
 

 

1CHAPTER

SETS

1.1 SETS

It is a well known fact that any attempt to define a set has always led mathematicians to
unsurmountable difficulties. For example, suppose one defines the term set as "a well defined
collection of objects". One may then ask what is meant by a collection. If one answers that a
collection is an aggregate of objects or things. What is then an aggregate? Perhaps then one may
define that an aggregate is a class of things. What is then a class? Now, one may define a class as
a collection. In this manner question after question, since our language is finite, we find that
after some time we will have to use some words which have already been questioned. The
definition thus becomes circular and worthless. Thus, matliematicians realized that there must

be some undefined (or primitive) terms. In this chapter, we start with two undefined (or
primitive) terms — "element" and "set". We assume that the word "set" is synonymous with
the words "collection", "aggregate", "class" and is comprised of elements. The words
"element", "object", "member" are synonymous.

If a is an element of a set A, then we write a ^ A and say a belongs to /4 or is in /I or a is a member
of A. If a does not belong to A, then we write a g A. It is assumed here that if A is any set and a is
any element, then either a e A or a e A and the two possibilities are mutually exclusive. TIius,
one camiot say "consider the set A of some positive integers", because it is not sure whether
3 e A or 3 A.

Throughout this chapter we shall denote sets by capital alphabets e.g. A, 6, C, X, Y, Z etc. and the
elements by the small alphabets e.g. a, b, c, x, y, z etc.

The following are some illustrations of sets:

ILLUSTRATION 1 The collection of vowels in English alphabets. This set contains five elements,
namely, a, e, i, o, u.

ILLUSTRATION 2 The collection offirst five prime natural numbers is a set containing the elements 2,
3,5, 7, n.

ILLUSTRATION 3 The collection of all States in the Indian Union is a set.

ILLUSTRATION 4 The collection of past presidents of the Indian union is a set.

ILLUSTRATIONS The collection ofcricketers in the zvorldzuho were out for 99 runs in a testmatchis
a set.

ILLUSTRATION 6 The collection of good cricket players of India is not a set, since the term "good
player is vague and it is not well deifned".

Similarly, collection of good teachers in a school is not a set. However, the collection of all
teachers in a school is a set.

In this chapter we will have frequent interaction with some sets, so we reserve some letters for
these sets as listed below:

N : for the set of natural numbers.

Z : for the set of integers.

Z^ : for the set of all positive integers,
for the set of all rational numbers.Q

 

 



 

 

1.2 MATHEMATICS-XI

Q"*": for the set of all positive rational numbers.
R : for the set of all real numbers.

: for the set of all positive real numbers.

C : for the set of all complex numbers.

EXERCISE 1.1

What is the difference between a collection and a set? Give reasons to support your answer?

Which of the following collections are sets? Justify your answer:

(i) A collection of all natural numbers less than 50.

(ii) The collection of good hockey players in India.

The collection of all girls in your class.
The collection of most talented writers of India.

(hi)

(iv) INCERTl

The collection of difficult topics in Mathematics.

The collection of novels written by Munshi Prem Chand.

(vii) The collection of all months of a year beginning with the letter J.

(vih) The collection of all questions in this chapter.

A collection of most dangerous animals of the world.

The collection of prime integers.
== {0,1, 2, 3, 4,5, 6,7, 8, 9,10}, then insert the appropriate symbol eor gin each of the

following blank spaces:
(i) 4 A

(iv) 9....A

(V)

(Vi) [NCERTj

INCERT!

[NCERTl

INCERT](ix)

(x)

If A

(ii) -4 A

(v) 0 A

(hi) 12 ....A

(vi) -2 A

ANSWERS

Every set is a collection but a collection is not necessarily a set. Only well defined collections

are sets. For example, group of good cricket players is a collection but it is not a set.

(i), (hi), (vi), (vii), (vih), (x)

(i) e (ii) g (hi) g (iv) € (v) e (vi) g

^/. vrS TO SELECTED PROBLEMS

The collection of most talented writers of India is not a set as there is no specific
criterion to determine whether a writer is talented or not.

The collection of all months of a year beginning with the letter / is a set given by
{January, June July}.

The collection of novels written by Munshi Prem Chand is a set because one can

determine whether a novel is written by him or not.

The collection of all questions in this chapter is a set because if a question is given one
can eashy decide whether it is a question of this chapter or not.

The collection of most dangerous animals of the world is not a set because there is no

criterion to determine whether an animal is most dangerous or not.

(iv)

(vi)

(vii)

(viu)

(ix)

A set is often described in the following two forms. One can make use of any one of these two
ways according to his (her) convenience,

(i) Roster form or Tabular form

Let us now discuss these forms.

(ii) Set-builder form

 

 



 

 

1.3SETS

1.2.1 ROSTER FORM

In this form a set is described by listing elements, separated by corrunas, within braces { }.
ILLUSTRATION 1

ILLUSTRATION 2

for 'and so on’.
ILLUSTRATION 3

The set of vowels of English Alphabet may be described as (a, e, i, o, u}.

The set of even natural numbers can be described as {2,4,6,.. J. Here the dots stand

If A is the set of all prime numbers less than 11, then A = 12, 3, 5, 7}.
NOTE The order in which the elements are written in a set makes no difference. Thus, (a, e, i, o, u} and
(e, a, i, 0, u] denote the same set. Also, the repetition of an element has no effect. For example, {1,2,3,2} is
the same set as II, 2,3}.

1.2.2 SET-BUILDER FORM

In this form, a set is described by a characterizing property P{x) of its elements x. In such a case
the set is described by [x: P{x) holds } or, {x | P (x) holds}, which is read as 'the set of all x such
that P (x) holds'. The symbol' [' or is read as 'such that'.

In other words, in order to describe a set, a variable x (say) (to denote each element of the set) is
written inside the braces and then after putting a colon the common property P(x) possessed by
each element of the set is written within the braces.

ILLUSTRATION 4 jhe set E of all even natural numbers can be written as
E = {x: X is a natural number and x = 2n for n e N]

£= {x:x gN, x=2n,neN] or, E={x eN :x = 2n,neN)

ILLUSTRATION 5 The set A = (1,2. 3, 4,5, 6, 7, 8) can be written as ./I = {x e W : x < 8}.

ILLUSTRATION 6

{x eR : -1 <x <1|.

ILLUSTRATION 7 The set A = 10,1,4, 9,16,...} can be writteii asA = (x^:eZj.

or.

The set of all real numbers greater than -1 and less than 1 can be described as

ILLUSTRATIVE EXAMPLES

BASED ON BASIC CONCEPTS (BASIC)

Type I ON DESCRIBING OR REPRESENTING SETS IN TABULAR FORM OR ROSTER FORM

EXAMPLE 1 Describe the following sets in Roster form:

(i) The set of all letters in the word 'MATHEMATICS'
(ii) The set of all letters in the word 'ALGEBRA'

(iii) The set of all vowels in the word 'EQUATION'

(iv) The set of all natural numbers less than 7.
(v) The set of squares of integers.

SOLUTION (i) We observe that distinct letters in the word 'MATHEMATICS' are:
M,A,T,H,E,I,C,S

Since the order in which the elements of a set are written is immaterial and the repetition of
elements has no effect. So, required set can be described as (M, A, T, H, E, I, C, Sj.

(ii) We find that the word 'ALGEBRA' has following distinct letters: A, L, G, E, B, R

Hence, required set can be described in Roster form as follows: [A, L, G, E, B, Rj.

(iii) Clearly, word 'EQUATION' has vowels: A, E, I, O, U.

So, required set can be described as {A, E, I, O, U\.

(iv) Natural numbers less than 7 are: 1, 2, 3, 4, 5, 6. Hence, required set can be described as
foUows:ll, 2, 3, 4,5, 6}.

 

 



 

 

1.4 MATHEMATICS-XI

(v) Since square of a negative integer is same as the square of its absolute value. Therefore,
squares of integers are 0,1,4,9,16,25, Hence, required set is (0,1, 4, 9,16, }.

Type n ON DESCaiBlNG OR REPRESENTINGSETS IN SET-BUILDERFORM

EXAMPLE 2 Describe the following sets in set-builderform:
(i) The set of oil letters in the word 'PROBABILITY'. (ii) The set of reciprocals of natural numbers.

(hi) The set of all odd natural numbers.

SOLUTION (i) Given set in set-builder form can be described as follows:

{a: : X is a letter in the word 'PROBABILITY'}

(u) Given set can be described in set-builderform as follows:

{x: a: is reciprocal of a natural number) or,
[ n i In J

(iu) An odd natural number can be written in the form(2ji -1). So, given set can be described as:

i-T:x = 2n-l,neN} or, 12h-1 :n e A/|.

(iv) An even natural number can be written as 2n, where n e N. Therefore, set of all even natural

numberscanbe written in the form {x:x = 2n,neN] or, [2n:neN]

EXAMPLE 3 Write the set of all integers whose cube is an even integer.

SOLUTION We know that the cube of an even integer is also an even integer. Hence, the required
set is the set of all even integers which can also be written in the set-builder form as {2n: n e Z}.

EXAMPLE 4 Write the set of all real numbers which cannot be written as the quotient of two integers in
the set-builder form.

SOLUTION We know that all rational numbers are expressible as the quotient of two integers.
Therefore, the required set is the set of all irrational numberswhichcan be writtenas

{x: X is real and irrational} or, {x: x e R but x e Q}.

Type III ON DESCRIBING A SET IN ROSTER FORM WHEN IT IS GIVEN IN SET-BUILDER FORM

EXAMPLE 5 Describe each of the following sets in Rosterform
(i) {x :xis a positive integer and a divisor of 9} (ii) (x:x € Z and| x| < 2)

(hi) {x :xis a letter of the word 'PROPORTION'] (iv) ● x : x=

(iv) The set of all even natural numbers.

1 1
x:x = -,neN ~:neNor.

n

andl <n<3, wheren e N ■
n^ + l

(v) (x: X is a positive integer less than 10 and 2^-1 is an odd number]

(vi) {x X is a positive factor of the number 2f’~\lf‘ -1), where 2^ -1 is a prime number}.
INCERT EXEMPLAR]

SOLUTION (i) Since x is a positive integer and a divisor of 9. So, x can take values 1,3,9.

{x: X is a positive integer and a divisor of 9 ] = 11, 3, 9}

(ii) We find that X is an integer satisfying I x| ^ 2 and,I x| = 0,1,2=> x = 0,±l,±2.

So, X can take values-2, -1, 0,1, 2. Thus, (x:x eZ and[x[ £ 2} = {-2, -1, 0,1, 2),

(iu) We find that distinct letters in the word 'PROPORTION' are P, R, O, T, N, I. So, x can be

P, R, O, T, I, N. Hence, {x: xis a letter in the word 'PROPORTION'} = {P, R, O, T, 1, N)

(iv) We have.

[NCERT EXEMPLAR]

n

whereneN and 1 <n < 3.X =

«2+l

= 1, 2, 3=> x =^
2 3 1 2

2'5'10

n

, where nX = => x=-

n^ +1 1^ -I-1 ' 2^ -f 1 ' 3^ 1

 

 



 

 

SETS 1.5

111.
2'5 ' 10

n

and 1 <« < 3, whereneNHence, < a: : a: =
rl +1

(v) We find that 2^ -1 is an odd number for all positive integral values of In particular, 2^-1
is an oddnumber for a: =1, 2, 3, 9.Hence, required set is|l, 2, 3,..., 9}.

(vi) We find that the positive factor of -1} are 1, 2, 2^, 2^, ... 2^ \ 2^-1,
2(2^^ -1), 2^(2f’ -1),..., 2P-\2P -1). Therefore,

,2^“^ (2P-1)|.
the given set in roster form is

1,2,22,...,2P-' ,(2P-l),2(2P-^) ...

Write the set of all vowels in English alphabet which precede s.
The vowels in English alphabet which precede s are a, e, i, o. So, the set

EXAMPLE 6

SOLUTION

A = {<1, e, i, 0} is the set of all vowels in English alphabet which precede s.

Write the set A ={x:x eZ, < 20) in the roster form.

SOLUTION We observe that the integers whose squares are less than 20 are: 0, ± 1, ± 2,± 3, ± 4.
Therefore, the set A in roster form is A = (- 4,-3, -2,-1, 0,1, 2, 3, 4).

EXAMPLE 8 Match each of the set on the lej^ described in the roster form with the same set on the right
described in the set-builderform.

(i) IF, R,/,N,C,A,1}

(ii) (01

EXAMPLE 7

INCERTl

(a) [x :xisa positive integer and is a divisor of 18 |

(b) {a: : a: is an integer and x -9 = 0)

(c) [x: X is an integer and a: +1 = 1}

(d) {a: :xisa letter of the word 'PRINCIPAL')

(iii) {1, 2, 3, 6, 9,18}

(iv) 1-3,3)

SOLUTION (i) Clearly, |F, K, 7, N, C, A, L]

= {P, R, 1, N,C, 1, P, A, L]= {x;A:.isaletterof the word'PRINCIPAL')

Hence, (i) matches with (d).

{0} = (at : a: is an integer equal to zero) = {a: : a: is an integer and a: + 1 = 1}
Hence, (ii) matches with (c).

11,2, 3, 6,9,18)

= Set of all positive divisors of 18 = {a: : a: is a positive integer and is a divisor of 18}
Hence, (iii) matches with (a).

Clearly, (- 3, 3} = {a: : a: is an integer «ind x -9 = 0).Hence, (iv) matches with (b).

(ii)

(iii)

(iv)

Type IV ON DESCRIBING A SET IN SET-BUILDER FORM WHEN IT IS GIVEN IN ROSTER FORM

1 2 3 4 5 6 7 8 9 1.,, , , . r

2 3 45 67 8910] ^

SOLUTION We observe that each element in the given set has the denominator one more than
the numerator. Also, the numerator begins from 1 and do not exceed 9. Hence, in the set-builder

,neN,n<9 ●.

INCERT)EXAMPLE 9 Write the set

n

form tlie given set can be written as x\x =

« + l

1 1 J_ J_
4'9'16 ' 25 '

SOLUTION We observe that the elements of set X are the reciprocals of the squares of all natural

numbers. So, the set X in set builder form is X =

in the set -builder form.EXAMPLE 10 Write the setX=U

 

 



 

 

1.6 MATHEMATICS-XI

EXAMPLE u Write the following sets in Roster form:

(i) A=[a,j:neN,a„^i = 3(ijjandai = 1) (ii) S = {«„:« eN, 2 = ^^^+1+««/«1 =«2 =^1

SOLUTION (i) We have, rtj = 1 and + j = Soti all n e N

Putting « = 1 in , we get: ^2 = = 3 x 1 = 3.

Putting n = 2 in + 1 = 3fl„ , we get: ^3 = 3^2 = 3 x 3 = 3^.

Putting « = 3 in j = 3fl„ , we get: - 3a^ = 3 x 3^ = 3^.

Similarly, we obtain : - 3a^ = 3 x 3^ = 3^, = 3<^ = 3 x 3^ = 3^ and so on.

Hence, A = {a^, a2, ^3, <*4, fle,-..) = U, 3, 3^, 3^, 3^, 3^, }
(ii) We have,

^i+2=«n+l + «H'We get

ci'^ = CI2 0-^ ~ \ + \ —1^4 = i?3 + ^2 =2 + 1 = 3^ <75 “ ^4 ■*■ ^3 ~ 3 + 2 =5;

fl5=f^+fl4 = 5+ 3 = 8 and so on.

= 1, ^2 = ^ ^1+2 = ^^1+ 1 + Putting n = 1, 2, 3, 4, m

Hence, B = {oj , ^2 . «3 / ^4 ' ^ / ^6 '
EXAMPLE 12

,}={1,1,2, 3,5, 8, }= {1,2, 3,5, 8, }

State which of thefollowing statements are true and which arefalse. Justify your anszuer.

(i) 35 e |x: X has exactly four positive factors]

(ii) 128 € ly: the sum of all positive factors of y is 2y}

(iii) 3 i {x: -5x^ +2x^ -112x + 6 =0}

INCERT EXEMPLAR)(iv) 496 €{y: the sum of all the positive factors of y is 2i^

SOLUTION (i) Positivefactors of 35 are 1,5,7,35.Thus, 35 has four positive factors. Therefore,
35 e (x: X has exactly four positive factors} is a true statement.

(ii) Positive factors of 128 arel, 2, 2^,2^, 2^,2^,2^,2^.Thesum of these factors is

r2®-1
1 + 2 + 2^ + 2^ + ...+2^ = = 255, which is not equal to 2X 128.

2-1 ^

So, the given statement is not true,

(iii) We find that 3^ -5x 3^ + 2x 3^ -112 x 3 + 6 0.Therefore,

3 «{x: x^ -5x^ + 2x^-112x + 6 = 0}. Hence, the given statement is true,

(iv) Positive factors of y = 496 are : 1, 2, 4, 8,16, 31, 62,124, 248 and 496. Clearly, their sum is
2 X 496 = 2y. Therefore, 496 belongs to the given set. Hence, the given statement is not true.

EXAMPLE 13 Given thatE = {2, 4, 6, 8,10). represents any member of E, then, write the following
sets containing all numbers represented by (i) n + 1

SOLUTION GivenE = {2, 4, 6, 8,10}.

LetA =[x:x=tt + l, « e£}.Tlien, A = {2 + 1, 4 + 1, 6 +1, 8 + 1,10 + 1} = {3,5,7, 9,11}

Let B = |x; X =n^, n e£).Then, 6 = J 2^, 4^, 6^, 8^, 10^I = (4,16, 36, 64,100}

(iii) n^. INCERT EXEMPLAR]

(i)

(ii)

EXERCISE 1.2

BASIC

1- Describe the following sets in Roster form:
(i) |x: X is a letter before e in the English alphabet),
(u) {xeN:x^<25}.

 

 



 

 

1.7

(iii) {at e N : X is a prime number, 10 < x < 20}.

(iv) (x6N:x=2«,neN}. (v) {xeK :x>x).

(vi) {x: X is a prime number which is a divisor of 60}.

(vii) {X: X is a two digit number such that the sum of its digits is 8}.

(viii) The set of all letters in the word'Trigonometry

(ix) The set of all letters in the word 'Better'.

(xi) {x: x^ = X, X e R](x) {x:xel?, 2x + ll=15}

(xii) {x: X is a positive factor of prime number p]

(xiii) {t:t^=t,teR] (xiv) I w:
w-2

= 3,zv gR
w+3

Describe the following sets in set-builder form:

(i) A = (1,2,3,4,5,6)

(iv) 0 = 110,11,12,13,14,15}

(vii) (2, 4, 6, 8 }

List all the elements of the following sets:

(i) A =1 X : x^ <10, X eZ I

1 9

X: X is an mteger,- 2 "2
(iv) D = (x : X is a vowel in the word "EQUATION"}

(v) £ = j X: X is a month of a year not having 31 days j

(vi) f = (x: X is a letter of the word "MISSISSIPPI" }
Match each of the sets on the left in the roster form with the same set on the right described
in the set-builder form:

(i) |A,P,L,£}

(ii) 15,-5}

(iii) 10}

(iv) {1,2,5,10}

(v) {A,H,/,K,S,T,N}

(vi) (2,5)

Write the set of all vowels in the English alphabet which precede q.

Write the set of all positive integers whose cube is odd.

1 2 ^ _i A A ZL
2'5 ' 10 ' 17 ' 26 ' 37 ' 50

If X = (1, 2, 3} and n represents any member of X, write the following sets containing all

(ii) n + 6

State which of the following statements are true and which are false. Justify your answer,

(i) 37 s (x: X has exactly two positive factors]

(ii) 128 e [y: the sum of all positive factors of y is 2i/}
(iii) 7747 e{t :tis a multiple of 37}

(iii) C={0,3,6,9,12,...}

(vi) (1,4, 9,16 100}

(ii) B = {1,V2/V3,V4,15,...}

(v) £ = {01

(viii) (5, 25,125, 625}

1
1 <n<5l>(ii) B = X: X =

2«-l '

(iii) C =

(i) {x:x+ 5 =5, X € Z }

(ii) {X: X is a prime natural number and a divisor of 10 }

(iii) (x: X is a letter of the word "RAJASTHAN" }

(iv) (x: X is a natural number and divisor of 10}

(v) (x : x^ - 25 = 0}
(vi) |x: X is a letter of the word "APPLE"}

in the set-builder form.Write the set

(iii) ^ (iv) n-\.numbers represented by (i) 4n
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10. LetX = {l, 2, 3, 4,5, 6).If/t represents any member of X, express the following assets :
(ii) n + 5 =8

' 1- If y = |1, 2, 3,..10} and o represents any element of Y, write the following sets, containing
all the elements satisfying the given conditions :

(i) flsY and (ii) rt + 1 = 6, a g Y (iii) <7 < 6 and a g Y [NCERT EXEMPLAR]

(i) neX but2/1 «X (ui) His greater than 4. [NCERT EXEMPLAR)

ANSWERS

1. (i) [a, b, c, d] (ii) (1,2,3,4)

(Vi) {2, 3,5}

(viii) {T,R,I,G,0,N,M,E,Y}

(xii) {l,pl

(iii) {11,13,17,19} (iv) {2,4,6, 8,...}

(vU) {17,26, 35, 44,53,62,71,80}

(ix) {B,E,T,R}

(xiii) 1-1, 0,1}

(v) ^

(X) 12}

111
(xi) (0,1} (xiv)

2

2. (i) l:r:A:€N,A:<7}

(iv) 1x:xgN, 9<x<16}

(vii) lx: X -2n, n e N}

(ii) 1x:x = 1/h,hgN} (iii) lx:x = 3n,hgW)

(vi) Ix^ :x gN, 1 <x <10}(V) lx:x = 0}

(viii) {5":hgN,1 <h<4}

1 11 1

3'5'7 ' 9
3. (i) A=10, ±1,± 2, ± 3} (ii) B = {1,^

(iii) C =10,1,2, 3, 4}

(v) E = {Feb., April, June, Sept., November}

4. (i)^ (vi); (ii)-/- (v); (iii) -)● (i); (iv) ^ (iv); (v) ^ (iii); (vi) (ii)

(iv) D={A,£, 7,0, U}

(vi) F = {M, 7, S, P]

n

c. \a,e,i,o\ 6. {2h + 1 :n gZ,h>0} :n G N, H <77. (
+1

'“Mi"'!}8. (i) {4,8,12} (ii) {7,8,9} (iv) 10,1,2}

9. (i) False

(i) 14,5,6}

11. (i) {4, 5, 6, 7, 8, 9, 10}

(iii) False(ii) True

(ii) 13} (iii) 15,6)

(ii) 15} (iii) 11,2,3,4,5)

1.3 TYPES OF SETS

EMPTY SET A set is said to be empty or null or void set ifit has no element and it is denoted by

In Roster method, ^is denoted by {}.
It follows from this definition that a set A is an empty set if the statement x g A is not true for
any x.

ILLUSTRATION! {x G R : x^ =-2) = <j).

ILLUSTRATION 2 lx€N:5<x<6} = 4».

ILLUSTRATION 3 The set A given byA = lx:xisan even prime number greater than 2) is an empty set
because 2 is the only even prime number.

A set consisting of at least one element is called a non-empty or non-void set.

NOTE If A and B are any two empty sets, thenx e A ijf (if and only if) x & Bis satisifed because there is
no element x in either A or B to which the condition may be applied. Thus, A = B. Hence, there is only one
empty set and we denote it by 4), Therefore, article 'the' is used before empty set.

SINGLETON SET A set consisting of a single element is called a singleton set.
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ILLUSTRATION 4 The set {5} is a singleton set.

ILLUSTRATION 5 The set[x:x &N and x^ = 9| is a singleton set equal to {3}.

FINITE SET A set is called a finite set if it is either void set or its elements can be listed (counted, labelled)
b\j natural numbers 1,2,3,... and the process of listing terminates at a certain natural lumber n (say).
CARDINAL NUMBER OF A FINITE SET The number n in the above definition is called the cardinal

number or order of a ifnite set A and is denoted by n(A).

INFINITE SET A set whose elements cannot be listed by the natural numbers 1, 2, 3, ..., n.for any
natural number n is called an infinite set.

Each one of the following sets is a finite set:ILLUSTRATION 6

(i) Set of even natural numbers less than 100.
(iii) Set of even prime natural numbers.

(ii) Set of soldiers in Indian army.
(iv) Set of all persons on the earth.

ILLUSTRATION 7 Each one of the folloioing sets is an infinite set:

(i) Set ofall points in a plane. (ii) Set ofall lines in a plane.

EQUIVALENT SETS Two finite sets A and B are equivalent if their cardinal numbers are same,
i.e. n{A) = n(B).

(iii) (.T e K : 0 < a: <!}.

Tzvo sets A and B are said to be equal if every element of A is a member ofB, and everyEQUAL SETS

element of B is a member of A.

If sets A and B are equal, we write A = B and A* B when A and B are not equal.

If A = {1,2,5,6} and B = {5,6,2,1). Then A = B, because each element of A is an element of B and
vice-versa. Note that the elements of a set may be listed in any order.

A set does not change if one or more elements of the set are repeated. For example, the sets
A = {1, 2, 3) and B = {2,2,1,3,3} are equal because each element of A is in B and vice-versa. Tliat is
why we generally do not repeat any element in describing a set.
It follows from the above definition and the definition of equivalent sets that equal sets are

equivalent but equivalent sets need not be equal.

For example, A = {1,2,3} and B = {a, b, c\ are equivalent sets but not equal sets.

ILLUSTRATIVE EXAMPLES

BASED ON BASIC CONCEPTS (BASIC)

Type I ON IDENTIFYING WHETHER GIVEN SET IS EMPTY OR NOT

EXAMPLE 1 Which of the following sets are empty sets?

(i) A = {x:x^~ 3 = 0 and x is rational \ (ii) B = {x: x is an even prime number ]
(iv) D = \x: x^ =25, and X is an odd integer]

SOLUTION (i) We know that there is no rational number whose square is 3. So, x -3 = 0 is not

satisfied by any rational number. Hence, A is an empty set.

(ii) We know that 2 is the only even prime number. Therefore, B = {2). So, B is not an empty

(iii) C = (x: 4 <x <5, X eN)

set.

(iii) Since there is no natural number between 4 and 5. So, C is an empty set.

(iv) Since X =5, -5 satisfy x^ =25 and ±5 are odd integers. Therefore, D ={-5,5}.Thus,Disa

non-empty set.
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Type II ON EQUAL SETS

example:. Find the pairs of equal sets, from the following sets, if any, giving

A={0],B = \x:x>15and j <5),C = (x : a:-5 = 0|, D ={a: ; = 25}

E = {x:xis an integral positive root of the equation x'^ -2x ~15 = 0}.

SOLUTION Wehave, /I = 10), B = {a:: jr > 15 and x <5) = (fi, C ={a-: a:-5 = 0) = [5),

D={x:x^ =25\={~5,5], and, E = {5). Clearly,C = E.

Which of the following pairs of sets are equal ? Justify your anszver.

(i) A=[x:x is a letter in the word "LOYAL" I, B = {x\x is a letter of the word "ALLOY" )

(ii) A=[x:xeZ and < 8}, B = [x:x&R and x^ - Ax + 3 = Oj

SOLUTION (i) Wehave,A={L,0, y,A, L|=|L,0,y,/l)and, B = {A,L,L,0,y} =|L, O, y,

Clearly, A = B.

(ii) A={x:xGZandx^ <8) ={-2,-1, 0,1, 2} and, B ={x: x s R andx^ ~Ax+ 3 = 0} ={1, 3|.

We observe that 0 eA but 0 g B. So, B.

reasons:

INCERi]

EXAMPLE 3

Type III ON FINITE AND INFINITE SETS

EXAMPLE 4 State which of the following sets are finite and xohich are infinite:

(i) A = {x:xeZ andx'^-5x+6 = 0} (ii) B = {x:xeZ and is even)

(iii) C = {x:xeZ and x^ = 36} (iv) D = {x:xeZ and x>-10)

SOLUTION (i) A = [x:xeZ and -5x + 6 = 0} = (2, 3). So, 4 is a finite set

(ii) B = {x:xeZ and x^iseven}= - 6,-4, - 2, 0, 2, 4, 6,...}. Clearly,Bisaninfiniteset.

(iii) C = {x:xeZ and x^ = 36)= (6, ~6). Clearly,.A is a finite set.

(iv) D = {x:xeZ and x>-10| = {-9, - 8,-7,,..). Clearly, D is an infinite set.

EXF~ uSE ir

BASIC

Which of the following are examples of empty set ?

(i) Set of all even natural numbers divisible by 5. (ii) Set of all even prime numbers,

(iii) [x:x^-2 = 0 and x is rational}.
(iv) (x: X is a natural number, x < 8 and simultaneously x > 12).

(v) {x :● X is a point common to any two parallel lines }.

2. Which of the following sets are finite and which are infinite ?

(i) Set of concentric circles in a plane,

(iii) {x e N : X > 5) (iv) {x e N : x < 200)

3. Which of the following sets are equal ?
(i) A = (1,2,3}

(iii) C={1,2,2,3)

4. Are the following sets equal ?

A = (x : X is a letter in the word reap), B = (x : x is a letter in the word paper),
C = (x : X is a letter in the word rope).

(ii) Set of letters of the English Alphabets,

(v) |x 6 Z : X < 5} (vi) {x e R : 0 < x < 1).

(ii) B = {x e R : x^ - 2x + 1 = 0)

(iv) D = (x eR : x^-6x^+llx-6 = 0).
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5. From the sets given below, pair the equivalent sets: A - {1,2,3}, B = {t, p, q, r, s}, C = {a, p, y},
D = \a, e, i, o, m).

6. Are the following pairs of sets equal ? Give reasons,
(i) A =12, 3), B = {A::.t is a solution of + 5x + 6 = 0)

(ii) A ={x:x is a letter of the word "WOLF" ), B ={x: xis a letter of the word "FOLLOW" }
[NCERT]

7. From the sets given below, select equal sets and equivalent sets.
A = |0,rt),B = {1,2, 3,41 C= {4,8,121, D = {3,1, 2, 41,£ = U, 01, F = (8, 4,121
G = {1,5,7,111, H=[a,b].

8. Which of the following sets are equal?
A = lx:xeN,x<31, B = {1,2}, C = {3,1}, D = {x: x e N, xisodd,x<5),
£ = {1,2,1,1},F={1,1,3}.

9. Show that the set of letters needed to spell "CATARACT" and the set of letters needed to
spell "TRACT" are equal.

x + 5 _
0

[NCERT]

j. Is T an empty set? Justify your answer.
4x-40

10. Letr = U:
13-xx-7

ANSWERS

1. (iiil, (iv), (v) 2. (i) Infinite (ii) finite (hi) Infinite (iv) Finite (v) Infinite (vi) Infinite.
3. A = C = D

7. Equal sets : B =D,C =F Equivalent sets : A,E, H ; B, D,G ;C, F
10. Yes

6. (i) No (u) Yes5. A,C;B,D4. No

8. A=B=E, C=D=F

FHNTS TO SELECTED PROBLEMS

6. (ii) We have, A = {x: X is a letter of the word "WOLF"l ={W,0, L,F}

B = {x : X is a letter of the word "FOLLOW"! = (W, O, L, F]. Clearly, A = 6.

9. A = Set of letters of the word "CATARACT" = {A, C, K, T},

B = Set of letters of the word "TRACT" ={A, C, R, Tl. Clearly, A = B.

1.4 SUBSETS

SUBSETS Let A and B be two sets. If every element ofA is an element of B, then A is called a subset of B.
If A is a subset of B, we write A c B, which is read as "A is a subset of B" or "A is contained in B".
Thus, A c B iff a e A ^ a e B.

The symbol "=>" stands for "implies".

If A is a subset of B, we say that B contains A or, B is a super set of A and we also write B A.
If A is not a subset of B, we write A B.

Obviously, every set is a subset of itself and the empty set is subset of every set. A subset A of a
set B is called a proper subset of B, if A ^ B and we write A c B. In such a case, we also say that B is
a super set of A. An improper subset is a subset containing every element of the original set. A
proper subset contains some but not all of the elements of the original set. The empty set is a
proper subset of a given set.

Thus, if A is a proper subset of B, then there exists an element x e B such that x s A.

It follows immediately from this definition and the definition of equal sets that two sets A and B
are equal iff A c B and B c A.

Thus, whenever it is to be proved that two sets A and B are equal, we must prove that A c B and
Be A.
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ILLUSTRATION 1 Clearli/{ll c (1, 2, 3J, but fl, 4/ ct{l. 2, 51.

ILLUSTRATION 2 Clearly,NcZc:Q c:RcC,whereN, Z,Q, R and C have their usual meanings.

ILLUSTRATION 3 If A is the set of all divisors of 68 and B is the set of all prune divisors of 68, then B
the subset of A and we write B cz A.

ILLUSTRATION 4 Consider the sets 3], B^{1,5,9],C= (1, 3,5,7, 91- We ifnd that
(i) (j) c: B ns (j) is subset of every set.

(Hi) <z C because each element of A belong to C. Also, B czC.

ILLUSTRATION 5 If A ~{a,e, i, 0, u\ and B = [a, b, c, d\, then neither A cz B nor Bcz A, because
i eAbuti & B and d e B but d e A.

ILLUSTRATION 6 Given X = {1, 2, 3,..100}. Then, write the subsect

(i) A of X, whose elements are odd numbers, (ii) B of X, whose elements are even numbers.

(Hi) C ofX, whose elements are represented by x + 2, where x eX.

(iv) D ofX, zuhose elements are perfect squares

SOLUTION (i) Wehave, A = {,v:eX and jr is odd} = {1, 3,5,7,97, 99}
(ii) Wehave, 6 = {a; eX: is even} = {2,4, 6, 8,..., 98,100}
(iii) We have, C = [y eX: y ~x + 2, x eXj.
Now, x=l and y=x + 2 => y = 3-,x=2 and y = a: + 2 => y=4,	

a: = 97 and y = x + 2 => y = 99; a:=98 and y=x-i-2 => y=100

Hence, C = {3, 4, 5 99,100}

(iv) We have, D = {x e X: a: is a perfect square} => D = {1, 4, 9,16,
1.4.1 SOME RESULTS ON SUBSETS

IS

(ii) A <x Bas 3 eAbut 3 €B.

[NCERT EXEMPLAR]

., 81,100}

THEOREM 1 Every set is a subset of itself.

PROOF Let A be any set. Then, each element of A is clearly in A itself. Hence, Aq A.

THEOREM 2 The empty set is a subset of every set.

PROOF Let A be any set and ^ be the empty set. In order to show that <j) c A, we must show that
every element of (j> is an element of A also. But, ([)contains no element. every element of ^ is
in A. Hence, (j) c A.

THEOREM 3 The total number of subsets of afinite set containing n elements is 2".

PROOF Let A be a finite set containing n elements. Let 0 < r < «. Consider those subsets of A
that have r elements each. We know that the number of ways in which r elements can be chosen
out of n elements is Therefore, the number of subsets of A having r elements each is

Hence, the total number of subsets of A is ”Cq + + ”C2+... +"C,I = (1 + 1)" = 2”.

ILLUSTRATION 1 Two finite sets have m and n elements. The total number of subsets of the first set is
56 more than the total number of subsets of the second set. Find the values ofm and n.

[NCERT EXEMPLAR}

SOLUTION Let A and B be two sets having m and n elements respectively. Then,
Number of subsets of set A = 2”', Number of subsets of set B = 2”.

It is given that, 2"' =56 + 2”

2'"-2” =56 => 2" (2 -1) =2^ (2^ -1) fi = 3 andm - « = 3 => n = 3 andm = 6.

ILLUSTRATION 2 IfX = [4” - 3« -1: H e N} and Y = |9 (h -1): n e N}, prove that XcY.

m
i.e.

SOLUTION Let x„ = 4” - 3n -1,« g N. Then, = 4- 3-1= 0. For any n > 2, we find that

X,, = 4" - 3/1 -1 =(1 + 3)" - 3/1 -1
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"Cq + "Ci(3) + ''C2 (3^) + "C3(3^) +... + "C,I(3”) - 3« -1 [Using Binomial Theorem]

[V

^ =

= 1 + 3n + "C2 (3^) + "C3 (3^) +... + ”C„ (3") - 3n -1

h-2

= 3^ "C2 + "C3 (3) + "C4 (3^) +... + %, (3 ).r,II

x„ =9\ "C2 + "C3 (3) + "C4 (3^) +... + "C„ (3
H -

^ Xfj is some positive integral multiple of 9 for all n ^ 2.

Thus, X consists of all those positive integral multiples of 9 which are of the form

9 |"C2 + 3 X "C3 + 3^ X ”C4 + ... + X "C„ i together with 0.

Clearly, Y = {9{n-1) :n sN} consists of all integral multiples of 9 together with 0. Hence,
XeY.

1.4.2 SUBSETS OF THE SET R OF REAL NUMBERS

Following sets are important subsets of the set K of all real numbers:

(i) The set of all natural numbers N = {1, 2, 3, 4,5, 6, ....|

(ii) The set of all integers Z = {... - 3, - 2,-1, 0,1, 2, 3, ...1

(iii) The set of all rational numbersQ =■ x:x=— ,m,neZ,n*o\.
n

(iv) The set of all irrational numbers. It is denoted by T.

T = {x:xeR and xgQ).

Clearly, N czZ czQ<^R,T c=K and N ctT.

1.4.3 INTERVALS AS SUBSETS OF R

On real line various types of infinite subsets are designated as intervals as defined below:

CLOSED INTERVAL Lc'f a and b be two given real numbers such that a <b. Then, the set of all real
numbers x such that a< x <b is called a closed interval and is denoted by [a, bj.

Thus, [a,b]~[x eR:a<x<b\. On the real line, [a, fj] may be graphed as shown in Fig. 1.1.

Thus,

>

b + CO-00

Fig. 1.1 Closed interval

For example, [-1,2] = (x e i? : -1 < x < 2} is the set of all real numbers lying between -1 and 2
including the end points. Clearly, it is an infinite subset of R.

OPEN INTERVAL If a and b are two real numbers such that a <b, then the set of all real numbers x
satisfying a<x <b is called an open interval and is denoted by (a, b) or ] a,b [.

Thus, (fl, &) = {x e R : <x <&].On the real line, {a, b) maybe graphed as shown in Fig. 1.2.

b + w— CO

Fig. 1.2 Open interval

Here, encircling a and b means that a and b are not included in the set.

For example, (1,2) = {x e R : 1 < x < 2} is the set of all real numbers lying between 1 and 2
excluding the end-points 1 and 2. This is an infinite subset of R.
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SEMI-OPEN OR SEP4I-CLOSED INTERVAl If n and b are two real numbers such that a<b, then the
sets {a,b]={x e R :a <x <b) and [«?, t) ={.y e R <:c <&} are known as semi-open or semi-closed
interxmls. (a, b} and [a, b) are also denoted by ja, bj and [a, b [ respectively.

On real line these sets may be graphed as shown in Figs. 1.3 and 1.4 respectively.

< <-

b b— 50 + 00 CO -I- CO

Fig. 1.3 Semi-open interval Fig. 1.4 Semi open interval

The number is called the lengtli of any of the intervals {a, b), [a, b], [a, b) and (a, b].

These notations provide an alternative way of designating the subsets of the set R of all real

numbers. For example, the inter\'al [0, oo) denotes the set R'*’ of all non-negative real numbers,

while the interval (- co, 0) denotes the set R~of all negative real numbers. The interval (-oo, oo)

denotes the set R of all real numbers.

1.5 UNIVERSAL SET

In any discussion in set theory, there always happens to be a set that contains all sets under

consideration i.e. it is a super set of each of the given sets. Such a set is called the universal set

and is denoted by U.

Thus, a set that contains all sets in a given context is called the universal set.
ILLUSTRATION 1

xy-plane is the universal set.

ILLUSTRATION 2 When we are using sets containing natural numbers, then N is the universal set.
ILLUSrR.\TION 3

taken ns the universal set.

ILLUSTRAl ION 4 When we are using intervals on real line, the set R of real numbers is taken as the
universal set.

When we study two dimensional coordinate geometry, then the set of all points in

If A = n, 2,31, B = 12,4,5,6} and C = II, 3,5, 7}, then U = (1,2,3,4,5,6,7} can be

1.6 POWER SET

POWER SET igf (I Then the collection or family of all subsets of A is called the power set of A
and is denoted by P (A).

That is, P(/l) = {S:ScA}.

Since the empty set and the set A itself are subsets of A and are therefore elements of P{A). Thus,

the power set of a given set is always non-empty.
ILLUSTRATION 1

Let A^ 11,2,31. Then, the subsets of A are: , {!}, (2), {3}, {1,2}, {1,3}, {2, 3}
and {1, 2, 3|. Hence, P(A) = !<^, {!}, {21,13}, (1, 2}, {1. 3}, 12, 3}, {1, 2, 3}}.

lLLo.jrRAriON2
If A is thevoid set then P(A) has just one element ^i.e.P(^) = l^}.

Show that n [P [P (P (<(})]} = 4.ILLUSTRA110X3

SOLUTION We have, ?(({)) ={(|))

pipm = p[p{P{m] = i(M-i*!,mi 14^i<i>iii-

Hence, P [P {P (({>))] consistsof 4 elements i.e. n IP [ P (P {^))]) = 4.

We know that a set having n dements has 2" subsets. Therefore, if A is a finite set having n
elements, then P(A) has 2” elements.

ILLUSTRATION 4
If A = {a, lb} },ifnd P (A).
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SOLUTION Let B = {b\. Then, A = {a, B).

Therefore, ?{/!)=((}), {a], {B]Mf ^1) = {<t>/ {^*1/ IIMl/ («/ {b })}■

ILLUSTRATIVE EXAMPLES

BASED ON BASIC CONCEPTS (BASIC)

EXAMPLE 1 Consider the follozuing sets: A ={1, 2], 6 ={1, 4, 8), C ={1, 2, 4, 6, 8|.

Insert the correct symbol c or ct between each of the following pair of sets:
(ii) A... B

SOLUTION (i) Since null set is subset of every set. Therefore, (j) c B.

(ii) Clearly, 2 eA but 2 g B. So, A cc B.

(iii) Since all elements of set A are in C. So, A czC.

(iv) Clearly, all elements of set B are in set C. So, B c C.

EXAMPLE 2 Let A = {a,b, c, d}, B={a,b, c] andC =[b, d]. Find all sets X such that:

(i) X c B andX <= C

SOLUTION (i) We have,

P(A) =!<}), [a], {b\, (c), {fl,&}, {0, c], {a, d\...l P (6) ={<^, [a], [b\. {c], {a, &}, {a, c], [b, c), [a, b, c\]
and, P{C)=\<^Ab]r{d]Ab.d}\

Now,X c: B and X cz C X e P (B) and X e P (C) => X e {(Ji, {?;)} => X = (ft, [b]
(ii) We have,

X c /I and X cx B

X is a subset of A but X is not a subset of B

XeP(A) butX gP(B)

X = {d],{a>b, d],\b, c, c, dl {a. d\, [b, d],{c, d],[‘^.b, c, d\.

EXAMPLE 3 Write the following subsets ofR as intervals:
(i) {x: a: s K, -4 <x <6}

(iii) {x: X e K, 0 <x <7}

Also, find the length of each interval.

SOLUTION (i) 1x:xeP,-4<x<61 = (-4, 6]. Length = 6-(-4) =10

(ii) {x:xeR,-12<x<-10)=(-12,-10).Length =-10-(-12) =2

(iii) {x: X e P, 0 < X <7} = [0,7). Length =7-0 = 7
(iv) (x: X e K, 3 £x <4} = [3, 4]. Length =4 - 3 =1

EXAMPLE 4 Write the following intervals in the set-builderform:
(ii) [6,12]

SOLUTION (i) (-7, 0) =(x:x eK and-7<x<01 (ii) [6,12] = (x: x eP and 6 <x <12}

(iii) (6,12] = lx: X e R and 6 < x ^ 12}

(iv) B...C(iii) A...C(i) ^...B

(ii) XcA atzd X(t B.

(ii) {x:xeP,-12<x<-10}
(iv) {x:xeP, 3<x<4}.

(iv) [-20, 3)(iii) (6,12](i) (-7,0)

(iv) [- 20, 3) = {x: X 6 P and - 20 ^ x < 3}

EXAMPLE 5 Let A- {1, 2, {3, 4}, 5}. Which of the following statements are incorrect and why?
(iv) 1 e A

(viii) {1,2, 3} cA

(iii) {{3,4}}cA

(vii) {1,2,5} € A

(xi) {<14 c A

(ii) (3, 4} 6 A

(vi) {1, 2,5} c A

(x) 4) cz A

(i) {3,4} c A

(v) 1 c A

(ix) (j) e A

SOLUTION {3,4} is an element of set A. Therefore, {3,4} s A is correct and {3, 4) c A is
incorrect. So, (i) is incorrect and (ii) is correct. As {3,4} is an element of set A. Therefore, {{3, 4}} is
a set containing element { 3,4 } which belongs to A. So, {{3, 4)} c A. Hence, (iii) is correct.
Since’l is an element of set A. So,l e A is correct and 1 c Ais incorrect. So, (iv) is correct and (v) is
incorrect.
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Since 1,1, 5 are elements of set A. Therefore, {1, 2,5} is a subset of set/I. Hence, (vi) is correct
and (vii) is incorrect.

As 3 is not an element of set A. So, {1, 2, 3} c A is incorrect. The null set is subset of every set.

So, c: A is correct and (j) e A is incorrect. Hence, (ix) is incorrectand (x) is correct.

As (j><= A but {(J)}is not a subset of A.So, (xi) is incorrect.

BASED ON LOWER ORDER THINKING SKILLS (LOTS)

Prove that A c (J> implies A = (ft.

SOLUTION We know that two sets A and B are equal iff A c B and BaA. Also, we know that
(j) c A. It is given that A c: 4>. Thus, we have A cz (j> and <|> c A => A = 4i

EXAMPLE7 Let A = 11, 2, 3, 4j, B = {1, 2, 3} and C = {2, 4). Find all sets X satisfying each pair of
conditions:

(i) X c: B and X C (ii) X <z B,X ^ B and X ctC

SOLUTION (i) We have,

X z B and X a: C

=> X is a subset of B but X is not a subset of C

EXAMPLE 6

(iii) X c A, X c B and X c: C.

XeP(B)butX«P(C) => X = {1},{3},{1,2),{1,3},{2, 3}, {1,2, 3}

(ii) We have.

X c B, X B and X ct C

X is a subset of B other than B itself and X is not a subset of C

XEP(B),XgP(C)andX,tB=> X ={1|,13}, (1, 2|, (1, 3}, {2, 3}

(Hi) We have.

X c A, X c B andX c C

X e P (A), X e P (B) and X e P (C) => X is a subset of A, 6 and C X = (|), {2}.

BASED ON HIGHER ORDER THINKING SKILLS (HOTS)

EXAMPLE 8 Let A, B andC be three sets. //A e B and B .a C, is it true that A c C? If^iot ^ve an
example.

SOLUTION Consider the following sets: A = {a\, B = {{a\, b\ and C = {[a), b, c).

Clearly, A e B and B c C. But, A cz; C as fl e A but g C. Tlius, the given statement is not true.

EXAMPLE 9 Let Bbea subset of a set A and let P {A: B) ={X e P (A)\X cd B|.

(i) Show that: P (A : (fi) = P (A)

List all the members of the set P (A : B).

SOLUTION (i) We have,

P (A : B) = |X e P (A): X zj B| = (X e P(A): B c X| = Set of all those subsets of A which contain 6

.●. P (A: (})) = Set of all those subsets of A which contain <J) = Set of all subsets of set A = P (A),

(ii) If A = {a, b, c, d\ and B = [a, b]. Then,

P(A : B) =Set of all those subsets of set A which contain B = {<?, b], {a, b, c], [a, b, fr}, {rt, b, c, d]

EXAMPLE 10 In each of the following, determine whether the statement is true orfalse. If it is true, prove
it. If it is false, give an example.

(i) If X e A and A e B, then x eB

(iii) IfAcB and BcC,thenA<zC
(v) IfxsA and A a B, then x € B

SOLUTION (i) False; Consider sets A = (I) and, B = {{1},2).

Clearly 1 e A and A € B, but 1 g B. So, x e A and A e B need not imply that x e B.

(NCERTl

(ii) IfA=\a,b,c,d\andB={a,b\.

(ii) //A c B and B^C,thenAeC
(iv) lfA(xB and B<zC,thenA<tC
(vi) If A .c B and x g B, then x g A
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(ii) False: Let .4 ={1), B =|1, 2} andC ={{1,2},3|. Then, we observe that /I c: B and B eC but
A iC. Thus, A<zB and B eC need not imply that A eC.

(iii) True: Let x e A. Then, A c: B ^ x sB ^ xeC
Thus, xeA=> x g C for all a: g i4 ^ A (zC. Hence,A<zBand B czC A aC.

(iv) False: Let^ = {1, 2}, B ={2, 3} and C={1,2,5|. Then, tz B and B cx C. But, A c C.
Thus, /4 <2 B and B<zC need not imply that A ctC.

(v) False: Let A - (1, 2} and B = {2, 3, 4,5). Then, we observe that 1 e i4 and A <t B, but 1 g B.
Thus, .Y G i4 and A B need not imply that x e B.

(vi) True: Let A ciB. Then, we observe that: x eA => x sB <=> x e B => x s A.

EXAMPLE 11 Let P be the set of prime numbers and let S = {f: 2^ -1 is a prime}. Prove that Sc: P.
INCERT EXEMPLAR]

[●●● B<zC]

SOLUTION In order to prove that S c P, it is sufficient to show that x e S => .t g P.
We know that xeS=>xeP<^x^P^x^S. Therefore, to prove that S c P, it is sufficient to
show that a: g P => x g S.

So, let a: g P. Then, x g P => a: is a composite number.

We have to prove that x g S.

If possible, let us assume that x g S. Then,

xeS^ 2^-1 is a prime number
=> 2’^-1 =»J, where is a prime number ^ 2’^=m + l

This is not true for every composite number. Because, for x = 4, 2^ = 2"^ = 16 cannot be written as
the sum of a prime number m and 1. Therefore, our supposition is not correct. Consequently,
X g S. Tlius, xgP=^xgSox€S=5>XGP. Hence, S c P.

EXERCISE 1.4

BASIC

1. Which of the following statements are true ? Give reason to support your answer,

(i) For any two sets A and B either Aq B ox Bq A.

(ii) Every subset of an infinite set is infinite, (iii) Every subset of a finite set is finite,

(iv) Every set has a proper subset,

(vi) {a, b, c} and {1,2,3} are equivalent sets,

(viii)

(v) {a, b, a, b, a, b, ...| is an infinite set.

(vii) A set can have infinitely many subsets.

The set of all integers is contained in the set of all rational numbers.
The set of all crows is contained in the set of all birds.(ix)

(x) The set of all rectangles is contained in the set of all squares,

(xi) The set of all real numbers is contained in the set of all complex numbers.

The sets P ={a\ and B ={{(?)} are equal.

The sets A = {x: x is a letter of the word "LITTLE") and, 6 = (x: x is a letter of the

word "TITLE") are equal.

2. State whether the following statements are true or false:
(ii) a .a \b, c, a]

(v) The set {x : x + 8 = 8} is the null set.

3. Decide among the following sets, which are subsets of which:
A = {x: X satisfies x^ - 8x + 12 = 0), B = {2, 4, 6} , C = {2, 4, 6, 8,....}, D = {6}.

4. Which of the following statements are correct? Write a correct form of each of the incorrect
statements,

(i) a c {a, b, c)

(xii)

(xiii)

(iii) \a] G {a, b, c](i) lelL2,3)

(iv) {a, {)} = {a, a, b, b, a]

(iv) (i7)c{{fl},l»}(iii) a€{{a],b](ii) {rt} € {<7, b, c )
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(v) [b, c] [a, [b, c]} (vi) c}) (vii)(j)6K&l
(ix) {x: X + 3 = 3} = <|>

(viii) ^(z{a,b,c)

5. Let A = {a, b, {c, d], e]. Which of the following statements are false and why?
(iv) a^A

(viii) {a, b,c] czA

(i) {c.d]^A

(v) aczA

(ix) c|) e

(ii) {c, d] s A

(vi) {a, b,e} czA

(x) {({)} c/l

(iii) {{c,d]\<zA

(vii) {a,b, e} eA

6. Write down all possible proper subsets each of the following sets:
(ii) {1,2,31

7. What is the total number of proper subsets of a set consisting of n elements?

(i) {1,2} (iii) ID

BASED ON LOTS

8. Let A - {{1, 2, 3}, {4,5}, |6,7, 8}}. Determine which of the following is true or false:
(iii) |6,7, 8} 6y4(i) 1671

(v) (j) e
(ii) {1,2, 3} c A
(vi) (|) c A

9. Let A = (4>, {({)), 1, {1, (j)}, 2). Which of the following are true?
(ii) {([il eA

(vi) (2, {1}} Cl A

(viii) {<{), {([)}, {!,({)}} c A (ix) {{(|)}}cA.

(iv)l(4,5})cA

(i) <1)6 A

(v) 2cA

(iii) {IleA (iv) {2, 4)1 c A

(vii) 1(21, {111 c A

10. Write down all possible subsets of each of the following sets:
(iii) [a,b,c]

11. What universal set (s) would you propose for each of the following:
(ii) The set of isosceles triangles.

(i) {^] (ii) (0,11 (iv){l,{l}l (v) (4)1

(i) The set of right triangles.

BASED ON HOTS

12. If A is any set, prove that: A c 4) <=> A = 4»-
13. Prove that: A c B, B c C and C c A => A = C.

14. How many elements has P (A), if A = 4> ?

15. If X ={8" - 7)1 -1 :n eNl and Y ={49 {n-l):n eN|, then prove that Xc Y.

ANSWERS

(ii) F, A = (1, 2} is a finite subset of N.1. (i) F,A={1,2, 31,B={fl,&l

(ui) T

(v) F, Given set ={i7, b} (vi) T

(ii) F

(xiii) T

(iv) F, 4) does not have a proper subset

(vii) F

(iii) F (iv) T (v) F (viii) T (ix) T (x) F (xi) T

3. D^Ac^BczC

(ii) [a]cz\a,b,c]

(v) [b,c]e[a,{brC]]

(viii) ^<^{a,b,c}

(ii) T (hi) T (iv) T (v) F

(ix) F (x) F 7. 2" -1

(ii) 4>,|1),|21,{31,{1,21,{2,31,{1, 31 (iii) 4>

(ii) F (iii) T (iv) T (v) F (vi) T

(ii) T (iii) F

(viii) T (ix) T

10. (i)4>,|fli (ii) 4*, {01, {11, (0,1! (iii) <S?Aa]Ab],{c\Aa,b]Ab,c\Aa.c\Aa,b,c]

(iv) 4>,{1UUI1, {1,11)1

11. (i) The set of all triangles in a plane, (ii) The set of all triangles in a plane. 14. 1

2. (i) T

(xii) F

4. (i) ae{a,b,c]

(iv) M]c\{a\,b]

(vii) 4>c \a, b\

5. (i) F

(viii) F

(iii) {fl} e{{rt},lJl

(vi) [a,b] d {fl, [b, c}l

(ix) {x: a; + 3 = 3) 4>

(vi) T (vii) F

6. (i) 4>,{1},{21

8. (i) F

9. (i) T (iv) T (v) F (vi) T (vii) T

(V) 4>, {<)>}●
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HINTS TO SELECTUD PROBLEMS

15. Let x,,=8” -7ri-l={\+ 7f -7n -1 = "C2 7^ + "C3 7^ . -f "C„ 7

= 49 ("C2+ "€37+....+

For?i =1, = 0. Thus, X contains all positive integral multiples of 49 of the form 49 k,

where k,, = "Cj + ”€3 (7) + "C4 (7^) + ... + "C„ (7

Also, y contains all positive integral multiples of 49 including zero. Thus, X c Y.

1.7 VENN DIAGRAW^

Sometimes pictures are very helpful in our thinking. First of all a Swiss mathematician Euler
gave an idea to represent a set by the points in a closed curve. Later on British mathematician
John-Venn (1834-1883) brought this idea to practice. That is why the diagrams drawn to
represent sets are called Vewi-Euler diagrams or simply Venn-diagrams. In Venn-diagrams the
universal set U is represented by points within a rectangle and its subsets are represented by
points in closed curves (usually circles) within the rectangle. If a set A is a subset of a set B, then
the circle representing A is drawn inside the circle representing B as shown in Fig. 1.5 (i). If A and
B are not equal but they have some common elements, then to represent A and B we draw hvo
intersecting circles. (See Fig. 1.5 (ii)). Two disjoint sets are represented by two non-intersecting
circles. (See Fig. 1.5 (iii)).

n

) for n > 2.

1'

h-2
).

Uli
B--●.B a

I

\ .

/ --A
I

y

Fig. 1.5 (III)Rg.1.5 (ii)Fig. 1.5 (i)

1.8 OPERATIONS ON SETS

In this section, we shall introduce some operations on sets to construct new sets from given
ones.

UNION OF SETS ^ ^ union of A and B is the set of all those elements which
belong either to A or to B or to both A and B.

We shall use the notation A u B (read as "A union B") to denote the
union of A and B.

A u B = l.r : ;r e A or a: e B}.

TP

Thus,

Clearly, x sAu B o.iceA or AreB. Fig. 1.6 Union of two sets

And, .vseAuB o x ^A and x €B.

In Fig. 1.6 the shaded part represents A u B. It is evident from the definition that A c A u B,
B<= A u B.

If A and B are two sets such that A c; B, then A u B = B. Also, A u 6 = A, if B cz A.

If A = It 2,31 and B = it 3,5, 7}, then A u B = /I, 2, 3,5, 7}.ILLUSTKATION I

"* If A = lx: X = 2n + l,n & Z} and B = {x: x = 2n, n s Zl, then

A u B = (a : A is an odd integer} u |a : a is an even integer} = {a : x is an integer} = Z.
n

//■ Aj, A2, A„ is a finitefaynily of sets, then their union is denoted b\/ _^^Aj or, byNOIE

A3UA2U...UA,,.

Let A = {1, 2,3}, 6 = {3,5}, C = {4,7, 8}. Then,A u B u C = {1,2, 3, 4,5,7, 8}.ILLUSTRATIONS
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INTERSECTION OF SETS ^ B be tu’o sets. The intersection of A and B is the set of all those
elements that belong to both A and B.

The intersection of A and B is denoted hy A nB (read as "A

intersection B").

Thus, A r\B=-{x:x sA andx e B}.

Clearly, x & A nB o x eA and x sB.

In Fig. 1.7 the shaded region represents A nB.

Evidently, A nB cz A, A nB c: B.

If A and B are two sets, then AnB=A, i^AzB and A n B = B,ii B <z A.

n

note If A-^, A2,A^ is a finite family of sets, then their intersection is denoted by n A^ or, by
i= 1

n /I2 n... nA,y

ILLUSTRATION 4 liA = {1, 2, 3,4, 5} and B = (1, 3, 9,12}, then AnB=\l,3}.

Fig. 1.7 Intersection of two sets

UA = (1, 2, 3, 4,5, 6,7), B = {2,4, 6, 8,10} andC = {4, 6,7, 8, 9,10,11}, thenILLUSTRATION 5

AnB = {2, A, 6].Therefore, A nB nC ={A, 6\.

ILLUSTRATION 6 If A = {x: x = 2n, n eZj and B = lx: x = 3n,n e Zj, then

A nB=[x:x = 2n,n eZ] n { x : x = 3n,n eZ]

= - 4, -2,0,2,4,6,...} n {..., -9, -6, -3, 0,3,6,9,...}

= [..., - 6, 0, 6,12,...} = {x : a: = 6n, n e Z].

ILLUSTRATION 7 If A = { x: x = 3n, n e Zi and B = {x: x = 4n, e 2}, then find AnB.

SOLUTION Clearly,

X eA nB

X = 3n andx = An,neZ

X is a naultiple of 3 and x is a multiple of 4

X is a multiple of 3 and 4 both o x is a multiple of 12 o x = 12«, n e Z

Hence, 71 n B = {x : x = 12«, n e Zj.

DISJOINT SETS ^ B are said to be disjoint, ifAnB = ^

li A nB ^ then A and B are said to be intersecting or overlapping sets.

ILLUSTRATION 8 2, 3, 4,5, 6}, B = (7, 8, 9,10,11} and C = {6,8,10,

12,14}, then A and B are disjoint sets, while A and C are intersecting sets.

DIFFERENCE OF SETS Bet A and B be tzvo sets. The difference of A and B, Fig. 1.8 Disjoint sets
written as A~B, is the set of all those elements ofA which do not belong to B.

Thus, A-B = {x: X eA and x eB} or, A - B = {x e A : x ^ B\.

Clearly, x e A - B x e A and x g B. In Fig. 1.9, the shaded part represents A ~B.

<=>

o

Fig. 1.9 Difference A - B Fig. 1,10 Difference B-A
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Similarly, the difference B - /I is the set of all those elements of B that do not belong to A i.e.
B~A = {x&B:x^A].

In Fig. 1.10, the shaded part represents B-A.
ILLUSTRATION 9

B-A = {9,11,13}.

SYMMETRIC DIFFERENCE OF TWO SETS Let A and B be txvo sets. The symmetric difference of sets

A and B is the set (A~B) u(B-A) and is denoted by AAB.

Thus, AAB={A-B)u{B-A)= {x:x^AnB].

The shaded part in Fig. 1.11 represents AAB.

IfA = {2,3,4,5, 6, 7} and B = /3,5, 7, 9,11,13}, then A-B = {2,4, 6} and

Fig.1.11 Symmetric
difference

ILLUSTRATION 10 If A = (1, 2, 3, 4, 5, 6, 7, 8} and B = 11,3,5,6,7,8,9}, then A-B = {2, 4},
B~A = 19}. Therefore, AAB = {2,4,9}.

ILLUSTRATION 11 If A = (x € R : 0 < x < 3} and B = (x e R : I <x < 5}, then
A-B = |xeR:0<x<l}, and, B ~ A = {x e R : 3 < x <5]

AAB = (x eK : 0 <x <11 u l:c eR : 3 <x £ 5} = {x e R : 0 cv <1 or 3 <a-<5}.

COMPLEMENTOF A SET Let U be the universalset and let A be a set such that

A<zU. Then, the complement of A ivith respect to U is denoted by A' or A^ or

U ~ A and is defined as the set of all those elements of U zvhich are not in A.

Thus A' = {x eU : X i A). Clearly, x e A' <=> x g A. Fig, 1.12 Complement
of a set

ILLUSTRATION 12 Let the set of natural numbers N = (l,2,3,4,...} be the universal set and let

A = (2,4,6,8,...}. Then, A' = {1,3,5,...} = Set of odd natural numbers.

}fU = n, 2,3, 4,5, 6, 7,8, 9} andA = {1, 3,5, 7,9}, then A' = (2,4, 6, 8}.

Following results are direct consequences of the definition of the complement of a set:
(i) L(' = {x € Lf: X e (i} = ^

(iii) (A')' ={x6U;x^A'1 =|xeU:xeAl=A

(iv) A u A' = {x etJ : X e A) o{x elf :x g A) = [J

(v) A n A' = {x e Lf : X e A) n|x eU : X s A)

ILLUSTRATION 13

(ii) = |x ell: X «(|)} = U

BXERCISE 1.5

BASIC

(ii) AuB1. If A and B are two sets such that A(Z B, then Find: (i) A n B

2. If A = i 1, 2, 3, 4,5}, B ={4,5, 6,7, 8},C = (7, 8, 9,10, ll) and D = {10,11,12,13,14}. Find:

(iv) BuD

(viii) A n(6 uC)

(iii) BuC

(vii) B u C u D

(ii) AuC

(vi) A u B w D

(i) A u B

(v) A u B u C

(ix) (AnB)n(BnC) (x) (AuD)n(BuC).

3. Let A = lx : X s N}, B = {x : X = 2n, n € N}, C = {x: x = 2n -1, n e N) and, D = {x: x is a prime
natural number). Find:

(iv) BnC(iii) A nD(ii) A n C

(vi) C nD

(i) A n B

(v) BnD
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4. Let A ={3,6,12,15,18,21), fi = {4, 8,12,16, 20), C = {2, 4, 6, 8,10,12,14,16}
D = {5,10,15, 20}. Find:

(i) A-B

and

(ii) >l-C (iii) A-D

(vii) B-C

5. Let U = 11, 2, 3, 4,5, 6,7, 8, 9), A = {1, 2, 3, 4), B = {2, 4, 6, 8} and C = (3, 4,5, 6). Find:

(iv) B-A

(V) C-A (Vi) D-A (viii) B-D

(i) (ii) B'

(Vi) (B-C)'

(iii) (A n O' (iv) (A u By

(v) (A')'

6. Let U = {1, 2, 3,4,5, 6,7, 8, 9), A = (2, 4, 6, 8} and 6 = {2, 3,5,7). Verify that:

(i) (AuB)'=A'nB' (ii) (An BY = A' uB'.

ANSWERS

1. (i) (ii) B

(i) |1,2, 3,4,5,6,7,81

(iii) {4,5,6,7,8,9,10,11!

(v) {1,2,3,4,5,6,7,8,9,10,111

(vii) {4,5, 6,7, 8, 9,10,11,12,13,14)

(ii) C

(ii) {1,2,3,4,5,7,8,9,10,11}

(iv) {4,5,6,7,8,10,11,12,13,141

(vi) {1, 2, 3, 4,5, 6,7, 8,10,11,12,13,14)

(viii) {4,51

(iv) 4)

2.

(ix) 4.

(v) {21

(iii) {3,6,12,18,21}

(vi) {5,10,20}

(x) {4,5,10,11}

(vi) D-|2|3. (i) 6

4. (i) {3,6,15,18,21}

(iv) {4,8,16,20)

(vii) {20}

5. (i) {5,6,7,8,91

(iv) {5,7,9}

(iii) D

(ii) {3,15,18,21}

(v) {2,4,8,10,14,16}

(viii) {4,8,12,16}

(ii) {1, 3,5,7,91

(V) A

(iii) {1,2,5,6,7,8,91

(vi) {1,3,4,5,6,7,91

1.9 LAWS OF ALGEBRA OF SETS

In this section, we shall state and prove some fundamental laws of algebra of sets,

(ii) A n A = A.THEOREM 1 (Idempotent Laws) For any set A :
PROOF

(i) AuA=A

(i) A u A = {:t: a: g A or X G A) = {;r: a: e A} = A

(ii) AnA = {x : x g A and x e A) = {x: x e A) = A.

THEOREM 2 (identity Laws) For any set A:

i.e. (j) and U are identity elements for union and intersection respectively.

PROOF (i) A U(t) = {x:x g A or X e(|)) = {x:x € A) =A

(ii) A nU = \x .● X eA and xgU)={x:x€A}=A

THEOREMS (Commutative Laws) For any two sets A and B.

(i) A u B = B u A

i.e. union and intersection are commutative.

PROOF Recall that two sets X and Y are equal iff X c Y and Y c X. Also, X c Y if every

element of X belongs to Y.

(i) Let X be an arbitrary element of A u B. Then,
xgAuB=> xgA or X€B=^> xgB or xgA => xeBuA

A B^ BkjA.

Similarly, B u A c A u B. Hence, A <j B = B ^ A.

(i) A u (j) = A (ii) Anil = A.

(ii) A n B = B nA
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THEORE... (Associative Lazvs) lfA,B and C are miy three sets, then
(i) (A u B) uC =/L u(B uC) (ii) .A n(B nC) =(A n B) nC [NCERTEXEMPLAR]

i.e. union and intersection are associative.

Fr.aOF (i) Let X be an arbitrary element of (A u B) u C. Then,
j: e(A u B) uC

a: 6 (A u B) or a: 6 C

(x 6 A or a: e 6) or a: e C

X € A or (a: e B or a: eC) => x e A or x e (B u C) => x e A u(B uC)
(AuB)uCc Au(BuC).

Similarly, A u(B uC)c (A u B) uC. Hence,(A u B) uC = A u(6 uC).

(ii) Let X be an arbitrary element of A n (B n C). Then,

X e A n(B nC)

=> xeA and xe(BnC)

^ X e A and (x 6 B and X eC)

(x e A and x € B) and xeC => xe(AnB) and xeC => xs(AnB)nC

A n (B n C) c (A n B) n C.

Similarly, (A n B) nC e A n (B n C). Hence, A n (B oC) - (A n B) nC.

THEOREMS (Distributive Laws) IfA,B and C are any three sets, then
(i) A u(B nC) =(A u B) n(A uC) (ii) A n (B u C) =(A n B) u (A n C)

i.e. union and intersection are distributive over intersection and union respectively.
[NCERT EXEMPLAR

^ROOF (i) Let X be an arbitrary element of A u (B n C). Then,

xe(Au(BnC))

X e A or X €(B nC)

X e A or (x e B and x e C)

(x e A or X e B) and (x € A or x e C)

X e (A u B) and x e (A u C) => x e ((A u B) n (A u C))

Au(BnC) c (AuB)n(AuC)

Similarly, (A u 6) n(A uC) q A u (B nC). Hence, A u(B nC) = (A u B) n(A uC).
(ii) Let X be an arbitrary element of A n (B u C). Then,

X e A n(6 uC)

^ X e A and x e (B u C)

=> X e A and (x e B or x e C)

=> (x e A and x e B) or (x € A and x e C) ^ x e (A n 6) or x e (A n C) =i> x e (A n B) u (A n C)
An(BuC) c (AnB)u(AnC)

Similarly, (A n 6) u(A nC)c A n(B uC). Hence, A n (B uC) =(A n B) u (A nC).

THEOREM 6 (De-Morgan's Laws) If A and B are any tivo sets, then
(ii) (AnB)'=A'uB'.

PROOF (i) Let x be an arbitrary element of (A u B)'. Then,
X 6 (A w B)' => X € (A u B) => X g A and g B => x e A' and x e B' => x € A' n B'.

(A u B)' c A' n B'.

Again, let y be an arbitrary element of A' n B'. Then,
1/ e A' n 6’ => y € A' and y e B' y € A and y«B=> ygAuB:^ ye(AuB)’
A'nB'c(AuB)'

=>

[■.' 'or' is distributive over 'and']

(i) (AuB)'=A'nB'
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Hence, {A u B)' =A'nB'.

(ii) Let X be an arbitrary element of {A n B)’. Then,

X e{A nB)' ^ x g(i4 o B) => x g i4 or x g B => x g A' or x e B' => x e A' u B’

{AnBY^A'^B'.

Again, let y be an arbitrary element of A' u B'. Then,

y e A' u B' y g A' or y g 6' => y g A or y g B => y g(A n B) => y e{A n BY
A' u B' c (A n BY.

Hence, (A n B)'= A'u B'.

ILLUSTRATIVE EXAMPLES

BASED ON LOWER ORDER THINKING SKILLS (LOTS)

EXAMPLE 1 IfaeN such that aN = {ax: x e N). Describe the set 3N n 7N.

SOLUTION We have, a N ={ax :xeN\

3N = {3x: X e N) = (3, 6, 9,12,...,) and, 7N = 17x; x e N| = {7,14, 21, 28,...}

Hence, 3A/ n 7N = |21, 42,...) = {21x; x g N) = 21N.

EXAMPLE 2 If A = {1, 3,5, 7,11,13,15,17}, B = (2, 4, 6,..., 18} and N is the universal set, then find
A'u((AuB)nB').

SOLUTION Clearly, {A^B)nB' =A
A' u {(A u B) L-)=A'uA= N.

EXAMPLES For any natural number a, we define aN = {ax \ x eN}. If b, c, d eN such that
bN ncN - dN, then prove that d is the l.c.m. ofb and c.

SOLUTION We have,

bN =\bx:x eN} = The set of positive integral multiples of b

cN = {cx:x eN] ~ The set of positive integral multiples of c

bN ncN - The set of positive integral multiples of b and c both.

bN ncN = [kx :xeN\, where k is the l.c.m. of b and c.

Hence, d = l.c.m. of b and c.

[●.' A, 6 are disjoint sets]

BASED ON HIGHER ORDER THINKING SKILLS (HOTS)

EX.\MPLE4 Suppose A^, A2,... A3Q are thirty sets each with five elements and B^, B2, B,j are n
30 n

sets each with three dements. Let U A,- = U B.■= S. Assume that each element of S belojigs to
1=1 j=\

exactly ten of theAj'sand exactly 9 of Bfis. Find n.
SOLUTION Since each Aj has 5 elements and each element of S belongs to exactly 10 of A, 's.

— (5 X 30) = 15
.ju 1 30

U 'A => n(S)=i I h(A)
1 = 1 J = 1

Again, each By has 3 elements and each element of S belongs to exactly 9 of Bfs

s = U B: =>n(S) =l 'Z n{B:] = ^(3«) = ^
j=l ^ j=i ^ ^ 3

From (i) and (ii), we get : 15 = — ^ n = 45.
3

EXAMPLE 5 For any two sets A and B, prove that AuB=AoB<»A=6.
SOLUTION First let A = B. Then, A u B = A and AnB = A=> Au 6 = AnB

S = ...(i)
10

●●●(ii)
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A=B => A^B = A r\BThus,

Conversely, let A<j B= A r\B. Then, we have to prove that A =B. For this, let
X e A => X eAu B

=> X eAnB

^ X e A and x eB ^ x eB

[●.● A\jB =A n B]

...(h)A(zB

Now, let

y e B ^ yeAuB
=> y e A n 6
=> y € A and y e B => y e A

[●.● A u B = A n B]

...(hi)B c A

From (ii) and (ih), we get A = B.
Thus,

From (i) and (iv), we obtain : AuB = AnB <=> A=6.

Let A, B and C be the sets such that A u B = A u C and AnB = AnC. Show that B-C.

...(iv)AuB = AnB => A=B

EXAMPLE 6

SOLUTION We have,

A u B = A uC

(A u B) n C = (A u C) n C

(AnC)u(BnC) = C

(AnB)u(BnC) = C

Again, AuB = A u C
(A u B) n 6 = (A u C) n B

B = (AnB)u(CnB)

B=(AnB)u(BnC)

From (i) and (ii), we get B = C.

Let A and B be sets, i/AnX = BnX = ^andA^X = BuXfor some set X, prove that

[v(AuC)nC=C]

[\-ArxC=AnB] ...(i)

[●●● (A u B) n B = B]

●●●(ii)

EXAMPLE 7

A=B.

SOLUTION We have.

AuX = B uX for some setX

An(AuX) = An(BuX)

A = (A n B) u(A nX)

A = (A n B) u t|)
A = AnB=>AcB

Again, AuX = BuX

Bn (AuX) = Bn (BuX)

(B n A) u(B nX) = B

(B n A) u (ji = B

BnA=B=>AnB = B=> BtzA

From (i) and (ii), we get A = B.

[vAn(AuX)=A]

[.-. A nX = (j)(given)]=>

[.-. Bn(BuX)=B]

[v B nX = (j)(given)]

...(h)

for rtny fioo sets A and B, proue that: P (A) = P (B) => A = B.EXAMPLES

SOLUTION Let x be an arbitrary element of A. Then, there exists a subset, say X, of set A such that
X eX.

Now, Xc A

X e P (A)

XeP(B) [vP(A)=P(B)l

 

 



 

 

1.26
MATHEMATICS-XI

XczB

xeB

X => a: € B for all e B.

A cz B

[●.● X eX andXc B /. a: e B]
Thus,

Now, let y be an arbitrary element of B. Then, there exists a subset, say Y, of set B such that y e Y.
Now, y c B

y eP(6)

YeP{A)

y c /\ => y gA

Thus, y e B => y e A for all y s B.
Be A

From (i) and (ii), we obtain A = B.

EXAMPLE 9 Bor any tzoo sets A and B prove that: P{AnB) - P(A) nP (B).

SOLUTION In order to prove that P {A nB) = P (A) n P (B), it is sufficient to prove that

P (A nB) c P (/I) n P (B) and P (A) n P (B) e P {A n B).

=>

[v P{A)=P{B)]

...(ii)

First let

X eP {A nB)

=> XcAnB=>XeA and Xe B => X e P {^) and X e P (B) => X e P (A) n P (B)

P n B) c P (yl) n P (B)

Now, let y e P (A) n P (B). Then,

y e P (/I) n P (B) y e P (A) and Y e P (B) => Y c A and Y c B => Y c A n 6

=> YePiAnB)

P{A)r^P{B)eP{AnB)

From (i) and (ii), we get: P {A nB) =P (A) n,P (B).

EXAMPLE 10 Bor any two sets A and B prove that P (A) u P (B) c P (A u B). But, P{A<jB) is not

necessarily a subset ofP (A) u P (B).

SOLUTION LetXeP(A)uP(B).Then,

XeP(A)uP(B)

=> X e P (A) or X e P(B) =>XcA orXcB=>XcAuB=>XeP(AwB)

PiA)uP{B)eP(AKjB)

Let A ={1,2} and B = {3, 4,5}. Then, we find that X = {1, 2, 3, 4} c (A B). Therefore,

X e P (A u B). But,X g P (A), X g P (B).So,X g P (A) u P (B). Thus, P (A u B) is not necessarily
a subset of P (A) u P (B).

...(ii)

EXERCISE 1.6

BASIC

1. Find the smallest set A such that A u{l, 2} ={1, 2, 3,5, 9).

2. Let A = {1, 2, 4, 51 B = {2, 3, 5, 61 C = {4, 5, 6, 71. Verify the following identities:

(i) Au{BnC)=(A^B)n{AuC) (ii) A n{B uC) ={A n B) ei(A r^C)

(iii) An(B-C)=(AnB)-(AnC) (iv) A-(B uC) =(A-6) n(A-C)

(v) A-iBnC)={A-B)^{A-C) (vi) A n (B AC) =(A n B) A (A nC).

3. If U = {2,3, 5, 7, 91 is the universal set and A = {3, 71, 6 = {2, 5, 7, 9), then prove that:

(ii) (A n B)' = A' u B'.(i) (Au6)'=A'nB'
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4. For any two sets A and B, prove that
(i) B c AuB (ii) AnB<=A

5. For any two sets, prove that:
(i) A u (v4 n B) = A

6. Each setX, contains 5 elements and each set y, contains 2 elements and UX,. =S= U yr-W
r=l r=l

each element of S belongs to exactly 10 of the X^® and to exactly 4 of y^®, then find the value
of n.

[NCERT EXEMPLAR](hi) A c B^ AnB = A

(ii) A n(A u B) = A
20

BASED ON HOTS

7. For any two sets A and B, show that the following statements are equivalent:
(iv) A nB=A.(hi) A vj B = B(h) A - B = (|)(i) AcB

8. For three sets A, B and C, show that

(i) A n B = A n C need not imply B = C. (ii) AcB => C-B cC-A
9. Find sets A, BandC such that AnB,Ar\C and BnC are non-empty sets and

A nBnC

10. For any two sets A and B, prove that: AnB = <|)=>Ac B'.
11. If A and B are sets, then prove that A - B, A n B and B - A are pair wise disjoint.
12. Using properties of sets, show that for any two sets A and B, (A u B) n (A u B') = A.
13. For any two sets of A and B, prove that:

(i) A'uB = U => AcB

14. Is it true that for any sets A and B, P (A) u P (B) = P (A B)? Justify your answer.
15. Show that for any sets A and B,

(i) A = (AnB)u(A-B)

(ii) B' c A' => AcB

(ii) Au(B-A) = AuB

ANSWERS

14. False

HINTS TO SELECTED PROBLEMS

[●.● u is distributive over n]
[●.● A c A u 6]

9. A={1,2|,B = {1,3),C=(2, 3}1. A = {3,5,9} 6.20

5. (i) A vj (A n B) = (A u A) n (A u B)

= A n (A u B) = A

(h) A n (A u B) = (A n A) u (A n B) = A u (A n 6) = A

7. (i) => (ii): We know that, A“B = |:ii:€A:j:g6|
Since AcB. Therefore, there is no element in A which does not belong to 6. Therefore,
A - B S5 <ji Hence, (i) ^ (h).

(ii) ^ (hi): We have, A-B = (})=> AcB=> AuB = B. Hence, (ii) => (hi),
(hi) => (iv): We have, AuB = B=> AcB AnB = A. Hence, (hi) => (iv).
(iv) ^ (i): We have, AnB=A => AcB. Hence, (iv) => (i).

Consequently, (i) o (h) <=> (hi) <=> (iv).
(i) Let A = (1, 2, 3, 4}, B = {3, 4,5, 6| and C = {1, 3,4,7,8}. Then, A n B = A n C, but B C.

(ii) Let X e C - B. Then,
X eC -B=> xeC and x g 6 x s C and xgA => xeC-A

8.

C-BcC-A

A={1,2}, B=|1,3|,C={2, 3)

xeA=> xgB => xeB'.

AcB'

9.

[v AnB = (|)l10.
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A - B -{x: X eA and x i B}, B - A ={ x e B and x £ A] A - B and B - A are disjoint
sets

11.

Now, xeA and xsB => x i An B

{A - B) and A nB are disjoint sets.
Similarly, B -A and A n B are disjoint sets.

{/I u B) n{^ u B') = ((/I u B) n/1) u({.A u B) u B')
= A u((A uB)nB') = A u( A n B') u (B n B') = A u( A nB') = A

[v x^A']

12.

(i) Let a: € A. Then, a: eA=>xsU => xeA''<jB=>xeB
AcB

(ii) Let xeA. Then, xeA xiA'=> at0B'=> xsB
A c B

13.

[v B'cA']

1.10 MORE RESULTS ON OPERATIONS ON SETS

THEOREM 1 If A and B are any two sets, then
(i) A-B = AnB'

(iv) (A-B)uB=AwB

(vii) A-(AnB)=A-B

(vui) (A-B)w{B-A)=(AuB)-(AnB)

PROOF (i) Let a: be an arbitrary element of A - B. Then,
X e{A- B) => xeA and a: g S => a: e A and x eB'
A-B c AnB'

(ii) B-A=BnA'

(v) (A-B)nB = 4)

(iii) A-B=A o AnB = <j)
(vi) A c B o B's A'

INCERT EXEMPLARl

=> xeAnB'

...(i)

Again, let y be an arbitrary element of A n B'. Then,

y e A nB' => y e A and y e B' => y e A and ygB=> y eA-B
AnB'c(A-B)

Hence, from (i) and (ii), we obtain A-B = A nB'.

(ii) Proceed as in (i).

...(ii)

(iii) In order to prove that A-B = A<=>AnB = <l),we shall prove that:
(a) A-B = A=>AnB = 4> and. (b) A n B = (|)=> A - B = A.

First, let A - B = A. Then we have to prove that A n B = <j). If possible, let A n B ;* <|). Then,
A n B ij)
There exists x eA nB

xeA andx eB

X e A - B and a: e B

(a: 6 A andA: g B) and a: e B

xeA and (a: g B and x eB)

But, a: g B and at € B both can never be possible simultaneously . Thus, we arrive at a
contradiction. So, our supposition is wrong. Therefore, A n B = <|).
Hence, A-B=A=>AnB = ^

Conversely, let A B = cj). Then we have to prove that A - B = A. For this we shall show that

A - B c A and A c A - B. Let a: be an arbitrary element of A - B. Then,
X eA -B=> X eA and x eB xeA

A-Be A.

Again let y be an arbitrary element of A. Then,
y e A => y eA andy g B

y e A -B
A c A - B.

[vA-B = A]

[Using definition of A - B ]

...(i)

[v AnB = 4>]

[Using definition of A - B]

So, we have A - B c A and A c A - B. Therefore, A - B = A.
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...(ii)AnB = (|)=> A-B=^AThus,

Hence, from (i) £ind (ii), we obtain :A-B = AoAnB = ^.

(iv) Let :r be an arbitrary element of (A - B) u B. Then,
xe(A-B)uB

=> xeA-B or xeB=>(xeA and x^B) or xeB

=> (xeAorxeB) and {x^Bor xeB) ^ xeAuB
(A-B)uBcAuB

Let y be an arbitrary element of A vj B. Then,
y eA uB

=> yeA or yeB=>(yeA or ye B) and (y g B or y e B) => (ye A and y 0 B) or y e B
=> y 6 (A - B) u B

AuBc (A-B)uB

Hence, (A-B)uB=AuB

(v) If possible let(A - B) n B (]x Then, there exists at least one elements, (say), in (A - B) n B.
Now, X e(A-B) r\B

=> xe(A-B) andxeB => (xeA andx^B) andxeB =>xeA and(x^B andxeB)

But, ^cssBandxeB both can never be possible simultaneously. Thus, we arrive at a
contradiction. So, our supposition is wrong. Hence,(A - B) n B = <j>.

(vi) First, let A c B. Then we have to prove that B' c A'. Let 3: be an arbitrary element of B'.
Then,

[vAcB]xeB' => x^B => xgA=> xeA'

B'cA'.

A c B => B' c A'. ...(i)Thus,

Conversely, let B' c A'. Then, we have to prove thatAc B. Let y be an arbitrary element of A.
Then,

[vB'c A'].yeA^ y € A' => y^B'=^ yeB
AcB.

Bc A'=> Ac B ...(ii)Thus,

From (i) and (ii), we obtain that AcB o B' c A'.

(vii) We have.
[V A-B = AnB']

[By De Morgan's law]
[By distributivity of n over u]

A-(AnB)=An (AnB)'

= An(A'uB')

= (AnA')u(AnB')

= ^Kj(Ar\B') = AnB' =A-B

(viii) Let x be an arbitrary element of (A - B) u (B - A). Then,
xe(A-B)u(B-A)

=> xeA-B or, xeB-A

=> (xeA emd xi^B) or (xeB and x^A)

=> (xeAor x^B) and(x jSB or x^A)^xe(AuB) and x g(A nB) =>x e(A^ B) -(A nB)
.-. (A -B) u(B - A) c (A u B) -(A n B).

Again, let y be an arbitrary element of (A u B) - (A n B). Then,
ye(A^B)-(AnB)

=> y € A u B and y 9^ A r\B

=> (y e A or y e B) and (y A or y B)

...(i)
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=> {y ^ A and y € 6) or (y e 6 and y g A)

=> y e(A-B) or y e(B-A) => y e(A - B) u(B - A)
(A uB)-(A nB)c (A-B) u(B-A).

Hence, from (i) and (ii), we obtain : (A - B) u (B - A) = (A u 6) - (A n B).

THEOREM 2 If A, B and C are any three sets, then prove that:

(i) A-(BnC)-(A-B)u(A-C)

(iii) An(B-C)=(AnB)-(AnC)

PROOF (i) Let X be any element of A - (B n C). Then,
xeA-{BnC)

=> X 6 A and a: g(B nC)

=> X e A and (a: g B or .r g C)

{x e A and x €B) or {x e A and a: g C)

=> a: e (A - B) or a: e (A - C) => a: e (A - B) u (A - C)

A - (B n C) c (A - B) u (A - C)

Similarly,(A - 6) u(A -C) c A -(B nC). Hence, A-{B nC) =(A-B)u(A-C)

(ii) Let a: be an arbitrary element of A - (B u C). Then
a: 6 A - (B uC)

=> a: e A and a: g(B uC)

=> X e A and (a: g B and a: g C)

=> (a: 6 A and a: g 6) and (a: g A and a: gC)

=> a: e (A - B) and a: e (A - C) => a: e (A - 6) n (A - C)

A-{BuC)^{A-B)n{A-C)

Similarly, (A -B) r\{A - C)q A - (B uC). Hence, A -(B uC) = (A - B) n(A -C).

(iii) Let a: be any arbitrary element of A n(B -C). Then

X € A n(B -C)

X e A and x e(B -C)

X e A and (x e B and x g C)

(x 6 A and x e B) and (x g A and x g C)

X 6 (A n B) and x g (A n C) ^ x e (A n B) - (A n C)

A n(B-C)c (A nB)-(A nC)

Similarly, (A nB) -{A r\C)Q A n{B -C). Hence, A n(B -C) = (A n B) -(A nC).

(iv) An(BAC) = An [(B -C) u (C - B)]= [A n (B -C)] u [A n (C - 6)] [By distributive law]
= [(A n B) - (A n C)] u [(A n C) - (A n B)]

= (AnB) A(AnC)

-(ii)

(ii) A-(BuC)=(A-B)nvA-C)

(iv) A n(B AC) =(A n B) A(A nC)

[Using (iii)]

ILLUSTRATIVE EXAMPLES

BASED ON HIGHER ORDER THINKING SKILLS (HOTS)

EXAMPLE 1 Let A and B be two sets. Using properties of sets prove that:
(ii) A' u B = U => A c B(i) AnB'=^=>AczB

SOLUTION (i) We have,

A = (A n U)

=> A = A n(B u B')

=> A = {A r\ B) u (A n B’)

A = (A n B) u (li

[v BuB'=U]

[*.● n is distributive over union]

[●.● A n B' = (})]
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A = AnB

A ^ B

(ii) From (i), we have
A r\B' =4)

(AnBJ = 4)'

N u(B')' = iJ
u B = U

^nB'=(|) <=>A'uB = [i and, AnB' A c B
A'uB=U=>AcB

We have,

A'^ B = U

A n{A' u B) =A nU

{AnA')yj{AnB) = A

4)u(AnB)=A=>AnB = A=>A c: B
Let A and B he two sets. Prove that: {A - B) ^ B = A if and only ifBczA.

[V 4>' = U]

[V (B')’=B]
«c=>

Thus,

ALITER

[Taking intersection with A]
[vAnU=A]

EXAMPLE 2

SOLUTION First let, (A - B) u B = A. Then, we have to prove that B <z A.
Now, (A-B)uB=A

(AnB')'^B=A

(AuB)n(B'uB)=A=>(AuB) nU = A => A ^ B = A => B cz A.

[v A-B = AnB']

Conversely, let B cz A. Then, we have to prove that (A - B) u B = A.
Now, (A-B)uB=(AnB')uB= {A ^ B) n{B'^ B) ={A ^ B)nU = AuB

[v Be A .-.AuB = A]= A

Let A, BandC be three sets such that A u B =^C and A nB = (^ Then, prove thatEXAMPLE 3

A=C-B.

SOLUTION We have, A u B = C.

C -B = (A uB) -B
[v X-y=XnY']

[v AnB = (l)]
= {A<jB) nB'

= (AnB')u{BnB') = {AnB')^^= AnB'= A-B= A
Let A and B be any two sets. Using properties of sets prove that:

(ii) (A-B)uA =A

(iv) (A-B)nA=AnB'

EXAMPLE 4

(i) (A-B)uB=AuB

(iii) (A-6)nB = 4)

(v) Au(B-A)=AuB [NCERTEXEMPLAR](vi) A-(A-B) = AnB [NCERTEXEMPLAR ]
(vii)A-(AnB)=A-B [NCERTEXEMPLAR] (viii){A uB)-B=A-B [NCERTEXEMPLAR]
SOLUTION (i) We find that

(A-B)uB=(AnB')L;B

= (A u B) n (B' u B)

= (AuB)nU= AuB

[v A-B=AnB’l

[■.* vj is distributive over n]
[v B'uB = U]

[v A-Be A](ii) (A-B)uA=A

(iii) (A -B) n B=(A nB') nB= An{B' nB)= A n(])=([)
(iv) (A-B)nA=A-B = AnB'

(v) Au(B-A)=Aw(6nA')

= (AuB)n(AuA')

= (AoB)nii

= (AuB).

(vi) A-(A-B)=A-(AnB')
= A n(A nB')'

[v A-Be A]

[v X-y =XnY']

[By distributing of u over n]

[v X-y=XnY'l

[v X-y =XnY']
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= An(A'uB)

= {AnA')^{AnB)

= <|)u(/l r\B)=AnB

{vii) A-(A nB) = A n(i4 nS)'

= An (A' uB')

= {AnA') '^{A r\B') =^kj{A r\B') =An B' =A-B

[By De' Morgan's law]

[v X-Y=XnY']

(viii) (AuB)-B = (Au6) nB' [v X-Y=XnY']

-{AnB') '^{B nB') ={AnB') <j ^ = A n B' =A - B.

EXAMPLE 5 any two sets A and B prove by using properties of sets that:

(i)(AuB)-(AnB)=(A-B)u(B-A) (ii) (A n B) u(A - S) = A (iii) (AuB)-A=B-A

SOLUTION (i) We have.

(A u 6) -(A n B) =(A w B) n(A n B)'

= (AuB)n(A'uB')

= X n (A' u B'), where X = A u B

= (X nA')u(XnB')

= {BnA') u(A nB')

[v X-y=Xny'j

[v (A nB)'=A' uB'j

'v X nA'={A<<j B) n A'={A nA') ^(B nA')
= ^u{B nA') = B n A' Similarly, X nB' = A nB'

= (AnB')u(B nA’)

= (A-B)u(B-A)

(ii) (A n B) u (A - B) =(A n 6) u (A n B')

= X u (A n B'), where X = A n B

= (XvjA)n(XuB')

A -B= A nB' and B - A = B nA']

V XuA=(AnB)uA=A[v AnBcA]
XuB'=(AnB) uB'=(A\jB')n (BuB')

= (AuB')nU=AuB'
= A n(A u B')

= A [vAcAuB']

[v X-Y=XnY'](iii) (A u B) - A = (A u B) n A'

= (AnA')u(BnA')

= (j)u(B n A')

= BnA'

= B-A

[-.■ A n A' = (|)]

[v B-A = BnA']

EXAMPLE 6 For sets A, B C Hsmg properties of sets, prove that:

(i) A-(BuC) = (A-B)n(A-C)

(ii) A-(BnC) = (A-B)u(A-C)

(iii)(AwB)-C =(A-C)u(B-C)

(iv)(An6)-C {A-C)n{B-C)

SOLUTION (i) We have,

A-(BuC) = An(BuC)'

= An{B' nC)

= (A nB') n(A nC')= iA-B)n{A-C)

[NCERT EXEMPLAR]

INCERT EXEMPLAR]

[v x-y = Xny']

[v (BuC)'=B'nC'l

(ii) A-(BnC) - A n{B nC)' [v X-y =Xnr]
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[v (BnCy = B'uC]

[●.■ r\ is distributive over u]

[v X-Y=XnY']

= An{B'uC)

= {AnB')Kj{AnC')= (v4-B)u(A-C)

(iii) {A^B)-C={AuB)nC

= {AnC) u(B nC') = (/l-C)u(B-C)

(iv) {A nB)-C={AnB)nC' = {A nC') n(BnC') ={^1 -C) n(B-C)
For sets A, B and C wsm^ properties of sets, prove that:

(i) /l-(B-C) = (v4-B)u(AnC)

EXAMPLU7

(ii) A n(B -C) = (AnB)-{A nC)

SOLUTION (i) We have,

A-{B-C) = A-(BnC')

= A n(BnC')'

= A o(B' uC)

= (,4nB')u(^nC) = (A-6) nC)

[v B-C = BnC]

[V X-y = XnV']

[v (BnC)'=B'u(C)'=B'uC]

[v B-C = BnC](u) ^n(B-C) = An{BnC)
= {AnB)nC

= (|) u((^ nB) nC)

= {{AnB) nA')u{{AnB) nC)

= {AnB)n{A’^C')= (AnB) n(AnC)'= (AnB)-(AnC)

[●.● (AnB) nA' = (|)]

EXERCISE 1.7

BASED ON HOTS

-B'=B-AFor any two sets A and B, prove that: A
2- For any two sets A and 6, prove the following :

(ii) A-(A-B)=AnB(i) A n(A' u B) = A n B

(iii) A n (A u B)' = (j)

3- If A, B, C are three sets such that A c B, then prove that C - B <z C - A,
(iv) A-B=AA(AnB).

“I- For any two sets A and B, prove that
(i) (Au6)-B=A-B

(iii) A-(A-6)=AnB

(v) (A-B)u(AnB)=A

3- Determine whether each of the following statements is true or false. Justify your answer,

(i) (A-B) u(A nB) = A for all sets A and B
(ii) A -(B -C) =(A -B) -C for all sets A, B and C.
(iii) If A c: B, then (a) AnC c BnC '
(iv) If A c C and B c C, then A u B c C for all sets A, B and C.

(ii) A-(AnB) =A-B
[NCERT EXEMPLAR]

INCERT EXEMPLAR]
(iv) Au(B-A)=Au6

(b) AuC c BuCforallsetsA,BandC.
INCERT EXEMPLAR!

ANSWERS

(iii) (a) True (b) True (iv) True

HINTS TO SELECTED PROBLEMS

'I- We know thatX-Y =X nY'. So A'- B'= A'n(B')'= A' nB = B n A'=B-A
2- (ii) A-(A-B)=A-(AnB') = An(AnB')'=An(A'u(B')')=An(A'uB)= AnB
3- Let X e C - B. Then,

xeC -B=> xeC and x s B => x eC and a:«A=> xeC-A
C-BcC-A.

3- (i) True (ii) False

A c B]
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1.11 SOME IMPORTANT RESULTS ON NUMBER OF ELEMENTS IN SETS

If A, B and C are finite sets, and U be the finite universal set, then

(i) n{A^B)=n(A)+n[B)-n(AnB) or, n{AnB)=n{A)+n{B)-n{AuB)
(ii) n (A u B) =n{A) + n{B) <=> A, B are disjoint non-void sets,

(iii) n(A-B)= n{A) -n(AnB) i.e.n{A - B) + n{A n B) = n(A)

(iv) n(B-A) =n(B)-n(AnB) or,n(B-A) +«(A nB) =«(B)

(v) ji (A AB) - No. of elements which belong to exactly one of A or B

= «((A-B)u(6-A))

= tt(A-B) + n(B-A)

= «{A) -n{Ar\B)-hn{B)-n{Ar\ B)

= n(A) + n{B) - 2 «(A n B)

(vi) n(A wBuC)=»(A)+»(B)+n{C)-«(AnB)-«(BnC) -«(A nC) + m (A n B nC)

(vii) Number of elements in exactly two of the sets A, B, C

[●.● (A - B) and (B - A) are disjoint]

= n{A nB) + ti{B nC) + n{C A) - 3n{A n B r^C).

(viii) Number of elements in exactly one of the sets A, B, C

= «(A)+n(B) + «(C)-2«(AnB)-2n(BnC)-2?i(AnC)+ 3w(AnBnC)
(ix) n (A' u B') =n((A n B)' )=n(U) ~n{A n B)

(x) n (A' n B') =n((A u B)') =n(U)-n{A u B).

ILLUSTRATIVE EXAMPLES

BASED ON BASIC CONCEPTS (BASIC)

EXAMPLE 1 If S and T are two sets such that S has 21 dements, T has 32 dements, and SnT has 11
[NCERTEXEMPLAR]dements, how many elements does S wT have?

SOLUTION Wehave,«(S) =21, «(T) = 32 and n{SnT)=ll

n{SuT) = «(S) + tt(r)-n(SnT) => n(SuT) = 21+ 32-11 =42

Hence, S u 7 has 42 elements.

EXAMPLE 2 IfXandY are two sets such that XuY has 18 dements X has 8 dements and Y has 15

elements, how many elements doesX n Y have?

SOLUTION We have, «(X u Y) = 18,«(X) = 8, n (Y) = 15

«(XnY)=H(X) + «(Y)-«(XuY) => «(XnY) =8 + 15-18 =5
Hence, X n Y has 5 elements.

EXAMPLES

[NCERT EXEMPLAR]

IfX and Y are two sets such that X has 40 dements X u Y has 60 elements andX nYhaslO

dements, how many elements does Y have?

SOLUTION We have, »(X) = 40, n (X u Y) = 60 and n (X n Y) = 10.

m(XuY) =n(X) + «(Y)-«(XnY)

[NCERT EXEMPLAR]

60 = 40 + «(Y) -10 => 60 =«(Y) + 30 => n{Y) = 30
Hence, Y has 30 elements

EXAMPLE 4

(i) «(A n B)
IfA and B are two sets such that n{A) = 17, n(B) = 23 and n(A uB) = 38, find

I (ii)n(A-B) (iii)«(B-A) (iv) mnnber of dements in exactly one of A and B.
[NCERT]

SOLUTION We have, n (A) = 17, n (B) = 23 and n (A u B) = 38.

(i) w(AnB)=n(A)+«(B)-«(AuB) =17 + 23-38=2
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(ii) n{A-B)=n{A)-n{AnB)^n{A-B)=17-2=15

(iii) n {B - A) =n{B) {A r\B)=>n{B-A) =23-2 =21

(iv) Niunber of elements in exactly one of A and B = n{A) + n{B) - 2jt{A n B)
= 17+23-2x2 = 36

Let A and B be two sets such that n (A) = 35,«(A n B) = 11 and n ((A ^B)) =17. IfEXAMPLE 5

n(U) =57. find:

(iii) n(B-A)(ii) n(A-B)(i) n{B)

SOLUTION (i) We have,

h((AuB)')=17

=> «(U)-n(A uB) =17 => 57-n(AuB)=17 => n(A uB) =57-17 = 40
»(A)+n(B)-«(AnB)=40 => 35+ n(B)-11 =40 => n(B)=16
n{A-B)= n{A)-n{A nB) = 35 -11 = 24

n{B-A)=n{B)-n{AnB) =16-11=5

(ii)

(in)

EXAMPLE 6 In a group of400 people, 250 can speak Hindi and 200 can speak English. Hoiv many can
speakbothHindiand English? [NCERT]

Let H denote the set of people speaking Hindi and E denote the set of peopleSOLUnON

speaking English. We are given that: n (H) = 250, n(E) = 200 and «(H u E) = 400 and we have to
find n(H nE).

Now, h(H u£) = Ji (H) + II (£)-tt(HnE)

=> n (H n £) = rt (H) + u (£) - ii (H u £) = 250 + 200 - 400 = 50.

Hence, 50 persons can speak both Hindi and English.

EXAMPLE? In a class of 35 students, 24 like to play cricket and 16 like to play football. Also, each
student likes to play at least one of the two games. How many students like to play both cricket and
football? INCERTl

Let C be the set of students who like to play cricket and F be the set of students whoSOLUTION

like to play football. Then, C u F is the set of students who like to play at least one game and,
C n f is the set of all students who like to play both games. It is given that n (C) = 24, n{F)= 16,
n (C u F) = 35 and we have to find n (C n F).

n (CnF)=«(C) + ii(F)-tt(CuF)=24 + 16-35=5.

If A and B are two sets and U is the universal set such that n(U) = 700, n(A) = 200,EXAMPLE 8

n(B) = 300 and n (A n S) = 100. Find n (A' n B').

SOLUTION We have. A' n B' = (A u B)'

n{A' nB')= n(iAuBY)= n(U) -«(A u B)

= n (U) - [n (A) + n (B) - n (A n B)] =700 -{200 + 300 -100) = 300.

BASED ON HIGHER ORDER THINKING SKILLS (HOTS)

EXAMPLE 9 Out of500 Car ozvners investigated, 400 owned car A and 200 ozvned car B, 50 owned both
A and B cars. Is this data correct? [NCERTl

SOLUTION Let U be the set of all car owners investigated, X be the set of persons who owned car
A and Bbe the set of persons who owned car B.It is given thatn(U) =500, n{X) = 400, n(Y) = 200
and n(XnY) =50.

Now, n(XuY)=H(X) + n(Y)-«(XnY) => «(XuY) =400 + 200-50 =550
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Clearly, XuYcU. Therefore, w(XuY) <«(LT). But, we find that as per the given data,
n{X u Y) > n{U). This is not possible. Hence, the given data is incorrect.

EXAMPLE 10 In a group of 50 people, 35 speak Hindi, 25 speak both English and Hindi and all the people
speak at least one of the two languages. How many people speak only English and not Hindi ? How many
people speak English?

SOLUTION Let H denote the set of people speaking Hindi and E the set of people speaking
English. Then, it is given that: n{H u£) = 50, n(H) = 35, «(H n£) = 25.
Now, rt(E-H) = = 50-35 = 15

Thus, the number of people speaking English but not Hindi is 15.

Now, n(HuE)= n(H)+«(£)-n(Hn£) r> 50 = 35 + fi(£)-25 => n{£)=40

Hence, the number of people who speak English is 40.

EXAMPLE 11 There are 40 students in a Chemistry class and 60 students in a Physics class. Find the
number of students which are either in Physics class or Chemistry class in the following

(i) the two classes meet at the same hour.

(ii) the two classes meet at different hours and 20 students are enrolled in both the subjects.
SOLUTION Let A be the set of students in Chemistry class and B be the set of students in Physics
class. It is given that n {A) = 40 and n (B) = 60. We have to find n (4 u B) in both the cases,

(i) If two classes meet at the same hour, then there will not be a common student sitting in both
the classes. Therefore, n{A nB) = 0.

n(y4uB) = n(A)+n{B)~n{AnB) =40+ 60-0 = 100

(ii) If two classes meet at different hmings then there can be some students attending both the
classes. It is given that the number of such students is 20 i.e. n(AnB) = 20.

tt(v4uB) = n(A)+n{B)~n(AnB) = 40 + 60-20 = 80.

EXAMPLE 12 In a survey of 700 students in a college, 180 were listed as drinking Limca, 275 as
drinking Miranda and 95 were listed as both drinking Limca as well as Miranda. Find how many students
were drinking neither Limca nor Miranda.

SOLUTION Let U be the set of all surveyed students, A denote the set of students drinking Limca
and B be the set students drinking Miranda. It is given that n {U) = 700, n {A) = 180, n{B)= 275
and n{A C\B) = 95. We have to find n {A' n B').

Now, n(A'nB') = n{A^B)'= n{U)-n(A^B)= n{U) ~{n(A) + n(B)-n(A nB)}
= 700 - (180 + 275 - 95) = 700 - 360 = 340.

EXAMPLE 13 There are 200 individuals with a skin disorder, 120 has been exposed to chemicalCy 50 to
chemical C2 and 30 to both the chemicals Cj and C2- Find the number of individuals exposed to
(i) chemical Cj or chemical C2 (ii) chemical Cj but not chemical C2 (Hi) chemical C2 but not
chemical Cl. [NCERT]

Let U denote the universal set consisting of individuals suffering from the skin
disorder, A denote the set of individuals exposed to chemical Cj and B denote the set of
individuals exposed to chemicalC2. It is given that: «(L/) = 200, n(A) = 120, «(B) = 50 and
n(A r\B) - 30.

(i) The number of individuals exposed to chemical or chemical C2 is given by n (/I u B).
Now, n(A uB) = n(A) + n(B)-n(A nB) = 120 +50-30 = 140
Hence, required number of individuals is 140.

(ii) The number_of individuals exposed to chemical Cj but not chemical C2 is given by n (A n B).
Now, n(AnB)= w(A)-n(AnB)= 120-30 = 90
Hence, required number of individuals is 90.

(iii)_ The number of individuals exposed to chemical Cj but not chemical Ci is given bv
n(AnB).

cases:

SOLUTION
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(A nB) = n(B) -n{A r\B) = 50 - 30 = 20Now,

Hence, required number is 20.

In a class of 35 students, 17 have taken Mathematics, 10 have taken Mathematics but not
Economics. Find the number of students who have taken both Mathetnatics and Econojnics and the
number of students who have taken Economics but not Mathematics, if it is given that each student has
taken either Mathematics or Economics or both.

n

EXAMPLE 14

Let A denote the set of students who have taken Mathematics and B be the set ofSOLUnON

students who have taken Economics. It is given that n (A u B) = 35, n {A) =17 and n(.A - B) =10.
n{A)=n{A-B) + n{Ar^B) => 17 =10 +n{AnB) => n{AnB) = 7Now,

Thus, 7 students have taken both Mathematics and Economics.
Now, n{A B) = n{A) + n{B) -n{A r\B) => 35 = 17 +n{B) - 7 n(B) - 25

n{B-A)=n (B)-n {AnB)= 25 -7 =18
Thus, 18 students have taken Economics but not Mathematics.

BASED ON HIGHER ORDER THINKING SKILLS (HOTS)

EXAMPLE 15 If A and B are finite sets such that n{A) =mj and n(B) =m2, then find the least and
greatest values ofn{A u B).
SOLLmON We know that

n{A u B) = n(A) + n(B) -n(A r\ B)

=> n(A u B) < n(A) + n(B)

=> n{A u B) < mi + m2

So, the greatest value of n{A u B) is nii + m2. It may be noted that n{A u B) = mj + m2 only when
n{A nB) = 0 i.e. when Ar\B = ^ i.e. when A and B are disjoint sets.

Also, we know that

AqA<jB and BcAvjB

=> m(A)<«(AuB) and«(B) <«(A uB)

=^> mi<n{A'oB) and m2 < «(A o B)
II (A u B) > mi and n (A u B) > m2

n (A u B) > max {mi, m2}
So, the least value of «(A u B) is max {mi, m2}.

Itmaybenotedthat«(AuB)=max{mi,m2lonlywheneitherAc Bor Be A.
From (i) and (ii), we obtain

max (mi, m2} < w (A u B) < mj + m2 or, max {n(A), n{B)) < «(A u B) < «(A) + ii(B)
EXAMPLE 16 If A and B are two sets such thatn{A) = 35, n(B) = 30 and n{U) =50, then find

(i) the greatest value ofn{A u B)
SOLUTION (i) We know that

A'.jBcU => n(A uB) <ji{U) => n(A u B) <50

So, the greatest value of ii(A u B) is 50.
(ii) From (i), we have

n{AuB) <50

=> n{A) + n{B)-n{AnB)^50 => 35 + 30-«(A nB) <50 => 15 <(AnB) => n(AnB)>15
So, the least value of ii(A n B) is 15.

If A and B be tzuo sets containing 3 and 6 elements respectively, what can be the minimum
number of elements m A u B ? Find also, the maximum number of elements in A u B.
SOLUTION We have, n{A'u B) =n{A) + n{B)-n{A nB).

[v ii(AnB)>0]

=>

...(ii)

(ii) the least value of [A nB)

EXAMPLE 17
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This shows that n (A u B) is minimum
minimum respectively.

Case I Wfie/i n(A n B) is mmimum, i.e. n{A n B) = 0 ; This is possible only when AnB = ^.Inihis
case, nB) = 0.

n{A uB) = n{A) + «(B) -0 = n{A) + «(B) = 3+ 6 = 9
So, maximum number of elements in /I u B is 9.

CaseU Wienn{A nB)ismaximum: This is possible only when c B. In this case, 7i{AnB) = 3.
n{AuB) =n{A)+n{B)-n{A n B) = 3 + 6 - 3 =6

So, minimum number of elements in A u B is 6.

ALITER We know that

maximum according as n (A n 6) is maximumor or

max [n{A), n{B)] <n{AuB)<n(A) + n(B) => max {3, 6| <«(A u B) < 3 + 6 => 6 ^«(/I uB) <9
Hence, the minimumand maximumnumberof elementsin u B is 6 and 9 respectively.

A market research group conducted a survey of2000 consumers and reported that 1720
consumers liked product Fj and 1450 consumers liked product P2. What is the least number that must
have liked both the products ?

EXAMPLE 18

[NCERTl

SOLUTION Let U be the set of all consumers who were questioned, A be the set of
who liked product Fj and B be the set of consumers who liked the product P2. It is given that
n (U) = 2000, n (A) = 1720, n (B) = 1450.

n(AuB) = n(A)-i-n(B)-n(AnB)^ 1720 + 1450-n(AnB) = 3170-n(AnB)
AuB d U

consumers

Now,

^n(AuB) <n(U)=> 3170-«(.1 nB) < 2000 => 3170-2000 <?i nB) (>1 n B) £ 1170

Tlius, the least value of n (/I n B) is 1170. Hence, the least number of consumer who liked both

the products is 1170.

EXAMPLE 19 A survey shows that 63% of the Americans like cheese whereas 76% like apples. lfx% of
the Americans like both cheese and apples/find the value ofx.

SOLUTION Let A denote the set of Americans who like cheese and let B denote those who like

apples. Let tlie population of America be 100. Then, n{A) = 63, «(B) =76.

Now, n[A r\B)=n{A)+n(B)-i!{AuB) n(A n B) =63+ 76-n(A^ B) =139-n(AuB)
But, «(A u B) < 100.

=> -n(AuB)>-100 => 139-w(A uB) >139-100=> 139-n(A uB)> 39 =>n(A nB)> 39 ...(i)
Now, A r\Bd A and A n B c B

rt (A n 6) < n(A) and n{A n B) < n{B) n(A n B) < 63 and ii(A n B) < 76 => n{A n B) < 63 ...(ii)
From (i) and (ii), we obtain : 39 < w (A n B) < 63 ^ 39 < a: < 63.

EXAMPLE 20 In a town of 10,000 families it was found that 40% families buy newspaper A, 20%
families buy newspaper B and 10% families buy newspaper C. 5% families buy A and B, 3% buy B and C
and 4% buy A and C. If 2% families buy all the three news papers, find the number offamilies which buy
(i) A only (ii) B only (Hi) none ofA, B and C. INCERT EXEMPLAR]

SOLUTION Let F, Q and R denote the sets of families buying newspaper A, B and C
respectively. Let U be the universal set. Then,
n(P) = 40% of 10,000 = 4000, «(Q) = 20% of 10,000 = 2000, n(R) = 10% of 10,000 = 1000,
«(F n Q) = 5% of 10,000 = 500, n (Q n R) =3% of 10,000 = 300, n(RnP) =4% of 10,000 = 400
n(PnQnR)= 2% of 10,000 = 200 and n(U) = 10,000.

(i) Required number = n{P nQ' r\R') =n(P n(Q u R)')
= w{F)-n[Fo(QuR)l
= n(P) -n[(F nQ) w(F nR)]

= n(P) ~[n{P nQ)+n{P r,R)-n{(P nQ)r^{P n R)] ]

[v n(A nB') =}t(A)-n(A nB)]

 

 



 

 

1.39SETS

= n{P) ~[n{P r^Q)+n{P nR)-n{P nQrxR)]
= 4000 - (500 + 400 - 200) = 3300

(ii) Required number = n (P' nQ n R') =» (Q n P' n R') = ?i (Q n (P u R)')
= n{Q)-n{Qn{P^R)) L

= n{Q)-n[{QnP)u{QnR)]

= n{Q)-[n{QnP) + n(QnR)- n{(Q r.P)n{Qn R)} ]
= n(Q)-[n(PnQ)+n(QnR)-«(PoQnR)]

[v n{AnB')=n{A)-n{AnB)]

= 2000 - (500 + 300 - 200) = 1400

(iii) Required number = n (P' n Q' n R') = n [(P uQ u R)']= «(Lf) -n{P ^Q^R)
= n{U)- [«(P) + n(Q) + 7i(R) - n{P n Q) - «(Q n R)

-n{R nP) + n(P r\Q nR)]

= 10000 - [4000 + 2000 +1000 - 500 - 300 - 400 + 200] = 4000.

ALITER 1 It is given that n (P n Q n R) = 200 and n (P n Q) = 500. So, the number of families

buying newspaper A and B only is 500 - 200 = 300. Similarly, the

number of families buying news papers B and C only is 300 - 200 = 100

and news papers C and A only is 400-200 = 200.

(i) It is given that 4000 families buy news paper A. So, the number of

families buying news paper A only= 4000 - (300 + 200 + 200) = 3300.
(ii) Similarly, the number of families buying news paper B oidy

Fig. 1.13

= 2000-(300+ 200+ 100) =1400

The number of families buying news paper C only = 1000 -(200 + 200

(iii) The number of families buying none of the news papers

= «(Lf) -n (P uQ u R) = 10000 - (3300 + 300 + 200 + 200 +100 +1400 + 500) = 4000

In the adjacent Venn diagram, let a, b, c, d, e, f and g denote the number of families

100) =500+

ALITER 2

buying news paper(s) represented by the respective regions.

It is given that
a + b + d + e = 4000, b + c + e + f = 2000, d + e+f + g = 1000,
b + e= 500, e+f = 300, d + e = 400 and e = 200.

e = 200 and d + e = 400, e + / = 300, b + e - 500

d= 200,/=100, (7 = 300.
Substitutingb = 300, d = 200, e = 200,/ = 100ind + e+f + g = 1000,
^ + c + e +/ = 2000 and a + b + d + e = 4000, we obtain

g =500, a = 3300 and c =1400.
(i) Number of families buying news paper A only = a = 3300

(ii) Number of families buying news paper B oidy = c = 1400
(iii) Number of families not buying any news paper

= 10,000 - {a + b + c + d + e + f + g)

= 10,000 -(3300 + 300 +1400 + 200 + 200 +100+500) = 4,000

EXAMPLE 21 A college awarded 38 medals in Football, 15 in Basketball and 20 to Cricket. If these medals
went to a total of 58 men and only three men got medals in all the three sports, how many received medals
in exactly two of the three sports ? [NCERT]
SOLUTION Let f denote the set of men who received medals in Football, B the set of men who
received medals in Basketball and C the set of men who received medals in Cricket. It is given

Now,

Fig. 1.14
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mat /j(f) = 38,«(B) = 15,»(C)=20, n(f uBuC)=58 and n(FnSnC) = 3.

Now,

rt{FuB^C)^niF)+n{B) + n{C)-n{F nB)-n{BnC)-n(F r\C) + n(F nBnC)

58 = 38 + 15 + 20 - J7 (f n B) - «(B n C) - tt (f n C) + 3

n{f nS)+ji(BnC) + «(F nC) =76 - 58 = 18

Number of men who received medals in exactly two of the three sports

= n(F r\B) +n{B nC) + 71 {F nC) ~ 3 n{F n B nC)- 18 - 3 x 3 = 9

Thus, 9 men received medals in exactly two of the three sports.

ALlTbR In the adjacent Venn diagram let a, b, c, d, e, f and g denote the number of men who

received medals in the game(s) represented by the respective regions. It is given that

Number of medals awarded in Football = 3S =i> a + b + d + e = 3S

Number of medals awarded in Cricket = 20 =^d + e+f + g = 20

Number of medals awarded in Basketball = 15 => b + c + e +/ = 15

Number of medals awarded in all three sports = 3=> e = 3.

Total number of medals awarded =58=> a + b+ c + d +e +f + g =58

We have to find a number of medals awarded in exactly two of the three

sports which is equal tob + d + f.

Now, a+ b + d + e = 38, b + c + e+f =15 and d + e+f + g = 20

=> a + b + d + e + b-hc + e+f + d + e+f + g = 38 + 15 + 20

=> ia + b + c + d-he+f + g) + {b + d + 2e+f)=73

=> 58 + (B + fr + 2x3 + /)=73=> b + d + f = 9

EXAMPLE 22 In a survey of 25 students, it was found that 15 had taken Mathetnatics, 12 had taken

Physics and 11 had taken Chemistry, 5 had taken Mathetnatics and Chemistry, 9 had taken Mathematics
and Physics, 4 had taken Physics and Chemistry and 3 had taken all the three subjects. Find the number of
students that had taken

=>

F B

(i) 07-ily Chemistry.

(iii) only Physics.

(ii) only Mathejnatics.

(iv) Physics atjd Chemistry but not Mathematics.

(v) Mathematics and Physics but not Chejnistry. (vi) only one of the subjects.

(vii) at least one of the three subjects. (viii) none of the subjects.

SOLUTION Let M denote the set of students who had taken Mathematics, P the set of students

who had taken Physics and C the set of students who had taken Chemistry. It is given mat

n (U) = 25, n (M) = 15, n (P) = 12, n (C) = 11, n (M n C) = 5, «(M n P) = 9,«(P n C) = 4

n(M n P nC) = 3and,

(i) Number of students who had opted Chemistry only.
= n(M'nP'nC) = »((MuP)'nC)

= «(C)-n((MuP)nC)

= n{C) - n ((A4 n C) u (P n C)

[v n(A nB') =n(A) -n(A nB)]

= n(C)-{n(MnC)+n(PnC)-n(MnPnC)}= 11 -(5 + 4-3) = 5

(ii) The number of students who had opted Mathematics only.

= n(MnP'rC') =n(Mn(PnCy) =n(M)-n(M n(P uC)) =n (M)-n((M nP)u(M r^C))
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= «(M)-{«(MnP) + «(MnC)-;i(MnPnC)) = 15-(9+5-3)=4

(iii) The number of students who had opted Physics only

= Ji(PnM'nC') =«(Pn(MuC)')=H{P)-«(Pn(MuC))= n(P)-n((P nM) ^{P nC))

= tt(P)-ln(PnM)+n(PnC)-M(PnMnC)} = 12-(9 + 4-3) = 2.

(iv) Required number of students = n{P nC r\M')

= «(PnC)-n(PnCnM) [■.■n{AnB')=n(A)-n{AnB)]

= 4-3=1

(v) Required number of students = ii{M n P nC')= n{M r\P) ~n{M ,nP r\C) = 9-3 = 6

(vi) Required number of students

= «(M) + «(P)+ n (C) - 2 {)i(M r^P)+n{PnC)+ n (M nC) + 3it (M n P n C)}

= 15 + 12 +11 - 2 (9 + 4 + 5) + 3 X 3 = 38-36 + 9 = 11

(vii) Required number of students = (M u P u C)

= n (M) + n{P] +n (C) - n (M n P) -n{P nC) -}i (M n C) + «(M n P n C)
= 15 + 12 + 11 -9-4-5 + 3 = 23

(viii) Required number of students = n (M' n P' n C')

= n(MuPuC)'= n(L/)-n(MuPuC) =25-23 = 2.

ALITHR1 Consider the Venn diagram shown in Fig. 1.16. Let<?, b, c, d, e,/, ^denote the number

of students in the respective regions.

From the Venn-daigram, we find that

n (M) = a + b + d + e,n{P) = b + c + e + f,

n{C) = d + e + f + g,

n{M nP) = b + e, n{P ,nC) = e + f,

n{M nC) = d + e and, n{M nP nC) = e

In order to find the required values, we need to find the values of

0, b, c, d, e, f and g. So, let us first determine these values.

It is given that :«(MnPnC) = 3=> e = 3
n{M nP) = 9 => b + e = 9=> b + 3 = 9 =>b = 6

Fig. 1.16

«(PnC)=4 => e + f = 4 => 3+/ = 4 =>/=!

n (M nC) = 5=> d + e= 5=> fr+3=5=>rf = 2

n (M) = 15 => a + b + d + e = 15 => rt+6 + 2+ 3 = 15 => a = 4

n(P) =12=> 6 + c+ e+ / = 12=> 6 + C+ 3+1 =12=> c = 2

n(C) =11=> d + e+f + g =11^ 2+3+l+g=ll=> g = 5
Thus, we have a = 4,b=6,c = 2, d = 2,e = 3,f = l and ^ = 5.

(i) Number of students that had taken Chemistry only = ^ = 5
(ii) Number of students that had taken Mathematics only = a = 4

(iii) Number of students that had taken Physics only = c = 2.

(iv) Number of students that had taken Physics and Chemistry but not Mathematics
= /=l

(v) Number of students that had taken Mathematicsand Physics but not Chemistry
= b = 6

(vi) Number of students that had taken only one of the subjects = ^7 + c + ^= 4 + 2 + 5= ll
(vii) Numberof studentsthat had taken at least one of the three subjects

= (i + b + c + d + e+ f + g = 23
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(viii) Number of students that had taken none of the subjects

= 25 -{a + b + c + d + e + f + g) = 25 ~23 = 2.

ALITER 2 It is given that 3 students had taken all three subjects and 9 had taken Mathematics and
Physics. So, number of students who had taken Mathematics and Physics but not Chemistry is 6
as shown in the Venn diagram. 5 students had taken Mathematics and Chemistry and 3 students
had taken all the three subjects. So, 2 students had taken
Mathematics and Chemistry but not Physics. It is given that 15
students had taken Mathematics. So, number of students who had

taken only Mathematics= 15 -(6 + 3 + 2) = 4.

Similarly, we compute the other values shown in the Venn
diagram. It is evident from the Venn diagram that the number of
students that had taken

(i) Chemistry only is 5.

(ii) only Mathematics is 4.

(iii) only Physics is 2.

(iv) Physics and Chemistry but not Mathematics is 1.

(v) Mathematics and Physics but not Chemistry is 6.

(vi) only one of the subjects is 4 + 2 + 5 = 11
(vii) at least one of three subjects is4 + 6 + 2 + 2 + 3 + l+ 5 = 23

(viii) none of the subjects = 25 - 23 = 2.

EXAMPLE 23 In a survey of 100 students, the number of students studying the various languages were

found to be: English only 18, English but not Hindi 23, English and German 8, English 26, German
48, German and Hindi 8, no language 24. Find the number of students who were studying (i) Hindi

(ii) English and Hindi (iii) English, Hindi and German.

SOLUTION Let E, H and G be the sets of students studying English,

Hindi and German respectively. Let U be the set of students

surveyed i.e. the universal set.

In the above Venn diagram, let a,b, c, d, e, f and g denote the
number of students in the respective regions.

Clearly, n {(i) = 100. It is given that:

Number of students studying English only = 18 => = 18

Number of students studying English but not Hindi =23 => a + e = 23

Number of students studying English and German = 8 => e+g = S

Number of students studying English =26 ^ a + d + e + g = 26

Number of students studying German =48 ^ c + e+g +f = 4S

Number of students studying German and Hindi = 8 => g + f = S

Thus, we obtain : a =18, a + e = 23, e+g = 8,a + e + g + d= 26, e+g+f + c = 48 and g + / = 8

a =18, e =5, g =3, d =0, f =5, c = 35

It is given that 24 students study no language. Therefore, the number of students who study at
least one language is 100-24 =76

i.e. n(E 'u H '.jG) = 76 ^ a + b + c + d + e + f + g = 76 18 + 1j + 35 + 0 + 5+ 5+ 3= 76 => i7=10

(i) The number of students studying Hindi =b + d +g+f =10 + 0+ 3+5 =18

Fig. 1.17

Fig. 1.18
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(ii) The number of students studying English and Hindi =d+g = 0+3 = 3

(iii) The number of students studying English, Hindi and German = ^ = 3.

EXAMPLE 24 In an university, out of 100 students 15 offered Mathematics only; 12 offered Statistics
only; 8 offered Physics only; 40 offered Physics and Matheynatics; 20 offered Physics and Statistics; 10
offered Mathematics and Statistics; 65 offered Physics. Find the number of students who

(i) offered Mathematics (ii) offered statistics (iii) did not offer any of the above three subjects.

SOLUTION Let M, S and P be the sets of students who offered Mathematics, Statistics and

Physics respectively. Let x be the number of students who offered

all the three subjects. It is given that 10 students offered

Mathematics and Statistics. Therefore, number of students who

offered Mathematics and Statistics but not Physics is 10-.v.

Similarly, number of students in different regions are marked in

Fig. 1.19. It is given that 65 students offered Physics.
(40-x) + x-i-{20-x) + 8 = 65 => 68-x = 65 => x = 3

(i) From Fig. 1.19, we find that
Fig. 1.19

The number of students who offered Mathematics =15 + (10-x) + x + 40-x = 65-x = 65 - 3 = 62

(ii) The number of students who offered Statistics =12 + (10-x) + x + (20-x) = 42-x = 42-3 = 39

(iii) The number of students who offered any of three subjects

= 15 + 12+8 + (10-x)+(40-x)+(20-x) + x

= 105-2x=105-2x 3 = 99

.'. Number of students who did not offer any of the three subjects = 100 - 99 = 1.

EXAMPLE 25 Out of280 students in class XII of a school, 135 play Hockey, 110 play football, 80 play
volleyball, 35 of these play hockey and football, 30 play volleyball and hockey, 20 play football and
volleyball. Also, each students plays at least one of the three games. How many students play all the three
games?

SOLUTION Let H, F and V be the sets of students who play hockey, football and volleyball

respectively. Let x be the number of students who play all the three games. It is given that 35

students play hockey and football. So, number of student who play

hockey and football only is (35 - x). Similarly, the number of students

playing various games are written in the regions representing them in

Fig. 1.20.

It is given that each student plays at least one of the three games.

h(HuPuV)=280

=> (70 + x) + (35 - x) + (30 - x) + X + (20 - x) + (55 + x) + (30 + x) = 280

=> 240 + x = 280=>x=40 Fig.1.20

Hence, 40 students play all the three games.

From 50 students taking examination in Mathematics, Physics and Chemistry, 37 passed

Mathematic, 24 Physics and 43 Chemistry. At most 19 passed Mathematics and Physics; at most 29

passed Mathematics and Chemistry and at most 20 passed Physics and Chemistry. If each student has

passed in at least one of the subjects, find the largest number of students who could have passed in all the

three subjects.

EXAMPLE 26

[NCERT EXEMPLARl
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SOLUTION Let M, P and C be the sets of students passing in Mathematics, Physics and

Chemistry respectively. It is given that : n(MuPuC) =50,n{M) = 37,n(P) =24,n(C) =43,
n(M n P) < 19, n (M n C) < 29 and n (P nC)< 20.

We know that

n{M u P uC) =n(M) +n{P) +n(C) -n{MnP)-n (M nC) -n(P nC) +n(M nP nC)

50 = 37 + 24 + 43-{n(MnP) + «(MnC) + n(PnC)} + n(MnPnC)
=> 50 = 104 n P) + n(M nC) + «(P riC)} + «(M n P nC)

=> 54 + «(MnPriC) =n(MoP) + w(MnC) + «(PnC)

=> 54 + n{MnPnC)<19 + 29 + 20

=> ?i(MnPnC)<14

Hence, the largest number of students that could have passed in all the three subjects is 14.

EXAMPLE 27 A school awarded 58 medals for Honesty, 20for Punctuality and 25for Obedience. If these

medals were bagged by a total of 78 students and only 5 students got medals for all the three values, find
the number of students who received medals for exactly two of the three values.
SOLUTION Let H, P and O be the sets of students who bagged

medals in Honesty, Punctuality and Obedience respectively. It is
given that «(H) =58,«(P) = 20,«(O) = 25, n(HuPuO)=78 and
n(HnP nO) =5.

Let X denote the number of students who got medals in Honesty and

Punctuality only, y denote the number of students who got medals in
Honesty and Obedience only and z denote the number of students
who got medals in Punctuality and Obedience orUy.

Now,

[●.● n (M n P) < 19, n (M nC) < 29, n (P nC) < 20]

Fig. 1.21n(HuPuO)=78

n{H) + n{P) + n{0)-n{HnP)-n(PnO)-n{HnO)+n{HnPnO)=7S
58 + 20 + 25-n(HnP)-H(PnO)-n{HnO)+5=78

«(HnP) + n(PnO) + n(Hn 0) = 30 => (x + 5) + {i/+5) + {2+5) = 30 => x + y+z=15

Hence, required number of students = x + i/+z=15

ALITER Number of students who bagged medals in Honesty only = 58 -{x + y -4- 5) =53 - .t -y
Number of students who bagged medals in Pimctuality only = 20 -(x+5 +z) =15 -x-z
Number of students who bagged medals in Obedience 6nly = 25-(y+ 5 + z) = 20-y-z

It is given that medals were bagged by a total of 78 students.
(53 - X - y) + X + (15 - X -z) + y + 5 + z + 20 - y -z = 78
93-(x + y + z) =78 => x + y + z = 15

Hence, number of students who bagged medals in exactly two of the three values = x + y + z = 15.

=>

EXERCISE 1.8

BASIC

1. If A and B are two sets such that n(Au B) = 50, n (A) = 28 and n (B) = 32, find 77 (A n B).
[NCERTl

2. If P and Q are two sets such that P has 40 elements, P u Q has 60 elements and P n Q has 10
elements, how many elements does Q have?

3. In a school there are 20 teachers who teach mathematics or physics. Of these, 12 teach

mathematics and 4 teach physics and mathematics. How many teach physics? (NCERTl
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4. In a group of 70 people, 37 like coffee, 52 like tea and each person likes at least one of the
two drirUcs. How many like both coffee and tea? [NCERT]

Let A and B be two sets such that :n(A)= 20, n(A uB) =42 and n(AnB)=4. Find

(ii) n(A-B)

3.

(i) m (hi) n(B-A)

A survey shows that 76% of the Indians like oranges, whereas 62% like bananas. What

percentage of the Indians like both oranges and bananas?

In a group of 950 persons, 750 can speak Hindi and 460 can speak English. Find:
(i) how many can speak both Hindi and English
(h) how many can speak Hindi only (hi) how many can speak English only.

In a group of 50 persons, 14 drink tea but not coffee and 30 drink tea. Find:

(i) how may drink tea and coffee both (ii) how many drink coffee but not tea.

In a group of 1000 people, there are 750 who can speak Hindi and 400 who can speak
Bengali. How many can speak Hindi only? How many can speak Bengali ? How many can
speak both Hindi and Bengali?

In a class of 60 students, 25 students play cricket, 20 students play tennis, and 10 students
play both the games. Find the number of students who play neither?

6.

7.

8.

9.

10.

[NCERT EXEMPLAR]

In a survey of 400 students in a school, 100 were listed as taking apple juice, 150 as taking
orange juice and 75 were listed as taking both apple as well as orange juice. Find how many
students were taking neither apple jihce nor orange juice. [NCERT]

In a committee, 50 people speak French, 20 speak Spanish and 10 speak both Spanish and
French. How many speak at least one of these two languages? [NCERT]

In a group of 65 people, 40 like cricket, 10 like both cricket and tennis. How many like tennis
only and not cricket? How many like tennis?

11.

12.

13.

[NCERT]

BASED ON LOTS

In a survey of 60 people, it was found that 25 people read newspaper H, 26 read newspaper
T, 26 read newspaper /, 9 read both H and 7,11 read both H and T, 8 read both T and 7,3
read all three newspapers. Find:

(i) the numbers of people who read at least one of the newspapers,

(ii) the number of people who read exactly one newspaper.
Of the members of three athletic teams in a certain school, 21 are in the basketball team, 26

in hockey team and 29 in the football team. 14 play hockey and basket ball, 15 play hockey
and football, 12 play football and basketball and 8 play all the three games. How many
members are there in all?

A survey of 500 television viewers produced the following information; 285 watch football,
195 watch hockey, 115 watch basketball, 45 watch football and basketball, 70 watch football

and hockey, 50 watch hockey and basketball, 50 do not watch any of the three games. How
many watch all the three games? How many watch exactly one of the three games?
In a survey of 100 persons it was found that 28 read magazine A, 30 read magazine B, 42
read magazine C, 8 read magazines A and B, 10 read magazines A and C, 5 read magazines
6 and C and 3 read all the three magazines. Find:

(i) How many read none of three magazines? (ii) How many read magazine C only?
In a survey of 100 students, the number of students studying the various languages were
found to be: English only 18, English but not Hindi 23, English and Sanskrit 8, English 26,
Sanskrit 48, Sanskrit and Hindi 8, no language 24. Find:

14.

[NCERT]

15.

16.

17.

18.
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(i) How many students were studying Hindi?
(ii) How many students were studying English and Hindi?
In a survey it was found that 21 persons liked product P^, 26 liked product P2 and 29 liked
product P3. If 14 persons liked products Pj and P2; 12 persons liked product P3 and P^; 14
persons liked products P2 and P3 and 8 liked all the three products. Find how many liked
product P3 only. [NCERTl
In a survey of 200 students of a school, it was found that 120 study Mathematics, 90 study
Physics and 70 study Chemistry, 40 study Mathematics and Physics, 30 study Physics and
Chemistry, 50 study Chemistry and Mathematics and 20 none of these subjects. Find the
number of students who study all the three subjects. INCERT EXEMPLAR]
In a group of 50 students, the number of students studying French, English, Sanskrit
found to be as foUows : French = 17, English = 13, Sanskrit = 15, French and English = 9,
English and Sanskrit = 4, French and Sanskrit = 5, English, French and Sanskrit = 3. Find the
number of students who study

(i) French only

(iv) English and Sanskrit but not French
(vi) French and English but not Sanskrit

(viU) None of three languages.

Out of 100 students; 15 passed in English, 12 passed in Mathematics, 8 in Science, 6 in
English and Mathematics, 7 in Mathematics and Science; 4 in English and Science; 4 in ail
the three. Find how many passed :

(i) in English and Mathematics but not in Science,
(ii) in Mathematics but not in Science,

(iv) in more than one subject only.

19.

20.

were21.

(ii) English only (iii) Sanskrit only
(v) French and Sanskrit but not English

(vii) at least one of the three languages

22.

(iii) in Mathematics only.
[NCERTEXEMPLAR]

ANSWERS

(ii) 16 (iii) 22 6. 38%

9. (i) 600 (ii)250 (iii) 150

(ii) 30 15. 43 16. 20,325

20. 20

(vi) 6 (vii) 30 (viii) 20

3. 12 4. 19 5. (i)26

(i) 16 (ii) 20

25, 35 14. (i) 52

19. 11

(V) 2

1. 10 2. 30

7. (i)260(ii) 490

10. 25 11- 225

17. (i) 20 (u) 30

21. (i) 6 (ii) 3

22. (i) 2 (ii) 3

(iii) 200 8.

12. 60 13.

18. (i) 18 (ii) 3

(iii) 9 (iv) 1

(ui) 3 (iv) 9

HINTS TO SELECTED PROBLEMS

(i) n {A <jB)= n{A) + n{B) -n{A nB)^ ?i(B) = 26

(ii) n(A-B) =n(A)-n{A nB) => n(A ~B)-16

(iii) n{B-A)= n{B) -n{A r\B)=> 22

(iii) Let A and B denote the sets of persons who can speak Hindi and English respectively.
Then, n (A u B) = 950 , ?i(A) =750 and «(B) = 460.

(i) n{A n B) = n{A) + «(B) -«(A u B) =750 + 460-950 =260

(ii) Required number =n{A - B) = m(A) -n{A n B)

(iii) Required number =« (B - A) ~n(B) -«(A n B).

(ii) Let A and B be sets of persons who drink tea and coffee respectively. Then,
n (A u B) = 50, n (A - B) = 14, «(A) = 30.

(i) n (A - B) = 14 => n{A)-n{A nB) =U=> n{A n B) = n{A) -14 = 30 -14 = 16

5.

7.

8.
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(ii) Required number =n(B-A)= n{B) -n{An B).

Now, n{AuB}=niA) + n{B)-n{AnB) => 50 = 30 + «(B)-16 => n{B) = 36.

n{B-A)=n{B)-n{AnB)^ n(B = 36-16 = 20

Let A and B be the sets of persons who can speak Hindi and Bengali respectively. Then,
n{A^B) =1000, n(A) =750 and n(6)=400.

No. of persons who can speak Hindi only = n{A - B) = n{A) ~n(AnB)

No. of persons who can speak Bengali only =n{B - A) =n{B) -n{B r\ A)

No. of persons who can speak both Hindi and Bengali = n{Ar>B)= n{A) + n{B)~ n {A u B).

15. Let A, B and C be the sets of members of basketball, hockey and football teams respectively.
Then, »(A)=21, «(B)=26, n(C)=29, n(AnB)=14, ?i(B nC) =15, n(AnC) =12

and n(AnBnC)=8.

Required number = n (v4 w B u C)

= n(A) + n(B) +f7(C) -?i(A n B)-n(B nC)-n(A nC) +Ji(A n B nC).

16. ^ = Total number of television viewers = 500, «(F)=285, n(H) =195, n(F nB) =45,
ti(FnH)=70, ft (HnB) =50, h (F n H'n B') =50.

Now, n(F' nH' n B') =50

=> tt[(f uH uB)']=50

=> N-«(f uHuB)=50

=> 500-[n(F)+!i(H) + fj(B)-n(FnH)~?i(FnB)-?7(Hr,B) +n(F n H n B)]=50

n(FnHnB)= 500 - 285 -195 -115 + 70 + 50 + 45 - 50 = 20.

Required number = «(F n H n B) = 20

Required number =n(F n H' n B') +n(F' n H' n B) + n(F n H n B')]

= ti(F) + ii(H) + ti(B)~2{n(FnH)+ti(H nB)i-?i(Bn F)| + 3 (F n H

18. We have, a =18, a + b = 23, d + e = 8, a + b + d + e = 26,

d + e+/ + g = 48,

and, + 6 + c + d + e + / + g = 100 - 24 =76

n

. a = 18,b = 0,c = 10,d=5,e = 3,f=5 and, g = 35

(i) n{H)=b + c + e+ f = 18 (ii) n {H r\ E) = b + e = 3

Fig, 1.22

FILL IN THE BLANKS TYPE QUESTIONS (FBOs)

!● If A and 6 are two finite sets, then n(A) + n{B) is equal to	

If is a finite set containing n elements, then the number of subsets of A i

8. The set (x e R : 1 < .r < 2} can be written as	

If A and B are finite sets such that A cz B, then n (A u B) =	
5. If A and B

IS

are any two sets, then A - B is equal to	
8* When A=^, then the number of elements in F(A) is	

When A = (}), then the number of elements in P(P(A)) is

8. The power set of set A = {1, 2} is	

9* For all sets A and B, A-{Ar>B) is equal to	
18‘ For all sets A and B, B - (A n B) is equal to	
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n. Given the sets A = {1, 3,5), B = {2, 4, 6} and C = {0, 2, 4, 6, 8). Then, the universal set of all
the three sets A, B and C can be	

12- IfU={l,2, 3, 4, 5, 6,7, 8, 9,10},A ={1, 2, 3,5), B = {2,4, 6,7) and C = (2, 3, 4, 8). Then,
(ii) (C-A)'=	(i) (Bl;C)' =

If A and B are two sets, then A n(A u B)’ is equal to	

14. If A and B are two sets, then ((A' u B') - A)' is equal to	

For any two sets A and B, [B'u (B’ - A)]’ is equal to	

1^* For any three sets A, B and C, (A -B) -(B - C) is equal to	
12- For any three sets A, B and C, (A - B) n (C - B) is equal to	
18- If A and B are two sets, then (A n B')' ^ {B n C) is equal to	

For any three sets A, B andC,(A u B uC) o(A n B'nC') n C'is equal to	
20. Lets = {x: xisapositivemultipleof 31ess than 100) P ={x: x is a prime number less than 20)

Then,n(S)+n (P) =	

21- If n(AnB)=10,n(BnC)=20 and n(AnC) = 30, then the greatest possible value of
n(A nBnC) is	

22. If A, 6 and C are any three non-empty sets such that any two of them are disjoint, then
(A uBuC) n(A nBnC) =	

23. If n (A n B) =5, M (A nC) =7 and n (A n B nC) = 3, then the minimum possible value of
ji(BnC) is	

24. A and B are any two non-empty sets and A is proper subset of B. If n(A) =5, then the
minimum possible value of n (A A B) is	

25. For any two sets A and B, if n{A) = 15, h(B) =12, A n B ^ and B A, then the maximum
and minimum possible values of«(A A B) are and respectively.

26. If A and B are two finite sets such that n (A) > n (B) and the difference of the number of
elements of the power sets of A and B is 96, then n (A) -n{B) =	

15.

ANSWERS

5. AnB 14.3- [1,2)

9- AnB' 10. BnA'll- {0,1, 2, 3, 4,5, 6, 8)
14. A

2. 2" n(B)1- n(AoB) + ?i(AnB)
8.7. 2 P(A) ={()., (1), (2), (1,2))

(ii) {1,2,3,5,6,7,9,10)
16. a-B

13.
12. (i) {5,9,10)

19. BnC'

24. 1

18- A'uB

23. 3

17. (AnC)-B15. B

20. 41

25. 25,5

22.21- 10

26. 2

<t>

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:

1- If a set contains n elements, then write the number of elements in its power set.

2* Write the number of elements in the power set of null set.

3- Let A = \x:xeN,xisa multiple of 3) and B = {x: a: e N and a: is a multiple of 5 ). Write
AnB.

4. Let A and B be two sets having 3 and 6 elements respectively. Write the minimum number
of elements that A u B can have.
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5. If A = {xeC:x^ = 1} and B = {x gC ::c^ = lUhen write ^ - B and B

6. If A and B are two sets such that A <zB, then write B' - A' in terms of A and B.

7. Let A and B be two sets having 4 and 7 elements respectively. Then write the
number of elements that A u B can have.

8. If A = \{x,y):y = - , 0 x e B} and B

maximum

= \{x,y):y = -x, X sR\, then write A n B.

9. If-^ = l(^/y) ■ y = ^ G and B =i(x, y): y X e R), them write A n B.

la. If A andB are two sets such that ft (A) = 20,«(B) = 25 and «(AuB)=40, then write
n (A n 6).

11. If A and B are two sets such that n (A) = 115, n (B) = 326, n (A - B) = 47, then write n (A u B).

X

ANSWERS
n

1. 2 2. 1 3. [x:x eN, X is a multiple of 15}

7. 11

4. 6

5. A-B = (}),B-A={r,-2}

10. 5

6. <l> 8. <t> 9. {(0,1)1
11. 373

MULTIPLE CHOICE QUESTIONS (MCQs)

Mark the correct alternative in each of the following:

1. For any set A, (A')'is equal to
(a) A’ (b) A (c) 4> (d) none of these

2. Let A and B be two sets in the same universal set. Then, A - B =

(a) A n B

3. The number of subsets of a set containing n elements is

(c)

(b) A' nB (c) A n B' (d) none of these

(a) n (b) 2"-l n

(d) 2

4. For any two sets A and B, A n (A u B) =
(a) A (b) B (C) (j) (d) none of these

5. If A = {1, 3, 5, B| and B = {2, 4|, then

(a) 4 e A (b) |4) c A (c) B c A (d) none of these

6. The symmetric difference of A and B is not equal to

(a) (A-B) n(B-A)

(c) (AuB)-(AnB)

(b) (A-B)u(B-A)

(d) {(AuB)-A)u{(AuB)-B}

7. The symmetric difference of A = {1,2,3) and B = {3,4,5} is

(b) 11,2,4,5}(a) {1,2} (c) {4,3} (d) {2,5,1,4,3}

8. For any two sets A and B, (A - B) u (B - A) =

(a) (A - B) u A

(c) (AuB)-(AnB)

9. Which of the following statement is false :
(a) A - B = A nB'

(b) (B-A)uB

(d) (A w B) n (A n B)

(b) A-B=A-(AnB)
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(d) A-B={A^B)-B(c) A-B=A-B'

For any three sets A, B and C

(a) yln(B-C)={^nB)-(.4nC)

(c) Au(B-C)=(AuB)n(AuC)

Let/l = {a::x eR, X >4} and B ~{x eR : x <5]. Then, A n B =

(a) (4,5]

Let U be the universal set containing 700 elements. If A, B are sub-sets of U such that
(A) = 200,n(B) = 300 andn(A n B) = 100. Then,n(A' nB') =

(a) 400

Let A and B be two sets such that n (A) = 16, n (B) = 14, n (A u B) = 25. Then, n (A n S) is

equal to

(a) 30

IfA = (1, 2, 3, 4,5), thenthenumber of proper subsetsof Ais
(a) 120

(b) An(B-C)=(AnB)-C

(d) A u (B - C) = (A u B) - (A u C).

(d) [4,5](c) (4,5)(b) (4,5)

12.

n

(d) none of these.(c) 300(b) 600

13.

(d) none of these(c) 5(b) 50

14.

(d) 32(c) 31(b) 30

In set-builder method the null set is represented by15.

(d) = x)(c) {x:x^y^(b) O(a) {)

IQ If A and B are two disjoint sets, then n (A u B) is equal to
(b) «(A) +h(B) -n{A n B)

(d)«(A)n(B)
(a) ?i(A) +n(B)

(c) n{A) + n{B) + n{AnB)

For two sets A u B = A iff

(a) Be A

If A and B are two sets such that n (A) = 70, n (B) = 60, n (A u B) = 110, then «(A n B) is
equal to

(a) 240

19 If A and B are two given sets, then A n (A n 6)*^ is equal to

(b) B

17.

(d) A = B(c) A ^ B(b) Ac B

18.

(d) 20(c) 40(b) 50

(d) A n B''(c) O(a) A

20. If A = l:c: X is a multiple of 3} and, B={x\xisa multiple of 5), thenA -B is
(a) A nB (d) A n B(c) A n B(b) AnB

In a city 20% of the population travels by car, 50% travels by bus and 10% travels by both car
and bus. Then, persons travelling by car or bus is

(b) 40%

21

(d) 70%(c) 60%(a) 80%

22. If A n B = B, then

(a) A c B (d) B = O(c) A = O(b) Be A

23 An investigator interviewed 100 students to determine the performance of three drinks,
milk, coffee and tea. The investigator reported that 10 students take all three drinks milk,
coffee and tea; 20 students take milk and coffee; 25 students take milk and tea; 20 students
take coffee and tea; 12 students take milk only; 5 students take coffee only and 8 students
take tea only. Then the number of students who did not take any of three drinks is

(c) 25 (d) 30(b) 20(a) 10
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24. Two finite sets have m and elements. The number of elements in the power set of first set is
48 more than the total number of elements in power set of the second set. Then, the values
of w and n are:

(a) 7,6 (b) 6,3 (c) 6,4 (d) 7,4

(NCERT EXEMPLAR]

25. In a class of 175 students the following data shows the number of students opting
more subjects. Mathematics 100; Physics 70; Chemistry 40; Mathematics and Physics 30;
Mathematics and Chemistry 28; Physics and Chemistry 23; Mathematics, Physics and
Chemistry 18. How many students have offered Mathematics alone?

(c) 60

one or

(a) 35 (b) 48 (d) 22

26. Suppose Ai, A2,...,A^q are thirty sets each having 5 elements and Bj, are n sets
30 n

each with 3 elements, let U = U B; = S and each element of S belongs to exactly 10 of the
i = l j=i’

A,® and exactly 9 of the then n is equal to
(a) 15 (b) 3 (c) 45 (d) 35

[NCERT EXEMPLAR]
27. Two finite sets havem and n elements. The number of subsets of the first set is 112 more than

that of the second. The values of m and n are respectively
(a) 4, 7 (b) 7,4 (c) 4,4 (d) 7,7

[NCERT EXEMPLAR]

28. For any two sets A and B,An{A<j B)' is equal to
(b) B

29. The set (A uB') u (BnC) is equal to
(a) A'uBuC

(a) A (c) ^ (d) A n B

(b) A'uB (c) A'<jC (d) A'nB

[NCERT EXEMPLAR]

30. Let Fj be the set of all parallelograms, F2 the set of all rectangles, F3 the set of all rhombuses,
F4 the set of all squares and ig the set of trapeziums in a plane. Then Fj may be equal to
(a) ¥2 n F3 (b) F3AF4 (c) F2 U F3 (d) F2UF3UF4UF1

[NCERT EXEMPLAR]

31. If X = (8" -7n-l:neN}andY = |49n -49 : n € N). Then,
(a) X c y (b) YczX (c)X = Y (d) XnY =41

[NCERT EXEMPLAR]

32. A survey shows that 63% of the people watch a News channel whereas 76% watch another

channel. If x % of the people watch both channel, then
(c) 39<x<63(a) X = 35 (b) x = 63 (d) x = 39

[NCERT EXEMPLAR]

~x, X eR}, then33. IfsetsA and Bare defined as A =|(x, y):y=i,05txeR|,B = {{x, 1/) :y =
(c) A n B = (^(a) An6 = A (b) AnB = B (d) AuB = A

[NCERT EXEMPLAR]

34. EachsetXr contains5elementsandeachsetYr contains2elementsand u X^ =S= ^jY^.W
r = l r = l

each element of S belongs to exactly 10 of the X^’® and to exactly 4 of the Y^'®, then n is
(a) 10 (b) 20 (c) 100 (d) 50

[NCERT EXEMPLAR]
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35. Two finite sets have m and n elements respectively. The total number of subsets of first set is
56 more than the total number of subsets of the second set. The value of m and n

respectively are;
(a) 7,6 (d) 8,7(c) 6,3(b) 5,1

[NCERT EXEMPLAR]

36. Tlieset(AuBuC)n(AnB'nC')'uC' isequalto
(b) AnC (d) AnC(c) BuC(a) BnC

[NCERT EXEMPLAR]

37. If A and B are two sets, then An{AuB) equals

(a) A (d) AnB(c) <]>(b) B
[NCERT EXEMPLAR]

38. Let S = (;c :x is a positive multiple of 3 less than 100} , P = [a:: x is a prime less than 20|.
Then, n(S)+n(P) is

(a) 34 (d) 30(c) 33(b) 41
[NCERT EXEMPLAR]

39. In a town of 840 persons, 450 persons read Hindi, 300 read English and 200 both. Then the
number of persons who read neither is
(a) 210 (d) 260(c) 180(b) 290

[NCERT EXEMPLAR]

40. In a class of 60 students, 25 students play cricket and 20 students play tennis and 10
students play both the games. Then the number of students who play neither is

(c) 35 (d) 45(b) 25(a) 0
[NCERT EXEMPLAR]

41. Let S = the set of points inside the square, T = the set of points inside the triangle and C - the
set of points inside the circle. If the triangle and circle intersect each other and are contained
in a square. Then,

{a)SnTnC=^ (b)SuTuC=C (c)SuTuC = S (d) SuT = SnC
[NCERTEXEMPLAR]

ANSWERS

8. (c) 9. (c)

16. (a) 17. (a)

25. (c) 26. (c)

33. (c) 34. (b)

7. (b)

15. (c)

24. (c)

32. (c)

41. (c)

6. (b)

14. (c)

23. (d)

31. (a)

40. (b)

5. (d)

13. (c)

22. (b)

30. (d)

39. (b)

4. (a)

12. (c)

21. (c)

30. (d)

38. (b)

3. (d)

11. (b)

20. (b)

29. (b)

37. (a)

1. (b) 2. (c)

10. (a), (b), (c)

18. (d) 19. (d)

27. (b) 28. (c)

35. (c) 36. (a)

SUMMARY

1. A set is a well defined collection of objects.

2. A set is described either in set builder form or tabular form.

3. A set consisting of no element is called the null set and is denoted by

4. A set consisting of a single element is called a singleton set.

5. A set consisting of a definite number of elements is called a finite set, otherwise the set is
called an infinite set.

6. The number of elements in a finite set A is called its cardinal number or order and is

denoted by«(A).
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7. Two sets A and B are equal if they have exactly the same elements.

8. A set A is said to be a subset of a set B, if every element of A is also an element of B.

9. If a, b are real numbers such that a <b, then the set

(i) [x:x eR and a^x <b]is called the closed interval [a, b]

(ii) \x:x eR and a <x <b] is called the open interval {a, b)

(iii) {x: AT e 1? and o < a: <&} is called the semi-open or semi-closed mterval {a, b).

(iv) [x:xeR and a <x <b}is called the semi-open or semi-closed interval (a, b].

10. The total number of subsets of a finite set consisting of n elements is 2".
The collection of all subsets of a set A is called the power set of A and is denoted by P (A).
The union of two sets A and B is the set of all those elements which are either in A or in B or

in both and is denoted by A u B. Thus, A u B = \x:xeA or xeB]

13. The inteisection of two sets A and B is the set of all those elements which are common to

both A and B and is denoted by A n B. Thus, AnB = {x:xeA and x e B).

The difference A - B of two sets A and B is the set of all those elements of A which do not

belong to B i.e. A - B = {x:xeA and a: g B}. Similarly, B-A = \x\xeB and x^A).

The symmetric difference of two sets A and B is the set (A - B) u (B - A) and is denoted by
A AB.

11.

12.

14.

15.

The complement of a subset A of universal set U is the set of all those elements of U which

are not ‘he elements of A. Tlie complement of A is denoted by A' or A*^.
For any tliree sets A, B and C, we have

(i) A u A =AandA n A s=A

(ii) A u (j) = A and A nil = A

(iii) A u B = B u A and A B = B n A

(iv) (AuB)uC=Au(BuC) and (AnB) nC= A n(BnC)

(v) Au(BnC) = (AuB)n(AuC) and A n(B uC) =(A n B) u (A nC)

16.

17.

(Idempotent laws)

(Identity laws)

(Commutative laws)

(Associative laws)

(Distributive laws)

(De' Morgan's laws)(vi) (AuB)' = A'nB'and (A nB)' = A'u B'
18. If A, B and C are finite sets and U be the finite imiversal set, then

(i) «(A u B) = H (A) + «(B) - M (A n B)

(ii) n(AuB) = ?i(A)-f-n(B) <=> A, Bare disjoint non-void sets

(iii) n{A-B) = n{A)-7i{A nB) i.e.,n(A - B) + n(A nB) =n{A)

(iv) tt(AAB) = n(A-B) + n(B-A) = n(A) + n{B)-2n(A n B)

(v) H(AuBuC)=n(A) + n(B)+H(C)-»(AnB)-n(BnC)-tt(CnA)+«(AnBnC)
(vi) Number of elements in exactly two of sets A, B and C

= n{AnB)+n(BnC)+}i{C nA)-3n{AnBnC)

Number of elements in exactly one of sets A, B and C

= (A) + n(B) + H(C) -2n(A n B) -2n(B nC) -2«(A nC) + 3n(AnBnC).

(vii)

 

 


