n(E) 4 1
T a(s) 24 &
(iii) (d) Let E; be the event that she visits A first and B
last.
Then, E, = {ACDB, ADCB}
n{E;)=2
= P (she visits A first and B last) = P(E,)
)21
on(s) 24 12

{iv) (c) Let E, be the event that she visits A either first or
second. Then,
ABCD, ABDC, ACBD, ACDB, ADBC, ADCE,
! BACD, BADC, CABD, CADB, DABC, DACB

= n(E,)=12



Hence, P (she visits A either first or second)

= p(E4]=@_E_l
(5) 24 2
{v) (a)Let E; be the event that she visits A just before B.
Then,
E.={ABCD, ABDC, CABD, CDAB, DABC, DCAB}
=n(E;)=6
Hence, P (she visits A just before B)
= pE)="E) L L
n(s) 24 4

28. Total number of possible outcomes = 52C4
(i) (a) We know that there are 12 face cards

. Number of favourable outcomes = *C,
12

- Required probability = —*

Cy

(i1} (c) We know that there are 26 red and 26 black cards

. Number of favourable outcomes = z“"l:'z ® RCQ

{26 Cz}z

.. Required probability = e

4
(iii) (b) There are 4 suits each having 13 cards
. Number of favourable outcomes =(“C, )"
1
. Required probability = E_lzi)
C,
(iv) (a) There are 4 king
- Number of favourable outcomes = 'C, =1
. Required probability = L
52 -
4
(v) (b) In playing cards there are 4 king and 4 jack cards.
-+ Number of favourable outcomes = ('C, x ‘C,)
=hH6=736
36
2

.. Required probability =
4





