COMBINATIONS

16.1 INTRODUCTION

In the previous chapter, we have studied arrangements of a certain number of objects by taking
some of them or all at a time. Most of the times we are not interested in arranging the objects, but
we are more concerned in selecting a number of objects from given number of objects. In other
words, we do not want to specify the ordering of selected objects. For example, a company may
want to select 3 persons out of 10 applicants, a student may want to choose three books from his
library at a time etc.

Suppose we want to select three persons out of 4 persons A, B, C and D. We may choose 4, B, C
orA,B,DorA,C,DorB,C,D. Note that we havenotlisted A, B,C;B,C,A;C,A,B;B,A,C:C,B, A
and A, C, B separately here, because they represent the same selection 4, B, C. But, they give rise
to different arrangements. It is evident from the above discussion that in a selection the order in
which objects are arranged is immaterial.

16.2 COMBINATIONS

COMBINATIONS  Each of the different selections made by taking some or all of a number of objects,
irrespective of their arrangements is called a combination.

ILLUSTRATION 1  List the different combinations formed of three letters A, B, C taken two at a time.
SOLUTION The different combinations formed of three letters A, B, C are: AB, AC, BC.
ILLUSTRATION 2 Write all combinations of four letters A, B, C, D taken two at a time.
SOLUTION Various combinations of two letters out of four letters A, B, C, D are:

AB, AC, AD, BC, BD, CD.
DIFFERENCE BETWEEN A PERMUTATION AND COMBINATION

(i) In a combination only selection is made whereas in a permutation not only a selection is
made but also an arrangement in a definite order is considered.

(ii) In a combination, the ordering of the selected objects is immaterial whereas in a
permutation, the ordering is essential. For example, A, B and B, A are same as combinations
but different as permutations.

(iii) Practically to find the permutations of n different items, taken r at a time, we first select r
items from n items and then arrange them. So, usually the number of permutations exceeds the
number of combinations.

(iv) Each combination corresponds to many permutations. For example, the six permutations
ABC, ACB, BCA, BAC, CBA and CAB correspond to the same combination ABC.

REMARK  Generally we use the word ‘arrangements’ for permutations and the word ‘selections’ for
combinations.

NOTATION The number of all combinations of n objects, taken r at a time is generally denoted by C(n, 7)
or,"C, or, (f) -

Thus, "C, or C (1, r) = Number of ways of selecting 7 objects from n objects.
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Clearly, "C, is defined only when n and r are non-negative integers such that 0 <r <n.

THEOREM The number of all combinations of n distinct objects, taken r at a time is given by
n n!

Y

PROOF Let the number of combinations of n distinct objects taken r at a time be x. Consider
one of these x ways. There are 7 objects in this selection which can be arranged in r! ways. Thus,
each of the x combinations gives rise to 7! permutations. So, ¥ combinations will give rise to
x % (r!) permutations. Consequently, the number of permutations of n things, taken r at a time is
x x (r!). But, this number is also equal to "F,.

2l = "B

=% x—nﬁ—L |: ﬂP ol n! :|
Tyl —(n—r)!r! Sr R
= HC, = anil o Q.E.D.
(n—r)tr!

REMARK 1 We have,

ne - n! =n(n—l)(n—Z)...(n—r+1)(n—r)(n—r-1)...3.2.1

T (n=n)lr! (n-ry(n-r-1)...3.2.1}{1.2.3....7}

2 nc, = nn-1)n-2)...n-r+1)

i (R a s GOl
Sometimes this form of "C, is also very convenient to use.

REMARK 2 We have, ""C, = . Putting 7 =n and r = 0 successively, we obtain

T (n-n!r!
n~ _ . nl ne n! _nl_ Tl e
"‘"(n—n)!n!":le.of1 e C"_(n-O)!O!_n!“l:> ShAE
[ 1 n
REMARK3 "C, = —= B D e 3 ie."C, xrl="B.
" m-nrt (-7 r!

16.3 PROPERTIES OF "C, OR,C (1, 7)
In this section, we shall discuss some important properties of "C, .
PROPERTY 1 For 0 <r <n, we have "C, = "C,_,.

PROOF We find that
ne e n! B n! n
T -l -(n-n)!  (n-1)'r!

REMARK 1 The use of this property simplifies the calculation of "C, when r is large.

¥

For example, if we want to calculate 20C19, by using this property, we get
20¢19 = 2Cy0-19 = 2°C; = 20.
REMARK 2 The above property can be restated as follows:
If x and y are non-negative integers such that x +y = n, then "C, = "Cy
This can also be stated as : "C,, = "Cy = x=J, orx+y =n
ILLUSTRATION 1 If "C; ="Cy4, find the value of n.
SOLUTION We know that: "C, ="C, < x+y=n or x=y.
"G, ="Cy = n=7+4=11
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PROPERTY 2 Let nand r be non-negative integers such that r <n. Then, "C, +"C, _,="*1C,.

PROOF We have,

| | | |
n n ni ni n. n:
Cr + Cr .

Sl BC-Dl c-Di_ m-nirl @-r+DiE-1)!

@ n! % n! L n! 1+ 1
n=-nlrr-1)! m-r+D)n-Nr-1D! G-Nr-D'|r n-r+1

. n! nor Ll dl] | nl(n+1)
=N =-D)! | rin-r+1) | (- -Dir@-r+1)
(n+1)n! _ m+1)l n+1)! _n+

= - o =1 T

m-r+Dmn-nNr-D! m-r+D!  ((n+1)-r)!r!

REMARK 3  This property is known as Pascal’s rule and it can also be proved by giving combinatorial
arguments.

5 ;
ILLUSTRATION 2  Find the value of the expression ¥’ C, + X 52° !
j=1

soLutioN Y7, + E =18,
}_

47C4 +51C3 +50C3 + 49C3 4L 48C3 + 47C3
47C3 g 47C4+ 48C3+ 49C3+50C3 +51C3

= (47C3 + 47C4)+ 4SC3 1 49C3 +50C3 +51C3

1}

il

= 8¢, + ¥y + ¥y + e, + Oy [ %G g 470, =76 ]
= (¥cy+ Bog + ¥y + ey +%¢, B g 476 =76
= B, + 80, + V6, 7

= (49(:3 5 49C4) +50C3 +51C3 [ nCr—l +"C n+1- A
= 50c, + 50, 4 5lc,

= (0C3 +¢y) + e, AR RIS R oy
= 8lg, + 5%, = B¢, [ ", 4+, ="t 1G]

n-1
i

PROPERTY 3  Let n and r be non-negative integers such that 1<r <n. Then,"C, = _.
=

PROOF We find that
ne n! n(n-1)! _n fr=1)1 - B n-1c
4 (n—r)'r’ - -@-Wre-1)! rin-1)—-(-Dr-1! r

REMARK 4  This property is very useful to find the value of "C,..

For example, 10C3 10 9C2=Ex 2x3c1:m><2><§7co =—x—-x—-x1=120
] 3 2 3 2 3 2
-1 n-2 n—-(r-2) n—(r-1)
REMARKS B the ab ty, we find that "C, =72 T2 :
REMARKS5 By using the above property, we find tha e e 2 ]
For example, °Cy = L0 126.

4 3 2 1
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PROPERTY 4 If 1<r<nthen n""1C, _; = n-r+1)"C, _1.

PROOF We have,
"_,,_1Cr_1 x (n—-1)! B n! _ (n—r+1)-n!
{(n=1)=(r =1} (r-1)! m-r-1)! Mm-r+)n-n'{r-1)!

(n—r+l){——n!—}=(n—r+1){ 3 }
n-r+1)(r-1)! fn=@ -1 @F-1)!

=m-r+1)"C, _4

PROPERTY5 "C, = "Cy:>x=y or, X +y=n.

PROOF We have,

chx = ﬂcy
= .HCI = ?’!Cy s nCr.l—y ['.' ”’Cy =nCn—yI
= X=Yy O X=n-y=>x=y O X+ty=n
REMARK 6 If "C, = "Cy and x #y, thenx +y = n
ILLUSTRATION 3 If "Cy5 ="Cg , find the value of "Cy;.
SOLUTION We have,
"Cis = "Cg=>n = (15+8) = 23 ['Cx="Cy = x+y=nl
15 8 X y
gy = T, = P 51 fe 7C, ="Ch-s]
23 23 22 91 " n_ n-1 y,_o 1
= “Cyp = —x — C 2w Co=—x ——x &
2 2 1 X 0 |: r TR rmlJ
:%%x%xl=23x11=253 [+ "Cy=1]

ILLUSTRATION 4 If1%c, = c,, ,, find the value of x.
SOLUTION We have, 1°C, = 1UC,Pr 4= X+x+4=10=2x=6=x=3.
PROPERTY 6 Ifnis an even natural number, then the greatest of the values ar W o o L o)
is "Cn/ 2
If n is an odd natural number, then the greatest of the values "Cy,"Cy,"C,,..."C,
is"Cy_1/2 = "Cas 172
ILLUSTRATIVE EXAMPLES
BASED ON BASIC CONCEPTS (BASIC)

EXAMPLE1 Evaluate the following: (i) °Cg (i) 1®Cqg (iii) ®2Cs,

SOLUTION (i) ng = mCm#g [z ncr =" n—r]
= 10C2 — 1—0><2>< 8C0 |:... HC?‘ L) E.n_lcr_]i|
i 2 1 r
9
e So e i = AR e |
5 1% [ o=1]

(ii) 10cgg = 1%C00_98 [ G = "G '"]
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100 %X 91_9x %, [+ "C, =$'H-1Cr11]
=28 Py am5p [ "Co=1]
2 1 0
G G =1 [+ "C, =1]

EXAMPLE2 If "Cg ="C¢, find "C,
SOLUTION If"C, ="C, and x # y, then x + y =n. Therefore, "Cg = "C=>n = (8 +6) = 14

nCz = 14C2 = EXEX 12C0 [... J‘]Cr =E'ﬂ'—1cr_1]
fa e L '

=—x—x1=91 e o

] [+ "Co=1]

EXAMPLE3 If "B, =720 and "C, =120, findr.

SOLUTION We know that

n
"Cr=—Pl’:>120=@:>r!~—*6 = rl= Bl =3
r! r!

EXAMPLE4  If the ratio >'C 3:"'Cyisequal to 11 : 1, find n.

SOLUTION We have,
MGy =111

(2n)!
2n 917 — 3)1 31 ] _3)!
= Cy =£:> (2n ?).3. _ 11 - (2n)! >((n 3)! - 11
ey | 1 nl T 2n-3)!  nl 1
(n=3)!1(3!
(2n)(2n—1)(2n—2)(2n—3)!X (n—3)! _ 11
(2n - 3)! nmn-=1)mn-2)(n-3)! 1
(=) B2y 1L Min-D) W s & e ey St s
nmn-1)(n-2) 1 n-2 1
n L
EXAMPLES Prove that: 2C, = 2 {1'3'5';"(211 1)}.
n!
SOLUTION We have,
m~ __ 2n! 1 (2n)!  (2m)(2n-1)(2n-2)...5-4-3-2-1
" @n-n)tn!  nin! nln!
_{1-3.5-...2n-1}{2-4-6-...2n} {1-3-5-...(2n-1)}x2"{1-2-3-...1}
B nin! ja nin!
. {13 5. (20 =) 2 xnl o {1-3:5...(2n-1))
nin! B n!

EXAMPLE6 If "*2Cg:"" 2P, = 57:16, findn.
SOLUTION We have,

Rt 2¢.."-2p, =57 :16

"+ 2C8 i i

"_2P4 16
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(n+2)! x(n—())! _ 57

—_ = —

8ln-6)! m-2)! 16
o (71-1—2)(11-&1)11(?1—1)(1‘%2)!x 1 =g

8! n-2)! 16

>  (@+d@+Dn@-1) =%XS!=——191);3x8x7x6x5x4x3x2x1
= (n+2)(n+1)(n-1)n = 143640
= m-Dnn+1)(n+2) =19%x3x7x6x5x4x3
= m-Dn(n+1)n+2) =19%(3x7)x(6x 3)x(4x5)
= m-Dnn+1)(n+2) =18x19x20x21 =>n-1 =18 = n =19

EXAMPLE7 If "C, _1=36,"C, =84 and "C, , 1 =126, then find " C,.

SOLUTION It is given that "C, =84 and ""C,, ; =126

nc, _8
”Cr+ 1 126

L ML g { "G
n-r 3 "Cre1

= 2n-5r=3

n
Replacing r by (r-1) mTﬁCL=ﬂ, we get
Glyqg W7

”Cr—l - r
e n—(r-1)

= 86 _ 1 [ %c,_1=36 andC,
84 n-r+1

= £ =§:> In-10r = -3

n—-r+1 7

Solving (i) and (ii), we get r = 3.

3!
D Oy et o
. 2" (3-2)12

n
; =l
NOTE Students are advised to learn that ——"— = as it is a very useful result.

r—1 7

EXAMPLES If "B, ="B., 1 and "C, ="C, _ 4, find the values of n and r.

SOLUTION We have,
n n
L= Pr +1
n! n! 1 1

=1 (—r—1)  (i-n)m-r=0l (-r=1!
and, - " ="C

r-1

=n-r =1

n! n! n! n!

(n—r)ir! - (m—-r+D!r-1! i (n—r)!r(r—1)1=(n~r+1)(n—r)!(r—1)!
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i
= N ST 7 I R ..(ii)
r n-r+1

Solving (i) and (ii), we obtain n =3 and r = 2.

BASED ON HIGHER ORDER THINKING SKILLS (HOTS)
EXAMPLE9  Prove that the product of r consecutive positive integers is divisible by r!.
SOLUTION Let the r consecutive positive integers be (1 + 1), (1 + 2), (11 + 3), ..., (n+71). Then,

Product = n+1)(n+2)(n+ 3)...(n+r) = MR B S) )

!
1:.2.3-...n-(n+D)(n+2)...n+r) (m+r)! (n+r)!
——] = —3 (r!)
n! n! i +r) —1}!
n+r . . s e n+r . .
= C, |r!, which is divisible by r! [ C, is an integer]
EXERCISE 16.1
BASIC
1. Evaluate the following:
5
) e, @) By () P tiv) ** 1, W x %,
Tr=
2. If"Cy, ="Cs, find the value of . 3. I "Cy="C, Find2C,;
L0, = e a2, SPEA e R, hnd s,
5 BB =0 s iy 73t 80y, =Be o findy
8. it%, —"cg="cy tind
BASED ON LOTS
9. 1f 8¢, : 19¢, _; =115, findr. 10. If"*2Cg: "~ 2p, =57 :16, find n.

1. 286, : 65,4 =225:11, find 7.
12. If"C4 , "C5 and "Cg4 are in AP, then find n.  13. If 2"C3 :"Cy =44: 3, findn.
1. 1'%, =180, 5, find"Ey 15. Ifa ="C,, then find the value of “C,.

BASED ON HOTS

16. Prove that the product of 21 consecutive negative integers is divisible by (2n)!

T e
17. For all positive integers n, show that A s 2”Cn e (e 2C,, Lyally

18. Prove that: #'Cy,: 2'C, =[1-3-5...(4n—1]:[1-3-5...2n -
5
10, Evaluae 2064 5. 2 Tey
r=12

20. Let r and n be positive integers such that1 <r <n. Then prove the following:
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16.8
L -r+1 s A
(i) “CCT =L : @yn" 1Cr_1=(ﬂ—:r+1)‘"’C,,_l
r—1
n
(iii)%:; (iV) nCr +2nCr_1+nC _2=n+2Cr.
r-1
ANSWERS

1. (i) 364 (ii) 66 (ii) 1 (iv) (n+1) (v) 31 2. 17 3. 66
4, 23 5.7 6. 8 7.3 8.3,.5 9.5 10. 19 10 7

(m+1)(m)(m-1)(m-2)
8

19. 42504

12. 14,7, 13. 6 14. 35 15.
HINTS TO SELECTED PROBLEMS

16. Let(-r), (-7 =1),(-=r =2),..., (-7 — 2n + 1) be 2n consecutive negative integers. Then, their
product P is given by
(r-D!@A(r+1)...(r+2n-1)
(r=1)!
=1y 1! 2n-1
P- (r+2n 1).=(r+2n 1)'(2:1! _ [r+ 1 c ](Zn)!
(r-1) (r=1)!(2n)! 2n
Clearly, P is divisible by (2n)!

P=(=D%r@+0)(r+2)...0r+2n-1) =

16.4 PRACTICAL PROBLEMS ON COMBINATIONS
In this section, we intend to discuss some problems in real life where the formula for "C, and its
meaning can be applied.

ILLUSTRATIVE EXAMPLES

BASED ON BASIC CONCEPTS (BASIC)

EXAMPLE1 Fromaclass of 32 students, 4 are to be chosen for a competition. In how many ways can this
be done ?
SOLUTION  Out of 32 students, 4 students can be selected in 32C 4 ways.

32!

Required number of ways >2C, = T

EXAMPLE 2 Three gentlemen and three ladies are candidates for two vacancies. A voter has to vote for
two candidates. In how many ways can one cast his vote ?
SOLUTION  Clearly, there are 6 candidates and a voter has to vote for any two of them. So, the
required number of ways is the number of ways of selecting 2 out of 6 i.e. 6C2.

: 6!
Hence, the required number of ways = 6C2 S 15.
EXAMPLE3 Ifthere are 12 persons in a party, and if each two of them shake hands with each other, how
many handshakes happen in the party?
SOLUTION Itis to note here that, when two persons shake hands, it is counted as one handshake,
not two. So, this is a problem on combinations.

The total number of handshakes is same as the number of ways of selecting 2 persons among 12

. 12 !
er e, CH = =
P sS0Ns l.e 2 101 2!



COMBINATIONS 16.9

EXAMPLE 4 A question paper has two parts, Part A and Part B, each containing 10 questions. If a
student has to choose 8 from Part A and 5 from Part B, in how many ways can he choose the questions ?

SOLUTION There are 10 questions in Part A out of which 8 questions can be chosen in e 3
ways. Similarly, 5 questions can be chosen from part B containing 10 questions in 10C5 ways.
Hence, the total number of ways of selecting 8 questions from part A and 5 from part B

| I
=10¢,  10¢ 20 o 20 a3ap
812! 5!x 5!

EXAMPLE 5 In how many ways a committee of 5 members can be selected from 6 men and 5 women,
consisting of 3 men and 2 women ?

SOLUTION Three men out of 6 men can be selected in °C 3 ways. Two women out of 5 women

can be selected in °C, ways. Therefore, by the fundamental principle of counting, 3 men out of 6
men and 2 women out of 5 women can be selected in

6C3 X 5C2 =[M X w} = 200 ways.
3x2x1 2x1

EXAMPLE 6 In how many ways can a cricket eleven be chosen out of a batch of 15 players if
(i) there is no restriction on the selection? (ii) a particular player is always chosen?
(iif) a particular player is never chosen?

SOLUTION (i) The total number of ways of selecting 11 players out of 15 is
15x14x13x 12

15 15 15
Ciyy=""Cis5_11="Cy =
11 15-11 4 45 3% 2l

=1365

(i) If a particular player is always chosen. This means that 10 players are selected out of the
remaining 14 players.

Required number of ways = %Cy = MCy4 _ 1o = MCy =1001
(iii) If a particular player is never chosen. This means that 11 players are selected out of the
remaining 14 players.

Required number of ways = 14C11 = 14C14_ 1= 14C3 = 364
EXAMPLE7 A committee of 12 is to be formed from 9 women and 8 men. In how many ways this can be

done if at least five women have to be included in a committee ? In how many of these committees (i) the
women are in majority (ii) the men are in majority ?

SOLUTION There are 9 women and 8 men. A committee of 12, consisting of at least 5 women, can
be formed by choosing :

(i) 5 women and 7 men (ii) 6 women and 6 men (iii) 7 women and 5 men
(iv) 8 women and 4 men (v) 9 womenand 3 men

Total number of ways of forming the committee
B 9L P 4 T % Ny 1R s T % 50, 4 0 U
=126 x 8+ 84 x 28 + 36 x56 + 9 x 70 + 1 x 56 = 6062
Clearly, women are in majority in (iii), (iv) and (v) cases as discussed above.
So, total number of committees in which women are in majority

= 9C; x 8C5 + 9Cg x 8C4 + 9Co x BC5 = 3656 + 9x 70 +1x 56 = 2702



16.10 MATHEMATICS-XI

Clearly, men are in majority in only (i) case as discussed above.
So, total number of committees in which men are in majority = c)C5 X 8C7 =126 x 8 =1008.

EXAMPLE8 A committee of three persons is to be constituted from a group of 2 men and 3 women. In
how many ways can this be done? How many of these committees would consist of 1 man and 2 women?
[NCERTI
SOLUTION There are 5 persons (2 men and 3 women). In order consitute a committee of 3
persons we need to select three persons out of given 5 persons. This can be done in °C 3 ways.

!
So, the committee can be formed in °C 3= % =10 ways.

Now, 1 man can be selected from 2 men in 2c 1 ways and 2 women can be selected from 3 women
in 3C H ways.
Therefore, required number of committees is SEon 3C2 =2x3=6

EXAMPLE 9 What is the number of ways of choosing 4 cards from a pack of 52 playing cards? In how
many of these

(i) four cards are of the same suit? (il) four cards belong to four different suits?
(iil) four cards are face cards? (iv) two are red cards and two are black cards?
(v) cardsare of the same colour? [NCERT]

SOLUTION Four cards can be chosen from 52 playing cards in e 4 Ways.

¢, - 52! 49 x50x 51 x 52
48141 2x 3x 4

Hence, required number of ways = 270725

(i) There are four suits (diamond, spade, club and heart) of 13 cards each. Therefore, there are

13C4 ways of choosing 4 diamond cards, C4 ways of choosing 4 club cards, 13C4 ways of

Now, =270725

choosing 4 spade cards and BB¢& 4 ways of choosing heart cards.

[
Required number of ways = 13C4 + 13C4 + 13C4 + 13C4 =4x 13C4 =4x 913'

= 2860

(i) There are 13 cards in each suit. Four cards drawn belong to four different suits means one
card is drawn from each suit. Out of 13 diamond cards one card can be drawn in C ways.

Similarly, there are Be 1 ways of choosing one club card, 13C 1 ways of choosing one spade card
and 13C1 ways of choosing one heart card.

Number of ways of selecting one card from each suit = 13C1 X 13C1 X 13C1 X 13C1 =134
(iii) There are 12 face cards out of which 4 cards can be chosen in 12C 4 wWays.

Required number of ways = 12C ﬁ =495

(iv) There are 26 red cards and 26 black cards. Therefore, 2 red cards can be chosen in 26C2 ways
and 2 black cards can be chosen in 2° C, ways. Hence, 2 red and 2 black cards can be chosen in

2
2 26 26! 2
ChH x °CH =| —— | =(325)° =105625 ways.
2 2 {24!2!} (325) y

(v) Out of 26 red cards, 4 red cards can be chosen in 2°C 4 ways. Similarly, 4 black cards can be
chosen in 26C4 ways.

Hence, 4 red or 4 black cards can be chosen in ¢ 4+ 26¢ 4 =2x 26¢ g4 =2x 2

4122!

= 29900 ways.
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EXAMPLE 4 A question paper has two parts, Part A and Part B, each containing 10 questions. If a
student has to choose 8 from Part A and 5 from Part B, in how many ways can he choose the questions ?

SOLUTION There are 10 questions in Part A out of which 8 questions can be chosen in 10C3
ways. Similarly, 5 questions can be chosen from part B containing 10 questions in 1OCS ways.
Hence, the total number of ways of selecting 8 questions from part A and 5 from part B

1 1
= 10¢c, x 10¢ oo g A0 e,
8121 5lx 5!

EXAMPLE 5 In how many ways a committee of 5 members can be selected from 6 men and 5 women,
consisting of 3 men and 2 women ?

SOLUTION Three men out of 6 men can be selected in °C 3 ways. Two women out of 5 women
can be selected in 5C2 ways. Therefore, by the fundamental principle of counting, 3 men out of 6
men and 2 women out of 5 women can be selected in

6x5x4 5x4

6 5
Cax"Coi= X ——
3 2 (3x2x1 A

J = 200 ways.

EXAMPLE 6 In how many ways can a cricket eleven be chosen out of a batch of 15 players if
(1) there is no restriction on the selection? (ii) a particular player is always chosen?
(iii) a particular player is never chosen?

SOLUTION (i) The total number of ways of selecting 11 players out of 15 is

15~ _15 5. 15x14x13x12
Cyy= "Cis-11= Cq=——"———=1365
11 15-11 4 T S

(ii) If a particular player is always chosen. This means that 10 players are selected out of the
remaining 14 players.

Required number of ways = 14Cw = 14C1 4-10= 14C4 =1001
(iii) If a particular player is never chosen. This means that 11 players are selected out of the
remaining 14 players.

Required number of ways = 14C11 = 14C14_ 11= e 3 =364
EXAMPLE7 A committee of 12 is to be formed from 9 women and 8 men. In how many ways this can be

done if at least five women have to be included in a committee ? In how many of these committees (i) the
women are in majority (ii) the men are in majority ?

SOLUTION There are 9 women and 8 men. A committee of 12, consisting of at least 5 women, can
be formed by choosing :

(i) 5 women and 7 men (ii) 6 women and 6 men (iii) 7 women and 5 men
(iv) 8 women and 4 men (v) 9 womenand 3 men

Total number of ways of forming the committee

9C5 X 8C7 + 9C6 X 8C6 + 9C7 X 8C5 & 9C8 X 8C4 + 9C9 X BC3

126 x 8 + 84 x 28 + 36 x 56 + 9 x 70 + 1 x 56 = 6062

Clearly, women are in majority in (iii), (iv) and (v) cases as discussed above.

So, total number of committees in which women are in majority

= 9C; x 8C5 + 9Cg x 8Cy + %Cg x 8C5 = 36x56 + 9% 70 +1 x 56 =2702
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Clearly, men are in majority in only (i) case as discussed above.
So, total number of committees in which men are in majority = 9C5 x BC7 =126 x 8 =1008.

EXAMPLE8 A committee of three persons is to be constituted from a group of 2 men and 3 women. In

how many ways can this be done? How many of these committees would consist of 1 man and 2 women?
[NCERT]

SOLUTION There are 5 persons (2 men and 3 women). In order consitute a committee of 3

persons we need to select three persons out of given 5 persons. This can be done in Q 3 ways.

!

So, the committee can be formed in °C 3= % =10 ways.

Now, 1 man can be selected from 2 men in 2C 1 ways and 2 women can be selected from 3 women

in 3C2 ways.

Therefore, required number of committees is 2C1 X 3C2 =2%3=5

EXAMPLE 9 What is the number of ways of choosing 4 cards from a pack of 52 playing cards? In how
many of these

(i) four cards are of the same suit? (ii) four cards belong to four different suits?
(ili) four cards are face cards? (iv) two are red cards and two are black cards?
(v) cards are of the same colour? [NCERT]

SOLUTION Four cards can be chosen from 52 playing cards in 52C4 ways.
52! 49x50x51x52

48141 2x3x4

Hence, required number of ways = 270725

(i) There are four suits (diamond, spade, club and heart) of 13 cards each. Therefore, there are

13C4 ways of choosing 4 diamond cards, 13C4 ways of choosing 4 club cards, 13 C, ways of

Now, “2C,= =270725

choosing 4 spade cards and Beé 4 ways of choosing heart cards.

[
Required number of ways = 13C4 + 13C4 + 13C4 + 13C4 =4x 13C4 =4x % = 2860

(ii) There are 13 cards in each suit. Four cards drawn belong to four different suits means one
card is drawn from each suit. Out of 13 diamond cards one card can be drawn in 13C1 ways.

Similarly, there are Ba 1 ways of choosing one club card, e 1 ways of choosing one spade card
and 12C; ways of choosing one heart card.

Number of ways of selecting one card from each suit = 13C1 x 13C1 x 13C1 x 13C1 =134
(ifi) There are 12 face cards out of which 4 cards can be chosen in 2C 4 ways.

: 12 12!
Required number of ways = “Cy = T 495

(iv) There are 26 red cards and 26 black cards. Therefore, 2 red cards can be chosen in 2°C , ways
and 2 black cards can be chosen in 26C2 ways. Hence, 2 red and 2 black cards can be chosen in

2
26 26 26! 2
& Cy =| —— | =(325)° =105625 ways.
B [24!2!] @2 ¥

(v) Out of 26 red cards, 4 red cards can be chosen in 2°C 4 ways. Similarly, 4 black cards can be

chosen in 26C4 ways.

!
Hence, 4 red or 4 black cards can be chosen in 2°C 4+ 266 4 =2% 26C4 =2x % =29900 ways.
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EXAMPLE10  Out of 5 men and 2 women, a committee of 3 is to be formed. In how many ways can it be
formed if at least one woman is to be included ?

SOLUTION The committee can be formed in the following ways:
(i) By selecting 2 men and 1 woman (ii) By selecting 1 man and 2 women

Now, 2 men out of 5 men and 1 woman out of 2 woman can be chosen in 5C2 x 2C 1 ways.
And, 1 man out of 5 men and 2 women out of 2 women can be chosen in °C 1% 2C2 ways.
. Total number of ways of forming the committee = 5C2 X 2C1 + 5C1 X 2C2 =20+5=25.

EXAMPLE11  In how many ways can a cricket team be selected from a group of 25 players containing 10
batsmen, 8 bowlers, 5 all-rounders and 2 wicket keepers ? Assume that the team of 11 players requires 5
batsmen, 3 all-rounder, 2 bowlers and 1 wicket keeper.

SOLUTION The selection of team is divided into four phases:
(i) Selection of 5 batsmen out of 10. This can be done in 10C5 ways.
(ii) Selection of 3 all-rounders out of 5. This can be done in °C 3 ways.
(iif) Selection of 2 bowlers out of 8. This can be done in 8C2 ways.

(iv) Selection of one wicket keeper out of 2. This can be done in e |1 ways.

The selection of team is completed by completing all the four phases.
The team can be selected in 10C5 x 5C3 x 8Cy x 2C1 =141120 ways.

EXAMPLE12 A committee of 5 is to be formed out of 6 gents and 4 ladies. In how many ways this can be
done, when

(1) at least two ladies are included? (ii) at most two ladies are included ?
SOLUTION (i) A committee of 5 persons, consisting of at least two ladies, can be formed in the
following ways:
I Selecting 2 ladies out of 4 and 3 gents out of 6. This can be done in *C, x C5 ways.
II Selecting 3 ladies out of 4 and 2 gents out of 6. This can be done in 5 3 % 6C2 ways.

III Selecting 4 ladies out of 4 and 1 gent out of 6. This can be done in 4C4 X 6C1 ways.

Since the committee is formed in each case. Therefore, by the fundamental principle of addition,
The total number of ways of forming the committee = 4C2 x:8¢ 3+ e 3 X 6C2 + 4C4 X 6C1
=120+ 60 + 6 =186

(ii) A committee of 5 persons, consisting of at most two ladies, can be constituted in the
following ways :

I Selecting 5 gents only out of 6. This can be done in 6C5 ways.
II Selecting 4 gents only out of 6 and one lady out of 4. This can be done in e 4 % e 1 ways.
[T Selecting 3 gents only out of 6 and two ladies out of 4. This can be done is be 3 X 4C2 ways.
Since the committee is formed in each case. So, the total number of ways of forming the
committee = 5C5 + 6C4 x *Cy + C5 x 4C, =6 + 60 + 120 =186.
EXAMPLE13 A box contains 5 different red and 6 different white balls. In how many ways can 6 balls be
selected so that there are at least two balls of each colour ?

SOLUTION  The selection of 6 balls, consisting of at least two balls of each colour from 5 red and
6 white balls, can be made in the following ways :
(i) By selecting 2 red balls out of 5 and 4 white balls out of 6. This can be done in
5C2 x 6C‘4 ways.
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(ii) By selecting 3 red balls out of 5 and 3 white balls out of 6. This can be done in
5C3 X 6C3 ways.
(iii) By selecting 4 red balls out of 5 and 2 white balls out of 6. This can be done in
5C4 x 6C2 ways.
Since the selection of 6 balls can be completed in any one of the above ways.
Hence, by the fundamental principle of addition, the total number of ways to select the balls
=3C, x 8C4 +9C3 % %C5 +5C4 x 6C, =10x 15+ 10 x 20 + 5x 15 =425.
EXAMPLE 14  For the post of 5 teachers, there are 23 applicants, 2 posts are reserved for SC candidates
and there are 7 SC candidates among the applicants. In how many ways can the selection be made ?
SOLUTION Clearly, there are 7 SC candidates and 16 other candidates. We have to select 2 out

of 75C candidates and 3 out of remaining 21 candidates. This can be done in 4 Cp x He 3 ways.

The number of ways of making the selection = U PR 2 3 =27930.

BASED ON LOWER ORDER THINKING SKILLS (LOTS)

EXAMPLE 15 How many triangles can be formed by joining the vertices of a hexagon ?
SOLUTION There are 6 vertices of a hexagon. One triangle is formed by selecting a group of 3
vertices from given 6 vertices. This can be done in 2 3 ways.
6!
313!
EXAMPLE 16 How many diagonals are there in a polygon with n sides ?

Number of triangles = °C 5 = =20.

SOLUTION A polygon of n sides has n vertices. By joining any two vertices of a polygon, we
obtain either a side or a diagonal of the polygon. Number of line segments obtained by joining
the vertices of an n sided polygon taken two at a time

= Number of ways of selecting 2 out of n = "Cy = nn-1)
Out of these lines, n lines are the sides of the polygon.
Number of diagonals of the polygon = i ("2— 1) aredh (n; 3).

EXAMPLE 17 A polygon has 44 diagonals. Find the number of its sides.

SOLUTION Let there be n sides of the polygon. We know that the number of diagonals of n
n(n—23)
5

=44=n*-31-88=0=(n-11)(n+8)=0 = n=11 -+ n>0)

sided polygon is

nn-23)
2
Hence, there are 11 sides of the polygon.

EXAMPLE 18 How many chords can be drawn through 21 points on a circle?

SOLUTION A chord is obtained by joining any two points on a circle. Therefore, total number of
chords drawn through 21 points is same as the number of ways of selecting 2 points out of 21
points. This can be done in 21C2 ways.

!
i:Zl x 10 = 210.

Hence, total number of chords = %IC, =
19121
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BASED ON HIGHER ORDER THINKING SKILLS (HOTS)

EXAMPLE 19 A person wishes to make up as many different parties as he can out of his 20 friends such
that each party consists of the same number of persons. How many friends should he invite ?

SOLUTION Suppose he invites r friends at a time. Then the total number of parties is 20C,.
We have to find the maximum value of 2°C, which is for 7 = 10, because "'C, is maximum for
r =n/2, when nis even.

Hence, he should invite 10 friends at a time in order to form the maximum number of parties.
EXAMPLE 20 If m parallel lines in plane are intersected by a family of n parallel lines. Find the
number of parallelograms formed.

SOLUTION A parallelogram is formed by choosing two straight lines from the set of m parallel
lines and two straight lines from the set of 1 parallel lines.

Two straight lines from the set of m parallel lines can be chosen in " C, ways and two straight
lines from the set of n parallel lines can be chosen in "C, ways.

Hence, the number of parallelograms formed = "C, x "C,
_m(m-1) § n(n-1) mn(m-1)(n-1)
g YR 4
EXAMPLE 21 There are 10 points in a plane, no three of which are in the same straight line, excepting 4
points, which are collinear. Find the (i) number of straight lines obtained from the pairs of these points; (ii)
number of triangles that can be formed with the vertices as these points.
SOLUTION (i) Number of straight lines formed joining the 10 points, taking 2 at a time = 10C2
=22 g5
2081
4!

Number of straight lines formed by joining the four points, taking 2 at a time = 4C Pl 6

But, 4 collinear points, when joined pairwise give only one line.

Required number of straight lines =45 — 6 + 1 = 40.

!
¥ L8 =120.

(ii) Number of triangles formed by joining the points, taking 3 at a time = We 3= 3m1

Number of triangles formed by joining the 4 points, taken 3 at a time = *C5 = *C; = 4.

But, 4 collinear points cannot form a triangle when taken 3 at a time.

So, Required number of triangles =120 — 4 =116.

EXAMPLE 22 In a plane there are 37 straight lines, of which 13 pass through the point A and 11 pass
through the point B. Besides, no three lines pass through one point, no line passes through both points A
and B, and no two are parallel. Find the number of points of intersection of the straight lines.
SOLUTION  The number of points of intersection of 37 straight lines is 7 C,. But 13 straight lines
out of the given 37 straight lines pass through the same point A. Therefore instead of getting
3¢, points, we get merely one point A. Similarly, 11 straight lines out of the given 37 straight
lines intersect at point B. Therefore instead of getting HCZ points, we get only one point B.
Hence, the number of intersection points of the lines is 37C2 - 13C2 - “Cz + 2 =535.
EXAMPLE23 Fromaclass of 25 students, 10 are to be chosen for an excursion party. There are 3 students

who decide that either all of them will join or none of them will join. In how many ways can they be
chosen ? [NCERT]

SOLUTION We have the following possibilities:
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(i) Three particular students join the excursion party: In this case, we have to choose 7 students
from the remaining 22 students. This can be done in 22C7 ways.

(ii) Three particular students do not join the excursion party: In this case, we have to choose 10
students from the remaining 22 students. This can be done in =5 10 Ways.

Hence, the required number of ways = 22C7 + 22C10 =817190.

EXAMPLE 24 A boy has 3 library tickets and 8 books of his interest in the library. Of these 8, he does not
want to borrow Chemistry Part 11, unless Chemistry Part I is also borrowed. In how many ways can he
choose the three books to be borrowed ?

SOLUTION We have the following two possibilities:

(i) When Chemistry part I is borrowed: In this case the boy may borrow Chemistry Part IL. So, he
Thas to select now two books out of the remaining 7 books of his interest. This can be done in 7C2
ways.

(ii) When Chemistry part 1 is not -borrowed : In this case the boy does not want to borrow
Chemistry Part II. So, he has to select three books from the remaining 6 books. This can be done

in 6C 3 ways.
Hence, the required number of ways = 7C2 + % 3=21+20=41

EXAMPLE 25  In how many ways can 7 plus (+) signs and 5 minus (=) signs be arranged in a row so that
no two minus signs are together ?

SOLUTION The plus signs can be arranged in only one way, because all are identical, as shown
below:

A T ¢ = 1 =

|4 +L \+|‘ l+] [+ | |+ 1+f |

| |

A blank box in the above arrangement shows available space for the minus signs. Since there are
7 plus signs, the number of blank boxes is therefore 8. The five minus signs are now to be
arranged in the 8 boxes so that no two of them are together. Now, 5 boxes out of 8 can be chosen

in 8C5 ways. Since all minus signs are identical, so 5 minus signs can be arranged in 5 chosen
boxes in only one way. Hence, the number of possible arrangements =1 x 8C5 x1 =56.
EXAMPLE 26  [n how many ways can 21 identical books on English and 19 identical books on Hindi be
placed in a row on a shelf so that two books on Hindi may not be together?

SOLUTION In order that no two books on Hindi are together, we must first arrange all books in
English in a row. Since all English books are identical, so they can be arranged in a row in only
one way as shown below:

siEx B EX EXunEXE
Here, E denotes the position of an English book and x that of a Hindi book.
Since there are 21 books on English, the number places mark x are therefore 22. Now, 19 books
on Hindi are to be arranged in these 22 places so that no two of them are together. Out of 22
places 19 places for Hindi books can be chosen in 22C19 ways. Since all books on Hindi are
identical, so 19 books on Hindi can be arranged in 19 chosen places in only one way. Hence, the
required number of ways =1 x 22C19 x 1 =1540.

EXERCISE 16.2

BASIC

1. From a group of 15 cricket players, a team of 11 players is to be chosen. In how many ways
can this be done?
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I

9,

10.

11.

12

13:

14.

18.

19.

. How many different boat parties of 8, consisting of 5 boys and 3 girls, can be made from 25

boys and 10 girls?

. In how many ways can a student choose 5 courses out of 9 courses if 2 courses are

compulsory for every student?
P y ry

. In how many ways can a football team of 11 players be selected from 16 players? How

many of these will (i) include 2 particular players? (ii) exclude 2 particular players?

. There are 10 professors and 20 students out of whom a committee of 2 professors and 3

students is to be formed. Find the number of ways in which this can be done. Further find in
how many of these committees:

(i) a particular professor is included. (i) a particular student is included.
(iil) a particular student is excluded.

. How many different products can be obtained by multiplying two or more of the numbers

3,5,7,11 (without repetition)?

. From a class of 12 boys and 10 girls, 10 students are to be chosen for a competition; at least

including 4 boys and 4 girls. The 2 girls who won the prizes last year should be included. In
how many ways can the selection be made?

. How many different selections of 4 books can be made from 10 different books, if

(i) there is no restriction; (ii) two particular books are always selected;
(iii) two particular books are never selected?

From 4 officers and 8 jawans in how many ways can 6 be chosen (i) to include exactly one
officer (ii) to include at least one officer?

A sports team of 11 students is to be constituted, choosing at least 5 from class XI and at
least 5 from class XIL. If there are 20 students in each of these classes, in how many ways can
the teams be constituted?

A student has to answer 10 questions, choosing at least 4 from each of part A and part B. If
there are 6 questions in part A and 7 in part B, in how many ways can the student choose 10
questions?

In an examination, a student has to answer 4 questions out of 5 questions; questions 1 and 2
are however compulsory. Determine the number of ways in which the student can make
the choice.

A candidate is required to answer 7 questions out of 12 questions which are divided into
two groups, each containing 6 questions. He is not permitted to attempt more than 5
questions from either group. In how many ways can he choose the 7 questions?

BASED ON LOTS

There are 10 points in a plane of which 4 are collinear. How many different straight lines
can be drawn by joining these points.

. Find the number of diagonals of (i) a hexagon (ii) a polygon of 16 sides.
16.
17

How many triangles can be obtained by joining 12 points, five of which are collinear ?

In how many ways can a committee of 5 persons be formed out of 6 men and 4 women
when at least one woman has to be necessarily selected ?

In a village, there are 87 families of which 52 families have at most 2 children. In a rural
development programme, 20 families are to be helped chosen for assistance, of which at
least 18 families must have at most 2 children. In how many ways can the choice be made ?
A group consists of 4 girls and 7 boys. In how many ways can a tem of 5 members be
selected if the team has (i) no girl? (ii) at least one boy and one girl? (iii) at least 3
girls? [NCERT]
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20.

24.

25,

26.

27.

28.

30.

31.

33.

A committee of 3 persons is to be constituted from a group of 2 men and 3 women. In how
many ways can this be done? How many of these committees would consist of 1 man and 2
women? [NCERT]

- Find the number of (i) diagonals (ii) triangles formed in a decagon.
- Determine the number of 5 cards combinations out of a deck of 52 cards if at least one of the

5cardshas tobeaking ? [NCERT]

- We wish to select 6 persons from 8, but if the person A is chosen, then B must be chosen. In

how many ways can the selection be made ?

In how many ways can a team of 3 boys and 3 girls be selected from 5 boys and 4
girls? [NCERT]
Find the number of ways of selecting 9 balls from 6 red balls, 5 white balls and 5 blue balls if
each selection consists of 3 balls of each colour. [NCERT]
Determine the number of 5 cards combinations out of a deck of 52 cards if there is exactly
one ace in each combination., [NCERT]
In how many ways can one select a cricket team of eleven from 17 players in which only
5 persons can bowl if each cricket team of 11 must include exactly 4 bowlers?

A bag contains 5 black and 6 red balls. Determine the number of ways in which 2 black and
3 red balls can be selected. [NCERT]

. Inhow many ways can a student choose a programme of 5 courses if 9 courses are available

and 2 specific courses are compulsory for every student? [NCERT]
A committee of 7 has to be formed from 9 boys and 4 girls. In how many ways can this be
done when the committee consits of :

(1) exactly3girls? (ii) atleast3girls? (iii) atmost3 girls? [NCERT]
In an examination, a question paper consists of 12 questions divided into two partsie., Part
[and Part II, containing 5 and 7 questions, respectively. A student is required to attempt 8
questions in all, selecting at least 3 from each part. In how many ways can a student select
the questions? [NCERT]

BASED ON HOTS

- A parallelogram is cut by two sets of m lines parallel to its sides. Find the number of

parallelograms thus formed.
Out of 18 points in a plane, no three are in the same straight line except five points which are
collinear. How many (i) straight lines (ii) triangles can be formed by joining them ?

ANSWERS

0o Ul =t

. 1365 2. 6375600 3.35 4. 4368 (i) 2002 (i) 364
. 51300 (i) 10260 (ii) 7695 (iii) 43605 6. 11 7. 104874

. (i) 210 (i) 28  (iii) 70 9. (i) 224 (ii) 896 10. 2(*°C5 x 2cy)
1
18.
20.
26.
29,

33.

266 12.3. 13.780 14.40 15.() 9 (i) 104 16, 210 17. 246

Y Cg 2%, 10 o e 20C + e 20C; 19. (i) 21(ii) 441(iii) 91

10, 6 21. (i) 35 (i) 120  22. 886656 23.22 2440  25. 2000

778320 27. 3960 28. 200

35  30. (i) 504 (i) 588 (iii) 1630 31420 - 82 (B T EC5)2
(i) 144 (i) 806

HINTS TO SELECTED PROBLEMS

2.

Required no. of boat parties = 25C5 % 0.
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3.

10.
11.

12.
13.
14.

16.
18.

19.

21.

22,

Since 2 courses are compulsory. So, the student is to choose 3 courses out of the remaining 7
courses. This can be done in * C3 ways.
We have to select 11 players out of 16. So, required number of ways = 16c,;.
(i) Since 2 particular players are always included, so, we have to select 9 players out of
the remaining 14 players. This can be done in 14C9 ways.

(ii) Since 2 particular players are excluded from every selection, so, we have to select 11
players from the remaining 14 players. This can be done in 14C11 ways.
Total number of products = Number of ways of selecting 2 or 3 or all out of 4 numbers
3,5,7,11
=4C, +4C;+%Cy =6+4+1=11
Since two girls who won the prizes last year are to be included in every selection. So, we
have to select 8 students out of 12 boys and 8 girls, choosing at least 4 boys and at least two

girls. This can be done in ¢ x 8¢, + 12¢, x 8Cq + 12¢, x 8¢, =104874 ways.
(i) Required number of ways = 4C1 X 8C5
(i) Required numberof ways = Total no. of ways—No. of ways of selecting no officer
=1c, - 8¢Cq.
Required number of ways = 20C5 x 20C6 + 20C6 X 2°C5.
The various possibilities are : (i) 4 from part A and 6 from part B (ii) 5 from part A and 5
from part B (iii) 6 from part A and 4 from part B.
So, the required number of ways = 6C4 x 7C6 +6Cg x 7C5 + 6C6 x 7C4 =266.
Required number of ways = 3C2.
Required number of ways = 6C5 x 6C2 + 6C4 X 6C3 + 6C3 X 6C4 + 6C2 X 6C5 =780.
Number of straight lines = 10C2 - 4C2 +1.
Number of triangles = 12C5 - 5C,.
52 families have at most 2 children, while 35 families have more than 2 children. The

selection of 20 families of which at least 18 families must have at most 2 children can be
made as under:

(i) 18 families out of 52 and 2 families out of 35
or, (ii) 19 families out of 52 and 1 family out of 35
or, (iii) 20 families out of 52.
(i) From a group of 4 girls and 7 boys, a team of 5 consisting of no girls can be chosen
in 7C5 =21 ways.
(ii) A team of 5 consisting of at least one boy and one girl can be chosen in
7C1 X 4C4 + 7C2 X 4C3 + 7C3 X 4C2 + 7C4 X 4C1 = 441 ways.
(iii) A team of 5 consisting of at least 3 girls can be chosen in
4C3 x7Cy + 4cy x 7C1 = 91 ways.
A committee of 3 persons out of 2 men and 3 women can be constituted in 3¢ 3 =10 ways.
A committee of 1 man and 2 women can be constituted in 2C; x 3C, =6 ways.
Required number of combinations = Total number of 5 card combinations
—Number of 5 car combinations having no king.
=52¢; — 43¢5 = 886656.
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24. Number of ways of selecting team =°C 3 X e 3 =40.

25. Number of ways of selecting 9 balls = 6C3 X 5C3 x 9C 3 =2000.

26. Out of 4 aces one ace can be selected in *C 1 ways and from the remaining 48 cards, four
cards can be selected in 48C4 ways. So, number of 5 cards combinations consisting of
exactly one ace = 4C 1% e 4 =778320.

27. Required number of ways = SC4 eI

28. Outof 5black and 6 red balls, 2 black and 3 red balls can be chosen in ® Cp x fe 3 =200 ways.

29. Required number of ways = Number of ways of selecting 3 courses out of 7 courses.

=7c 3 ways = 35.
30. (i) A committee consisting of 3 girls and 4 boys can be formed in °C 4% 4C3 =504 ways.
(ii) A committee consisting of at least 3 girls can be formed in °C, x 4C e 3 X 4C4

=588 ways.
(iii) A committee of at most 3 girls can be formed in
26 % *Co + C¢ % *C; + 765 % %6, +7C, % 9C; = 1632 ways.
31. Atleast 3 questions can be selected in the following ways:

Part] Part II
3 5
4 4
5

So, required number of ways = e 3 % 7C5 + 5C4 X 7C4 + 5C5 e 3 =420.

32. Each set of parallel lines consists of (m + 2) lines and each parallelogram is formed by
choosing two lines from the first set and two straight lines from the second set.

Hence, the total number of parallelograms =" * 2C, x ™ * 2C,.

16.5 MIXED PROBLEMS ON PERMUTATIONS AND COMBINATIONS
In this section, we intend to discuss some practical problems where both permutations and
combinations are used as is illustrated in the following examples.
ILLUSTRATIVE EXAMPLES

BASED ON BASIC CONCEPTS (BASIC)
EXAMPLE1  Qut of 7 consonants and 4 vowels, how many words of 3 consonants and 2 vowels can be
formed ?
SOLUTION  Three consonants out of 7 and 2 vowels out of 4 can be chosen in ’ C 3% o 2 ways.
Thus, there are ’ C 3 % 4C2 groups each containing 3 consonants and 2 vowels. Since each group
contains 5 letters, which can be arranged among themselves in 5! ways.
Hence, the required number of words =(’ C 3 X 4C2) x 51=25200.
EXAMPLE2  How many four-letter words can be formed using the letters of the word ‘FAILURE’, so that

(i) Fis included in each word ? (ii) F is not included in any word ?

SOLUTION There are 7 letters in the word ‘FAILURE'.

(i) Toinclude F in every 4 letter word, we first select four letters from the 7 letters of the word
‘FAILURE’ such that F is included in every selection. This can be done by selecting three letters

from the remaining 6 lettersi.e. A,I, L, U, R, E in 6c 5 ways. Now, there are 4 letters in each of
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L 3 selections. Consider one of these e 5 selections. This selection contains 4 letters which can
be arranged in 4! ways. Thus, each of éC, selections provides 4! words.

Hence, the total number of words = ¢ 3 x 4!=480.

(ii) If F is not to be included in any word, then we first select 4 letters from the remaining 6
letters. This can be done in °C 4 ways. Now, every selection has 4 letters which can be arranged
in a row in 4! ways.

Hence, the total number of words = 6C, x 4! = 360.

EXAMPLE3 How many words with or without meaning, can be formed using all the letters of the word
EQUATION at a time so that vowels and consonants occur together? [NCERT]

SOLUTION There are 5 vowels and 3 consonants in the word EQUATION. All vowels can be
put together in 5! ways and all consonants can be put together in 3! ways. Considering all vowels
as one letter and all consonants as at letter, vowels and consonants can be arranged in 2! ways.
Therefore, vowels and consonants can be put together in 5!x 3!x 2!ways i.e. 1440 ways.

BASED ON LOWER ORDER THINKING SKILLS (LOTS)

EXAMPLE4 How many five-letter words containing 3 vowels and 2 consonants can be formed using the
letters of the word ‘EQUATION’ so that the two consonants occur together ?

SOLUTION There are 5 vowels and 3 consonants in the word ‘EQUATION". Three vowels out
of 5 and 2 consonants out of 3 can be chosen in °C 3% 3C2 ways. So, there are °C3 x % 5 groups
each containing 3 consonants and two vowels. Now, each group contains 5 letters which are to
be arranged in such a way that 2 consonants occur together. Considering 2 consonants as one
letter, we have 4 letters which can be arranged in 4! ways. But two consonants can be put
together in 2! ways. Therefore, 5 letters in each group can be arranged in 4!x 2!ways.

Hence, the required number of words = ee 3 % 3C,) % 4!1x 2!=1440.

EXAMPLE5 How many words with or without meaning, each 2 of vowels and 3 consonants can be
formed from the letters of the word DAUGHTER? [NCERT]
SOLUTION There are 3 vowels and 5 consonants in the word DAUGHTER out of which 2

vowels and 3 consonants can be chosen in 3C2 x 9C 5 ways. These selected five letters can now
be arranged in 5! ways.
Hence, required number of words = 3C2 X 5C3 x 5!=3x10x 120 = 3600

EXAMPLE6 The English alphabet has 5 vowels and 21 consonants. How many words with two different
vowels and 2 different consonants can be formed from the alphabet ? [NCERT]
SOLUTION Out of 5 vowels and 21 consonants, 2 vowels and 2 consonants can be chosen in
5C2 X 21C2 ways. These selected 4 letters can now be arranged in 4! ways. Therefore, by the

fundamental principle of counting, required number of words is
5C, x 21y x 41=10 x 210 x 24 =50400.

EXAMPLE7 In how many ways can 5 girls and 3 boys be seated in a row so that no two boys are

together? [NCERT]

SOLUTION ~ Since boys are to be separated. Therefore, let us first seat 5 girls. This can be done in

5! ways. For each such arrangement, three boys can be seated only at the cross marked places.
xGxGxGxGxGx
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There are 6 crossed marked places and three boys can be seated in °C 3 x 3!ways. Hence, by the

fundamental principle of counting, the total number of ways is 5! x S¢c 3 % 3!1=14400.

BASED ON HIGHER ORDER THINKING SKILLS (HOTS)

EXAMPLE 8  How many words can be formed by taking 4 letters at a time out of the letters of the word
‘'MATHEMATICS'.

SOLUTION There are 11 letters viz. MM, AA, TT, H, E, I, C, S. All these letters are not distinct, so
we cannot use "F,. We can choose 4 letters from the following ways:

(i) All the four distinct letters: There are 8 distinct letters viz. M, A, T, H, E, I, C, S out of which 4
can be chosen in C 4 ways. So, the total number of groups of 4 letters = 8C 4- Each such group
has 4 letters which can be arranged in 4! ways.

Hence, the total number of words = 5C, x 4!= 8p, =1680.

(ii) Two distinct and two alike letters: There are 3 pairs of alike letters viz MM, AA, TT, out of
which one pair can be chosen in 3C 1 ways. Now we have to choose two letters out of the
remaining 7 different types of letters which can be done in 7C2 ways. So, the total number of

groups of 4 letters in which two are different and 2 are alike is 3C1 x’C ». Bach such group has 4

[
letters of which 2 are alike and remaining two distinct and they can be arranged in % ways.
: !
Hence, the total number of words in which two letters are alike = 3C1 x’C 9 % % =756.

(iif) Two alike of one kind and two alike of other kind: There are 3 pairs of 2 alike letters out of
which 2 pairs can be chosen in 3C2 ways. So, there are 3C2 groups of 4 letters each. In each

group there are 4 letters of which 2 are alike of one kind and two alike of other kind. These 4

212!

letters can be arranged in ways. Hence, the total number of words in which two letters are

[
alike of one kind and two alike of other kind = 3C 5 X 2—?5 =18.

From (i), (ii) and (iii) the total number of 4 letter words =1680 + 756 + 18 = 2454,

EXAMPLE9  Eighteen guests have to be seated, half on each side of a long table. Four particular guests
desire to sit on one particular side and three others on the other side. Determine the number of ways in
which the seating arrangement can be made.

SOLUTION  Since four particular guests want to sit on a particular side A (say) and three others
on the other side B (say). So, we are left with 11 guests out of which we choose 5 for side A in

¢y ways and the remaining 6 for side B in 6C6 ways. Hence, the number of selections for the
two sides is 11C5 x 6C6.

Now 9 persons on each side of the table can be arranged among themselves in 9! ways.
11!

Hence, the total number of arrangements = HCS x 6C6 x 9lx 9! T 9!x 9!
EXAMPLE 10 How many four-letter words can be formed using the letter of the word ‘INEFFECTIVE' ?
SOLUTION There are 11 letters in the word ‘INEFFECTIVE'. viz. EEE, FE, 11, C, T, N, V.
The four-letter words may consist of:
(i) 3 alike letters and 1 distinct letter
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(ii) 2 alike letters of one kind and 2 alike letters of the second kind

(iii) 2 alike letters and 2 distinct letters

(iv) all different letters
Now we, shall discuss these four cases one by one:
(i) 3 alike letters and 1 distinct letter: There is one set of three alike letters viz. EEE. So, three alike
letters can be selected in one way. Out of the 6 different letters F, I, T, N, V, C one letter can be
selected in °C 1 ways. Thus, three alike and one different letter can be selected in1 x 6C1 = 6C1

ways. So, there are 6C1 groups each of which contains 3 alike letters and one different letter.

[
These 4 letters can be arranged in % ways.

Hence, the total number of words consisting of three alike and one distinct letters
b0, x 2 6 xa=24,
311!
(ii) 2 alike letters of one kind and 2 alike letters of second kind: There are three sets of two alike letters
viz EE, FF, II. Out of these three sets two can be selected in 3C2 ways. So, there are 3C2 groups
each of which contains 4 letters out of which 2 are alike 01f one type and two are alike of second

type. Now, 4 letters in each group can be arranged in 5;12—1 ways.

Hence, the total number of words consisting of two alike letters of one type and 2 alike letters of

!
— =18.
2121

second type = 3C2 X

(iii) 2 alike and 2 different letters: Out of 3 sets of two alike letters one set can be chosen in 3C1
ways. Now, from the remaining 6 distinct letters, 2 letters can be chosen in 6C2 ways. Thus, 2
alike letters and 2 distinct letters can be selected in (3C1 X 6Cz) ways. So, there are (3C1 X 6Cz)

l
groups of 4 letters each. Now, letters of each group can be arranged among themselves in %

ways.
Hence, the total number of words consisting of two alike letters and 2 distinct

|
= 30, x 5C, x = =540,
2!

(iv) Alldifferent letters: There are 7 distinct letters E, F, I, T, N, V, Cout of which 4 can be selected
in”C 4 ways. So, there are 6 4 groups of 4 letters each. The letters in each of 4 4 groups can be
arranged in 4! ways.

So, the total number of 4 letter words in which all letters are distinct = e 4 x 4!=2840.

Hence, the total number of 4-letter words =24 + 18 + 540 + 840 =1422.

EXAMPLE 11 In how many ways can the letters of the word PERMUTATIONS be arranged if there are
always 4 letters between P and S? [NCERT]
SOLUTION There 12 letters in the given word of which 2 are T’s. There can be 4 letters between
P and S in one of the following ways:
(i) There are 2T’s and 2 other letters from the remaining 8 letters (excluding 2T’s and P
and S).
(ii) OneT and 3 other letters from the remaining 8 letters.
(iii) There is no T and 4 other letters.
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Let us now find the number of words in each case.
(i) Inthe first case, 2 letters can be chosen from remaining 8 letters in 8C2 ways. Now, 2T"s and 2

!
other letters can be arranged between P and S in % ways. Also, P and § can interchange their

!
positions. So, 2T’s and 2 other letters can be arranged between P and S in BCZ X % x 2! ways.

Considering these six letters as one letter and the remaining 6 letters can be arranged in 7! ways.

!
Total number of words, in this case = 5C, x % x 21x 7!

(i) In this case, 3 letters can be chosen from the remaining 8 letters in 8C 3 ways. Now, one T and

3 other letters from the remaining 8 letters can be arranged between P and Sin 4! ways. Also, P
and S can interchange their positions. So, one T and 3 other letters can be arranged between

P and Sin 8C 3 X 4!x 2l ways. Considering these six letters as one letter and the remaining 6
letters can be arranged in 7! ways.
Total number of words formed = C 3% 41x 2Ix 7!

(ifi) In this case, 4 letters other than 2T’s can be chosen from the remaining 8 letters in *C 4 Ways.
These 4 letters can be arranged between P and S in 4! ways. Also, P and S can interchange their
positions in 2! ways. Thus, 4 letters between P and S can be arranged in fe 4 % 41x 2! ways.
Taking these 6 letters as one letter with the remaining 6 letters (including 2T’s), we have 7 letters

!
which can be arranged in % ways.
Number of words formed =8¢ g % 41x 21x E

! !
Hence, total number of words = BCZ X %x 2x 7!+ 8C3 x 41x 21x 7148 Cyx4lx2!x %

= 25401600
EXERCISE 16.3

BASIC

1. How many different words, each containing 2 vowels and 3 consonants can be formed with
5 vowels and 17 consonants?

2. There are 10 persons named Py, P, P5 ..., Pjy. Out of 10 persons, 5 persons are to be
arranged in a line such that is each arrangement P; must occur whereas P4 and P do not
occur. Find the number of such possible arrangements.

3. How many words, with or without meaning can be formed from the letters of the word
‘MONDAY’, assuming that no letter is repeated, if (i) 4 letters are used at a time (ii) all
letters are used at a time (iii) all letters are used but first letter is a vowel? [NCERT]

4. Find the number of permutations of n distinct things taken r together, in which 3 particular
things must occur together.

5. How many words each of 3 vowels and 2 consonants canbe formed from the letters of the

word INVOLUTE? [NCERT]

6. Find the number of permutations of n different things taken r at a time such that two

specified things occur together? [NCERT]
BASED ON HOTS

7. Find the number of ways in which : (a) a selection (b) an arrangement, of four letters can be
made from the letters of the word ‘PROPORTION".
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10.

11.

. How many words can be formed by taking 4 letters at a time from the letters of the word

‘MORADABAD??

A business man hosts a dinner to 21 guests. He is having 2 round tables which can
accommodate 15 and 6 persons each. In how many ways can he arrange the guests?

Find the number of combinations and permutations of 4 letters taken from the word
‘EXAMINATION'.

A tea party is arranged for 16 persons along two sides of a long table with 8 chairs on each
side. Four persons wish to sit on one particular side and two on the other side. In how many
ways can they be seated?

ANSWERS
1. 816000 2. 7C,x 5! 3. (i) 360 (ii) 720 (iii) 240 & TN s

5. 2880 6. 2(r-D""2E_,5 , 7. ()53 (b) . 758 8. 626

9. 21Cy5 % 14! 5! 10. 2454 12 ¥eyxsi?

HINTS TO SELECTED PROBLEMS

2 vowels out of 5 and 3 consonants out of 17 can be chosen in 5C2 ™l 3 ways.

Now, 5 letters in each selection can be arranged in 5! ways.

So, total number of words = 5C2 x 17C3 x 5!= 816000

(i) Total number of 4 letter words formed from the letters of the word ‘"MONDAY"

= 6C, x 4!= 360.
(ii) Total number of words formed by using all letters of the word ‘MONDAY’

=6!=720

(iii) There are two vowels A and O.So, first place can be filled in 2 ways and the remaining
5 places can be filled in 5! ways.
So, total number of words beginning with a vowel = 2x5! = 240.

Required number of words = ¢ 3 X 4C2 x 5!

Out of (1—2) remaining things select (r —2) things in "~ 2C, _, ways. Consider two

specified things as one and mix it with (r - 2) selected things. Now we have (r —1) things
which can be arranged in (r —1) ! ways, but two specified things can be put together in 2!
ways. Hence, required number of ways = " ~%C, _, x (r 1) x 2t

. Total number of ways = *1Cy5 x 6Cg x 14! x 5!
11.

4 persons wish to sit on side A(say) and two on the other side B(say). So, 10 persons are left,
out of which 4 persons for side A can be selected in 10¢, ways and 6 persons for side B from

the remaining 6 persons in 6C6 ways. Hence, the number of selections for two sides
=10¢c 4 % 6C6. Now, 8 persons on each side can be arranged amongst themselves in 8! ways.

Hence, the total number of seating arrangements = e o 6C6 x 8!x 8!

REVISION EXERCISE

Eight chairs are numbered 1 to 8. Two women and 3 men wish to occupy one chair each.
First the women choose the chairs from amongst the chairs 1 to 4 and then men selects from
the remaining chairs. Find the total number of possible arrangements.
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s

10.

11.

12.

13.

14.

15.

16.

17

18:

19.

A candidate is required to answer 7 questions out of 12 questions, which are divided into
two groups, each containing 6 questions. He is not permitted to attempt more than 5
questions from either group. Find the number of different ways of doing questions.

. Out of 18 points in a plane, no three are in the same line except five points which are

collinear. Find the number of lines that can be formed joining the points.

. We wish to select 6 persons from 8, but if the person A is chosen, then B must be chosen. In

how many ways can selections be made?

. How many automobile license plates can be made if each plate contains two different

letters followed by three different digits?

. Find the number of permutations of n distinct things taken r together, in which 3 particular

things must occur together.

. Find the number of positive integers greater than 6000 and less than 7000 which are

divisible by 5, provided that no digit is to be repeated.

There are 10 persons named Py, P, P3, ... Pjy. Out of 10 persons, 5 persons are to be
arranged in line such that in each arrangement P; must occur whereas Py and By do not
occur. Find the number of such possible arrangements.

. There are 10 lamps in a hall. Each one of them can be switched on independently. Find the

number of ways in which the hall can be illuminated.

A box contains two white, three black and four red balls. In how many ways can three balls
we drawn from the box, if atleast one black ball is to be included in the draw.

Find the number of integers greater than 7000 then can be formed with the digits 3, 5, 7, 8
and 9 where no digit is repeated.

If 20 lines are drawn in plane such that no two of them are parallel and no three are
concurrent, in how many points will they intersect each other?

In a certain city, all telephone numbers have six digits, the first two digits always being 41
or 42 or 46 or 62 or 64. How many telephone numbers have all six digits distinct?

In an examination, a student has to answer 4 questions out of 5 questions; questions 1 and 2
are however compulsory. Determine the number of ways in which the student can make
the choice.

18 mice were placed in two experimental groups and one control group, with all groups
equally large. In how many ways can the mice be placed into three groups?

A bag contains six white marbles and five red marbles. Find the number of ways in which
four marbles can be drawn from the bag if (i) they can be of any colour (ii) two must be
white and two red and (iii) they must all be of the same colour.

In how many ways can a football team of 11 players be selected from 16 players? How
many of them will (i) include 2 particular players? (ii) exclude 2 particular players?

A sports team of 11 students is to be constituted, choosing at least 5 from Class XI and at
least 5 from Class XII. If there are 20 students in each of these classes, in how many ways can
be the team be constituted?

A group consists of 4 girls and 7 boys. In how many ways can a team of 5 members be
selected if the team has (i) no girls (ii) at least one boys and one girl (iii) at least three girls.

ANSWERS

1. 1440 2. 780 3. 144 4.22 5. 468000 6. "3C,_5x(r—2)!x 3!
7.112 8. 4200 9. 1023 10. 91  11. 192  12. 190 13. 8400 14. 3
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18!

15, =2 16,0y M, (i) 50, %3¢, (i) 5C,+°Cy 121G 0. 6 Yoy

(613

18. 2(PC5 x 0cg)  19. (i) 21 (i) 441 (iii) 91

FILL IN THE BLANKS TYPE QUESTIONS (FBQs)

9

10.

11
12,

13:

14.

15.

16.

17.

18.

19.

: TE2P =840 and C, = 85, HheN = wrrssinississsmsinsasissisristansin s

- The value of 15C8 + 15C9 = 15C6 = 15C7 18 sousisimesss e Y

s Thevalue PR+ 0 i ;

. If n is even, then "C, is maximum When .........cccovevurmrmrisnscrinnnes .

b IE Do e =9 "_2C5, thenmrsath oin ol m e b s {

. IE"C,_y =36,"C, =84and "C, ,{ =126, them I = +oremesermrerimsssssssis
I 0 (Be a0 Ha s 1=, then flie i -

. If ”Clz =”C6, then HCZ T eccieasnieneninineninn

e 1 e 0 ey = et )

16 Py = 24. "Co, then the Value/OE 1S ..usrsersmrssresssssossrssses !

Thevalueof "C; +2Coy ' €. 9,2 57 S8 ciisibnimmmsissinssssss .

A box contain 2 white balls, 3 black balls and 4 red balls. The number of ways three balls be

drawn from the box if at least one black ball is to be included in the draw is.........ccocceveviennee. .

Three balls are drawn from a bag containing 5 red, 4 white and 3 black balls. The number of
ways in which this can be done if at least 2 are red is .........covcoeenecsemsiesinsinne «

The total number of ways in which six ‘+' and four '-' signs can be arranged in aline such
that no two '-' signs occur together is .......ococevveeenieeisnnnennes -

A committee of 6 is to be chosen from 10 men and 7 women so as to contain at least 3 men
and 2 women. The number of different ways this can be done, if two particular women
refuse to serve on the same committee is .......cccocevveiiieccensicennenns .

The number of committees of five persons with a chair person can be selected from 12
PELSONE IS isivuistoniissmsssisimsssassasssinn :

The number of automobile license plates that can be made if each plate contains two
different letters of English alphabet followed by three distinct digits, is «.....cccouuiisiniinnn .

The number of permutations of n distinct objects taken r at a time in which three particular
objects occurs together is ..., :

Out of 10 persons Py, P,,..., Py, 5 persons are to be arranged in a line such that in each
arrangement P; must occur whereas Py and By do not occur. The number of such
arrangements is ... "

ANSWERS

1.4 2.0 3.l 4.r=— 510 6.3 7. 20 8. 153
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9.3 10.9 11 ™2C,12.64 13.80  14.35 15. 7800 16. 3960
17. 4,6800 18 "8 g (r—2)l 31 19. 7Cyx 5!

VERY SHORT ANSWER QUESTIONS (VSAQs)

Answer each of the following questions in one word or one sentence or as per exact requirement of the
question:

m
1. Write EO "*TC, in the simplified form.
r=

L 153 Chyz = 35C4H _ 1 , then write the values of .

3. Write the number of diagonals of an n-sided polygon.
4. Write the expression "C, |  + "C, _1 + 2 x "C, in the simplest form.

5. Write the value of gl At Ple
r=
6. There are 3 letters and 3 directed envelopes. Write the number of ways in which no letter is
put in the correct envelope.
7. Write the maximum number of points of intersection of 8 straight lines in a plane.
8. Write the number of parallelograms that can be formed from a set of four parallel lines
intersecting another set of three parallel lines.
9. Write the number of ways in which 5 red and 4 white balls can be drawn from a bag
containing 10 red and 8 white balls.
10. Write the number of ways in which 12 boys may be divided into three groups of 4 boys
each.
11. Write the total number of words formed by 2 vowels and 3 consonants taken from 4 vowels
and 5 consonants.

ANSWERS
g rimtle o gaae 8 ”(”2'3) g e o e, 6 3
|
7.28 818 9 g3, e 11. 4C, x5C5 x 5!
413 31

MULTIPLE CHOICE QUESTIONS (MCQs)

Mark the correct alternative in each of the following:
1. If 20C,, = 20Cr _10 - then Ye s equal to

(a) 4896 (b) 816 (c) 1632 (d) none of these
2. £%¢, =20¢, , ,,then”C5 is equal to

(a) 54 (b) 56 (c) 58 (d) none of these
3. If 15C3,, = 15Cr + 3. thenris equal to

(@) 5 (b) 4 (c) 3 (d) 2

4, If 20C, 1= 2UC, _1.thenris equal to
(a) 10 (b) 11 (c) 19 (d) 12
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5.

10.

11.

12,

13.

14.

15.

16.

17.

18.

19

IfC (n,12) =C (n, 8), then C (22, n) is equal to
(a) 231 (b) 210 (c) 252 (d) 303
. E™C,="C, , then
(@ 2m=n ®) 2m=n(n+1) (c) 2m=nn-1) (d) 2n=m(m-1)
. f"Cy5 ="Cg , thenn=
(a) 20 (b) 12 (c) 6 (d) 30
CH"C, +7C, 1 ="*1C, , thenx=
(a) r (b) r-1 (0n (dr+1
@ -9, = (-9, thena=
(a) 2 (b) 3 (c) 4 (d) none of these
5C1 + 5C2 + 5C3 + 5C4 + 5C5 is equal to
(a) 30 (b) 31 (c) 32 (d) 33

Total number of words formed by 2 vowels and 3 consonants taken from 4 vowels and 5
consonants is equal to

(a) 60 (b) 120 (c) 7200 (d) none of these

There are 12 points in a plane. The number of the straight lines joining any two of them
when 3 of them are collinear, is

(a) 62 (b) 63 (c) 64 (d) 65

Three persons enter a railway compartment. If there are 5 seats vacant, in how many

ways can they take these seats ?
(a) 60 () 20 (c) 15 (d) 125

In how many ways can a committee of 5 be made out of 6 men and 4 women containing at
least one women ?

(a) 246 (b) 222 (c) 186 (d) none of these

There are 10 points in a plane and 4 of them are collinear. The number of straight lines
joining any two of them is

(a) 45 () 40 (c) 39 (d) 38

There are 13 players of cricket, out of which 4 are bowlers. In how many ways a team of
eleven be selected from them so as to include at least two bowlers ?

(a) 72 (b) 78 (c) 42 (d) none of these

IfCy +C; +Cy +...+ Cy = 256, then 2'C, is equal to

(a) 56 (b) 120 (c) 28 @ 9

The number of ways in which a host lady can invite for a party of 8 out of 12 people of
whom two do not want to attend the party together is

(@) 2x ¢, + 10¢, ®) °cg + g,
(c) 12C8 - 10C6 (d) none of these

. Given 11 points, of which 5 lie on one circle, other than these 5, no 4 lie on one circle. Then the
number of circles that can be drawn so that each contains at least 3 of the given points is
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20.

21.

22,

24.

25,

26.

ik

28.

29;

30.

(a) 216 (b) 156 (c)172 (d) none of these

How many different committees of 5 can be formed from 6 men and 4 women on which
exact 3 men and 2 women serve ?

(a) 6 (b) 20 (c) 60 (d) 120

If 43C,. = 43C3r + 1, then the value of r is

(a) 12 (b) 8 (c) 6 (d) 10 (e) 14
The number of diagonals that can be drawn by joining the vertices of an octagon is
(a) 20 (b) 28 (c) 8 (d) 16

: Thevalueof[7C0 +7C1J+[7C1 +7C2]+...+(7C6 +7C7Jis

@) 27 -1 (b) 28 -2 () 28 -1 (d) 28

Among 14 players, 5 are bowlers. In how many ways a team of 11 may be formed with at
least 4 bowlers?

(a) 265 (b) 263 (c) 264 (d) 275

A lady gives a dinner party for six guests. The number of ways in which they may be
selected from among ten friends if two of the friends will not attend the party together is

(a) 112 (b) 140 (c) 164 (d) none of these
"+ 1C; =2.%C, , thenn=
(a) 3 (b) 4 ()5 @) 6

The number of parallelograms that can be formed from a set of four parallel lines
intersecting another set of three parallel lines is
(a) 6 (b) 9 (c) 12 (d) 18
The number of ways in which a committee consisting of 3 men and 2 women, can be chosen
from 7 men and 5 women, is
(a) 45 (b) 350 (c) 4200 (d) 230

[NCERT EXEMPLAR]
The number of signals that can be sent by 6 flags of different colours taking one or more ata
time is
(a) 63 (b) 1956 (c) 720 (d) 21

[NCERT EXEMPLAR]

The straight lines I, I, and I3 are parallel and lie in the same plane. A total number of m
points are taken on Iy, n points on ly, k points on /3. The maximum number of triangles
formed with vertices at these points are

(a) m+n+kc3 (b) m+n+kC3 —mC3—nC3"kC3

(c) "Ca+"C3+%Cy (d) "C3x"C4x*C3  INCERT EXEMPLAR]
. The number of committees of five persons with a chairperson that can be formed from 12

persons, is

@ e ®) ¢, (© 12x ¢, (dy ey

[NCERT EXEMPLAR]
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32!

Total number of words formed by 2 vowels and 3 consonants taken from 4 vowels and 5
consonants is equal to

(a) 60 (b) 120 (c) 7200 (d) 720
[NCERT EXEMPLAR]
33. A five digit number divisible by 3 is to be formed using the numbers 0, 1, 2, 3, 4 and 5
without repetitions. The total number of ways this can be done is
(a) 216 (b) 600 (c) 240 (d) 3125
[NCERT EXEMPLAR]
34. Everybody in a room shakes hands with everybody else. The total number of hand shakes
is 66. The total number of persons in the room is
(a) 11 (b) 12 (c) 13 (d) 14
[NCERT EXEMPLARI]
35. The number of triangles that are formed by choosing the vertices from a set of 12 points,
seven of which lie on the same line is
(a) 105 (b) 15 (c) 175 (d) 185
[NCERT EXEMPLAR]
36. Given 5 different green dyes, four different blue dyes and three different red dyes, the
number of combinations of dyes which can be chosen taking at least one green and one blue
dyeis
(a) 3600 (b) 3720 (c) 3800 (d) 3600
[NCERT EXEMPLAR]
37. The total number of 9 digit numbers which have all different digits is
(@) 10! (b) 9! (c) 9x9! (d) 10 x 10!
[NCERT EXEMPLAR]
38. The number of parallelograms that can be formed from a set of four parallel lines
intersecting another set of three parallel lines is
(a) 6 (b) 18 (c) 12 (d) 9
[NCERT EXEMPLAR]
39. The number of 5-digit telephone numbers having at least one of their digits repeated is
(a) 90,000 (b) 10,000 (c) 30240 (d) 69760
[NCERT EXEMPLAR]
40. The number of ways in which we can choose a committee from four men and six women so
that the committee includes at least two man and exactly twice as many women as men, is
(a) 94 (b) 126 (c) 128 (d) none of these
[NCERT EXEMPLAR]
41. The number of ways in which a team of eleven players can be selected from 22 players
always including 2 of them and excluding 4 of them, is
(a) 1oCyy ®) '°Cs (© *°Cq () *cq
[NCERT EXEMPLAR]
ANSWERS
L 20 3@ 4@ 5@ 6. (c) 7. () 8 (d)
9. (b) 10. (b) 11. (c) 12. (c) 13. (a) 14. (a) 15. (b) 16. (b)
17. (b) 18. (¢) 19. (b) 20. (d) 21 (a) 22. (a) 23. (b) 24. (0
25. (b) 26. (¢) 27. (d) 28. (b) 29. (b) 30. (b) 31 (c) 32 (0
33. (a) 34. (b) 35.(d) 36. (b) 37. (¢) 38. (b) 39. (d) 40. (a)
41. ()



16.30 MATHEMATICS-XI

SUMMARY
1. Ifnis a natural nlumber and r is a non-negative integer such that 0 <r <n, then
G "c, = (T—Eri_-? (ii) "C, xr! = "B,
(i) "c, = "C;_; GEC, 76 g =1 e,
M "c, =2l g =tx %."-zc,,_z - =2 ’::; % ’::; X...x %1_)

(vi) "C, ="Cy > x =y or, x+y=n

(vii) Ifnisaneven natural number, then the greatestamong "C, , "Cy, "C, ..., "C,is"C ,,.
2
If nis an odd natural number, then the greatest among "C , "Cy, "C,, ..., 'C,, is
n n

Cp_q0r, Cyyq-

2 2

2. The number of ways of selecting r items or objects from a group of n distinct items or objects
is n! _n
(n—r)lr! r




