7. PROBABILITY

EXERCISE 7.1

1) State the sample space and (S) for the following random experiments.

(a) A coin is tossed twice. If a second throw results in a tail, a die is thrown.
Sol: A coin is tossed twice. If the second throw gives tail, a die is thrown.

~ S={HH, TH, HT1, HT2, HT3, HT4, HT5, HTG, TT1, TT2, TT3, TT4, TT5, TT6}
“M(S) =14

(b) A coin is tossed twice. If a second throw results in head, a die thrown,
otherwise a coin is tossed.

Sol: A coin is tossed twice. If a second throw gives head,
a die is thrown , otherwise a coin is tossed again.

~ S ={HH1, HH2, HH3, HH4, HH5, HH6, TH1, THZ, TH3, TH4, THE, TH6, HTH,
HTT, TTH, TTT}

“N(S) =16

2) In a bag there are 3 balls; one black, one red and one green. Two balls are
drawn one after another with replacement. State sample space and *(S)

Sol: To draw any two coloured balls out of given 3 balls.

(B, R, G) one after the other with replacement.

~ S ={BB, BR, BG, RR, RB, RG, GG, GB, GR}

") =9

3) A coin and a die are tossed. State sample space of following events.
(a) A: getting a head and an even number.

(b) B: getting a prime number.



() C: getting a tail and perfect square.
Sol: A coin and a die are tossed together.

« S = {H1, H2, H3, H4, H5, H6, T1, T2. T3, T4; T5, T6}
n(s) =12

(a) Let A: Coin gives a head and die shows an even number.
A = {H2, H4, H6}

“MA) =3

(b) Let B: The die gives a prime number.

B = {H2, H3, H5, T2, T3, T5}

“MB)=6

(c) Let C: Coin gives a tail and die shows a perfect square.
C={T1, T4}

") =2

4) Find total number of distinct possible outcomes n(S) for each of the following
random experiments.

(a) From a box containing 25 lottery tickets any 3 tickets are drawn at random.

Sol: 3 tickets are selected from a box containing 25 tickets at random.
3 tickets can be drawn from 25 tickets in 25C3 ways.

25-24-23
= 2300
~M(S)=25C3 = 321

(b) From a group of 4 boys and 3 girls, any two students are selected at random.

Sol: Two students are selected at random from a group of 4 boys and 3 girls (total

7)

2 students can be selected from a group of 7 students in 7C2 ways.

-1

-6

AP(S)=7C2=21" 21

I’-.'ll

(c) 5 balls are randomly placed into 5 cells, such that each cell will be occupied.



Sol: 5 balls are arranged in 5 linear cells one in each.
Since the objects are linearly arranged in numbered places, each outcome is a
permutation.

~M(S) =5P5 = 5! =120
(d) 6 students are arranged in a row for a photograph.

Sol: 5 students are arranged in 6 linear places for a photograph.
Since a photograph is a linear arrangement each outcome is a permutation.

21 (S) = 6P6 = 6! =720
5) Two dice are thrown. Write favourable Outcomes for the following events.
(a) P: Sum of the numbers on two dice is divisible by 3 or 4.
(b) Q: Sum of the numbers on two dice is 7.
(c) R: Sum of the numbers on two dice is a prime number.
Also check whether
(D) Events P and Q are mutually exclusive and exhaustive.
(ID) Events Q and R are mutually exclusive and exhaustive.
Sol: Let S: Two dice are rolled

~ Sample space is,

S={1L 1D, (12),(13), (14, {15)(16),(21),(22),(23), (24, 25) (2,
6),

(3,1),(3,2),(3,3),3,4),3,5),3,6), (4 1),(42),(43), (4 4),(45), (46), (5
D,

(5,2), (5,3), (5,4). (5,5), (5,6), (6, 1), (6,2), (6,3), (6, 4), (6,5), (6, 6)}

2 M(S) =36

(a) Let P: Sum of the numbers on two dice is divisible by 3 or 4
~P={(1,2),(13),(1,5),(21),(22),(24),(2,6),(3,1),3,3),(3,5),(3,6), (4

2)
(4,4), (4, 5), (5, 1), (5,3), (54), (6,2), (6,3), (6, 6)}



~M(P) =20

(b) Let Q: Sum of the numbers on two dice is 7.
~Q={(1,6),(2,5),3 4, (4 3), (5 2),(61)}

“MQ =6

(c) Let R: Sum of the numbers on two is a prime number.

~R= {(L 1)! (1' 2)! (21 1)1 (1; 4)' (2' 3)' (3' 2)1 (41 1): (1' 6)' (2' 5)! (3' 4) (4; 3)' (Sr
2),(6,1), (5,6), (6,5)}

oo n(R) = 15

(DPUQ#S but PnQ+#?

~ P and Q are not exhaustive but they are mutually exclusive.

(IDQUR=S and QNR=#0Q

~ Q and R are neither exhaustive nor mutually exclusive.

6) A card is drawn at random ' from an ordinary pack of 52 playing cards. State
the number of elements in the sample space if consideration of suits

(a) Is not taken into account.

(b) Is taken into account.

Sol:

(a) If consideration of suits is not taken into consideration, then a card is selected

at random from 52 cards.
i.e. To select one card out of 52.

~T(S) =52C1 =52

(b) If consideration of suits is taken into account then the desired suit is
separated and a card is selected from that suit.

i.e. A card is selected at random from the desired suit containing 13 cards. (Either
spades or clubs or hearts or diamonds).

~T(S)=13C1 =13

7) Box I contains 8 red (R111, R12, R13) and 2 blue (B11, B12) marbles while



Box Il contains 2 red(R21, R22) and 4 blue (B21, B22, B23, B24) marbles. A fair
coin is tossed. If the coin turns up heads, a marble is chosen from Box [; if it turns
up tails, a marble is chosen from Box II. Describe the sample space.

Sol: A coin is tossed, if the result is head, a marble is chosen from Box |, for tail, a
marble is chosen from Box II.

S ={(H,R11), (H, R12), (H, R13),

(H, B11), (H, B12), (T, R21),

(T, R22), (T, B21), (T, B222),
(T, B23), (T, B24)}.

2(S) =11

8) Consider an experiment of drawing two cards at random from a bag
containing 4 cards marked 5, 6, 7 and 8. Find the sample Space if cards are drawn

(a) with replacement.
(b) without replacement.

Sol: Two cards are selected at random one after the other from a bag containing 4
cards (5, 6, 7, 8) with replacement. (i.e. repetition is allowed).

S ={(5,5),(5,6),(5,7),(5,8),(6,5), (6,6), (6, 7), (6,8), (7,5), (7,6), (7,7),(7,8), (8,
5),(8,6),(8,7),(8,8)}

~M(S) =16

(b) Two cards are selected at random one after the other from bag without
replacement.

(i.e. repetition is not allowed).
S={(5,6),(5,7),(5,8),(6,5),(6,1),(6,8),(7,5),(7,6),(7,8),(8,5), (8,6), (8,
7)}

EXERCISE 7.2

1) A fair die 18 thrown two times. Find the chance that

(a) product of the numbers on the upper face is 12.

(b) sum of the numbers on the upper face is 10.

(c) Sum of the numbers on the upper face is at least 10.

(d) sum of the numbers on the upper face is at least 4.



(e) the first throw gives an odd number and second throw gives multiple of 3.
(f) both the times die shows same number (doublet).

Sol: A fair die 1s thrown two times.

S={1 1D, (12),(13), (1,4, (15)(16),(21),(22),(23), (24, 25) 2
6),

(3,1),(3,2),(3,3),3,4),(3,5),3,6), (4 1), (4 2), (4.3), (4 4), (4,5), (4 6), (5
D,

(5,2),(5,3),(5,4), (5,5), (5,6), (6, 1), (6,2), (6, 3), (6,4), (6, 5), (6, 6)}
=~ (S) =36.
(a) Let event A: Product of the numbers on the uppermost face is 12.

A={(2,6),(34), (43),(6,2)}

~M(A) =4.
A+ 1
1:"(A) =ni8 =35 =6

(b) Let event B: Sum of the numbers on the uppermost face is 10

B={(46),(55), (6,4}

+"(B) = 3.
n(B) 3 1
O P(B) = n(3) = E = E

(c) Let event C: Sum of the numbers on the upper most face is at least 10 (i.e. 10,
11
or 12)

C=1{(416),(55),(56),(6,4),(6,5), (6,6)}

n(C) g 1
P(c) —nS —3—¢8

(d) Let event D: Sum of the numbers on the uppermost face is at least 4.



= D": Sum of the numbers on the uppermost face is < 4 (i.e. 2 or 3).
D'={(1,1),(1,2), (2, 1)}

2 (D) =3

Required Probability,

' _ = =
P‘(D)z'l—P(D}=1

12 = 12

(e) Let event E: First throw gives an odd number (1, 3 or 5) and second
throw gives multiple of 3 (3 or 6).

E={(1,3),(1,6),(3,3),(376),(5,3),(5,6)}

“M(E) =6
niE) & 1
o P(E) =n(8l=3c =&

(f) Let event F: Both times die shows the same number (doublet).

F={(1,1),(2,2),(3,3),(44),(55),(6,6)} n(F) =6

"F) =6
"B & 1
1:'(F) =n(S8l =35 =35

2) Two cards are drawn from a pack of 52 cards. Find the probability that
(a) Both are black.

(b) Both are diamonds.

(c) Both are ace cards.

(d) Both are face cards.

(e) One is spade and other is non-spade.

(f) Both are from same suit.



(g) Both are from same denomination.

Sol: Two cards are drawn at random from a pack of 52 cards.
~ (%) =52C2

(a) Let event A: Both are black. There are 26 black cards

(A =26C2

n(Al *Cy 2625 25
P(A) = ni(5) = %0z — 5251 = 102

(b) Let event B: Both are diamonds.
There are 13 diamond cards.

~ 1By =13¢2

oy 15
niB] €z 1317 1
P‘(B) =n(8) = "l = ca51 = 17

(c) Let event C: Both are ace cards.
There are 4 ace cards.
H(C) = 4C2

n(c) iCs 4.2 1
P‘(C) =n(s) = 5%Cz = 5z251 =211

(d) Let event D: Both are face cards.
There are 12 face cards.

2@y = 12¢2

n(D) G 1213 1
P(D) =ni(8) = %C2 =551 =221

(e) Let event E: One is spade and other is non-spade.
There are 13 spades and 39 non-spades.

~™(B)=13C1 x 39C1

?‘!l:E::l :S'Ca_x 5-9:1 1335
——— E2x 51 _

P‘(E) — n(s) — C: = Tz —aa




(f) Let event F: Both are from the same suit.
A suit (out of 4) is selected then two cards are selected from that suit (13 cards).

~m(F)y=4C1x13C1

P & i
n(F] Cax ™G gwi3wiz 4
P‘(F) — n(s) — *Cz = gaxE1 =17

(g) Let event G: Both are from same denomination.

A denomination is selected (from 13) and two cards are selected from that-
denomination.

=1 (%) =13C1 x 14C1

oy 18 i3
n(G) Cax ™Ci 13mawxs 1
P(G) — n(8) — Cz = 5ax51 = 17

3) Four cards are drawn from a pack of 52 cards. What is the probability that
(a) 3 are kings and 1 is jack.

(b) All the cards are from different suit.

(c) At least one heart.

(d) All cards are club and one of them is jack.

Sol: 4 cards are drawn at random from a pack of 52 cards.

~1(5)=52C4

(a) Let event A: 3 cards are kings and 1 is jack. There are 4 kings and 4 jacks.
~ (&) = 4C3 x 4C1

niA] Ao *Cy

~P@y = n(s) —  Ca

(b) Let event B: A11 4 cards are from different suits.
To draw 1 card each from every suit of 13 cards

~m(B) =13C1 x 13C1 x 13C1 x 13C1



?‘!l:B: ‘_SCLX ‘_Sca_x ‘-SCa_b-C ‘_S-CL

P(B) = ??'_5:' = 52C,

(c) Let event C: At least, one heart.

”(C’): All 4 cards are non-hearts
There are 39 non heart cards.

=@y =39c4

n{C"} 59,:4
~B =n@ = =c
Required Probability,

59:4

PO=1"PE)=1 =«

(d) Let event D: All 4 cards are clubs and one of them is a jack.
There is one jack of club, out of total 13 club cards.

~mMy=1x12C3
nD) TG
o0 P(D) = ni(8) = 520,

4) A bag contains 15 balls of three different colours, Green, Black and Yellow.
A ball is drawn at random from the bag. The probability of green ball is 1/3. The
probability of yellow ball is 1/5.

(a) What is the probability of black ball?
(b) How many balls are green, black, and yellow?

Sol: Let event G = A Green ball is sleeted from the bag.
1

Given: P(G) = s
Event B = A Black ball is selected from the bag.
To find: P(B).

EventY = A Yellow ball is selected from the bag.
1
Given: P(Y) =s

(a) Since the events are mutually exclusive and, exhaustive,
P(G) + P(B) + P(Y) =1

1 1
3+P(B)+5=1



1 1

~P(B)=1"3 &

T
= Probability of a black ball selected is 15

(b) Let S: To draw 1 ball from the bag containing 15 balls.
2 M%) =15C1 =15
Let the number of. Green, Black and Yellow balls be * " # respectively.

LG =% MB)=Y, M(YV)=?

Since,
1 niG x
P(G)—3—n® =15 — ¥ =5
1 niBl 4
PB) _3—nd=15 — ¥ =7

1 nlv) =
P(Y}:E:H':E}=15 = Z=3
i.e. there are 5 Green, 7 Black and 3 Yellow balls in the bag.

5) A box contains 75 tickets numbered 1 to 75. A ticket is drawn at random from
the box. What is the probability that

(a) Number on ticket is divisible by 6.

(b) Number on ticket is a perfect square.

(c) Number on ticket is prime.

(d) Number on ticket is divisible by 3 and 5.

Sol: To select one ticket at random out of 75 tickets numbered from 1 to 75.
~"(%)=75C1=75.

(a) Let event A: Number on the ticket is divisible by 6. A = {6, 12, 18, 24, 30, 36,
42,48, 54, 60, 66,72}

&) = Il = A7k



(b) Let event B: Number on the ticket is a perfect square.
B =11,4,9 16, 25, 36, 49, 64}

~m@B)y=8c1=8.

nial g

(c) Let event C: Number on the ticket is prime.
C— {2,3,5,7,11,13,17,19, 23, 29, 31, 37, 41, 43,47, 53,59,51,57,71, 73}

25 5) = 2Tl = 7l

nC) n

oo P(C) =?‘!'_5:' = 75 =

=

(d) Let event D: Number on the ticket is divisible by 3 and 5 i.e. by 15
D = {15, 30, 45, 60, 75}

~m@)=5c1=5.

6) From a group of 8 boys and 5 girls, 8 committee of 5 is to be formed. Find the
Probability that the committee contains

(a) 3 boys and 2 girls.

(b) at least 8 boys.

Sol: Douro select 5 from a group of 8 boys, 5 girls (total 13).
~1(5)=13C5

(a) Let event A: To select 3 boys from 8 and 2 girls from 5.

~ (A =8C3 x 5C2
niA) Bem SCg

P(A) = ??'_5:' = BCg



(b) Let event B: To select 5 consisting of at least 3 boys.
Committee can have 3 boys and 2 girls or 4 boys and 1 girl or all 5 boys.

~™(B)=8C3 x 5C2 +8C4 x 5C1 * 8C5

ni(E] Br.m SCo+ BC,x SCo+ SCe
. PrBN — nis) — LE(C
SEE)=n® = s

7) Aroom has 3 sockets for lamps. From a collection of 10 light bulbs of which 6
are defective, a person selects 3 bulbs at random and puts them in socket. What
is the probability that the room is lit?

Sol: To select 3 bulbs at random from the collection of 10 bulbs.

10-5-4
~1(5)=10C3 = 321 =120
Let event A: Selected 3 bulbs are fixed in the sockets so that the room gets lit.

~ A’: The room is not lit.

(i.e.) A11 3 bulbs selected are defective (from 6 defective bulbs)

6-5-4

2 T(AY =603 =321=20
niA" By 20 1
Ll e = e

Required Probability that the room is lit is

t 5
P‘(A) =1 P(A!) =1 s=656
8) The letters of the word LOGARITHM are arranged at random. Find the
probability that
(a) Vowels are always together.
(b) Vowels are never together.
(c) Exactly 4 letters between G and H.
(d) Begin with O and end with T.
(e) Start with vowel and end with consonant.
Sol: The word LOGARITHM contains 9 distinct letters consisting of 3 vowels and
6 consonants.

Since the letters are to be rearranged in linear places, each arrangement is a
permutation.



To arrange all 9 letters in 9 linear places.
an®y= B=og

(a) Let event A: In the arrangement, all 3 vowels are together.
To arrange 1 block of vowels + 6 consonants in 7 places.
Also, 3 vowels are rearranged amongst themselves.

. n(&) =71 x 3!
_ nia) _ 7ma
P(a) = n(s) o

_ Tx3xZxl _ 1

gxBxT 12

(b) Let event B: In the arrangement, no two vowels are together.
6 consonants to be arranged in 6 linear places and
3 consonants are inserted in any 3 of 7 alternate place as shown:

xxxx x x><

.n(B) _6!l x 7P

n(B] & x TP

P(B} = n(5 = 5
BIXTXEXS 5
— 9NEXTKE — 12

(c) Let event C: In the arrangement, there are exactly 4 letters between G and H.
Such an arrangement is possible only if G and H occupy

1st and 6th

OR 2nd and 7th

OR 3rd and 8th

OR 4th and 9th places and remaining,

7 letters can be arranged 1n remaining 7 places.

.n(C) _4 xT7!

n(C) 4% 7!
PO s = e

47! 1
— 9xExT — 18




(d) Let event D: The arrangement begins with O and ends with T.
1st place is occupied by O and 9th place is occupied by T, remaining
7 letters are arranged in 7 remaining places.

.nD) _1x7 x1 = 7!

ni D} 7!

P(D} = n(8) = 3
T 1
— 9xExT — 72

(e) Let event E: The arrangement starts with a vowel and ends with a

consonant.

1st place is occupied by any one of 3 vowels and 9th place is occupied by any one
of 6 consonants, remaining 7 places are occupied by remaining 7 letters.

Ln(E) _3x7! x6

n(E) INT WE
P(E) =ni8 = o

IXTING
= GxBExT —=

1
4

9) The letters of the word SAVITA are arranged at random. Find the probability
that vowels are always together.

Sol: The word SAVITA contains 6 letters

=~ Let S: b All 6 letters of the word are rearranged in 6 linear places,
Since the letter ‘A’ is repeated twice.

_n(8) =

B BMEMENIXKI!

=T =360

Let event A: In the arrangement, the vowels are together
To arrange 1 block of 3 vowels (2 identical) * 3 consonants in 4 linear places.

Also, the 3 Vowels can be arranged among themselves.
Considering the repetition of letter ‘A’,

=]

) =4x Z-4x3x2x1x3x

(]

=72

n{A) 72

n(a) = n(5) 360

ol



EXERCISE 7.3

(1) Two dice are thrown together. What is the probability that the sum of the
numbers on two dice is 5 or number on the second die is greater than or equal to
the number-on the first die?

Sol: Let S: Two dice are thrown together.

+5={(1,1),(1.2),(1,3), (1,4, (1,5),(1,6), (2 1),(2,2),(2,3),(2,4), (2,5, (2,
6),(3,1),(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)}

» () = 36.
Let event A: Sum of numbers on two dice is 5.

=8 =1{(1,4),(23),3,2), 4 1}
. n (A) =4

ACV
S PA) _Lim =5

Let event B: Number on the second die = number on the first die.

B={(11),(12),(13), (1,4, 15)(16),(22),(23),(24),(25),(26), 3,
3),(3,4),(3,5),(3,6), (4, 4), (4,5), (4, 6), (5,5), (5,6), (6, 6)}

H(B) =21

n(B) 21

P(B) = n(5) 36

Now, (* nB) = {(1, 4), (2,3)}

. A B\ =
5 N 2

( ) n(AnE}_i
Tl(—"'x N B) = =nis) 3

Required Probability is P(# u B)

By Addition Theorem:
P(A U B) =P(A)+P(B) — P(A N B)

_ 4,21z

36 36 36



-

PAyYB) = 3—2
2) A card is drawn from a pack of 52 cards. What is the probability that
(a) card is either red or black ?

(b) card is either red or face card?

Sol: Let S: A card is selected at random from a pack of 52 cards.

~n8) = 52¢ =52,

Let event A: A red card is selected.
There are 26 face cards.

.n{A)= ¢ = 26.

_nla)_ 26 1
P(a) = n(s) 52 2
Let event B: A black card is selected.

There are 26 black Cards.
.n(B)= 2¢ =26

n(B) 26
n(s) 52

P(B) =

[N

Let event C: A face card is selected.
There are 12 face cards.

.n(C) = 12 =12

n(C) 12 3

P(O) = n(s) 52 13

(a) A and B are mutually exclusive.

=~ Probability that the card is either red or black is
PAyUB) = P(A) +P(B)

1 1
.'.P(AUB)_E-I_E:i

(b) AN C; Ared face card is selected.
There are 6 red face cards

'.'H(Anc}= E'Clzﬁ'



_nlanc
P‘(A i C) T aim

& 3

Probability that the card is a red card or face card is,
P‘(A U C) =P(A)+P(C) — P‘(.f-'i n C)

32

~ 52
U UD) = e
3) Two cards are drawn from a pack of 52 cards. What is the probability that
(a) both the cards are of the same colour?
(b) both the cards are either black or queens?
Sol: Let S: Two cards are selected at random from the pack of 52 cards.
52x51

n(8)= s2C,= = 1326

2x1

Let event A: Both cards are red. There are 26 red cards.

2625

— 26 — —
Ln) = 2 =""7=325

n(4) 325 _ 25
n(s) 1326 102

. P(A) =
Let event B: Both cards are black. There are 26 black cards.

n(B) 25
n(s) ~ 102

P(B) =

Since A and B are mutually exclusive,

probability that both cards are of the Same colour is
P(A U B) = P(A) + P(C)

25 25 50

T 10z 10z 102
25

P‘(_f-'i U B) T
Let event C: Both cumin are queens there are 4 queens.




nB)= *C= 4x3

27 21

6

n(B) & 1
n(s) 1326 221

_P(B) =

Event B €. Both cards are black queens.
There are 2 black queens.

-

BN = 2 =1

n(BnC) 1
n(8) 1326

) P(BNC) =

=~ Probability that both cards are bla6k or queens
P(B U C) = P(A) +P(C) — P(A N C)

25 1 1

10z 221 1326

325 & 1

T 1326 1326 1328

330
1326

_ 55
P(B §] C) T 231

4) A bag contains 50 tickets, numbered from 1 to 50. One ticket is drawn at
random. What is the probability that

(a) number on the ticket is a perfect square or divisible by 4?

(b) number on the ticket is prime number or greater than 30?
Sol: Let S: One ticket is selected at random from a bag containing 50 tickets
numbered from 1 to 50.

.n(8) = 50¢, =50

(a) Let event A: Number on the selected ticket is a perfect square
A=11,4,9,16,25, 36,49}

(@)= 7C,=7

nlA) 7

nis) =50

P(a) =



Let event B: Number on the selected ticket is divisible by 4
B —1(4,8,12, 16,20, 24, 28, 32, 36, 40, 44, 48}

.n(B)= 2 =12

n(B) 12 &
P(B) = n(s) 50 25

A N B. Number on the ticket is a perfect square divisible by 4
AnB=1y4 16,36}
~n(ARB) _ 3¢ =3

nfAnE) 3

P(A N B) T~ Tals) s

Probability that the number on the selected ticket is either a perfect square or
divisible by 4 is

P‘(A U B) = P{A) + P(C) — P(A N B)

7 12 3

50 50 50

16

= =0

L P(AUB)=

& |

(b) Let event C: Number on the selected ticket is a prime number

e {2,3,5,7,11,13,17, 19, 23,29, 31, 37, 41, 43,47}

.n(C)= 15¢, =15

_nle) 15 _ 3
P(C) = n(s) ~ s0 10

Let event D: Number on the ticket is greater than 30
D =¢31,32, ..., 50}

.n(D)= 20¢;=20

_nD_2 2
P(D)= n(s) s0 5



€N D: Number on the selected ticket is a prime number > 30.

CnD =(31,37,41, 43,47}
-~ TH:C 8 Djl = 5(_:'1 =5

alCAD) 5 1

n(s) 50 10

) P(CNn D)=

=~ Probability that the number on the selected ticket is either a prime number or

greater than 30 is
P‘(C U D) = P(C)+P(D) - P(C n D)

3

2 1
10 5 10

_ 15,20 5

T 50 50 10

_ 30
=

2 P(CU D)=§

5) Hundred students appeared for two examinations.
60 passed the first, 50 passed the second and 30 passed in both.
Find the probability that student selected at random has

(a) passed in at least one examination.
(b) passed in exactly one examination.
(c¢) failed in both the examinations.

Sol: Let S: A student is selected at random from 100 students appeared in two
examinations.

.n(8) = 100¢; =100

Let event A: The student selected has passed in first examination.
60 students passed in first examination.

.n(A)= ¢ =60

nla) _ &0 &

P(a) = n(s) 100 10

Let event B ": The student selected has passed in second examination.
50 students passed in second examination.



.n(B)= 50C; =50

n(E) 50 5

P(B) = n(s) ~ 100 10

Event A N B: The student has passed in both examinations

30 students passed 'both examinations.
n(A ,B)= 3°C; =30

nlAnB) 30 3

n(s) 100 10

P(ANB)=

(a) Probability that a student has passed in at least one of the examinations is
P‘(A u B) = P(C)+P(D) — P(;—‘i n B)

6,5 3
T10 10 10
_ B
ET

4
_..P(AU E)_E

(b) Probability that a student has passed in exactly one of the examination is
P (A but not B or B but not A)

= P(A n B") + P(.»'—'i" N B)

= P(J—";}— P(A n B)+ P(B}—P(A n B)

B

(c) Probability that the student has failed in bath the examinations.
i. e. P (Neither A nor B)

= P(A’ a B’)

= P(A U B)» ___D“Mnrgan“sRule

=1-PA UB _P(aA)=1-P(A"



=1-

o | e

1
5
1

2
EJ':gandP(Au By =3

& 1tP) T, 7
Find the values of the following:

(a) P(A a E) (b) P(A a H’)

(C) P(A’ N H) (d) P(A’ U B’)

(e) P(A’ a E’)

Sol: Given probabilities are:

A)=: ,PB)=

SR

: and P(!—'i U B) =

P
" (
(a) By Addition Theorem

P‘(_f-'i U B) = P(A}+P(B}—P(A n B)

P‘(_f-'i n B) =P(A)+ P(B) — P(A U B)

1,z 1
4 &5 32
_ 54+E-10
)
3
P(A N B) = 20

(b) P(z‘-‘i n B") =P(A) — P(.»'—'i n B)

3
o

e

Ba

T
(%]

Ba
(=]



(©) P(A’ N B) =P(B) -P(ANB)

~P(A N By =7
(d) P(¥' U B'y=P(ANBY
_ D'Morgan's Rule
=1— P(ANB)
_P(A)=1-P(&)

3

=1-=
20

P(.»'—'&" U B") = %
(e) P(A' l B") = P(.f-'i U B)'

...D"Morgan’s Rule
=1—P(AUB)

_P(A)=1-P(A)

=1—

B | e

P(A" n E') = i

7) A computer software company is bidding for computer programs A and B. The
probability that. the company will get software A is 3/5, the probability that the
company will get software B is 1/3 and the company will get both A and B is 1/8.
What is the probability that the company will get at least one software?

Sol: Let event

A: The company gets software A



B: The company gets software B

Then # " B: The company gets both software.
1 1 1

Now, P(A) = 3 ’ P(B) == and P(Al"’] B) = 3

Probability that the company gets at least one software is
P(AUB)=P(&)+P( )—P(ANB)

301 1
==are—=
5 3 &8
_ 72+40-15
T 120

97

,P(AUB) =~

8) A card is drawn from a well shuffled pack of 52 cards. Find the probability of it
being a heart or a queen.

Sol: Let S: A card is selected at random from a well shuffled pack of 52 cards. .
.n(8)= 52 =52

Let event A: The card drawn is a heart.
There are 13 hearts.

A= B =13

nla) 13 1

nis) 52 a4

CP(a) =
Event B: The card drawn is a queen.

There are 4 queens.

- ﬂ.(B} = 4(:-1 = ":]:'
n(B) 4 1

P(B) = n(s) 52 13

Event A N B: The card drawn is a queen of hearts
~n(A N B)=1

nlAnB) _ 1
al(8) ~ 52

.P(Aﬂ B) =

Probability that the card selected is either heart or a queen is given as,
P(AUB)=P(A)+P(B)—P(ANB

1 1 1
4 13 52



_ 13+4-1
T g2

16
" sz

~P(AUB) = G

9) In a group of students, there are 3 boys and 4 girls. Four students are to be
selected at random from the group. Find the probability that either 3 boys and 1
girl or 8 girls and 1 boy are selected.

Sol: Let S: 4 students are selected at random from a group of 7 students (3 boys, 4

girls)

4
3

TXEXEXE
43Il

)= = 35

Let A: Event that the selected group has boys and 1 girl.

3
3 boys can be selected out of 3 in Cs ways and 1 girl can be selected out of 4
in 4clways.

..‘ﬂ(f!'.l.}= ECEK 4C1=1x4'=4'

nl:A:l_ 4
n(s) 35

P(a) =

Event B: The selected group has 1 boy and 3 girls.
1 boy can be selected out of 3 in Gy ways and 3 girls can be selected out of 4
in *Cs ways.

-~ TI(B} = Efl b 4 4{.‘3 = Efl b 4 4(.-1

=3x4=12

n(E) 12
n(s) 35

P(B) =

Since events A and B are mutually exclusive
Required probability,
P(AUB) =P(A) + P(B)

2 1z

35 35

_P(AUB) =

EXERCISE 7.4

1) Two dice are thrown simultaneously. It at least one of the dice shows a
number 5, what is the probability that, sum of the numbers on two dice is 9?7



Sol: Two dice are thrown together.

S={(11),(1,2),(1,3),(1,4),(1,5),(13),(21),(22),(23),(2 4, (2,5), (2
6),

(3,1),(3,2),(33),3,4),(3,5),5,6), (4 1), (42), (43),(44), (45),(46), (5
D,

(5,2),(5,3),(5,4),(5,5),(5,6),(6,1),(6,2),(6,3),(6,4), (6,5), (6,6)}
~15)=136
Let #: Event that one of the dice shows the number 5

84 ={1,5),(2,5),(3,5),(45), (5 1),(5,2), (53), (5 4), (5,5), (5 6), (6,5)}

n(_f-'i) =11

nfa) 11

P(ﬂ) — n(s) 36
Let B: Event that the sum of the numbers of the dice is 9

B=1{(36),(45), (5, 4),(63))

n(B) =4

nB)_ 4
P(B) — n(s) 36
~ANB:

is the event that one dice shows a 5 and the sum of the numbers is 9.

“ANB_ (4 5) (5, 4)}
- Tl(z'-";ﬂ B) =2

niANB) 2
Tl(!-"n’"l B) — n(s) 36
Now, probability that sum of the numbers on the dice is
9 given that one dice shows 5 is given by,

P(B/A) =720

[
| |



P(B/A) = —

2) A pair of dice is thrown. If sum of the numbers is an even number, what is the
probability that it is a perfect square?
Sol: A pair of dice is thrown,

9 ={(1,1), (L 2),(L,3), (1, 4), (1,5), (1, 3), (2, 1), (2,2), (2, 3), (2, 4), (2, 5), (2,
6),

(3,1),(3,2),3,3),34),3,5),3,6), (41, (42),(43),(44),(45),(46), 5
D,

(5,2),(5,3),(5,4), (5,5), (5, 6), (6, 1), (6, 2), (6,3), (6, 4), (6, 5), (6, 6)}

TI(S) =36
Let #: Event that sum of the numbers is even

28 ={(1,1),(1,3),(1,5) (2,2), (2,4, (2,6),(3,1),(3,3), 3,5), (4.2), (4 4), (4,
6),

(5, 1), (5,3),(5,5), (6,2), (6,4), (6,6)}

n(ﬂ) =18

na)_18 _1
P(A) — n(s) 36 2

Let B: Event that sum of the numbers is a perfect square

=1{(1,3),(2,2),3,1),(36),(45),(54),(63)}
n(B) —

n(B) 7

P‘(B) — n(s) 36

~ANB s the event that the sum of the numbers is an even perfect square.

~ANB - 1(1,3),(2,2), (3, 1)}

...Tl(!!';ﬂ B) =3

niAnB) 3 1
n(.f-'&ﬂ B) — =n(s) 3 2

Now, Probability that the sum of the numbers is a Perfect square given that it is



even is given by,

P ANE)
P{A)

P(B/A) =

1] II‘l;ll‘

P(B/A) = i

(3) Abox contains 11 tickets numbered from 1 to 11. Two tickets are drawn at
random with replacement. If the sum is even, find the probability that both the
numbers are odd.

Sol: Two tickets are drawn from 11 tickets numbered 1 to 11 with replacement

=~ M(5)=11C1x11C1 = 121.
Let A: Event that sum of the numbers on the tickets is even.
For this both tickets need to be even numbered or odd numbered.

Out of 5 even numbered tickets, 2 can be drawn in 5 - 5 = 25 ways.
Similarly, out of 6 odd numbered tickets, 2 can be drawn in 6 - 6

= 36 ways. .. (D

“ Ay =25+ 36=61

nla) _ 61
P(ﬂ) — nis) 121

Let B: Event that both tickets drawn are odd numbered.

=~ n(By = 36 ... (from (I))

i ST
P(B) —a(s) 121

~ANB js the event that the tickets drawn are odd numbered and their sum is
even. .
Tl(ﬂiﬂ B) =36

n{AnB)} 36
n(.r-'aﬂ B) — n(5) 121

Now, probability that the tickets drawn are odd numbered given that their sum is
even is,



__ PlAnE)
P(B/A) = )
_ 38/171

T s1/171
36
P(B/A) = o

4) A card is drawn from a well shuffled pack of 52 cards. Consider two events A
and B.

A: 3 club 6 card is drawn.

B: an ace card 18 drawn.
Determine whether the events A and B are independent or not.

Sol: Let 3: A card is drawn at random from a deck of 52 cards.

TI(S) =52
Event #: A club card is drawn.
There are 13 club cards.

n(A) =13

niA) 13 1

P(A)=E_52:E

Event B: An ace card is drawn.
There are 4 aces.

n(B) =4

nE)_ ¢ 1
P(B) —n(s 121 13

Event® MB. An ace of clubs is drawn.

- T’l()'!'; n B} =1

niANB) 1
n(.f-‘iﬂ B) — nis) . 5:1
NOW, P(J'!i} o P(B} = s x 1

52
i P(ANB) =P(4)- P(B)
Hence, events A and B are independent.
5) A problem in statistics; is given to three students A, B and C. Their chances of

solving the problem are 1/3, 1/4 and 1/5 respectively. If all of them try
independently, what is the probability that



(a) Problem is not solved?
(b) Problem is solved?
(c) Exactly two students solve the problem?

Sol: The probabilities that the students A, B and C solve the problem are 1/3, 1/4
and 1/5 respectively.

1 1
»Let PW =3 -PB =1.14d
Hence, the probabilities the it the Students do not solve .the problem can be given

as
_2 n=2 =2
P =2,p@)=2,P(C) =1

P(C) = é

Since all the three students independently, events A, B, C, A', B', C are mutually
independent.
(a) Probability that the problem is solved

= P (At least one of the three Students solve the problem)
=1~P (None of the students solve)
=1{-P(AnB'NC"

= 1—P(&)-P(B)-P(C)

(b) Probability that the problem is not solved
= P (None of A, B and C solve the problem)
=P(A' NB'NCY

= P(&')-P(B")- P(C)



6|k

(c) Probability that exactly two of them solve the problem.
= P(Two students solve and third does not)

=P (A, B but not © or*‘:", Cbut not B or B,C but not ":")
=PANBNC)+PANB ' NC)+PANBNC)

= P(A)-P(B) - P(C')+ P(A)- P(B")- P(C") + P(&) - P(B) - P(C)

114 131 211

YT P g = = PN =
3 45 3 45 3 465

_ 4+342 9

T B0 B0

6) The probability that a 50-year old man will be alive till age 60 is 0.83 and the
probability that a 45-year old woman will be alive till age 55 is 0.97. What is the
probability that a man whose age is 50 and his wife whose age is 45 will both be
alive after 10 years.

Sol: Let Event : A 50 year old man is alive at 60.

Event B: A 45 year old woman is alive at 55.

Given: P(*)=0.83 and F(®)=0.97

Required probability

=P (aman at 50 and a woman at 45 are alive after 10 years)

=P(A)-P(B)
.. (events # and B are independent)

= 0.83 x0.97

=0.8051



7) In an examination 30% of students have failed in subject I, 20% of the
students have failed in subject Il and 10% have failed in both subject I and
subject II. A student is selected at random, what is the probability that the’
student

(a) has failed in subject |, if it is known that he has failed in subject II ?
(b) has failed in at least one subject?

(c) has failed in exactly one subject?
Sol: Let event

A: A student selected has failed in subject I.
B. A student selected has failed in subject II.

~ ANB. A student selected has failed in both subjects I and IL.

_ 2n0n — 99 _ 3
P(A) =30%=—>=—
P(B) = 20% = — = 2
100 o

10 1

Ang PA@NB) =10% = =T

(a) Probability that a selected student has failed in subject I, knowing that he has
failed in subject I1

P (event A given that B has occurred)

P(ANE)
P{E}

i.e. P(A/B) =

Tz

1/10 1
2

1

~PAB)=35r05

(b) Probability that a selected student has failed in at least one subject
i o P(AUB) =P(4) +P(B) —P(ANB)



or 0.4

|k

. P(AUB) =
(c) Probability that a selected student has failed in exactly one subject.
ie. P(A but not B. or B but not “5*)

=P(ANB')+P(A NB)

=P(A) —P(ANB) + P(B)— P(AN B)

_ 3 1,2 1

0 1 10 1o

3
~ 10 0r0.3
8) One shot is fired from each of the three guns. Let A, B and C denote the events
that the target is hit by the first, second and third gun respectively. Assuming that

A, B and C are independent events and that P (%) = 0.5, P(B) = 0.6 and P(¢) = 0.8,
then find the probability that at least one hit is registered.

Sol: Let event

A: The target is hit by first gun.

B: The target is hit by Second gun.

C: The target is hit by third gun.

PM =05 FE =06 PG =08

Hence, probabilities that the target is not hit are given as
Py =05, P(B)=04 P(C)=02

Since A, B, C are independent

~ A',B', C’" are also independent.

Required Probability that at least one hit is registered
= P'(At least one gun hits the target)

1 _P(None of the guns hits the target)



{~P(AnB'NC)
{—P(&)-P(B")-P(C)

170.5%x04%x0.2
1-0.04

=0.96

9) A bag contains 10 white balls and {5 black balls. Two balls are drawn in
succession without replacement. What is the probability that

(a) first is white and second is black.
(b) one is white and other is black.

Sol: The bag contains 25 balls. Since two balls are drawn in succession without
replacement, for the conditional second event a ball IS reduced in the bag.

Let event #; A white ball is selected.

event B: A black ball is selected.
10 15

P(A) = E;P(B} =5

~ A/B: Second ball is black, first bell being white.

B/A: Second ball is white, first ball being black.

P(B/A) =2;P(A/B) = 2.

(a) Probability4 that first ball 18 white and second ' is black

= P(event # and event (B/ "!"3')
— P(A)-P(B/A)

10 15

= 25 24

e |

(b) Probability that one ball is white and the other is black.



= P (First ball is white, second is black or First ball is black, second is white)

= l—"(*’!’* and B/A or B and 4/B )

_ P(&) - P(B/A) + P(B)- P(A/B)

10) An urn contains 4 black, 5 white and 6 red balls. Two balls are drawn one
after the other without replacement. What is the probability that at least one ball
is black?

Sol: To select two balls from the bag containing 15 balls.

_ 15 _ 154 _
.n(9= Be="2=105

Let event #: Selecting at least one black ball.
Balls drawn can be both black or one black and other non-black.

43
2x1

n(A)= *Cx M0+ 4C,=4x11+

=44+5 =50

nlA) B0 10

= PA) = n(s) 105 21

11) Two balls are drawn from an urn containing 5 green, 3 blue, 7 yellow balls
one by one without replacement. What is the probability that at least one ball is
blue?

Sol: Let S be the sample space-for two balls drawn from an urn one by one
without replacement

There are total 15 balls,

- TI(S} = 15C2

Let #: Event that at least one ball is blue.



=~ A" Event that none of the balls is blue.
Out of 15 balls, 3 balls are blue

«. 2 balls can be drawn from 12 non - blue ballin - Caways

.n@A) = 2,

RO
P(Af} =—=— — 12x11
: n(s)  **G 1514

(2]
ka

w
en

~P(A) =1-P(A)

12) A bag contains 4 blue and 5 green balls. Another bag contains 3 blue and 7
green balls. If one ball is drawn from each bag, what is the probability that two
balls are of the same colour?

Sol: First bag contains 4 blue + 5 green = 9 balls.
Let event #: A blue ball is drawn from bag .
event 4": A green ball is drawn from bag I.
LP@=2 e _;

Second bag contains 3 blue + 7 green 10 balls.
Let event B: A blue ball is drawnfrom bag IL.

event B": A green ball is drawn from bag II.

3 T
JPB =1 qPBI T
Required probability

= P(both balls are of same colour)
= P(both are blue or both are green)

=P and B or & and B")



Now, A and B are independent.

“4"and B’ are independent.

4 3 12
1:'(11"“"'1]3}:13(_.-!:1}.13(3}_E.E_ﬁ

7 35

n_5 7 _3
G P(A’ ﬂB’]':P(—‘"f}'P(B}_a 10~ 90

Required probability
_P(ANB)+P(A'NnB"

12 a5
=50 50

47

= 50

13) Two cards are drawn one after the other from a pack of 52 cards with
replacement. What is the probability that both the cards drawn' ere face cards?

Sol: For 2 cards to be drawn from a pack of 52 cards one after the other with
replacement,

TI(S} — 52 Cl . b&i Cl

Let #: Event that both the draws result in a face card

There are 12 face Cards.
Tl(..l'!'j.j = 13 Cj_ o 13 Cj_

nlal
n(s)

CP(A) =



L PA) = —



