CHAPTER - 14

PROBABILITY

KEY POINTS

Random Experiment: If an experiment has more than one
possible outcome and it is not possible to predict the outcome in
advance then experiment is called random experiment.

Sample Space: The collection or set of all possible outcomes of
a random experiment is called sample space associated with it.
Each element of the sample space (set) is called a sample
point.

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

Elementary or Simple Event: An event which has only one
sample point is called a simple event.

Compound Event: An event which has more than one sample
point is called a Compound event.

Sure Event: If an event is same as the sample space of the
experiment, then event is called sure event. In other words an
event which is certain to happen is sure event.

Impossible Event: Let S be the sample space of the
experiment, ¢ = S, ¢is called impossible event. In other words
an event which is impossible to happen is the impossible event.
Exhaustive and Mutually Exclusive Events: If Events E;, E»,
Es........ En are n events of a sample space S such that

(I) E1U E2UE3U ........ UEn = S then Events E1, E2, E3 ........ En
are called exhaustive events.
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(i) EiNE; =¢ for every i # j then Events E4, Ey, Ea........ E, are
called mutually exclusive.

Probability of an Event: For a finite sample space S with
equally likely outcomes, probability of an event A is defined as:

P(A :w
n(S)

where n(A) is number of elements in A and n(S) is number of
elements in set Sand 0 < P(A) <1

(a) If Aand B are any two events then
P(AorB)=P(AUB)=P(A) + P(B)-P(ANB)
=P(A) + P(B) — P (A and B)

(b) A and B are mutually exclusive events, then
P(A U B) = P(A) + P(B) (since P(A N B) = 0 for mutually

exclusive events)
(c) P(A)+P(A)=1or P(A) + P(not A) = 1
(d) P (Sure event)=P(S) = 1

(e) P (impossible event) = P(¢) =0

(f) P(A-=B)=P(A)-P(ANB)=P(ANB)

() P(B-=A)=P(B)-P(ANB)=P(ANB)
(h) P(AnB)=P(AuUB)=1-P(AUB)

(i) P(AUB)=P(AnB)=1-P(ANB)
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Addition theorem for three events
Let A, B and C be any three events associated with a random
experiment, then

P(AUBUC)=P(A)+P(B)+P(C)-P(AnB)-P(ANC)-
P(BAC)+P(ANBNC)

Axiomatic Approach to Probability:
Let S be a sample space containing elementary outcomes wy,

(i) 0<P(w)<], forallw eS
(i)  P(wq) + P(wp) + P(ws) + ....... + P(wp) =1

(i) P (A) =ZP(W1')’ for any event A containing elementary

events w;.

225 [XI — Mathematics]



>

VENN DIAGRAM OF DIFFERENT SETS

| .

L
diga
!' ,

i'ron
.l'!.l; - II l
i — e
§ ' ] "|
9
‘ o -q;a-'
| e '-—-EII:I
WA | ARRNC
226 [XI — Mathematics]



G i ey B
QAISNIXD A[[eninw a1e * - e g
du) [ = (JuaAd aIns)g e Fe TR0 =
— (1uaA2 a|qissoduu = (EE — N FURN I e
0=( uz_“u& 1d souds oidiises gugrr=gu'la=gua="gu'a@
10U ST JBY) 1UAAT SB QUIBS JUIAY
yuaaq afqissoduug HRAY dng SIUDAD ANSTRYXT
ale :m sassane vﬂm ._m— - B
A — - rps="gn " nEn'g || QUaVUVId- O+ (@d +(V)d =
. nmzw ER A ardures auQ 1eq) yons § ddeds afdures e Jo sjuaAd u ( ﬁ.uu SV
SRS R guUVd=
JUIAY JUIA ameyq = B B P i =
punodwo) apdung - J (@YY~ (V)d=(d-V)d *

SIU2AD 2AISNOXD
Afeminw 104 0 = (g Y V)d
(U VM —(Dd + (V) =
(gpuev)d—(Dd+ (v)d =
(aNv)d=(gi0v)d e

w
aoeds apdures jo 1osqng sJudAT

2ords ajdures
Jowawaje yoey puied sjdwes

sowoano a|qissod - -
L [[2 JO 125 :d0eds ajdweg Anpiqeqoid 1 WH<E S0 e
e =(V)d
Q0UBADE UI S oouds ajdures Jo ¢ “y S1U0A 104
pe ul L )

awooino j01paid 03 a[qissod 10N e
awo2yno 2jqissod 2U0 ULBY] IO

e ..w,n._h.m.a”_.a__w.,”ﬂ..wz = Ajiqeqoid v 1uaad Aue Joq (®)dz = (v)d (11)
uouatwouayd SnoLeA Jo . e , X

AjurepIaoun Jo amseaw [ = () +" +()d + (O)d + (0)d (1)

a1 st Aniqeqoig s3'®eio) | s(®)ds o)

wca [y ﬁng :3— = m

yorosddy opeworxy

dVIN ANIN g

JudmLddxy wopuey

[XI — Mathematics]

227




10.

11.

12.

13.

VERY SHORT ANSWER TYPE QUESTIONS

Describe the Sample Space for the following experiments:
A coin is tossed twice and number of heads is recorded.

A card is drawn from a deck of playing cards and its colour is
noted.

A coin is tossed repeatedly until a tail comes up.

A coin is tossed. If it shows head, we draw a ball from a bag
consisting of 2 red and 3 black balls. If it shows tail, coin is
tossed again.

Two balls are drawn at random in succession without
replacement from a box containing 1 red and 3 identical white
balls.

A coin is tossed n times. Find the number of element in its
sample space.

One number is chosen at random from the numbers 1 to 21.
What is the probability that it is prime?

What is the probability that a given two-digit number is divisible
by 15?

If P(A U B) = P(A) + P(B), then what can be said about the
events A and B?

If P(A U B) = P(A N B), then find relation between P(A) and P(B).

SHORT ANSWER TYPE QUESTIONS

Let A and B be two events such that P(A) = 0.3 and P(A U B) =
0.8, find P(B) if P(ANB) = P(A) P(B).

Three identical dice are rolled. Find the probability that the same
number appears on each of them.

In an experiment of rolling of a fair die. Let A, B and C be three
events defined as under:

A : a number which is a perfect square
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14.

B : a prime number
C : a number which is greater than 5.

Is A, B, and C exhaustive events?

Punching time of an employee is given below:

DAY

MONDAY | TUESDAY | WEDNESDAY | THURSDAY | FRIDAY

SATURDAY

TIME
(AM)

10:35 10:20 10:22 10:27 10:25

10:40

15.

16.

17.

18.

If the reporting time is 10:30 a.m, then find the probability of his

coming late.

A game has 18 triangular blocks out of which 8 are blue and rest
are red and 19 square blocks out of which 7 are blue and rest
are yellow. One piece is lost. Find the probability that it was a

square of blue colour.

A card is drawn from a pack of 52 cards. Find the probability of

getting:

(i) ajackoraqueen

(i) aking or a diamond

(iii) aheartoraclub

(iv) either a red or a face card.

(v) neither a heart nor a king

(vi) neither an ace nor a jack

(vii) a face card

In a leap year find the probability of
(i) 53 Mondays and 53 Tuesdays
(i) 53 Mondays and 53 Wednesday
(iif) 53 Mondays or 53 Tuesdays

(iv) 53 Mondays or 53 Wednesday
In a non-leap year, find the probability of
(i) 53 Mondays and 53 Tuesdays.
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19.

20.

21.

22.

23.

24.

25.

26.

(i) 53 Mondays or 53 Tuesdays.

Three candidates A, B, and C are going to play in a chess
competition to win FIDE (World Chess Federation) cup this year.
A is thrice as likely to win as B and B is twice as likely as to win
as C. Find the respective probability of A, B and C to win the
cup.

LONG ANSWER QUESTIONS

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

An urn contains 5 blue and an unknown number x of red balls.
Two balls are drawn at random. If the probability of both of them

being blue is i find x.
14

Out of 8 points in a plane 5 are collinear. Find the probability that
3 points selected at random form a triangle.

Find the probability of at most two tails or at least two heads in a
toss of three coins.

A, B and C are events associated with a random experiment
such that

P(A) = 0.3,

P(B) = 0.4, P(C) = 0.8, P(A N B) = 0.08, P(A N C) =0.28 and

P(ANBNC) = 0.09. If

P(A U B U C)=2=0.75 Then prove that P(B N C) lies in the interval

[0.23, 0.48].

1+3p’ 1-p and 1-2p
3 4

exclusive events. Then find the set of all values of p.

An urn A contains 6 red and 4 black balls and urn B contains 4

red and 6 black balls. One ball is drawn at random from urn A
and placed in urn B. Then one ball is drawn at random from

are the probability of three mutually
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27.

28.

29.

30.

31.

32.

33.

34.

urn B and placed in urn A. Now if one ball is drawn at random
from urn A then find the probability that it is found to be red.

If three distinct numbers are chosen randomly from the first 100
natural numbers, then find the probability that all three of them
are divisible by both 2 and 3.

S={1,2,3, ......... , 30}, A ={x:xis multiple of 7}, B={x: xis
multiple of 5},C = {x : x is a multiple of 3}.

If x is a member of S chosen at random find the probability that
(i) xe AUB

(ii) xeBNC

(i) xeANC

One number is chosen at random from the number 1 to 100.
Find the probability that it is divisible by 4 or 10.

If A and B are any two events having P(Au B)=— and

N| =

P(K)=§3menfmdtheP(ﬂr\B)

Three of the six vertices of a regular hexagon are chosen at
random. What is probability that the triangle with these vertices
is equilateral?

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

An urn contains 9 red, 7 white and 4 black balls. If two balls are
drawn at random. Find the probability that the balls are of same
colour.

The probability that a new railway bridge will get an award for its
design is 0.48, the probability that it will get an award for the
efficient use of materials is 0.36, and that it will get both awards
is 0.2. What is the probability, that

(i) it will get at least one of the two awards

(ii) it will get only one of the awards.
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35.

36.

37.

38.

39.

A girl calculates that the probability of her winning the first prize
in a lottery is 0.02. If 6000 tickets were sold, how many tickets
has she bought?

Two dice are thrown at the same time and the product of
numbers appearing on them is noted. Find the probability that
the product is less than 97

All the face cards are removed from a deck of 52 playing cards.
The remaining cards are well shuffled and then one card is
drawn at random. Giving ace a value 1 and similar value for
other cards. Find the probability of getting a card with value less
than 7.

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

3P(A) = 2P(B) = P(C), then find the value of P(A).

CASE STUDY TYPE QUESTIONS

To make a healthy routine and to do some physical exercise
during lockdown a family decided to roll a dice and based on the
outcomes, they will decide activities to be done.

b e T

¢ |If the outcome is 2, 4 or 6, they will do 30 minutes walk on
the roof.
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40.

e |[f it shows 1 or 3 on the dice, 15 minutes meditation to be

done.

o |If outcome is 5, then they will toss a coin. If it shows

“‘Head”, the family will do 5 minutes of rope skipping. If
there is “Tail”, family will do 20 minutes of Yoga.

How many elements are there in the sample space?
What is the probability of doing walking?
What is the probability of doing rope skipping?
What is the probability of doing yoga or meditation?

Two activities having the same probability are

In a class of 60 students, hobbies were discussed. 30 liked
reading, 32 liked singing and 24 liked about reading and singing.

Find the probability that the student liked reading or singing.

17 19 23 29
(3)3—0 (b)3—0 (C)% (d)%

How many students neither like reading nor singing?
(a) 30 (b) 28 (c) 22 (d) 38
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iii. Find the probability that the student neither like singing nor

reading?
11 13
a)— b)—
( )30 ( )30
7 1
C)— d)—
( )30 ( )30
iv. Find the probability that a student like singing but not
reading?
4 7 1 2
a)— b)— c)— d)—
()15 ()15 ()15 ()15
v. Find the probability that a student like reading only.
1 3 7
a)— b)— C)— d)o0
( )10 ( )10 ( )10 (d)

Multiple Choice Questions

41.

42.

Without repetition of the numbers, four digit numbers are formed
with the numbers 0, 2, 3, 5. The probability of such a number
divisible by 5 is -

1 4
(a) = (b) 5

5 1
(c) 5 (d) %

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

1 16
(a) 1% (b) 25

1 1
(c) 65 (d) 25
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43.

44,

45.

46.

47.

48.

The probability that a non-leap year selected at random will have

52 Sundays is -

(@) 0 (b) 1
1 2

The probability that a non-leap year selected at random will have

53 Sundays is -

(a)0 (b) 1
1 2
C) 7 d) —.
(c) Z (d) 7
The probability that a leap year selected at random will have 54
Sundays is
(@0 (b) 1
1 2
C) = d) —.
(c) 7 (d) .

Three unbiased coins are tossed. If the probability of getting at
least 2 tails is p, Then the value of 8p -

(@0 (b) 1

(c)3 (d) 4.

Four unbiased coins are tossed. If the probability of getting odd
number of tails is p, then the value of 16p -

(@)1 (b) 2

(c) 4 (d)8

From 4 red balls, 2 white balls and 4 black balls, four balls are
selected. The probability of getting 2 red balls is p, then the

value of 7p -
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49.

50.

51.

52.

53.

(a1 (b) 2

(c)3 (d) 4

If A and B are mutually exclusive events, then

(@) Pe)<P@) (b) P@)>PE)
(c) Pa)<P®) (d) None of these

The probability that atleast one of the events A and B occurs is

0.6. If A and B occur simultaneously with probability 0.2, then

PA)+PB)IS
(a) 0.4 (b) 0.8
(c)1.2 (d)1.6

In the following Venn diagram circles A and B represent two events:

A B

dl

The probability of the union of shade region will be
(@) P(A) + P(B) — 2P(A n B) (b) P(A) + P(B) - P(An B)
(c) P(A) + P (B) (d) 2P(A) + 2P(B) — P(A n B)

A bag contains 10 balls, out of which 6 balls are white and the

others are non-white. The probability of getting a non-white is

2 3
(a) 3 (b) 5

1 2
(c) > (d) 3

Two dice are thrown together. The probability of getting the sum

of digits as a multiple of 4 is:
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54.

55.

56.

The probability of getting sum more then 8 when a pair of dice

are thrown is:

7 5

L b) —
(@) 36 (b) 18

7 5
c) — d) =
(c) 18 (d) 36
If A and B are two events, such that
P(AuB)=—, (AmB)=1,P(K)=E,

4 3

Then P(B) is given by:

1 2
a) — b) £
(@) 3 (b) 3

1 2
c) — d) £
(c) 5 (d) 5

A die is rolled. Let E be the event ‘die shows 4 and F be the
event ‘die shows an even number”.

(a) mutually exclusive

(b) exhaustive

(c) mutually exclusive and exhaustive

(d) None of these

Directions: Each of these questions contains two statements,

Assertion and Reason. Each of these questions also has four
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Alternative choices, only one of which is the correct answer. You have
to select one of the codes (a), (b), (c) and (d) given below.
(a) Assertion is correct, reason is correct; reason is a correct
explanation for assertion.
(b) Assertion is correct, reason is correct; reason is not a correct
explanation for assertion.
(c) Assertion is correct, reason is incorrect.
(d) Assertion is incorrect, reason is correct.

57. Assertion: Probability of getting a head in a toss of an unbiased
.1
coinis —.
2
Reason: In a simultaneous toss of two coins, the probability of
getting ‘no tails’ is %

58. Assertion: In tossing a coin, the exhaustive number of cases is
2x2=4,
Reason: If a pair of dice is thrown, then the exhaustive number
of cases is 6 x 6 = 36.
59. Assertion: IfAnB=¢,thenP(AnB)=0
Reason: For mutually exclusive events Aand B, PIAnB)=0
60. Consider a single throw of die and two events.
A = the number is even = {2, 4, 6}
B = the number is a multiple of 3 = {3, 6}

Assertion: P(A U B) = %:% andP(A N B) =%

Reason: P(Km§)=1—1=§
6 6
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10.

11.

12.

13.

14.

16.

| ANSWERS |

{0,1, 2}

{R, B}

{T, HT, HHT, ...}

{HR1, HR2, HB4, HBy, HB3, TH, TT}

{RW, WW, WR}

2" [eg: 2" ={H, T}, 2% = {HH, HT, TH, TT}, 2° = {HHH, ...... TTTY

8 8. L
21 15

Mutually Exclusive

P(A) = P(B) [Possible only if A = B]

g [Hint: P(A U B) = P(A) + P(B) - P(A)P(B)]
i[: i}
36| 216

Yes, A, B and C are Exhaustive Events [A = {1, 4}, B = {2, 3, 5}]

15. s

1
3 37
(i) % [Hint: P(J U Q) = P(J) + P(Q) = P(J A Q)]

4

a1
13 (iii) 5
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17.

18.

19.

20.

22.

24.

: 8 9 oK)=
(iv) 13 (V) 13 [PHUK)=1-P(HUK)]
(vi) % [P(AuJd)=1-{P(A)+PJ)-P(ANJ)]

(vii) % [J, Q, K of diamond, heart, club and spade are 12 face

cards]
(i); i) 0
(i) §+$_;=; (iv) $+$—o=;

Non leap year = 52 weeks and 1 day
(i) O (both together not possible)

N 1.1 2
i) —=+=-=-0==
(i 7 7 7

[Hint: P(C) = x, P(B) = 2P(C) = 2x P(A) = 3P(B) = = 6X]

221
3'9°9

| | 5
1{Hint: o = 9'} 21.3 Hint:5+&=i
5 101/2!  5x9! “C, 14
23 Hint-M 23 I [Hint: P(A U B)]
28 - %G, -8 '

0.23<P(B n C) < 0.48 [Hint: 0.75 <P(AUB U C)< 1, 0.75 < 1.23
-x<1]
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25.

26.

27.

28.

29.

30.

—1 -1
—<p< —
3 P 3

Hint:0<P(A)<1, 0<P(B)<1 Multually Exclusive
0 <P(C) <1 O0<PA)+P(B)+P(C)<1

Hint:

Casel:A—2¢ ,B,B—R ,A,ixixi

10 11 11

32 | Casell: A—Fe »B,B B'a°k%A,£x£x£
55 10 11 10
Caselll; A B ,B B R )A,ixixl
10 11 10
4 7 6

16
i H|nt100&
1155 C,

) 1 [n(AuB) n(A)+n(B)—n(AmB)}
3

n(s) n(s)
.
(ii) 5 [Hint:B ~ C={15,30}]
K B -
(i) — [Hint:AnC={7,14,28} |

3

; [Hint :P(A UB)=P(A)+P(B)—P(A N B)=

—

[Hint:P(A NB)=P(A NB)—P(A)]

o~

CaselV:A—2B* ;BB PRH s A — x—x—
10 11 10_

25

|

5
1oo+1oo_1oo}
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1 I Hint: 62
10 C,

1231 . 36%x35x%x34 %33
——— | Hint:1- .
7776 (36)

63

9 7 4
190 {Hint: 20((3322 + 20%2 + zo%j
(i) 0.64 [Hint: P(D U M)]
Hint :
(i) 0.44 |=P(DAM)UP(D M)
=P(DUM)-P(D M)

120 36. >
12
3 - =4x6C1 - 5 Hint:=Let P(C)=x
5 “c, K X Xix=1
3 2
g- 2,4,6 1,3 5H 5T
walking meditation 'Rope skipping Yoga
3 1 . 1.2 _3
i. 7 i. = iii. — V. —+===
7 7 77 7
v. Yoga and rope skipping
. 19 . 11 . 2 1
i. (b) — ii. (c)22 iii. (@) — iv. (d) — v. (@) —
(b) 35 i (©) @) g5 V- (d) - V. (@)
5/4 6 _10
©) o 5t e =1n
9118 18 18
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11_ 4
42. (d) E{— 4x5x5} 43. (b)1
44.  (c) ; 45. (a)0
46. (d)4 47. (d)8
48. (c)3 49. (a)P(A) < P(B)
50. (c)1.2 51. (a) P(A) + P(B) — 2P(A n B)
2 1
52. (a) 3 53. (c) 2
5 2
4. — - =
5 (b) 18 55. (b) 3
56.  (d) None of these (neither mutually exclusive nor exhaustive)
57. (b) 58. (d)
59. (a) 60. (c)
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