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T 2‘2 PERMUTATIOGN, CaNiRiNAON
ANDL PRAZARNIYY
-_I-.'I-.'-J-.'-.:.-.I'-‘J_-" =
Factorial Notation: = [ ~
Let n bea pcr-'.l_.n_/.e-]r_tagdr thentheproduct n(n—1)(n—2)......3.2.1is denoted by n! and
read as ‘0" Flctorialies nl= n(n-1)(n-2)...3.2.1
e.g. '
1=1 Note:
21=21=2 0l=1
31=3.21=6 n!'=n(n-21)!
41=432.1=24
51=54.3.2.1=120
6!=6.5.4.3.2.1=720
EXERCISE 7.1
Q.1  Evaluate each of the following: (vi) 6!
0] 4l 313!
Solution: 4'=4.3-2.1=24 ) 6! 6.5-4.31 6-5.4
(i) 6! Solution: = =
: 313! 313! 3!
Solution: 6!=6-5-4-3-2:1=720 6.5.4
iy 8 =———=5.4=20
(U1 I— 3.2.1
7! gl
| .71 Vil "
Solution: %=87—? (vin 4121
. . | .7.6-5.4I
=81 Solution: i =8 7:6:5-41
_g 4121 4121
: 10! _8:765 _g7.35 :
(iv) T 2.1 e
: * o

! .9.8.7! _
Solution:gzM TR A I T T T O T L O T O
7! 7! L(vilii) o TaSIN BRI RS
=10-9-8=720 _ . ';.\o'h_dt.-’r‘]-;"‘-:-." ) AN~ '
(v) % = WO __j._l_If_?_\3+-10-9-8~7-6-5!
- _ VO L s 21415
Solution: %_:_.1-1.;15(32:%}1%.! N 1110.9-8.7-6 11.10-9-8-7-6
N '-._aliai-f'J',"§3]g 2141 2.1.41
:L 11-10-9-8-7-3 11.10.9-8-7-3
Tt 41 4.3.21
T =11-10-9-7=6930

=1

-

330

549



Chapter-?

Permutation, Combination and Probability

(x) -
iX
21(9-2)!
] .g.71 .
Solution: 9 :9 8 7':9 8
219-21 217 21
=ﬂ—9 4= 36.
21 |
1
) 15!
15!(15-15)!
151, gl
Solution: —¢ _5_'--._ b I_"_:__.
I(J_\_ i |_1) DIUI
11
0| 1
) 3!
(xi) &
| ..
Solution: i:3—21:6
0! 1
(xii)  41.0!.1!
Solution:

410111=411.1=41=4.3.2.1=24
Q.2  Write each of the following in the
factorial form:
Q) 6-5-4
Solution: 6.5.4=2>4321_6!
3-2:1 3!
(i)  12-11-10
Solution:
12-11-10=—12'1lé!10'9! =%
(iii)  20-19-18-17
Solution: 20-19-18-17
20-19-18-17-16! 20!
B 16! " 16!

10-9

(iv) —— (LHR 2022 | Y]

1
Solution:
20 WL w>ﬂ '1MQ 10!

Zt 21.8! 2'_8'

y 7.
v 357
. 876, 876 _ —

i) |
Solution:
52-51-50-49 52-51.50-49
4.3.2.1 41
_52-51-50-49-48! 52!
41-48! 4148
(vii) n(n-1)(n-2) (MTN 2022)
Solution: n(n-1)(n-2)
_n-(n=-)(n-2)-(n-3)!
- (n—3)!

n!

~ (n-3)!

(viii)  (n+2)(n+21)(n)
(GRW 2021, SGD 2022)

Solution: (n+2)(n+1)(n)

_(n+2)(n+1)(n)(n-1)!

- (n—=1)!

_(n+2)!

~ (n-1)!
. (n+1)(n)(n-1)
(ix) 3.0.1 (FSD 2021)
(n+D(n)(n-12)

3-2-1 .
_(+)M(-D-(n=2)! _E N
= 331 2 LAY
1 (n+j-:)!. F . i1 .. |1 :’ b4 ! : _|I

L 2 L

Solution:

._:{:.::) “ in-1)(A - 2). (n-r+1)

(GRW 2022, SWL 2023)

-Solutlon n(n-1)(n-2)...(n—-r+1)

_n(n-H(n-2)———(n—-r+1)-(n—r)!
B (n=r)!

n!

:(n—r)!
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Fundamental Principle of Counting:
Suppose A and B are two events. The first event A can occur in p different ways. After A
has occurred, B can occur in g different ways. The number of Ways that the two evpn*“
can occur is the product pg. -
Permutation: : \
An ordering (arrangement) of n objects is called per. mta*.ou o] t1e oL |e 1.
A permutation of n different objects faken-r(= nj, at & time, is, an airarges <Nt of the r

objects. Generally it is denoted by | P o Pfr ma 4y \,orollary. If r=n.Then
np _ n! N L n! n!
P = ” F?,._n(n—_)_...(n 1 +1) "p — LN
(=0 [ S AL . "T-mt o
EXERCISE 7.2

Q.1 Evaluate the following:
(i) “P, (BWP 2021)
| .19.18-171
Solution: *P, = 200 _20-19-18-171 =20-19-18 =6840
(20-3)! 17!
(i) P, (SGD 2021)
16! 16! 16-15-14-13-12!
(16-4)! 12! 12!

=16-15-14-13= 43680

Solution: *P, =
(i) 2P,
12! 12! 12-11.10-9-8-7!

= =12-11-10-9-8 =95040
@2-51! 7! 7!

Solution: ¥ P, =

iv) P,

| I 10-9.8.7-6-5-4. |
10! _10!_10-9-8-7-6-5:4-3! o< i imeng

Solution: P, =

10-7)! 3 3!
V) gps
| I |
Solution: °P, = ———— *r 9 &=9-8-7-6-5-4-3-2-1=362880
(9-8)! 11
Q.2  Find the value of n when:
Solution: .
0] "P, =30 =N’ —|1730—
(LHR 2021, GRW 2022, D.G.K 2022, RWP_ =hZ=5n+5n - O ’)
23"’)- |~ e inte @) 1En=58) =5
n! & . LY l v | \ _.\-. X_ _— 4 _
=30 Bl L or ) Li=6)(n+5) =0
(n-2)! . VLW s n—-6=0 or n+5=0
_n (n-1)-(n— 2\ ,3'” ' = n=6 , n=-5
o P. NIVE Ignoring n=-5, because n cannot
=n-(n— 1)—«0 be negative.
=n°-n=30 So, n=6
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(i) P =11-10-9 "P, 9
1 n-1 y
11t I=11~1O~9 K1
(11_n) l nP4:9:n—lP3 i
1110-9-8! .. 10 4 AT AN
(11-n)! _ Ly AR Y L U
8l —~, (n-Ajl | (n-l—S}'
—_ =1 AT
11-n)! A\ R -:g‘-(n—l)!
or 8!=(11-n)! TRIRR (n—4)! (n—4)!
8=11-n e ) .. [ '. e =T n!:9.(n—l)!
= M :.'L'l-rG AN B
— ny3d o n-(n-)'=9-(n-1)!
(i) "P,:"P,=9:1 = n=9
Q.3 Prove from the first principle that:
@) "P.=n-"'P_, (LHR 2022, MTN 2023)
Solution:

Q) Let there be r places to be filled by n objects. First place can be filled in n
different ways. When first place has been filled, n—1 objects are left to fill the
second place, so the second place can be filled in n—1 different ways. Thus, the
first two places can be filled in n(n—1) ways. After filling the second place, there
are n—2objects to fill the third place, so the third place can be filled in n—2
different ways. Thus, the first three places can be filled in n(n—-1)(n—2) ways.
Continuing in this way the first r places can be filled in
n(n—l)(n—Z)———[n—(r —1)]different ways. If "P.denotes the number of ways

in which n different objects can be arranged taken r at a time, then
"P.=n(n-D(n-2)..[n-(r-1)] (i)

If r—1 places have to be filled by n—1 objects then the first place can be filled in
n—21different ways. When first place has been filled, n—2objects are left to fill
the second place, so the second place can be filled in (n—2)ways. After filling

the second place, there are n—3 objects to fill the third place, so the third place-,
can be filled in n—3different ways. Thus, the first three ptates can-serfiiled iri.,

(n—1)(n—2)(n—3) ways. Continuing in this, way,the firct r' i1 iplaces, can) be .

filled in (n-1)(n-2)———[n—(r-1)] difierond ways/| If B geriptes tive
number of ways in which ni—} gifferént-obitcts.can he'arangeu taken r—1 at a
time, then VAL VR AL LY T
P = (=D)L L

= R PR 2 - (r-D)] (ii)
F-_r'a-n're_L_'qtj'at.dh (i) and equation (ii), we have
o,
Which is required result.

550



Chapter-?

Permutation, Combination and Probability

(i)

"P="'P+r"P

Let there be r places to be filled by n objects. First place can be filled in different

ways. When first place has been filled, n—1objects are left to fill the secorsi™
place, so the second place can be filled in n—1differant ways. Thus, itz firsttwo*
places can be filled in n(n—1) ways. Aftzrfilling_the seccond’ piace, ‘therg arg

n— 2objects to fill the third place, so the third place car lhe filiea in o= 241 fforent
ways. Thus, the first three piaces cas-2é filiad i1V rign--1,(n '4\ ways. Continuing
in this way, the first r plecesican bé filled'in| n(r! “0)H=2).. [n—(r —1)] different
ways. If "P, denctaq he niiabt of \ways in which n different objects can be
arrangasteken ral aine then

"D (e - 2).. [ (r—D)] (i
If*+'—1 places have to fill by n—1 objects, then the first place can be filled in
n—1 different ways. When first place has been filled, n—2 objects are left to fill
the second place, so the second place can be filled in n—2 different ways. Thus,

the first two places can be filled in n—2 different ways. Thus, the first two places
can be filled in (n—1)(n—2) ways. After filling the second place, there are n—3

objects to fill the third place, so the third place can be filled in n—3 different
ways. Thus the first three places can be filled in (n—1)(n—2)(n—3) ways.
Continuing in this way, the first r—-1 places can be filled in
(n—D(n—2)..[n—(r-1)] different ways. If "*P,_, denotes the number of ways in
which n—1 different objects can be arranged taken r —1 at a time, then

P, =(n-)(n-2)..[n—-(r—D)]

r-"*P_=r(n-1)(n-2)..[n—(r-1)] (i)

If r places have to fill by n—1 objects, then the first place can be filled in n—-1
different ways. When first place has been filled, n—2 objects are left to fill the
second place, So the second place can be filled in n—2 different ways. Thus, the
first two places can be filled in (n—1)(n—2) ways. After filling the second place,
there are n—3 objects to fill the third place, so the third place can be filled in
n—3different ways. Thus, the first three places can be filled in
(n—=1)(n-2)(n—3) ways. Continuing in this way, the first r places can be filled in

(n=1)(n-2)...(n—r) different ways. If "*P. denotes the number of ways in
which n-1 different objects can be arranged taken r at a time, then

1P = (n—1)(N—2)..(n—r) _ .._,hwn“'
Adding equation (ii) and (iii), we have ) L AT |
"RAr R, =(n=-D(n-2)..(n—r)+r(n- 1) (=2 = —M

4nmna[mr4wwnﬂmn@¥ R

=[(n=r)+r](n— 1)(1 A) = [
l"1P+r”l':? 20— ")(1 2. 'n (r 1)]

a4
ol 1L'qunr oa (i) and (|v) we have
nl_\_ I 1P+rnlp

Which is required result.
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Q.4 How many signals can be given by
5 flags of different colours, using 3
flags at a time? (GRW 2021)
Solution:
The total number of flags =n=5
Using flags ata time =r =3
Required number of signals =

=°R,
Q5

flags can be used at au )i
Solution: [ r' :
The total*nuriver of flags =n=6

Number of signals using 1 flag =°P, =6

TN
How many signals can, kbie.qizen b 6} Iw oi different colours when any number of

5!

(5-3)!
51

T2l
5431

AN

. _:5'.4.3.

=60

Number of signals using 2 flags =°P, =6-5=30

Number of signals using 3 flags = °P, =6-5-4=120

Number of signals using 4 flags = °P, =6-5-4-3=360
Number of signals using 5 flags = °R, =6-5-4-3-2=720
Number of signals using 6 flags = °P, =6-5-4-3-2.1=720
Total number of signals =6+30+120+ 360+ 720+ 720 =1956

Q.6 How many words can be formed from the letters of the following words using all

letters when no letter is to be repeated:
Solution: Usingatatime =r=6

Q) PLANE Required number of words

(MTN 2022, RWP 2023) 26%26!26-5-4-3-2-12720

Total number of letters =n=5

Usingatatime =r=5 (i) ~ FASTING

Required number of words Total number of letters =n=7

5P _51-5.4.3.9.1-120 Usingatatime =r=7

T s T YT Emenea T Required number of words

(i)  OBJECT = P, =71=7-6-5-4.3.2-1=5040

Total number of letters =n==6 —
Q.7  How many 3-digit numbers can be formed by using each one of the digits 2,3,5, 7 9 — [ [~

only once? (CWL 2032, l\,’TI\' 2023 )'._ | | (
Solution: 3 _2_‘:" e L\ ) |

Given digits are: 2,3,5,7,9 w3 ’

Number of digits =n=5 = AR L

Using atatime =r=3 A 1

Required numher pi. f uql er ars - 5-4.3-2-1

=sp, VN -2
L B =60
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QS8

Find the numbers greater than 23000 that can be formed from the digits 1,2,3,5,6,
without repeating any digit.

Solution: Given digits are 1,2,3,5,6.

Q.9

Numbers greater than 23000 are of the form:

Numbers with 23 on the extreme left 23®@®® = F;=3!=6
Numbers with 25 on the extreme+eit 25® @R="7, = 2! =/6
Numbers with 26 on the extreme iefl, 25 PR P=3I=4
Numbers with 3 on the exiram left k(& S P, =41=24
Numbers wétll\ e oirti'.c-. e;<:.t"e;'ne ieft 5E®="P, =41=24
Numberswith6 on the extreme left 6@@®® ="P, =41=24

Total Numbers =6+6+6+24+24+24=90

Find the number of 5-digit numbers that can be formed from the digits 1,2,4,6,8
(when no digit is repeated), but

Q) The digits 2 and 8 are next to each other.

(i)  The digits 2 and 8 are not next to each other.

Solution: Given digits are 1,2,4,6,8

Number of digits =5
Q) When 2 and 8 are next to each other in the form of 28 and 82, we consider them
as one digit and their two places as one place.

Required number of permutations = *P, + *P,
=44+ 4!
=24+24=48
(i) Number of total permutations =°R, =5!=120

Number of permutations when 2 and 8 are not next to each other =120—48 =72

Q.10 How many 6-digit numbers can be formed without repeating any digit from the

digits 0,1,2,3,4,5? In how many of them will O be at the tens place?

Solution: Given digits are: 0,1,2,3,4,5

To form 6-digit numbers, we consider 6 places.

AN NN

Since 0 cannot be placed on the extreme left because in this._case the\numbzi i i e u-._ { |

five digits. So the first place on L.H.S can be fiiad by fwe ulqltS (evclh Jd rg 0), n__ "
°P, =5ways. - \ . -

After filling the first place, remaarrlnq five. plpues (ar «bé\(lled hy th‘é remaining five
digits (including 0) in °P, = 5|:¢2L wa 1,

Total numbers are 5x4%8 5'600 | |

Now f|>(lnf O]cLl’T 'aL4 ting required numbers are of the form.

080000

Remainmg five places can be filled by remaining five digits in °P, =5!=120 ways.
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Q.11 How many 5-digit multiples of 5 can be formed from the digits 2,3,5,7,9 when no
digit is repeated.

Solution: Given digits are: 2,3,5,7,9 -
To form 5-digit numbers multiples of 5, we fix digit 5 at unit place.-7hen remairing T6ii,
places can be filled by remaining four digits in ‘P, = 41=24'ways._

Q.12 In how many ways can 8 books |nclud|ng 2 on Englisiibz arrdnged n a <he|f iy
such a way that the English bonkf dare never tegather/ / \_

Solution: '

Total number of books =

Number of English books = \

We denote two Enalisi )z .' < byEq ena . When E; and E; are together in the form of

E;E; and E; Fll We O nsMe :hari as one book and their two places as one place.

Number.¢i stich }_P Miutations = 'P,+'P, =7h7! =5040+5040 =10080

Total number of permutations of 8 books = ®P, =8!= 40320

Number of permutations, when English books are not together. =40320-10080 = 30240
Q.13 Find the number of arrangements of 3 books on English and 5 books on Urdu for

placing them on a shelf such that the books on the same subject are together?
Solution:

Number of English books =3

Number of Urdu books =5

When English books are placed first and then Urdu books, then

Number of arrangements = °P, x °P, = 3Ix5! 6x120 = 720

When Urdu books are placed first and then English books, then

Number of arrangements =°R, x °P, =5!x3! =120x6 = 720

Total number of arrangements =720+ 720 =1440
Q.14 In how many ways can 5 boys and 4 girls be seated on a bench so that the girls and

the boys occupy alternate seats?
Solution:

Number of boys =5

Number of girls =4
Places on the bench for boys and girls be of the form.

Now, 5 boys can be seated on a bench to occupy 5 seats in °P, =5!=120 ways

4 girls can be seated on a bench to occupy 4 seats in *P, = 41=24 ways
Total number of ways =120x 24 =2880

Permutation of things not all different: .
Suppose that out of n things, n, are alike (same) oane k e aml n, a| ol ke of secord
kind and the rest of them are allu‘.ﬁerent Y \ e B
n! 2 ¥ o ™ \\
Then total arrangements are n-‘-! . 1] |
AR

Circular permutation: _
The permutatiif cf iy Mn cican be represented by the points on a circle are called

circularper: Lo
For n cirecularobjects. (Non-flipable) Number of arrangements = (n—1)!

= (n-21)!
2

For n circular objects (flipable) Number of arrangement
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EXERCISE 7.3

How many arrangements of the
letters of the following words,
taken all together can be made:

(i) PAKPATTAN (GRW 2023)

Solution:

Number of letters in
“PAKPATTAN” =9

In PAKPATTAN,

A is repeated 3 times |

P is repeatzd m*f 3

T is repedied titals-

K and N comes only once.
Required number of Permutations

- 9
13,2211

9!

31212111
- 9-8.7-6-5-4.3!

312:1.2-1-1-1
=9.8.7-6-5=15120
(i) Number of letters in
“PAKISTAN” =8 (MTN 2021)
In PAKISTAN,
A is repeated 2 times
P comes only once
K comes only once
| comes only once
S comes only once
T comes only once
N comes only once
Required number of Permutations

~ 8 ~ 8!
{2,1,1,1,1,1,1} 20111
8.7-6-5-4-3.2:1
© 2111111

=20160 ways

(i) Number of letters in

“MATHEMATICS =11 | | ||
Ao MRSD2023)

In MATHEMATHIS! |
M is repact:d 2 times
A is repeated 2 times
T is repeated 2 times

=8.7-6-5-4-3-

H,E,I,C and S comes only once.
Required number of Permutations-

( 41 |
A 22551 11;1;1)" '

41
W T
'_11 10-9-8-7-6-5-4-3-2!
212:1-2-1-1-1-1-1-1
=11.10-9-8-7-6-5-3
=4989600 ways
(iv)  Number of letters in
“ASSASSINATION” =13
In ASSASSINATION,
S is repeated 4 times
A is repeated 3 times
| is repeated 2 times
N is repeated 2 times
T and O comes only once.
Required number of Permutations

~ 13
1432211

413121211111
13.12.11-10-9-8-7-6-5-4!

413-2-1.2-1.2-1-1-1
=13-12-11-10-9-2-7-5
=10810800 ways

Q.2 How many Permutation of the
letters of the word PANAMA can
be made, if P is to be the first letter
in each arrangement’> (MTN 2028~ | |
Solution: TR '

IfPistl ne first Ic* arof edc&
ariange tier't fhep numbel o;f n I 1am||"‘ !

etlars /=5

AN ?n\ﬁe{tmi S4imes

| N'arid M comes only once.

Required number of Permutations

(5 s
1311 311

.4.31
43 5420
3111
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Q.3 How many arrangements of the
letters of the word ATTACKED
can be made, if each arrangement
begins with C and ends with K?

Solution:

If C is the first letter and K is the last

letter of each arrangement;,

then :
Number of remaining letters =6
A is repeated 2 times _
T is repeated 2tinfes |
E and [ cOmes erili-once:
Required:niurnber of Permutations

o2l

6!
2120111
~6-5-4.3.2.1
212-1.1-1

=6-5-2-3=180
Q.4 How many numbers greater than

1000,000 can be formed from the

digits 0,2,2,2,3,4,4?  (RWP 2023)
Solution:

Given digits are: 0,2,2,2,3,4,4.

The numbers greater than 1000,000

are of the following forms:

¢ ROOOOC0

In this case, we have to fill 6 places
by 0,2,2,3,4,4.

Number of digits =6

2 is repeated 2 times

4 is repeated 2 times

Each 0 and 3 comes only once.
Number of Permutations in this case

6 6!
= = =180
2,2,11) 21211111 =\

|

ay  EBIOOOOHN

In this case, we have to fill g places| ||

by 022,244, .~ [R\ )
Numbei-of LIE pal | N

2 is repeaiza.3 tinies

4 is repeated 2 times

0 comes only once.

Number of Permutations in this case

(6 ) sl -
_(3,2,1}_3!2_!1_! N\ [~
S "
312!
_—(:52 tO wh
ain S0 UDD

\_{n-inis case, we have to fill 6 places

by 0,2,2,2,3,4

Number of digits =6

2 is repeated 3 times

3 comes only once

0 comes only once

4 comes only once.

Number of Permutations in this case

e

6!
RELTT
~6-5-4.3!

3111
Hence, the required numbers greater
than 1000,000 are
=180+60+120 =360

=6-5-4=120

Q.5 How many 6-digit numbers can be
formed from the digits
2,2,3,3,4,4?How many of them
will lie between 400,000 and
430,000?

Solution:
Given digits are: 2,2,3,3,4,4. .
Number of digits =6 I
2isrepeated 2 times T N

1} (£%

3 is repzaied 2 times

4Ys rensgied2 fimes) L4 L L LY T

?eqalrec, ni! nbnr of Fﬂrmu‘:duns

2,2,2)
6!

21212

 6:5.4.3.2!
2:1.2.1.2!

~6-5-3=90
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The numbers lying between 400,000 Solution:
and 430,000 are of the form Total members of a club =11
DDDD First committee has 3 members~
In this case, we have to fill four Second committze hasi4 merabers
places by 2,3,3,4. Third crs@miites-has'2 memoers
Number of digits =4 N -ourth/'comriitiee hes.2 inembers
3 is repeated 2 times AT | =, \Recuired nuniber.&fcommittees
Each 2 and 4 comes only once. | ARRAR -
Required number of Permutagions, |\ I, | | __L3, 4,2,2]
[ 4 ) AN o\ - 111

2,11, T T = 31212121
=f2-3 ' 11.10-9-8-7-6-5-4!

Q.6 11 members of a club form 4 _1131%%3422%21

committees of 3,4,2,2 members so — 69300
that no member is a member of
more than one committee. Find the
number of committees.

Q.7 The D.C.Os of 11 districts meet to discuss the law and order situation in their
districts. In how many ways can they be seated at a round table, when two
Particular D.C.Os insist on sitting together?

Solution: Since two Particular D.C.Os insist on sitting together, so consider them as one
man for seating. The total number of men now are 10, and they can be seated at a round
table in 9! ways. Also, two Particular D.C.Os can occupy their seats in 2! ways.
Therefore, the total number of ways are 91x2!=725760

Q.8 The Governor of the Punjab calls a meeting of 12 officers. In how many ways can
they be seated at a round table?

Solution: Number of officers =12
Number of ways that they can be seated at a round table, (fixing one seat), are
=111=11-10-9-8-7-6-5-4-3-2-1=39916800

Q.9 Fatima invites 14 people to a dinner. There are 9 males and 5 females who are
seated at two different tables so that guests of one sex sit at one round table and the

guests of the other sex at the second round table. Find the number of Ways in Whlc s, |

all guests are seated.
Solution: Number of ways that 9 males can be seated zta roun"I tfablr =8l= 403’0 wal sy
5 females can be seated at a round table in 4!= 24 ways. | '
Both males and females can be ,eq‘tvd at 2 rournd-tat; I =4 205 24 =061650 Ways
Q.10 Find the number of ways in v fiich 5 iz andl & Ivcn arcan be seated at a round
table in such a way that no sersprsof| t‘he s&me sex sit together.
Solution: Number of meif.
'\lete ol fumeﬂ =5
Number:¢f f\mys the 5 men be seated a round table (fixing one seat) =4!=24ways.
Number ot ways the 5 women be seated, each between two men =5!=120ways.
Required number of ways =24x120= 2880 ways.
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Q.11 In how many ways can 4 keys be arranged on a circular key ring?

Solution: Number of keys =

(GRW 2021,LHR 2022, D.G.K 2023)

By fixing one of the keys, the number of arrangements of the remairing 3 keve-=/3t= -6

Among these arrangements, half are the same.

Required number of arrangements =
L

0 =3 ways

Q.12 How many necklaces can be mz&z/fr. wm §ireads cf di ﬁereﬂ.t colours’>

Solution: Number ofbeads'

By fixing one of_ths be»rL, tle rlumLu. of arrangements of the remaining beads

=51=120 a3 .\
Among#fibelerrenyements, half are the same.

Required number of necklaces = 120 =60

Combinations:
The number of n different objects taken r at a

time is denoted by "C, or [:j or C(n,r) and

nl!
a
ri(n-r)!

Complementary Combination:
(GRW 2023, SWL 23 BWP 2022, D.G.K 2022)

Prove that "C, ="C, |

isgivenby "C, =

Proof:
n!

(n=n!(n—n+r)!
_n!

_(n—r)! r

nCn—r = ncr

n

n-r —

EXERCISE 7.4

Q.1 Evaluate the following:
(i) *C,
(i) “C,,
(iii) "C,

Solution: L

- 121 !
M C = aa O
12!
~ gl |
_12.11- 1 7 %'
T 91321
=2.11.10=220

(n—r)!r:__ LA

Note:
See Example # 3 Page # 238,
(BWP 2022)
Corollary:
() If r=nthen
o nt nl

"“nin—nm)! nio!l
(i) If r=0then
N n! n!
° on-0)! OIn!

Hence *C, =220

i) *C,=

' 20.19-18-17!

3-2-1-17!
=20-19-3=1140
Hence *C, =1140
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n!
~n-(n-1)-(n-2)-(n-3)-(n—4)!
- (n—4)!4!
~_n-(n-1)-(n-2)-(n-3)

41 )

Hence "C, =

(i) "C,=

4!
Find the value r)f ) nep |

(i) "C, ”(]
(i) "C,y = %

(iii) "C,, =" C4
Solution:

@  "C="C,

(GRW 2022 MTN 2023)
“cnS ="c, +'C.="C_,
-5=14
=9

Q.2

—
—
(i) "c, =8

(GRW 2021 RWP 2023, FSD 2023)

12x11x10!
T 21x10!
12!

~ 21x10!
1
~ (12-10)!10!
= nClo = ClO

=n=12 gl v PR i\
o . ql) i, :1C C+l—361 )
(i) "Cp, ="C \ =\ [ -R\vuoz:s $GD2022)
(FSD 2022)- S Fram /- the| gJVgln tequation,  we
Note: See Example # 1 AN ]"i-f C'Jn"“ldéf\ —
Page # 241, ' | MG TC, =36 (i)
(BWE 9_2‘1‘ .MT[\ 2C°?) "C,:"™C,,,=6:11 (ii)
TR T From equatlon (i), we have
n B . .rrI L _n
Cn_12 = (JJ] |...(,r.*- (Jn_r (n_l)l . n!

= n-12=6
= n=18

n.(n—1).(n—2).(n-§"_"' 'Ke 1

Q.3  Find the values of n and r, when
0) "C,=35and "P, =210

(”) n- 1C n+l —~
Solutién.

BB
MOV AL q-_" B =219

i R .
A= =35
di—r)'r! ®

n! ..

=210

(n=r)! W
Dividing equation (i) by equation
(i), we have

n!
(n—r)lr! _ 35
n! 210
(n=r)!

n! (n—r)!: 35

(n—r)!r!>< n! 210

1 1

rn 6

6=r!

3l=r!

=r=3

Putting r =3 in eq (2), we have
" _ 510

(n=3)!
n-(n—l)-(n—2)-(n—3)!=210

(n=3)!
=n-(n-1)-(n-2)=7-6-5
=>n=7

Hence r=3 andn 7

(N—1-r+)I(r-n! (n-nir!

550

(GRW.2€22) )



Chapter-?

Permutation, Combination and Probability

11r-6n=-5 (iv)
Putting n=2r in equation (iv)
11r—6(2r)=-5
11r -12r=-5
—-r=-5
=r=5
Putting r =5 in equation (iii)
n=2r=2(5)=10
=n=10
Q.4 How many (a) diagonals and (b)
triangles can be formed by joining
the vertices of the polygon having:
(i) 5 sides (SWL 2023)
(ii) 8 sides
(SWL 2022, SGD 2022, RWP 2022)
(iii) 12 sides  (GRW 2022, RWP 2022)-
Solution:

(n=1)! (n—r)!r!_3
(n=r)i(r- 1)' N 6

(n=1)! ><(n—r)!-r-(r—l)!_l
(n=r)-(r-1)! n-(n-1)! 2

r 1

n 2
or 2r=n :
orn=2r (iii)
From equation (ii). we: ha\lre . )

n! Y _P:Llf)L =611
(n=r)Irty A p1- e-0i(r+1)!

n! ><(n—r)!(r+1)!:E
(n=r)!r! (n+1)! 11

n! ><(n—r)!-(r+1)-(r!) _6
(n—=r)!r! (n+1)-n! 11
r+1 6
n+l 11

11-(r+1)=6-(n+1)
11Ir+11=6n+6

0] 5 sides

(@) Number of vertlceq of a5
sided polymr
<IN any’ SLRY ‘n.\,es we
Falsa line segment.
ijmber of line segments

(b)

(i)
(@)

5 51 51
= C2= =
G-2mn! 3121
5430, .
3L2.1

Bul these | \line! seégraents

tincliflel the | E._siges of the
“figuie, -~ witich are not the
<itagonals.

Number of

diagonals=10-5=5
Number of vertices of a 5
sided polygon =5
Joining any three vertices, we
have a triangle.
Number of triangles = °C,
5!

(5-3)!13!

51
PIE]

5-4.3!

2-1-3!
=5.2=10
8 sides
Number of vertices of a 8
sided polygon =8
Joining any two vertices, we
have a line segment.
Number of line segments
T 8!

(8-2)12!

| ~=4.7=28

But these line segments
include the 8 sides of the
figure, which are not the
diagonals.
Number of
=28-8=20

diagonals
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(b)

(iii)
(@)

(b)

Number of vertices of a 8

sided polygon =8

Joining any three vertices, we

have a triangle.

Number of triangles

', = 8! -
(8-23)!3!

Number of vertices of a 12
sided polygon =12
Joining any two vertices, we
have a line segment.
Number of line segments
g 121

(12-2)12!
121
10121
~12.11.10!
© 104241
=6-11=66
But these line segments
include 12 sides of the figure,
which are not the diagonals.
Number of diagonals
=66-12=54.
Number of vertices of a 12
sided polygon =12

Joining any three vertices-,-s.r.{é'.

|

have a triangle
Number of triangles

_ 20 o PRV NI
VT g el o
"2.11-10-91
095 1110220

9:3.2:1

Q.5 The members of a club are 12 boys
and 8 girls. In how many ways can
a committee of-2 boys and 2-"gi'.'i':~_-
be formed? .\ '
Soluticn:, 71\ [ AL
\ Coinrfiittbes of.';s__hm,'s out of 12 boys
. and2-gii1s out of 8 girls are to be
formed.
Number of such committees are
=12 C3 ><8 C2
_ 12 y 8!
(12-3)13! (8-2)!12!
2t 8
91.3!1 6!2!
:12'11'10'9!><8'7'6!
9:3.2.1  6}2-1
=2-11-10x4-7 =220x 28 =6160
Q.6 How many committees of 5
members can be chosen from a
group of 8 persons when each
committee  must include 2
particular persons?
Solution:

Since each committee must include 2
particular persons, so remaining 3
members are to be chosen out of
remaining 6 persons.

Number of suchcommittees "

= C, _ w, I
\[ i
\! 'é!. .

3131

_6-5-4.3!

© 313241
=5-4=20

o
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Q.7 In how many ways can a hockey
team of 11 players be selected out
of 15 players? How many of them
will include a particular player?

Solution:

A hockey team of 11 players out of

15 players is to be selected.
Number of teams
15!
(A5-11)11
_ 35 RV
4 '
~15.14.13-12-11!
4.3-2-1-11!
15-7-13=1365
Since each team must include a
particular player, so remaining 10
players are to be selected out of
remaining 14 players.
Number of such teams
14!

(14-10)110!

15

11 =

14

10 —

14l
41101

Q.9

can be formed, having:

(i) 4 women

(it) at the most 4 women

(iii) at least 4 women?
Solution: Total number of men =8
Total number of women
4 women:

(i)

We have to form combinations of 4 women out of 10 and 3 .mn out )f ?

Number of such committees are

:J.O C4 XB ~

zad |

_14-13-12-11-10!
© 4.3.2.1-10!
~=7-13-11
~1001 -

Show fres 15

+1-o o~

.17 -f_- K
(U Lll‘

_ E WP 2023)
P+ ClO

16!
(16-10)1-10!

Q.8

Lf1

! 1-I Bt
16!
= +
(16—11)1-11!
16! 16!
=4
51111 6!10!
__ et 18!
51-11-10! 6-5!-10!
16! {1 l}
_ _+_
SI10!11 6
16! [6+11
51101 11-6

18! [ 17
_M[ﬂ}
i
61111

St |

_17-180
6-5!-11.10!
~7C, =RH.S

17!
(17 -1)n1

There are 8 men and 10 women members of a club. How many committees of Seven

=10

1r)| AR
L 4):41 (a ’*\lﬁ
_31'_'0!'- ol
“ol4! 5131
_10-9-8:7-6! 8-7-6:5!

6!-4.3-2-1 5' 3-2-1
=10-3-7x8-7=210x56=11760
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(i) At the most 4 women:

In this case, womens are less than or equal to 4, which implies the following p035|b|I|t|es -
(OW,7M)(AW,6M), (2W,5M), (AW, 4M), (4W,3M) o~
Number of such committees are: - ' Wy :
= C,x*C, +°C x*C,+°C,x*C, +°C,x*C, +"° t34 S C, 7

:SC +loc XSC +lOC XSC +10r\ Xo'c +10(\ )( L-g' d ! )CP =N C.;_r
_10 87 109 8.7:6 10 g 18,765 110-0\817 #7618
17217 21 321 g2 421 aEa1 3201

= 280 +2520+R460+ 11767+ 8+ 22958

(i) At Iﬂa]s veinen:.

In this Lgfe woiniens are greater than or equal to 4, which implies the following
possibilities.
(4W,3M), (5W,2M), (6W,1IM), (TW,0M)
Number of such committees are:
= C, < C,+°C,x*C,+°C,x*C,+°C, x*C,
:lOC ><8C +10C ><8C +10C ><8C +1°C
_10-9-8-7 876 109876 8-7 10987 8 10-9-8

4.3.2-1 321 5.4.3-2-1 21 4.3-2-1 1 3-2-1
=11760+ 7056 +1680+120 = 20616
Q.10 Provethat "C.+"C_, =""C, (LHR 2022, MTN 2022)
Proof: (n+1)n!
In-'H'Sr:] Cr(r=1)(n-r+1)!(n—r)!
Co+ (I:” | _ (n+1)n!
=— n- + n- S r(n—r+1)!
r(n-r)t (r=1)n—(r-1)]t (n+1)
| I -\ )
= n + n ri((n+1)—r)!
rr—)!(n-r)t (r=1)Y(n—-r+1)!
=" C, =R.HS
n! n! r
B r.(r—l)!(n—r)!+(r—1)!(n—r+1)(n—r)! Hence L.HS=R.H.S
~ n! 1 L1 } _ — — ™ '
C(r=1)(n=r)!r n-r+l Note: See Example 5, 4 4 40 L Ly |
| r | Pj_gf Lf441 . .= b Lt
_ n! N-r+4d+r ) —~f§ GRA 2022, c\a 2073, RWP12022, D.G.K
(r=1)n-r)tr(n-r+l)| = AR 2023)
oot nan [
(r-1)!(n. J'."_I[ [ P

Sample Space': W

The set cb‘hsisting of all possible outcomes of a given experiment is called the sample

space.

(RWP 2021, LHR 2022)

550



Chapter-? Permutation, Combination and Probability

Event: (RWP 2021, LHR 2022)
A particular outcome is called an event and usually denoted by E.
e.g. In tossing a fair coin, the possible outcomes are Head (H) or a Tail (T) and itis

written as S={H, T}

Mutually Exclusive Events: -
Two events are mutually exclusive-events if thov cannot cecur woether. If-ve Toss a
balanced coin so occurrence of iead,arc OCPUrTETicE Lf t"ll are m Jeealtyexclusive events.
Equally Likely Events:
If two events A and B occur if| anlexrerier: t, *“en A and B are said to be equally likely
events if each cnecf th“ﬂ- nuc egL.al-namber of chances of occurrence.
Probability: \ ] AN
Probabiii ) is'the numerlcal evaluation of a chance that a particular event would occur.
The probablllty of the occurrence of the event E is denoted by P(E)

n(E) _ number of ways in which event occurs
n(S) number of the elements of the sample space

Such that: P(E) =

Note:
Q) 0<P(E)<1
(i) If P(E)=0, event E cannot occur and E is called an impossible event.
(iii) If P(E) =1, event E is sure to occur and E is called a certain event.
Probability That an Event Does Not Occur:
If a sample space S is such that n(S) = Nand out of the N equally likely events an event
E occurs R times, then , evidently, E does not occur N—R times.
The non-occurrence of the event E is denoted as E .

Now P(E):%:%
. n(E) N-R N R
ond T R I T T
P(E)=1-P(E).
EXERCISE 7.5

For the following experiments, find the Probability in each case:

Total possible out(omﬂs = 1’8\ =10

Q.1 Experiment: _
From a box containing orange LRt A biesthe evenr thet nhe WAer i<
flavoured sweets, Bilal takes out ')rdngefa\,(urld '
one sweet without looking. 1R Y Since {% box conhlns jUSt orange-
Events Happening: = | L flav. otres 'sweets, so all the possible
() Thesweetis orange- ‘-outcomes are favourable i.e.

flavoured. n(A) =1
(i) ~ The, Sr‘ ‘“tt," e The required Probability is
:!Jv R . n(A) 1

Solution: . P(A)=——==-=
Q) The sweet is orange- n@s) 1
flavoured:
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Q.2

(i)  The
flavoured:
Total Possible outcomes =n(S) =1

Let B the event that the sweet is
lemon-flavoured.

sweet is  lemon-

Since the box contains just orariga-
flavoured sweets, so all the possiile
outcomes are not favoura**'e, ie.

n(B)=0 [ b
The requfire 3 }Jroheo.hty IS
p(B)="2) _0_g

n(S) 1
Experiment:
Pakistan and India Play a cricket
match.
The result is:
Events Happening:
(i) Pakistan wins
(i) India does not lose.

Solution:

Since there are three Possible results
of the match, win, lose or the match
is tied. So, the total possible
outcomes are n(S) =3

Q) Pakistan wins:

Let A be the event that Pakistan
wins, then n(A) =1

The required Probability that
Pakistan wins the match is

_ny _1
P(A)_n(S)_B

(i)  India does not lose: |
Let B be the event that India doesct

lose the match, then n(B) -2
The required _ DroJabl ity W I Fpt .’H'
does not( %]t\ne hich i
ri "2

n(S) "3

P(B) =

Q.3 Experiment:
There are 5 green and 3 red balls
in a box, one ball is taken out
Events happemn«1
(i) Tl“e ba“ is'green) L\
' (GRN 2021
(fiit)/ /The Hall i5 rad. '
- (FSD 2023)
| Bolution; Niriiber of green balls=5
' iumber of red balls =3
Total number of balls =n(S) =8
Q) The ball is green.
Let A be the event that the ball is
green, then n(A) =5
The required Probability that the ball
is green is
p() =)
n(s) 8
(i) The ball is red.
Let B be the event that the ball is red,
then n(B) =3
The required Probability that the ball
isred, is
o)~ "®) _3
n(S) 8
Q.4  Experiment:
A fair coin is tossed three times. It
shows Events Happening:
(i) One tail
(i) At least one head
Solution: When a fair coin is tossed
three times, the set of possible
outcomes is
S ={HHH, THH, HTH, HHT  TTH, THT , HTT,TTT}
Total  possible  outcomes _are~ | |
n(S):S__ i T P B § |
£ Que tadi= A4 4 4 4L L4
Let /A7 be The"eveﬁ that *he lcdiii
.~ bhéwvel one,\taily then—inie set of
() favuer\tapmtwmes is
= {HHT HTH,THH} i.e
n(A)=3
The required Probability that the
coin shows one tail is
P(A )_n(A) 3
n(s) 8
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(i) At least one head:
Let B be the event that the coin
shows at least one head, then the set
of favourable outcomes is

B ={HHH,THH,HTH,HHT, TTH, THT,HTT} e

n(B)=7

The required Probability that ' the

coin shows at leastarje h%ad igl:
(: ' -
P(B )—-'—--‘I:—
ns) 8
Q.5 Experiment:
A die is rolled. The top shows,

Events Happening:

(i) 3 or 4 dots
(i1) dots less than 5
Solution:

The set of Possible outcomes is
S={1,2,3,4,56} ,then n(S) =6

Q) 3 or 4 dots:

If A is the event that the top shows 3
or 4 dots, then set of favorable out
comes is

A={3,4}

i.e n(A)=2

(i) Dots less than 5:

If B is the event that the top shows.
dots less than 5, then set of favo'r_@br{_a

out comes is
B:uzaq__..ﬁzﬁu
i.e n(Bjz 1\ ] [ S N

Q.6 Experiment:
From a box containing slips

numbered 1,2,3,45 one Sllp S

picked up.
Events nappenlnu
(1} e riumber on the, slip i a
. prme numker. =,
(1) S The\ruriicar orithe slip is a
rnuttiple of 3.

| hol Wioh!

The set of possible outcomes is
S$={1,2,3,4,5} ,then n(S)=5

Q) The number on the slip is a
prime number:

If A is the event that the number on
the slip is a prime number i.e.
A={2,35} then n(A)=3

So, the Probability of A is

p(A)zwzg

n(S) 5
(i) The number on the slip is a
multiple of 3:

If B is the event that the number on
the slip is a multiple of 3 i.e. B={3}
then n(B) =1
So, the Probability of B is

nB) 1

P(B)=—= ) 5

Q.7  Experiment:
Two dice, one red and the other
blue, are rolled simultaneously.
The numbers of dots on the tops
are added. The total of the two
scores is
Events Happening:

(i) 5 (i, 7 i1 ||

Solution: -

\When wvr dice-are, ! oiled f_e seq of ™

pcss-bn oltronies is) )
((14), \x@\’ (4.2), (54).11.5):L.6),

(’1( 2):(2.3),(2.4).(25).(2.6),
(60).(32),(33).(34).(35),(36).
(42).(4.2).(4.3),(4.4),(4.5).(4.6),
(5.1).(5:2).(5.:3),(5.4).(5.5).(5.6).
he%(n( )( 3),(6,4),(6.5),(6.6)}
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QS8

Solution:

Q) Let A be the event that the
total of two scores is 5, then set of
favorable out comes is

e A={(14),(23),(32),(4)},
then n(A) =4
Thus, the required Probability is__
P(A )_n(A) 41
n(S) 36 9

(i) Let B be the zwvent |that th\

total of two ¢ r woTES 5| F thﬁr_ Levor
C

favorabie.pelcormes is
ie.
={(1,6),( 5),(3.4),(4.3),(5.2),(6.1)}
then n(B) =6
Thus the required probability is:
p(g)="B) n(B) 3 1
n(S) 36 6

(iii)  Let C be the event that the
total of two scores is 11, then set of
favorable out comes is

ie. C={(56).,(6,5)}
then n(C) =2
Thus the required Probability is

P(C) = nc)_2_1

n(S) 36 18

Experiment:
A bag contains 40 balls out of
which 5 are green, 15 are black
and the remaining are yellow. A
ball is taken out of the bag.
Events Happening:
Q) The ball is black
(i)  The ball is green
(iii)  The ball is not green.
Total
=40 =n(S)=40
Number of green balls =5
Number of black balls =15
Number of
=40—-54715) =27
Q) The Lrl” IS olack
Let A be the event that the ball is
black, then n(A) =15

number of balls.

AN 1

ve'lo'ln-: O halls -

The Probability that the black ball
comes is

n(A) 15 3
P(A)zﬁzr—z—
~{S) 40| .2
(I) TH2 bdllis ¢reen:

et B/br te veni *hat _fh~~ uall s
(reen then nual)._—E
Thel, Fretanility that the green ball

comes is

p(g)-"(B)_5 _1
n(S) 40 8

(i) The ball is not green:
Let C be the event that the ball is not
green, then

1 7

P(C)=P(B)=1-P(B)=1 =5
Q.9 Experiment:

One chit out of 30 containing the

names of 30 students of a class of

18 boys and 12 girls is taken out at

random, for nomination as the

monitor of the class.

Events Happening.

Q) The monitor is a boy.

(i)  The monitor is a girl.
Solution: Total number of boys =18

iy

Total number of girls =12
Total number of
=18+12=30

Also, total number in sample space
=n(S)=30

Q) The monitor is a boy:

Let A be the event that the monitor is
a boy, then n(A) =18

Therefore, the prObablllf\! Hhal mn_ ;
monitos |sab0\/ ig '
PH;A) _',LA_._iq _?’ )
VoV L (S, BE
e nGriior is a girl:

students

\\ i.2t-3 be the event that the monitor is

agirl, then n(B) =12

Therefore, the Probability that the
monitor is a girl, is
n(B) 12 2

PE=15) nGS) 30 5
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Q.10 Experiment: Therefore, the Probability that the
A coin is tossed four times. The tops shows all heads is:

tops show n(A) 1

- P(A)=—===

Event Happening: n(S) 16
(i) All heads (i) 2 heads G  '2kearsana téily; A\
~and 2 tails o , Let 8/ be'thel even: that e tops
Solution: When a coin is tossed-oiir ¢hews..2 \heads “and 2 “tails, then the

times, then the set of possidle |

outcomes is

HHHH, HHHT, HHTH, HTHH, THiH, ]
S=4HHTT, HTHT, HTTH - T[T HT s

TTHHH] 'TFFT Lk ST TR, ST
n(S) =1%
Q) Al heads:
Let A be the event that the tops

50t DF.presivle favourable outcomes

B ={HHTT,HTHT, HTTH, THHT , THTH, TTHH}

Then n(B) =6

Therefore, the Probability that the

tops shows 2 heads and 2 tails is:
pB) = (B) n(B) _6_3

shows all heads, then the set of
favorable outcomes, that is

A={HHHH}, so n(A) =1

ns) 16 8

EXERCISE 7.6

Q.1 A fair coin is tossed 30 times, the result of which is tabulated below. Study the table
and answer the questions given below the table.

Event Tally Marks Frequency
Head HH H 1] 14
Tail T 16

(1) How many times does ‘head’ appear?

(i)  How many times does ‘tail’ appear?

(ili)  Estimate the Probability of the appearance of head?

(iv)  Estimate the Probability of the appearance of tail?
Solution:

Q) Heads appear in experiment are 14 times.

(i) Tails appear in experiment are 16 times.
(iii)  If A'is the event that head appears, then n(Aj=14
Thus, the Probability of the event-A;iS v/

1 L y L 1
- 3 ! | .-" 5 .l .-
11 1 e ' 1 1
DA Y B
! L 1 L1 '.- |1 3 h :
1 i \

oy 221
n(S) 30 15
(iv) If Rigihie ev‘r.tfh(u i€ tar appears then n(B) =16. Thus, the Probability of the
aveIiE s,
()' nB)_ 16 _8
n(S) 30 15
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Q.2 A die is tossed 100 times. The result is tabulated below. Study the table and answer
the questions given below the table.
Event Tally Marks Frequency
% H A 11 _1‘7‘ -
: ft Hht 411 _j,) — A\
2 it a( ()
5 ) A I TN
6 1 . &
A +_. o i
Q) How many times G0 dqts abpaer?
(i) How many tir ias|¢o'e | Giolls ‘appear?
(iii))  How mary,* +{rhet-<loes an even number of dots appear?
(iv)  How mariy times does a prime number of dots appear?
(V) Find the probability of each one of the above cases.
Solution:
Q) Dots 3 appear 20 times.
(i)  Dots 5 appear 15 times.
(iii)  Even dots are 2,4 and 6, appear 17, 18 and 16 times respectively.
So, the total number of even dots are 17+18+16 = 51 times.
(iv)  Prime numbers are 2,3 and 5, so the total number of prime dots appearing are
17+20+15=>52 times.
(V) If A is the event that 3 dots appear, then P(A) = n(A) ﬂ 1
n(S) 100 5
If B is the event that 5 dots appear, then P(B) = n) _ 15 i
n(s) 7100 20
n(C) _ 51
If C is the event that the even number of dots appear, then P(C) = a(S) =100
If D is the event that the even number of dots appear, then P(D) = n(d) = 52 = B
n(S) 100 25
Q.3  Theeggs supplied by a poultry farm during a week broke during transit as follows:
1%, 2%, 1%% %% 1%, 2%, 1%, Find the Probability of the eggs that broke in a
day. Calculate the number of eggs that will be broken in transmitting the foIIowmg
number of eggs: -
(i) 7,000 (ii) 8,400 (iii) 10,500
Solution: For a week iR
142+3 4 104134204234 044-0 VA AT L U
Number of eggs that are broken iii"a"-dai?/";%*?/o AR \\ .
Number of eggs that Trg brekien olt m _7'(\L‘0:e§g§ = %.OOOngﬁ =90
1 BN |
Numbet, o] -e_g]gs ‘idtaie broken out of 8400 eggs =8400x§xﬁ =108

Number of eggs that are broken out of 10500 eggs =10500x§xﬁ =135
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Addition of Probabilities:

Let A and B are any two events then probability of occurrence of event A or event B is

given by
P(AUB)=P(A)+P(B)-P(ANB)

When A and B are disjoint events then it becomes

P(AuB)=P(A)+P(B)

Q.1 Ifsamplespace ={1,2,3,...,9},(
Event A={2,4,6, 8}and
EventB = 1} Fina 'J\f UB).
(C' W 2023, MTN 2023)
Solution:
Sample Space =S ={1,2,3,...,9}
=n(S)=9
Event A ={2,4,6,8 =n(A)=4
Event B ={1,3,5}=n(B) =3
P(A) = n(A) _ 4 and P(B) = n(B) §_
n(S) ) niS) 9
A and B are disjoint sets
So P(AUB) = P(A)+ P(B)
41 4+3 7
+
93 9 9
Q.2 A box contains 10 red, 30 white
and 20 black marbles. A marble is
drawn at random. Find the
Probability that it is either red or
white.
Solution:

Number of red marbles =10

Number of white marbles=30
Number of black marbles =20

Total number of marbles
=10+30+20=60

=n(S) =60

Let A be the event that a drawn
marble is red, then n(A)=10 —

PA=1s) ns) 60 6
Let B be the event thgi clr'm )
marble mvhu Hernin(®)=:0

il 13) 3”‘ 1
P(B)=-t ot =
n(S) 60 2

n(A) E_l DARY

BATESA

win—

. Sinte A aid B are mutually
I_£XTIUSive events,
So P(AUB) =P(A) + P(B)
1.1 1+3_4_2

+
6 2 6 6 3
A natural number is chosen out of

the first fifty natural numbers.

What is the Probability that the

chosen number is a multiple of 3

or of 57 (D.G.K 2023)
Solution:

Here, the Sample space is

={12,3,...,50} =n(S) =50
Let A be the event that a chosen
number is a multiple of 3.

~/3,6,9,12,15,18,21,24,27,
" 130,33,36,39,42,45,48

Q.3

=n(A) =16
by (A _16_8
n(S) 50 25

Let B be the event that a chosen
number is a multiple of 5.

- {5,10,15, 20, 25,30,35,40, 45,50}
—n(B) =10
()_n(B) 10 1
nGS) 50 5
Now, ANB = {25,30,45}  —~
=>n(ANR) =21 |1

AN Gla\SE)
¥ 7 '“(.S-,':' 50

Y ._- \ Sjn(é \A\\\&J’: B are OVerIapping

| _fvEts, so
P(AuB)=P(A)+P(B)-P(AnB)
8 1 3

"25 5 50
_16+10-3_23

50 50
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Q.4 Acardisdrawn from a deck of 52
playing cards. What is the
Probability that it is a diamond

card or an ace?
(D.G.K 2022, RWP 2023)

Solution:
Total number of cards =52 -,
=n(S) =52

Let A be the event that a drawn carc |

is dlamond card

=n(A) = | b
NN N
P( )_‘__-,-
n(s) 52 4
Let B be the event that a drawn card
is an ace.
=n(B)=4
P(B) = nB) 4 1
“n(S) 52 13

Since one diamond card is also an
ace card, so n(AnB) =1

P(ANB) = nAnB) _1
n(s) 52
A and B are overlapping events, so
P(AUB) =P(A) +P(B)-P(ANB)

11 1
+___

4 13 52

13+4 1.16_4
52 52 13

Q.5 Adieisthrown twice. What is the
Probability that the sum of the
number of dots shown is 3 or 11?

Solution:

A die is thrown twice. Therefore,
sample space is

s= {(L1),(L2).(13),(L4),(L5),(L6),
(21),(2.2),(23).(2.4).(25).(26), ~ | |,
(31).(3.2).(3.3).34).(35).(36). =\ |
(41).(4.2).(43).(4.4).(45) (485, | 1\
(51).(5.2). (53165 Fh(BEH 4
(6.1 )@?\@&wuu>ws>w6»
=n(S) =

Let A be the event that the sum of
number of dots shown is 3.

={L2).21)l=n(A)=2

P(A) .= WA i______*-_ _
nisy 3618 |
_-eiB be'tht 'avent thak-the sum of
riunieeraf dots-siiown is 11,
'E={(5,6),(6,5)}=n(B) =2
P(B) = nB)_ 2 1
n(s) 36 18
Since A and B are disjoint sets.
P(AuB)=P(A)+P(B)
1 1 2 1
=t —=—=—
18 18 18 9
Q.6 Two dice are thrown. What is the
Probability that the sum of the
number of dots appearing on them
is4 or 6? (RWP 2021, BWP 2023)
Solution:
When two dots are thrown, the set of
possible outcomes is

5= {(11),(12).(13).(14),(25). (16).

(21),(2.2).(2.3).(2.4).(25).(2.6),
(31).(3.2).(3.3).(3,4).(35).(36),
(4.1),(4.2).(43).(4,4).(4,5).(4.6),
(5.1),(5,2).(5.3).(5.4).(5.5).(5.6),
(6.1).(6,2).(6.3).(6,4).(6.5).(6.6)]
—n(S)=36

Let A be the event that the sum of

number of dots shown is 4.
A={(13), (212,).-._(3’1)} o

:>n(A\-- \ — .
.(/’)',"_\e‘_ _? 1 )

A7 (Y Q.) .["

et t\)@\!hn everit that the sum of
\ htsioer of dots shown is 6.

B={(15).(2.4).(33),(4.2).(51)

=n(B)=5
o) "B)_5
n(S) 36

Since A and B are disjoint sets
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Q.7

Solution: WERN

5= {(12).(12),(13),(14),(15).(16)

P(AuB)=P(A)+P(B)

1 5 8 2
=t —=—=—

12 36 36 9
Two dice are thrown
simultaneously. If the event A is
that the sum of the number of dots--
shown is an odd number and thel | | .
event B is that the number of dot: l
shown on at least one die_is 2. Find |
P(AUB). NN

When tW dm are thrown the set of
possible outcomes is

(21).(2.2),(2,3),(2,4).(2.5).(2.6),
(31).(3.2).(3,3),(3.4).(3,5).(3.6),
(4,2),(4,2),(4,3),(4,4),(4,5),(4,6),
(5,1),(5.2),(5.3),(5,4),(5.,5),(5,6),

(6.1).(6,2).(6,3).(6.4).(6,5),(6,6);
=n(S) =36

Let A be the event that the sum of

number of dots shown is odd.
A={12),14),16).(21),(23).(25),(32),(34),
(3,6),(41,(4,3),(4,5),(52),(54),(56),(6,2),
(6,3),(6,5)}
—=n(A)=18
p(ay_ A _18 1

n(S) 36 2
Let B be the event that the number of
dots on at least one die is 3.

_[@3),(23),(31),(3,2),(3,3),
_ﬁa®4aaxa@44axa$xa$}

A~ o~~~

=n(B) =11
P(B) = e 1 ST
n(s) 36 =\ A\
Now ANB= %23(33(3@
(3e\r._1;hs)J_
=n(Ac hs}p J VA
p(AmB)_M_EZE
nsS) 36 6

0.8

Solution:

) W(Arl\g

Since, events A and B are
overlapping, so

P(AUB)=P(A)+P(B)—- P(AmB‘ -

1 1.1
2 256 -
IF)‘FJ.J—') ')3

JL ’2[—‘

There'are 10 girls and 20 boys in a
class. Half of the boys and half of
the girls have blue eyes. Find the
Probability that one student
chosen as monitor is either a girl
or has blue eyes. (D.G.K 2022)
Number of girls =10
Number of boys =20
Total number of students in a class
=30

=n(S)=30
Number of boys having blue eyes
=10
Number of girls having blue eyes
=5
Total number of students having blue
eyes =10+5=15
One student of the class in chosen as
a monitor.
Let A be the event that monitor of
classisagirl, so n(A)=10

p(ay A _10_1

n(S) 30 3

Let B be the event that monitor of
class has blue eyes, so n(B) =15

Py -"® _15_1
n(s) B0 2

“Npw, /-\‘*‘B setofgl Isw:tn Blus |

ayr:c

' n(ArwB) 5

.: \_Afd P(AnB)=1205) 2

1
n(s) 30 6
Events are overlapping, so
P(AUB)=P(A)+P(B)-P(ANB)
11 1 2+3-1 2

326 6 3
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Independent Events:

Note: B! v oA
The formula P(ANB) =P(A).Pt5) car: ne qe.ne"ra!_iz?d as.
P(A,NA, NA,..NA ) =P(A).2(A,)..P(A,)
Where A, A~ A ara |ndependentevents.
| NN EXERCISE 7.8
Q.1 The Pronb.nty that a person A Solution:
_ _ .5 When a die is rolled twice, the set of
will be alive 15 years hence is - possible outcomes is
and the Probability that another
person B will be alive 15 years = {(11).(12),(1,3).(L4).(15).(16),
hence is g Find the Probability (21),(2.2),(2.3).(2.4),(2.5).(2.6),
. . (31).(32),(3.3).(3.4),(35).(36),
that both will be alive 15 years
hence. (41),(4,2),(4.3),(4.4),(4.5).(46),
Solution: (52).(5:2),(5.3).(5,4).(55).(5,6),
Let Ev be the event that a person A (6.1),(6,2),(6,3),(6,4),(6,5),(6,6)]
will alive 15 years hence. —n(S)=36
c _ -
P(E) == E; is the event that even number of
/ i dots appear.
Let E;, be the event that a person will (2,2).(2.4),(2,6),(4,2)
alive 15 years hence. El:{ Poa A R e }
7 (4,4),(4,6),(6,2),(6,4),(6,6)
Events E; and E, are independent P(E) = n(E) 9 1
events B)= n(s) 3% 4
years hence is appear ) . ) .
PENE)=P(E)PE) {uus),ﬁ.:ﬁ).-{-_s,f»,-ie..ts)}'-.
_57_5 ) _ﬂn\l.:)_a } W\ -
"79 9 ' Wy A
| f 4 1
Q.2 A die is rolled twice: Event l‘l i l ’(t \\\ms % 5
the appearance of even nursber ¢f| || n(s)
dots and Event[ ;45 - thé P(E,)-P(E, )_1 1_1 (i)
appearanre ]ol g |= tnrn -} dots. 4 9 36
Prove tialt)" Now,
P(E, NE}) = P(E,).P(E,) E,NE, ={(6,6)}
(BWP 2022) =n(E,NE,) =1

Two events A and B are said to be independent. If the occurrence of any one of them
does not influence the occurrence of the other event. -
Theorem:

P(AnB)=P(A).P(B)

Let A and B the two independent events, then their rrqbabil: fv is caiculytzd by:
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Q.3

P(ENE) =S = i)

From eq (1) and eq (2), we have
P(E,NE,) =P(E)-P(E,)

Hence proved.
Determine the

tosses of a balanced coin.

(RWP 2021

Solution:

Q4

When two coinz, dre t)3 smu ther (he
set of psgifile ouEsmes s

S = {HH\ HTH, TT)

=n(S)=4

Let A be the event of getting two
heads, then n(A)=1 Thus, the
required Probability is

_nA)_1
P(A) = n) 2

Two coins are tossed twice each.
Find the Probability that the head
appears on the first toss and the
same faces appear in the two
tosses. (SWL 2022)

Solution:

Two coins are tossed twice each.
For first toss, sample space is

S={HH,HT,TH,TT}

=n(S)=4

Let A be the event that the head
appears in first toss.

A={HH, HT} =n(A)=2
and P(A) = n(A) 2_1
n(S) T4 2

For second toss, sample space is
same.
Let B be the event that the same

faces appear in second toss.
B={HH,TT} =n(B)=2 AT

nB)_2_1

n(S) T4 2

A and B are T npﬂ(e'nu'f/cns
11

P(ANB) = R(A)- P(B)=7->=

P(B) =

1
4

Probability of.
getting 2 heads in two sucussr\e .

Q.5

Two cards are drawn form a deck
of 52 playing cards. If one card is
drawn and replaced before-
drawing_the sdcdnd card, Ting. thie:
Probatiilivy that bpthithe sercs are
acas ot

Seiution:

Q.6

Solution: o« ||
Since there are 52 playini Cdl‘" o0 |

Since. thiake-are 52 playing cards, so
n{5) =52

Let A be the event that first card is
an ace card, then n(A) =4

n(A) _4 _1
Py - 2
n(S) 52 13
Let B the event that the second card
is also an ace card so n(B) =4

P(B) =) = 2 =
n(S) 52 13

Since A and B are independent
events.
P(AnB)=P(A)-P(B)
11 1

13 13 169
Two cards from a deck of 52
playing cards are drawn in such a
way that the card is replaced after
the first draw. Find the
Probabilities in the following
cases:
Q) First card is king and the

second is a queen.

(i)  Both the cards are faced
cards i.e. king, queen, jack

P!S) 5? ( {UI fl[S'I O’]’a 'V)
fi), /Lt \ be the, e« '*nt 11" tne
' "*K ﬂ‘st card._lis—king, then

-. Ny =4
' p( )_@:i:i
ns) 52 13

For second draw, n(S) =52
Let B be the event that the second
card is queen, then n(B) =4
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pe)-"(B)_4 _1 i.e. n(S)=36
“n(s) 52 13 Let B be the event that sum of dots
A and B are independent events in the second th.row Is 11. ]
P(ANB)=P(A)-P(B) = — .~ - % B=1(56).(6.5);
1313 169 =n(BY=2
(i) For first draw, n(S)=52 _ _ -_D(-r,‘) fh(BA V2 A
Let A be the event that the firsc.card | | (s 25718

is faced card, then n(A) =12

e
p(a) =DA) 12 _ S [
n(S)t 13 !
For seccridl| *J aw," r‘( =52

Let B be tiie event that second card is
also faced card, then n(B) =12
n(B) 12 3
PB)="D-2_ 3
n(S) 52 13
A and B are independent events
P(ANB)=P(A)-P(B)
_3.3_9
13 13 169
Q.7  Two dice are thrown twice. What
is the Probability that sum of the
dots shown in the first throw is 7

and that of the second throw is 11?
(FSD 2022, SWL 2023, GRW 2023)
Solution: Two dice are thrown twice.
For first throw, sample space is

s= {(11).(12),(13),(14).(15).(16),

2,1),(2,2),(2,3),(2,4),(2,5),(2,6),
31),(3,2),(3,3),(3,4),(3,5),(3,6),
4,1),(4,2),(4,3),(4.4),(4,5),(4,6),
51),(5,2),(5,3),(5,4),(5,5),(5,6),
(6.1).(6,2).(6,3).(6,4),(6.5),(6.6)}
=n(S) =36

)
),

A~ N N/~

Let A be the event that sum of dotc.

in first throw is 7.

A={(06)(29)(34)(43)(52) 6 )} \\{

=n(A)=6
P(A) = f—f’iz e }

For secor: tnrow, sample space is
same.

| Aard B are independent events
P(AnB)=P(A)-P(B)
111
6 18 108
Q.8 Find the Probability that the sum
of dots appearing in two successive
throws of two dice is every time 7.
Solution: Two dice are thrown twice.
For first throw, sample space is

S= {( )( 2),(13).(1,4).(1.5).(L6),

2),(2.3),(2.4).(25).(26),
,(3,3)’( 4),(35).(36),
(4.3),(4,4),(45).(4,6),
(5:3),(5.4).(55).(5.6),

(6,3),(6,4),(6,5),(6,6)}
=n(S)=36

Let A be the event that sum of dots

in first throw is 7.

A={(16).(25).(3.4).(43),(5.2).(6.1)}

=n(A)=6
p(a)=NA nA)_6_1
n(S) 36 6

For second throw, sample space is

same
i.e. n(S)=

Lat B L\e he.e.enr rhct Uiy of (,ot_"~

'|n thp SETON throwiis alse 7'
= l(1 6)) 2nﬂ (34),(%,3)+5,2),(6,1)}

| Qr(?)
P(B) - n(B) 6 1
“ns) 36 6
A and B are independent events
P(AnB)=P(A)-P(B)
1

36

11
66
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Q.9  Afair die is thrown twice. Find the
Probability that a prime number
of dots appear in the first throw
and the number of dots in the
second throw is less than 5.

(BWP 2023)

Solution: A die is thrown twice. .
For first throw, sample space is:"-

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

number_of-d Lﬂ .1\ 2sear n thefirst

throw.
A={2,35} :>n(A):3
P(A) = n(A)_3_1
nis) 6 2
For second throw, sample space is
same.

Let B be the event that number of dots
in the second throw is less than 5.

= {1,2,3,4} —n(B)=4
nB) 4 2
PE=1) nGS) 6 3

A and B are independent events
P(AnB)=P(A)-P(B)
121
23 3
Q.10 A bag contains 8 red, 5 white, and
7 black balls. 3 balls are drawn
from the bag. What is the
Probability that the first ball is
red, the second ball is white and
the third ball is black, when every
time the ball is replaced?
Solution: Number of red balls =8
Number of white balls=5

Number of black balls=7
Total number of balls

=8+5+7=20
For first draw, n(S) =20

Let A be the- »ewl lr,af lr;f;t &S

red, ther:,’ Ll '\l)

=n(S)=6 | |
Let A be the aveiT thal prime '

For second dravi, 1(S) =29
Lt B hétie event it'at'secol nl tal is
. White/‘then' n(B) =5

n®)_5 _1
n(S) 20 4

For third draw, n(S) =20

Let C be the event that third ball is
black, then n(C) =7

P(B) -

pc) Q) _ T
n(S) 20
Events A, B and C are independent
events, so
P(ANBNC)=P(A)-P(B)-P(C)
217 _ 7
5420 200
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