CHAPTER I

S

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, mathematicians 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
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“element”, “object”, “member” are synonymous.

If 2 is an element of a set A, then we write a € A and say a belongs to A orais in A or a is a member
of A. If @ does not belong to A, then we write a ¢ A. It is assumed here that if Ais any set and a is
any element, then either 7 € A or a ¢ A and the two possibilities are mutually exclusive. Thus,
one cannot say “consider the set A of some positive integers”, because it is not sure whether
3eAor3egA.

Throughout this chapter we shall denote sets by capital alphabets e.g. A, B, C, X, Y, Z etc. and the
elements by the small alphabets e.g. a, b, ¢, 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, 0, u.
ILLUSTRATION 2 The collection of first five prime natural numbers is a set containing the elements 2,
3.5, 7,11
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.
ILLUSTRATION 5  The collection of cricketers in the world who were out for 99 runs in a test match is
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 defined”.
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.

Q : for the set of all rational numbers.
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Q*: for the set of all positive rational numbers.
R : for the set of all real numbers.
R* : 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.
(i) The collection of good hockey players in India.
(iii) The collection of all girls in your class.

(iv) The collection of most talented writers of India. [NCERT]

(v) The collection of difficult topics in Mathematics.

(vi) The collection of novels written by Munshi Prem Chand. [NCERT]
(vii) The collection of all months of a year beginning with the letter J. [NCERT]
(viii) The collection of all questions in this chapter. NCERT]

(ix) A collection of most dangerous animals of the world. [NCERT]
(x) The collection of prime integers.
IfA={0,1,2,3,4,5,6,7,8,9,10], then insert the appropriate symbol e or ¢in each of the

following blank spaces:
e (i =t A (iii) 12...A4
(iv) %A (v) 0...A ) =2 A

MINOWENMY

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.

(@),  (ii), (vi), (vii), (viii), (x)

(i) e (i) & (iii) & (iv) e (v) (vi) g

> TO SELECTED PROBLEMS

(iv) 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.

(vi) The collection of all months of a year beginning with the letter | is a set given by
{January, June July}.
(vii) 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.
(viii) The collection of all questions in this chapter is a set because if a question is given one
can easily decide whether it is a question of this chapter or not.

(ix) 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.

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 (ii) Set-builder form

Let us now discuss these form:s.
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1.2.1 ROSTER FORM

In this form a set is described by listing elements, separated by commas, within braces { .
ILLUSTRATION 1 The set of vowels of English Alphabet may be described as {a, ¢, i, 0, ul.
ILLUSTRATION 2 The set of even natural numbers can be described as {2, 4, 6, ...]. Here the dots stand

for ‘and so on’.

ILLUSTRATION 3 If A is the set of all prime numbers less than 11, then A = {2, 3,5, 7}.

NOTE The order in which the elements are written in a set makes no difference. Thus, {a, e, i, 0, 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 (1, 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 The set E of all even natural numbers can be written as

E ={x:x is a natural number and x = 2n for n € N}
or, E={x:xeN,x=2n,1neN} or, E={xeN:x = 2n,neN]}
ILLUSTRATIONS Theset A=1{1,2.3,4,5,6,7, 8} can be writtenas A ={x e N : x <8}.
ILLUSTRATION & The set of all real numbers greater than —1 and less than 1 can be described as
{xeR:-1<x<1).

ILLUSTRATION 7  Theset A=1{0,1,4,9, 16, ...} can be written as A = [x2:eZ).

ILLUSTRATIVE EXAMPLES
BASED ON BASIC CONCEPTS (BASIC)
T'ype I ON DESCRIBING OR REPRESENTING SETS IN TABULAR FORM OR ROSTER FORM
EXAMPLET  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 AT, HLE, I, C 28

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, §).

(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, R}.
(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
follows: {1, 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 setis {0,1, 4, 9, 16, .....}.
Type Ii ON DESCRIBING OR REPRESENTING SETS IN SET-BUILDER FORM
EXAMPLE 2 Describe the following sets in set-builder form:
(i) Theset of all letters in the word 'PROBABILITY". (ii) The set of reciprocals of natural numbers.
(iii) The set of all odd natural numbers. (iv) The set of all even natural numbers.

SOLUTION (i) Given set in set-builder form can be described as follows:
{x:xis a letter in the word ‘PROBABILITY’)

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

{x: x is reciprocal of a natural number] or, {x 2y =l JME N} or, {;l-:n € N}
n 7

(iif) Anodd natural number can be written in the form (21 — 1). So, given set can be described as:
{[x:x =2n-1,neN)} or, {2n-1:neN)}.

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

numbers can be written in the form {x:x = 2n,neN} or, {2n:neN}

EXAMPLES  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 formas{2n:n € Z}.

EXAMPLE S 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 numbers which can be written as
{x:xisreal and irrational) or, {x:x e R butx ¢ Q}.

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

EXAMPLES  Describe each of the following sets in Roster form
(i) {x:xis a positive integer and a divisor of 9} (i) {x:x € Z and | x| <2}

(iii) {x:xis a letter of the word ' PROPORTION'Y} (iv) { x : x= 5

andl <n < 3, wheren e N
n-+1

(v) {x:xisapositive integer less than 10 and 2 —1 is an odd number) [NCERT EXEMPLAR]
(vi) {x:xisa positive factor of the number 2P~ X2P 1), where 2P —1isa prime number).
[NCERT EXEMPLAR]
SOLUTION (i) Since x is a positive integer and a divisor of 9. So, x can take values 1, 3, 9.
{x:xis a positive integer and a divisor of 9 ) = {1, 3, 9}
(ii) We find that x is an integer satisfying x| <2and,|x| = 0,1,2 = x=0,+1,+2.
So, x can take values -2, -1, 0,1, 2. Thus, {x:xeZ and|x| <2} ={-2,-1,0,1, 2}.

(iii) We find that distinct letters in the word ‘PROPORTION' are P, R, O, T, N, I. So, x can be
P,R,0,T, I, N.Hence, {x: xis a letter in the word ‘PROPORTION’}={P, R, O, T, I, N}

(iv) We have,

Xi= wherene N and1<n<3.
ne+1

x= 2” ,wheren =1,2,3 = x= 21 ; 22 p 23 3;:1,2,i
n“+1 141 241 341 2:°:5: 710



SETS 1.5

andlSrisB,whereneN} = {l = i}

n
2 2 15510

Hence, ¢ x:x=
n-+1

(v) We find that 2¥ ~1 is an odd number for all positive integral values of x.In particular, 2* -1
is an odd number for x =1, 2, 3, ..., 9. Hence, required setis{l, 2, 3, ..., 9}.

(vi) We find that the positive factor of oP=leoP _fyrare 1,3, 22, 2%, WL aply,
2(2F -1), 22(2 -1),..., 2P~ (2P -1). Therefore, the given set in roster form is

{1, g 08 Pl of gy il o ogpsliop —1)}.

EXAMPLE 6 Write the set of all vowels in English alphabet which precede s.

SOLUTION The vowels in English alphabet which precede s are a,e,i, 0. So, the set
A={a,e,i,0}is the set of all vowels in English alphabet which precede s.

EXAMPLE?7 Writetheset A=|x:xeZ, ¥ < 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 formis A ={-4,-3,-2,-1,0,1, 2, 3, 4}.

EXAMPLES  Match each of the set on the left described in the roster form with the same set on the right

described in the set-builder form. [NCERT]
@) 4P, Rul, N, C. A, L} (a) {x:xisapositive integer and is a divisor of 18 }
(i) (0 (b) {x:xis an integer and x% -9 = 0}
(iii) {1, 2, 3,6,9,18} (c) {x:xisaninteger and x +1 =1}
(iv) {-3, 3] (d) {x:xis aletter of the word ‘PRINCIPAL" )

SOLUTION (i) Clearly, {P,R,I,N,C, A, L}
={P,R,I,N,C,I, P, A, L}= {x:xis aletter of the word 'PRINCIPAL’ }
Hence, (i) matches with (d).
(ii) {0} = {x:xis an integer equal to zero} = {x:xis an integer and x+1 = 1}
Hence, (ii) matches with (c).
(i) (1,2, 3,6,9,18)
= Set of all positive divisors of 18 = {x: xis a positive integer and is a divisor of 18}
Hence, (iii) matches with (a).
(iv) Clearly, {- 3, 3} = {x:xis an integer and X2 -9 = 0}. Hence, (iv) matches with (b).

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

EXAMPLE 9 Writetheset{l L R i} in the set-builder form. [NCERT]

2°3"4'5"6°7'879710
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

form the given set can be written as {x:x=L1,neN,nS9}.
1+

111 1

4’9716 257

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

EXAMPLE 10 Write the set X = {1 ..... } in the set -builder form.

2

numbers. So, the set X in set builder form is X = {-L :nelN }
i
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EXAMPLE 11 Write the following sets in Roster form:
() A={s,:neN,a,, 1=3a,anday =1} (i) B={a,:neN,a,, r,=a,, 1+a,,a =a, =1}
SOLUTION (i) We have, 4y =1 anda,, 1 =3a,forallneN

Putting n=1ina, | = 3a,, weget: ay=32;=3x1= 3. [v ey =1]
Puttingn = 2ina,, ; = 3a,, we get: a3 =3a;, =3x 3 =32 [ ap =3]
Puttingn=3ina,, =34, ,weget: ay = 3a3 =3 x 32=33, [ a3 =23]

Similarly, we obtain : a5 = 3ay = 3 x 33 =34 ag =305 = 3 x 3% =3 and so on.
Hence, A = {ay, a5, 43,084, 85, a4,...} = {1, 3, 32, 33, 34, 35, ...... }
(ii) We have, ap =1,a0 =landa,,», =a,,1+a,. Putting n=1,2,3,4,.. in

Gy 2 =0y 1+ @, We get
ay=ay+a;=1+1=2; ay =az+a, =2+1 =3;a5 =a4+a3 =3+2 =5

Ag = a5 +a4 =5+ 3 = 8and soon.
Hence, B = {ay,ay ,a3,a4,85,48¢4,...4=(1,1,2,3,5,8,...1=1{1,2, 3,5,8,...}
EXAMPLE12  Statewhich of the following statements are true and which are false. Justify your answer.
(i) 35 elx:x has exactly four positive factors)
(ii) 128 e{y:the sum of all positive factors of yis 2y)
(i) 3 efr:x*-5x3 +22% ~112x+6 =0}
(iv) 496 ¢y :the sum of all the positive factors of yis 2y} [NCERT EXEMPLAR]

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

(ii) Positive factors of 128 are 1, 2, 22,23, 24,25,26,27.The sum of these factors is

8 —
1424224234 427 =(%J:255, which is not equal to 2 x 128.
L 2-
So, the given statement is not true.
(iii) We find that 3% 5x334+2x32-112x3+6=0. Therefore,

3elx: x* 5x3 4222 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
2x 496 =2y. Therefore, 496 belongs to the given set. Hence, the given statement is not true.

EXAMPLELS  Given that E =1{2, 4, 6, 8, 10}. If n represents any member of E, then, write the following

sets containing all numbers represented by (i) n+1 (iii) n2. INCERT EXEMPLAR]
SOLUTION GivenE ={2, 4, 6, 8, 10}.
(i) LetA=(x:x=n+1, nek).Then, A={2+1,4+1,6+1,8+1,10+1}={3,5,7, 9,11}

()  LetB=(x:x=n> neE).Then, B ={22, 4%,6%, 8%, 102} = {4, 16, 36, 64,100}

EXERCISE 1.2

BASIC
1. Describe the following sets in Roster form:

(i) {x:xisa letter before e in the English alphabet].
(i) {xeN:x%<25).
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(iii) {x e N:xisa prime number, 10 < x < 20}.

(iv) {xeN:x=2n,neN}. v) xeR:x>x}

(vi) {x:xisaprimenumberwhichisa divisor of 60}.

(vii) {x:xisa two digit number such that the sum of its digits is 8].
(viii) The setof allletters in the word ‘Trigonometry’.

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

(x) (x:xeR, 2x+11=15) (xi) {x:x% =x, x e R)
(xii) {x:xisapositive factor of prime number p)
(xiii) {:¢%=t,t e R) (xiv) {w:w_2=3,weR}
w+3
Describe the following sets in set-builder form:

(i) A={1,2,3,4,5,6} () B=(1,12,1/3,14,15,..) (ii) €={0,3,6,9,12,..}
(iv) D={10,11,12,13,14,15} (v) E = (0] vi) {1,4,9,16,...,100]
(vii) {2,4,6,8, ...} (viii) {5, 25,125, 625}

List all the elements of the following sets:
1
) A={x:x?2<10,xeZ i) B={x:x= ,1<n<5
(i) A=l eZ) (i) {x e }

(iii) C ={x:x is an integer,—% < <g}

(iv) D ={x:xisavowel in the word “EQUATION"}
(v) E={x:xisamonthofayearnothaving 31 days }
(vi) F={x:xisaletter 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:

@) {4,P,LFl (i) {x:x+5=5,xeZ)
(i) {5, -5} (ii) {x:xisa prime natural number and a divisor of 10 }
(iii) {0} (iii) {x:xisa letter of the word “RAJASTHAN" |
(iv) {1,2,5,10} (iv) {x:xisanatural number and divisor of 10}
) (A, H,J,R,5T,N} (y) {x:x2-25=0}
(vi) {2,5) (vi) {x:xis a letter of the word “APPLE"}

Write the set of all vowels in the English alphabet which precede 4.
Write the set of all positive integers whose cube is odd.

Write the set {l g Z 7 2 i = ; & ; B 7 l} in the set-builder form.
25 10 17 26 37 50

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

numbers represented by (i) 4n (ii) n+6 (iii) 5 (iv) n-1.
State which of the following statements are true and which are false. Justify your answer.
(i) 37 &{x:x has exactly two positive factors)
(ii) 128 ey :the sum of all positive factors of yis 2y}
(iil) 7747 et :tis amultiple of 37}
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10. LetX ={l,2, 3, 4,5, 6]. lf n represents any member of X, express the following as sets :
(i) neXbut2negX (ii) n+5=8 (iii) nis greater than 4. [NCERT EXEMPLAR]
11 IfY ={1, 2, 3, ..., 10} and a represents any element of Y, write the following sets, containing
all the elements satisfying the given conditions :
() aeY and a®¢Y (i) a+1=6,aeY (i) a<6andaeY [NCERT EXEMPLAR]

: S — AR ANSWERS
1. () {a, b,cd} (@G {1,263, 4} (iii) {11,13,17, 19} (iv) {2,4,6,8, ...}
v) ¢ (vi) {2, 3,5} (vii) {17, 26, 35, 44,53, 62,71, 80}
(viii) {T,R,I,G,O,N,M,E, Y} (ix)y {B. E, T, R} (x) {2}
() 0,1 i) (1,p) i) 1,0, ea {51
2. DixiveN,.x<7) (i) {x:x=1/nneN)} (i) {x:x=3n,neW}
(iv) {x:xeN,9<x <16} (v) {x:x=0} (vi) {xz:xeN,‘lS:cglO}
(vii) {x:x =2n,ne N} (viii) (5":neN,1<n<4}
@) A={0,+1,+2,+3) (ii)B:{l,%,%,;,%}
(iii) C ={0,1, 2, 3, 4] (iv) D={A,E, 1,0,
(v) E = {Feb., April, June, Sept., November] (vi) F =1{M,I, 5, P}
1 (D)—> (vi); ({)— (v); () — (1); @v) = Gv); (v) = (iii); (vi) = (i)
5. {a, e, 1,0 6. 2n+1:neZ, n=20} 7. { 5 :neN,ns7}
n+1
) 4812 Gi) 17,8,9) @ {313 @ L2
9. (i) False (ii) True (iii) False
10. (i) {4, 5, 6} (i) 3] (iii) {5, 6}
11, (1){4::5; 6,7, 8:,9:10 (ii) {5} (iii) (1,2, 3,4, 5}

TYPES OF SETS
ENMEPTYSET A set is said to be empty or null or void set if it 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 € A is not true for
any x.

ISTRATION1 {reR:x*=-2}=¢.
ILLUSTRATION2 {xeN:5<x<6]=4¢.
ILLUSTRATION 5 The set A given by A = {x: x is an 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 Aand B are any two empty sets, then x e A iff (if and only if) x e Bis satisfied 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 ¢. 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 Theset{x:x e N and x% = 9} is a singleton set equal to { 3}.

FINITESET A set is called a finite set if it is either void set or its elements can be listed (counted, labelled)
by natural numbers 1, 2, 3, ... and the process of listing terminates at a certain natural number n (say).

CARDINAL NUMBER OF A FINITE SET  The number n in the above definition is called the cardinal
number or order of a finite 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.

ILLUSTRATION 6 Each one of the following sets is a finite set:
(i) Set of even natural numbers less than 100. (ii) Set of soldiers in Indian army.
(iii) Set of even prime natural numbers. (iv) Set of all persons on the earth.

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

(i) Setofall points ina plane. (ii) Setafall linesinaplane. (iii) {xeR:0<x<1}.
EQUIVALENT SETS Tuwo finite sets A and B are equivalent if their cardinal numbers are same.
i.e. n(A) = n(B).

EQUAL SETS Tuwo sets A and B are said to be equal if every element of A is a member of B, and every
element of B is a member of A.

If sets A and B are equal, we write A = Band A # Bwhen A and B are not equal.

IfA=1{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 Band vice-versa. That 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 = {1, I, c] are equivalent sets but not equal sets.

ILLUSTRATIVE EXAMPLES
BASED ON BASIC CONCEPTS (BASIC)

TypeI ON IDENTIFYING WHETHER GIVEN SET IS EMPTY OR NOT
EXAMPLE 1 Which of the following sets are empty sets?
i) A = [x: x% -3 = Oand xisrational | (i) B = {x:x is an even prime number }

(iii) C = [x:4<x<5,xeN} (iv) D = {x:x2 =25, and x is an odd integer

SOLUTION (i) We know that there is no rational number whose square is 3. So, x% — 3 =0is 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
set.

(iii) Since there is no natural number between 4 and 5. So, C is an empty set.
(iv) Sincex =5, —5satisfy +% =25and + 5are odd integers. Therefore, D ={-5, 5]. Thus,Disa

non-empty set.



Type II ON EQUAL SETS
PLEZ Find the pairs of equal sets, from the following sets, if any, giving reasons:
A={0}, B={x:x>15and x<5},C ={x:x-5=0},D =[x:x2 =25}
E ={x: xis an integral positive root of the equation x*> — 2x 15 = 0).
SOLUTION Wehave, A = {0}, B={x:x>15and x <5} =¢,C ={x:x -5 =0} ={5},
D ={x:x* =25} ={-5,5), and, E = {5}. Clearly,C = E.
CXAMPLE S Which of the following pairs of sets are equal ? Justify your answer.
(i) A =(x:xisaletter in the word “"LOYAL"}, B ={x:xisa letter of the word “ALLOY"" }
(i) A={x:xeZandx? <8}, B=(x:xeRand x> —4x + 3=0)
SOLUTION (i) We have, A=(L,0,Y, A, L} ={L,0,Y, Aland, B={A,L,L,0,Y}={L,0,Y, A)
Clearly, A =B.
(i) A={x:xeZandx* <8} ={-2,-1,0,1,2}and, B={x:x e R and x* —4x + 3 =0} =1, 3].
We observe that 0 e A but 0 ¢ B. So, A # B.

Mae TTT ON EINITE AND INEINITE T
LYpe [I1 ON FINITE AND INFINITE oklo

EXAMPLE S State which of the following sets are finite and which are infinite:
() A={r:xeZandx®>-5x+6 = 0} (i) B = {x:xeZ and x® iseven]
(iii) C = {x:xcZ and X = 36} (iv) D ={x:xeZ and x>-10)

SOLUTION (i) A = {x:x eZand x* -5x+6=0} = (2, 3. So, A is a finite set

(i) B = (x:xeZ and x2 iseven} = {....,-6,-4,-2,0,2,4, 6, ...}. Clearly, Bis an infinite set.
(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.

BASIC
1. Which of the following are examples of empty set ?
(i) Setof all even natural numbers divisible by 5. (ii) Set of all even prime numbers.
(i) {x: x> -2 = 0 and xis rational L
(iv) {x:xis anatural number, x <8 and simultaneously x >12}.
(v) {x:xisa point common to any two parallel lines }.
- Which of the following sets are finite and which are infinite ?
(i) Set of concentric circles in a plane. (i) Set of letters of the English Alphabets.
(iii) {(xeN:x>5) (iv) {xeN:x<200] (v){xeZ:x<5} (vi) [xeR:0<x<1).
" Which of the following sets are equal ?
i) A=1{1,23} (i) B={xeR:x?-22+1=0}
(i) C=1{1,2,2,3} (iv) D={xeR:x> -6x>+11x-6=0).
4. Are the following sets equal ?

A = {x:xis aletter in the word reap}, B = {x: x is a letter in the word paper},
C = {x: xis a letter in the word rope}.

[
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5. From the sets given below, pair the equivalentsets: A = (1,2,3}, B={t, p,q, 7, s}, C={o, B, v},
D=la,e i 0 u}.
6. Are the following pairs of sets equal ? Give reasons.
(i) A={(2,3), B={x:xisa solution of x* +5x + 6 =0}
(ii) A ={x:xisaletter of the word “WOLEF" }, B ={x: xisaletter of the word “FOLLOW" }
[NCERT]
7. From the sets given below, select equal sets and equivalent sets.
A =1{0,a,B=11,2234 C =1{4,8,12}, D={3,1,2,4,E = {1,0}, F={8,4,12}
"G =(1,5,7,11); 'H<={a, b}
8. Which of the following sets are equal?
A ={x:xeN,x<3), B =1{1,2},C={3,1},D={x:xeN, xisodd, x <5},
E={1,2,1,1},F={,1, 3}

9. Show that the set of letters needed to spell “CATARACT” and the set of letters needed to

spell “TRACT” are equal. [NCERT]

10. LetT = {x o i -5= o _40}. Is T an empty set? Justify your answer.
x-7 13-x
ANSWERS

1. (i), (iv), (v) 2. (i) Infinite (i) finite (iii) Infinite (iv) Finite (v) Infinite (vi) Infinite.
3. A=C=D 4. No b..A,.C; B,D 6. (i) No (ii) Yes
7. Equalsets: B=D,C =F Equivalentsets: A, E, H; B,D,G;C, F
8. A=B=E. ‘C=D=F 10. Yes

HINTS TO SELECTED PROBLEMS
6. (ii) Wehave, A = {x : x is a letter of the word “WOLF"} ={W, O, L, F}
B = {x: x is a letter of the word “FOLLOW"} ={W, O, L, F}. Clearly, A =B.
9. A = Set of letters of the word “CATARACT"” ={A,C, R, T},
B = Set of letters of the word “TRACT” ={A, C, R, T}. Clearly, A = B.

1.4 SUBSETS

SUBSETS Let A and B be two sets. If every element of A is an element of B, then A is called a subset of B.
If A is a subset of B, we write A = B, whichisread as “A is a subset of B” or “A is contained in B”.
Thus, Ac B iff aeA = aeB.

The symbol “=" stands for “implies”.

If A isasubsetof B, we say that B contains A or, Bis a super set of A and we also write B 5 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 # Band we write A < B. Insuch a case, we also say that Bis
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 B such that x ¢ A.

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

Thus, whenever it is to be proved that two sets A and B are equal, we must prove that A c Band
Bc A.



1.12 MATHEMATICS-XI

ILLUSTRATION 1 Clearly {1} = (1, 2, 3}, but {1, 4} ¢ {1, 2, 5/.
ILLUSTRATION 2  Clearly, NcZ < Q cRcC,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 prime divisors of 68, then B is
the subset of A and we write B < A.

ILLUSTRATION 4  Consider the sets ¢, A ={1, 3}, B={1,5,9},C ={1, 3,5,7, 9}. We find that
(i) ® < Bas is subset of every set. (ii) Az Bas3eAbut3¢B.
(iii) A < C because each element of A belong to C. Also, B < C.
ILLUSTRATIONS Jf A={a,e,i,0,u) and B={a,b, c, d}, then neither A = B nor B c A, because
iceAbutie Bandd e Bbut d ¢ 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 elcnents are even numbers.
(iii) C of X, whose elements are represented by x + 2, where x € X.
(iv) D of X, whose elements are perfect squares [NCERT EXEMPLAR]
SOLUTION (i) We have, A ={x:x eX and xis odd}= 1, 8,8, Vi ¥ 99}
(i) Wehave, B={reX:xis even} ={2,4,6,8,..., 98, 100}
(iii) Wehave, C={yeX:y=x+2, x X}
Now, x=1and y=x+2 =y=3;x=2and y=x+2 = y=4,.......
x=97 and y=x+2 = y=99; x=98 and y=x+2 = y=100
Hence, C = {3, 4,5,...,99, 100}
(iv) Wehave, D ={xeX:xisa perfect square} = D = {t.4,9,16,....., 81,100}
1.4.1 SOME RESULTS ON SUBSETS
THEOREM 1 Every set is a subset of itself.
PROOE  Let A be any set. Then, each element of A is clearly in A itself. Hence, A < A.
THEOREM 2 The empty set is a subset of every set.

PROOE LetA beany setand ¢ be the empty set. In order to show that < A, we must show that
every element of ¢ is an element of A also. But, ¢contains no element. So, every element of ¢ is
in A. Hence, ¢ c A.

THEOREM 3 The total number of subsets of a finite set containing n elements is 2",

PROOF Let A be a finite set containing 1 elements. Let 0 <r <n. 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 "C,. Therefore, the number of subsets of A having r elements each is "C,..

Hence, the total number of subsets of A is "Cy + "C; +"Cy +... + 'C,, = (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 of m 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",

Itis given that, 2" =56 + 2"
ie. oM oM =56 = 2 (2" " -1)=23 23 1) = n=3andm-n=3 = n=3 andm="6
ILLUSTRATION 2 IfX ={4" - 3n—1:neN)and Y ={9 (n—1) :n e N}, prove that X c Y.
SOLUTION Let x, =4" - 3n—1,neN. Then, x; =4 — 3 —1 =0. For anyn > 2, we find that

X, = 4" -3n-1=(1+3"-3n-1
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= x, = "Co+"Cy(3)+"Cy (3%)+"C5(3%) +... +"C,(3") - 3n~1 [Using Binomial Theorem]

= x, =1+3n+"C,(3%)+"C3(3%) +...+"C, (3" -3n-1 [+ "Co=1,"Cy=1]

= = 32{"c2+"c3(3)+”C4(32)+...+"c,,(3"*2)1

J

e Xy

9 {"cz +7C3(3) +"C4 (3% +...+ "G, (3" 2)}

= X, issome 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 {"Cz I R bl e T e ”C,,} together with 0.

Clearly, Y ={9(n—-1):ne N} consists of all integral multiples of 9 together with 0. Hence,
XY,

1.4.2 SUBSETS OF THE SET R OF REAL NUMBERS

Following sets are important subsets of the set R of all real numbers:
(i) The set of all natural numbers N = {1, 2, 3, 4,5, 6, ...}
(ii) ThesetofallintegersZ ={..-3,-2,-1,0,1,2,3,..}

(iii) The set of all rational numbers Q = {x s ,mneZ, nz O}.
n

(iv) The set of all irrational numbers. It is denoted by T.
Thus, T = {x:xeR and xQ}
Clearly, NcZcQcR,TcRandN &T.
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  Let 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, b].

Thus, [a,b] ={x € R : a < x <b}. On the real line, [4, b] may be graphed as shown in Fig. 1.1.

- frd b + o0

Fig. 1.1 Closed interval
For example, [-1, 2] = {x e R: —1 <x <2} is the set of all real numbers lying between —1and 2
including the end points. Clearly, it is an infinite subset of R.

OPEN INTERVAL  If g 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, (4, b) ={x € R :a < x <b}. On the real line, (2, b) may be graphed as shown in Fig. 1.2.

- a b + o

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) = {reR: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 SEMI-CLOSED INTERVAL  If g and b are two real numbers such that a <b, then the
sets (a,b]={x e R:a<x <b} and [a,b) ={x € R :a <x <b} are known as semi-open or semi-closed
intervals. (a, b] and [a , b) are also denoted by la, b] and [a, b [ respectively.

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

£— — "

p— < = e —— = == —

- a b +® - a b +
Fig. 1.3 Semi-open interval Fig. 1.4 Semi open interval

The number b—-ais called the length 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 interval [0, «) denotes the set R* of all non-negative real numbers,

while the interval (- w0, 0) denotes the set R~ of all negative real numbers. The interval (—co, o)
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 UI.

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

JLLUSTRATION 1 When we study two dimensional coordinate geometry, then the set of all points in
xy-plane is the universal set.

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

ILLUSTRATION 3 IfA=(1,2,3),B={2,4,56}and C={1,3,5,7], then U=(1,2,3,4,5,6, 7} can be
taken as the universal set.

ILLUSTRATION S When we are using intervals on real line, the set R of real numbers is taken as the
universal set.

1.6 POWER SET

POWER SET - Let A be a set. Then the collection or family of all subsets of A is called the power set of A
and is denoted by P (A).

Thatis, P(A)={5:5cA}.

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 T Tet A= (1,2,3). Then, the subsetsof Aare: ¢, (1},{2}, {3),{1,2}, (1,3}, {2, 3}
and {l, 2, 3} HC”C(.’, P(A) = {d).- {1}, {2}1 l’s}, {I.r 2}: {Ir 3}; {21 3}1 {1, 2! 3”‘

ILLUSTRATION 2 If A is the void set ¢, then P(A) has just one element di.e. P(¢) = ().
STRATIONS - Show that n {P [P (P (§)]} = 4.
SOLUTION We have, P(¢) ={¢}
PP =1 (o)l = P[P (PN]I=1{4¢ (o), Ul (¢ (0} ).
Hence, P [P (P (¢))] consists of 4 elements i.e. n {P[ P (P (§) )]} = 4.

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

ILLU

2

ILLUSTRATION 4 [f A = (a, (b} }, find P (A).
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SOLUTION Let B = {b}. Then, A = {a, B}.
Therefore, P(A) ={ ¢, (a}, {B}.{a, B}} = {9, {al, {{b}}, {a, {0 }}}.

ILLUSTRATIVE EXAMPLES

BASED ON BASIC CONCEPTS (BASIC)

EXAMPLE1 Consider the following sets: , A={1,2), B=(1,4,8},C={1,2,4,6, 8}.
Insert the correct symbol < or & between each of the following pair of sets:
(i) ¢...B (i) A...B (iii) A...C (iv) B...C
SOLUTION (i) Since null set is subset of every set. Therefore, ¢ < B.
(ii) Clearly,2=Abut2¢B.So, A& B.
(iii) Since all elements of set A are inC. So, A = C.
(iv) Clearly, all elements of set Bare in setC. So, B < C.
EXAMPLE2 Let A ={a,b,c,d}, B=|a,b,c)andC =(b, d). Find all sets X such that:
(i) XcBand X cC (iil) X< A and X < B.
SOLUTION (i) We have,
P(A) ={¢, {a}, {b}, {c}, (a, b}, a, d}, (a, d)..}, P (B) ={¢, {a}, {b}, {c}, {a, b}, {a, c}, (b, c}, {a, b, c}}
and, P(C)={¢, {b}, {4}, {b, d}}
Now,XcBand XcC = XeP(B) and XeP (C) = Xe{o{bl} = X=¢ (]
(ii) We have,
XcA and X B
=  Xisasubset of A but X is not a subset of B
= XeP(A)butXeP(B)
= X =|d},{a,b,d}, b, c,d}, {a,c, d), {a d),b, d),|c, d),{ab,c, d).
EXAMPLE3  Write the following subsets of R as intervals:
(i) {x:xeR,-4<x<6} (ii) {x:xeR,-12<x<-10}
(1) {x:xeR,0<x<7] (iv) {x:xeR, 3<x <4}
Also, find the length of each interval.
SOLUTION (i) {x:xeR,-4<x<6} = (-4, 6] Length =6-(-4) = 10
(i) {x:xeR,-12 <x<-10} =(-12, -10). Length =-10-(-12) =2
(iii) {x:xeR,0<x<7) =[0,7).Length=7 -0 =7
(iv) (x:xeR,3<x<4} =[3,4] Length=4-3=1
EXAMPLE 4 Write the following intervals in the set-builder form:
i) (-7,0 (ii) [6,12] (iii) (6,12] (iv) [-20, 3)
SOLUTION (i) (-7,0)={x:xeR and -7 <x<0} (ii) [6,12]={x:xeR and 6<x <12}
(iii) (6,12]={x:x e R and 6 <x <12} (iv) [-20, 3)={x:xeR and -20 <x < 3}
EXAMPLES Let A =(1, 2, {3, 4}, 5}. Which of the following statements are incorrect and why?

) (3,4 cA (i) {3,4} A (iii) {{3,4)}c A (iv)1eA
v) 1cA (vi) {1,2,5lc A (vii) {1,2,5} <A (viii) {1,2, 3l c A
(ix) beA x) b A (xi) {¢} = A

SOLUTION (3, 4} is an element of set A. Therefore, {3, 4} € 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}} < A.Hence, (iii) is correct.
Since1is an element of set A. So,1 € Ais correctand 1 < A is incorrect. So, (iv) is correct and (v) is
incorrect.
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Since 1, 2, 5 are elements of set A. Therefore, {1, 2, 5} is a subset of set A. Hence, (vi) is correct
and (vii) is incorrect.

As 3 is not an element of set A. So, {1, 2, 3} = A is incorrect. The null set is subset of every set.
So, ¢ < A is correct and ¢ € A is incorrect. Hence, (ix) is incorrect and (x) is correct.
As p = A but {¢} is not a subset of A.So, (xi) is incorrect.

BASED ON LOWER ORDER THINKING SKILLS (LOTS)

EXAMPLE6  Prove that A = ¢ implies A = ¢.
SOLUTION We know that two sets A and B are equal iff A = Band B < A. Also, we know that
¢ A. Itis given that A < ¢. Thus, wehave A c pand pc A= A =¢
EXAMPLE7 Let A={1,2, 3,4}, B=(1,2, 3} and C =(2, 4). Find all sets X satisfying each pair of
conditions:
(i) XcB and Xe¢C (i) XcB, X#BandX«zC (iii) XcA,XcBand X cC.
SOLUTION (i) We have,
XcB and Xz C
= X is a subset of B but X is not a subset of C
=5 XePB)butXeP (C) = X=(1},{3},11,2},{1, 3}, {2, 3},1{1, 2, 3}
(ii) We have,
XcB,X#B and XaC
= X is a subset of B other than B itself and X is not a subset of C
= XeP(B),XeP(C)andX =B = X={1},{3},(1, 2}, (1, 3}, {2, 3}
(iii) We have,
XcA,XcBand X cC
= XeP(A),XeP(B)andX eP (C) = Xisasubsetof A, BandC = X =4¢,{2}.

BASED ON HIGHER ORDER THINKING SKILLS (HOTS)
EXAMPLES Let A, Band C be three sets. If A e Band B < C, is it true that A = C? If not give an
example. INCER
SOLUTION Consider the following sets: A =(aj, B ={{a), b} and C ={{a}, D, c}.
Clearly, A e Band B C. But, A « C asa € A buta ¢ C. Thus, the given statement is not true.
EXAMPLEY Let B be a subset of a set A and let P (A:B)={X e P (A):X o B}.
(i) Show that: P (A:¢) =P (A) (ii) IfA=la,b,c,d}and B={a,b).

List all the members of the set P (A : B).
SOLUTION (i) We have,
P(A:B)={XeP(A):X B} =(X e P(A) : B < X} =Set of all those subsets of A which contain B
. P(A:4¢)=Setofall those subsets of A which contain ¢ = Set of all subsets of set A = P (A).
(ii) f A = {a,b,c,d}and B = {a, b}. Then,

P(A : B) =Set of all those subsets of set A which contain B={a, b}, {a, b, ¢}, [a, b, d}, {a, b, ¢, d)

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

(i) fxeAand A B, thenx € B (ii) f Ac B and BeC,then A eC
(iii) fAcB and BcC,then AcC (iv) fA¢B and BeC,then Az C
(v) IfxeAand A ¢ B, then x € B (vi) fAcBandx ¢ B, then x ¢ A

SO_UTION (i) False: Consider sets A ={1} and, B ={({1}, 2}.
Clearlyl e Aand A € B, but1 ¢ B.So, x € A and A € Bneed not imply that x € B.
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(ii) False: Let A ={1}, B={1, 2} and C ={{1,2},3}. Then, we observe that A < Band B eC but
A #C. Thus, A c B and B €C need not imply that A eC.

(iii) True: Letx € A.Then,AcB = xeB = xeC [xeBi=C]
Thus, xe A= xeC forall xe A = AcC.Hence, AcBandBcC= AcC.

(iv) False: LetA = {1,2},B={2, 3} and C =(1, 2,5). Then, A« Band B C.But, A cC.
Thus, A ¢ Band B « C need not imply that A « C.

(v) False: Let A ={1, 2} and B ={(2, 3, 4, 5). Then, we observe that1 € A and A & B,but1 ¢B.
Thus, ¥ € A and A ¢ B need not imply that x  B.

(vi) True: Let A — B. Then, we observe thatt xe A = xe€B & x¢B = xgA

EXAMPLE 11  Let P be the set of prime numbers and let S={t : 2! ~1 is a prime}. Prove that S < P.
[NCERT EXEMPLAR]

SOLUTION In order to prove that S < P, it is sufficient to show that x e S= x e P.
We know that x e S= x € P < x ¢ P = x ¢ S. Therefore, to prove that S ¢ P, it is sufficient to
show thatx e P= x ¢ S.
So, let x ¢ P. Then, x ¢ P = x is a composite number.
We have to prove that x & S.
If possible, let us assume that x € 5. Then,

x € §= 2% ~1is a prime number

= 2% ~1=m, where m is a prime number = 2* =m+1

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,
xeS Thus, xgP=>x¢S5< xe85= xeP.Hence, Sc P.

EXERCISE 1.4

BASIC
1. Which of the following statements are true ? Give reason to support your answer.
(i) Forany two sets A and B either Ac Bor Bc 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. (v) {a,b,a,b,a,b,..) is an infinite set.
(vi) {a,b,c}and(1,2,3}areequivalentsets.  (vii) A setcanhave infinitely many subsets.
(viii) The set of all integers is contained in the set of all rational numbers.
(ix) The set of all crows is contained in the set of all birds.
(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.
(xii) The sets P =(a} and B ={{a}} are equal.
(xiii) The sets A ={x:x is a letter of the word “LITTLE”} and, B={x:x is a letter of the
word “TITLE"] are equal.
2. State whether the following statements are true or false:
@ 1eil,2,3 (ii) ac b c a) (iii) {a) e{a, b, c}
(iv) {a,b}=la,a, b ba) (v) Theset|x:x+8=8}is the null set.
3. Decide among the following sets, which are subsets of which:
A = |x:xsatisfies x2 —8x +12 =0}, B=1{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) aciab,cl (i) {a} ela, b, c}) (iii) a {{ a}, b} (iv) {al = {{a}, b}
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(v) {bchcta, (b, clt  (vi) {a, b} c{a, (b, c}} (vii) ¢e {a, b} (viii) ¢<{a, b, c}
(ix) (x:x+3=3}=¢
5. Let A ={a, b, |c, d}, e}. Which of the following statements are false and why?

(i) {c.dfcA (ii) {c,d}eA (iii) {{c, d}jc A (iv) aeA
(v) ac A (vi) {a,b, e} c A (vii) {a,b, e} e A (viii) {a,b,c)c A
(ix) ¢eA x) {9t A
6. Write down all possible proper subsets each of the following sets:
@ (1,2 (i) {1,238} (iii) {1}

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

BASED ON LOTS
8. Let A = ({1, 2, 3}, (4,5},16,7, 8}}. Determine which of the following is true or false:

() 1eA i) {1,2,3lc A (i) {6,7,8 A (iv) ({4,5)) c A
V) beA (vi) b A

9. Let A={¢, (¢}, 1,1{1, ¢}, 2}). Which of the following are true?
() deA (ii) {0} € A (i) {1} A (iv) (2, 0 < A
(v) 2cA (vi) (2,{1}} ¢ A (vii) {2}, {1}z A

(vii)) {¢, {9}, {1, ¢}} = A (ix) {{¢l} = A.

10. Write down all possible subsets of each of the following sets:

(i) {a} (i) {0,1) (iii) {a, b,c} () (L {1} () (¢}
11. What universal set (s) would you propose for each of the following:
(i) The set of right triangles. (ii) The set of isosceles triangles.

BASED ON HOTS
12. If Ais any set, prove that: Ac ¢<= A=1{.
13. Provethatt Ac B, BcC and Cc A= A=C.
14. How many elements has P (A),if A =¢?
15. IfX ={8"-7n-1:neN}andY ={49 (n-1) :n € N}, then prove that Xc Y.

T e ANSWERS
1. (i) F,A={1,2, 3}, B={a,b} (ii) F, A =11, 2} is a finite subset of N.
(iii) T (iv) F, ¢ does not have a proper subset
(v) F, Givenset ={a,b} (vi) T (vii) F
2 @) T (ii) F (iii) F (iv) T ME (Wiid T (@Gx) T (x) Fxi):T
(xii) F (xiii) T 3. DeAcBeC
4, (i) aela,b,c (i) {a} ={a,b,c} (iii) {a} ({a}, b)
(iv) {{al} < {{al, b} (v) {b,clela{b,cl}  (vi) {a, b} < {a,{b, c}}
(vii) ¢ {a,b) (viil) ¢ {a,b,c} (ix) {x:x+3=3}=0¢
5. (i) F (i) T (i) T (iv) I (v) F (vi) T (vii) F
(viii) F (ix) F (x) F 7. 2%-1
6. (i) ¢ (1), (2) i) ¢ {1),(2),13} 11,2} (2, 3}, {1, 3} (i) ¢
8. (i) F (ii) F (iii) T (iv) T v) F (vi) T
9, (i) T (ii)) T (iii) F (iv) T (v) F (vi) T (vii) T

(viii) T (ix) T
10. (i) ¢ fa} (i) ¢, {0}, {1},{0, 1} (iii) ¢, (a}, (B}, {c}, {a, b}, (b, ¢}, (a, c}, {a, b, c}
(iv) ¢, (1}, {{1}}, {1, (1)) V) ¢ {4}
11. (i) The set of all triangles in a plane. (ii) The set of all triangles in a plane. 14, 1
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HINTS TO SELECTED PROBLEMS

15, Letx, =8" ~Tn-1=(1 47 -Tn-1="C, 72 +"C3 7% +... + "C, 7"

24000 +C; Tt s 78,7 5 farn =2,
Forn =1, x,, = 0. Thus, X contains all positive integral multiples of 49 of the form 49 k.
whete k,="Cy+"Cq @)+ 7C T2 4+ "C @ %)

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

17 VENN DIAGR
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 Venn-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 (). If A and
B are not equal but they have some common elements, then to represent A and B we draw two
intersecting circles. (See Fig. 1.5 (ii)). Two disjoint sets are represented by two non-intersecting
circles. (See Fig. 1.5 (iii)).

[ H’ | g—'A_‘ ;' u Tz i u
| PR [0 s . P B
1/ ./ N\
A / I/ \
I \ \'\\__7 X o | \\ e \
Fig.1.5()  Fig-1.5(i) ~ 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 Let A and B be two sets. The 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.

T
- 3
| £

We shall use the notation A U B (read as “A union B”) to denote the
union of A and B.

\

Thus, AuB=(x:xeAorxeB] X A“. ,.-JB

| T /‘.___;_’ 7

Clearly, xe AUB < xeA or xeB. Fig. T8 LIion GG gaks
And,xgAuUB & xgA andxe¢B.

In Fig. 1.6 the shaded part represents A U B. It is evident from the definition that A< A W B,
Bc AUB.

If A and B are two sets such that A = B, then A UB = B. Also,AuB = A, if Bc A.
ILLUSTRATION 1 UA=|’I, 2, 3] ﬂndB='!1, 3, 5, 7}, then A \JB-‘-]’], 2, 3, 5, 7).
ILLUSTRATION2 JSA={x:x=2n+1,neZlandB={x:x=2nneZ), then

AU B ={x:xis an odd integer] U {x : x is an even integer} = {x : x is an integer} = Z.

h
note If A1 Az .., Ay is a finite family of sets, then their union is denoted by w A; or, by

1=
A]_UAzU...UAn.
ILLUSTRATION 3 Let A = {1, 2,3}, B= {3,5},C = {4,7, 8} T}fL’H,A UBwC = “., 2, 3, 4,5, 7y 8}
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INTERSECTION OF SETS Let A and B be two 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 by A m B (read as “A

intersection B”). H

Thus, AnNnB=|x:xeAandxcB).

Clearly, xe AnB < xeA and xB.

In Fig. 1.7 the shaded region represents A m B.

Evidently, AnB cA, A~B cB. Fig. 1.7 Intersection of two sets

If A and Bare twosets, then AnB=A,if Ac Band A nB=B,if B < A.

n
NOTE If Ay, Ay, ..., Ay is a finite family of sets, then their intersection is denoted by ~ A; or, by
a1 i=1

AinA; N NA,
ILLUSTRATION4 IfA={1,2,3,4,5}and B=(1,3,9,12}, then A nB={1, 3}.

ILLUSTRATION5 1fA={1,2, 3,4,56,7},B=(2,4,6,8,10}andC ={4, 6,7, 8, 9,10, 11}, then
AnB = (2,4, 6}. Therefore, An B~ C ={4, 6].

ILLUSTRATION 6 IfA=(x:x=2n,neZland B={x:x=3n,neZ}, then
AnB={x:x=2nneZln{x:x=3n,neZ)
={.,-4-2,0,2,4,6,..} n{.,-9,-6,-3,0,3,6,9, ... }
=1{y=6,0,6,12, ..} ={x: x=6n1c Z).
ILLUSTRATION?7 IfA={x:x=3nneZland B = (x:x=4n,neZ), then find A " B.
SOLUTION  Clearly,

xeANnB
= x=3n andx=4n,neZ
= x is a multiple of 3 and x is a multiple of 4
= x is a multiple of 3 and 4 both <> xisamultipleof 12 < x=12n, neZ

Hence, AnB={x:x=12n,neZ}.
DISJOINT SETS  Two sets A and B are said to be disjoint, if A m B=q

u
If An B# ¢, then A and B are said to be intersecting or overlapping sets. = B
ILLUSTRATION S IfA=(1,2,3,4,56),B=(7,8,9,10,11}and C=/{6, 8, 10, O
12,14 }, then A and B are disjoint sets, while A and C are intersecting sets.

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

Thus, A-B={r:xeAandxeB} or, A-B={(xeA:xeB).
Clearly, x e A-B < xeA and x ¢ B. In Fig. 1.9, the shaded part represents A - B.

Fig. 1.9 Difference A-B Fig. 1.10 Difference B~ A

[ u
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Similarly, the difference B — A is the set of all those elements of B that do not belong to A i.e.
B-A={xeB:xgA.

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

ILLUSTRATION9 IfA={2,3,4,56,7land B={3,5,7,9,11,13}, then A-B={(2,4, 6} and

B-A=(9,11,13].

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

A and B is the set (A—B) U (B - A) and is denoted by A A B.
Thus, AAB=(A-B)U(B-A)= {x:xgAnB|.

The shaded part in Fig. 1.11 represents A A B.

Fig. 1.11 Symmetric
difference
ILLUSTRATION10 IfA=1{1,223,4,5,6,7 8}and B={1,3,56,7,89}, then A-B = {2, 4},
B—A={9). Therefore, AAB=1(2,4,9).
ILLUSTRATION 11 IfA={xeR:0<x<3land B={xeR:1<x <5, then
A-B={xeR:0<x<l},and, B-A={xeR:3<x<5}
AAB =[xeR:0<x<ljuf{xeR:3<x<5l={xeR:0<x<lor3<x <5}

COMPLEMENT OF A SET  Let U be the universal set and let A be a set such that
A c U Then, the complement of A with respect to U is denoted by A" or A® or

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

Thus A'={xel:x g A}.Clearly, xeA' < x g A, Fig. 1.12 Complement
of a set

ILLUSTRATION 12 Let the set of natural numbers N = (1, 2, 3, 4, ...} be the universal set and let
A=(2,4,6,8,..). Then, A'={1,3,5, ...} = Set of odd natural numbers.
ILLUSTRATION 13 IfU=(1,2,3,45,6,7,8 9 and A={(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) U={xel:xgl} = ¢ (i) ¢ ={xell:xed} =U

(ii)) (A') ={xel:xgA’} ={xel:xecA]=A

(iv) AVA = {xel:xeAlulxel:xgAl=U

(v) AnA ={xel:xeAln{xel:xeAl=b

EXERCISE 1.5

BASIC
1. If A and B are two sets such that A c B, then Find: (i) AnB (i) AUB
2. IfA={1,2,63,4,5,B=1{4,5,6,7,8},C=1{7,8,9,10,11} and D ={10,11, 12,13, 14}. Find:
(i) AUB (i) AucC (iii) BuC (iv) BuD
(v) AuBuUC (vi) AuBuUD (vii) BuC wD (viii) A n(BwC)

(ix) (AnBYN(BNC) x) (AuD)n(Bu().
3. LetA={x:xeN},B={x:x=2n,neN},C={x:x=2n-1,neN}and, D = {x:xis a prime
natural number }. Find:
(i) AnB (i) AnC (iii) A "D (iv) BNnC
(v) BnD (vi) C D
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4. Let A={3,6,12,15,18,21}, B={(4,8,612,16,20}, C={2,4,6,8,10,12,14,16} and
D =1{5,10, 15, 20}. Find:

(i) A-B (i) A-C (iii) A -D @(iv) B-A
(v) C-A (vi) D-A (vii) B~C (viii) B-D
5 LetU={1,2,3,4,5,6,7,8,9,A=(1,2,3,4}, B={2, 4, 6, 8 and C ={3, 4,5, 6}. Find:
(i) A’ (ii) B (iii) (A N CY (iv) (A U By
(v) (A7) (vi) (B-C)'
6. LetU={1,2,3,4,56,7,8,9),A=(2,4,6,8 and B=(2, 3,5,7). Verify that:
(i) (AUBY =A' B (ii) (A~ ByY = A’ UB.
ANSWERS
1. @) A (i) B
2. (i) {1,2,3,4,56,7,8) @) {1,2,3,4,57,8,9,10,11}
(iii) {4,5,6,7,8,9,10,11) (iv) {4,5,6,7,8,10,11,12,13, 14)
~) {1,2,3,4,5,6,7,8,9,10,11) ~vi) {1,2,3,4,5,6,7,8,10,11,12,13, 14}
(vii) {4,5,6,7,8,9,10,11,12,13,14)  (viii) {4,5]  (ix) ¢ x) {4,5,10,11}
(i) B (i) C (iii) D @(iv) ¢ v) {2} (vi) D —{2}
Q) {3,6,15,18, 21} (i) (3,15,18, 21) (iii) {3, 6,12, 18, 21}
(iv) {4, 8,16, 20} v) (2,4,8,10,14,16) (vi) {5, 10, 20)
(vii) {20} (viii) (4,8,12,16}
5. () (5,6,7,8,9) (i) {1,3,5,7,9) (iii) {1,2,5,6,7,8,9)
(iv) {5,7,9) (v) A (vi) {1, 3,4,5,6,7,9}

1.9 LAWS OF ALGEBRA OF SETS
In this section, we shall state and prove some fundamental laws of algebra of sets.
THEOREM 1 (Idempotent Laws) For any set A : (i) AuA=A (i) A A =4.
PROOF (i) AuA={x:xeAorxeAl={x:xeA}l=A

(ii) AnA={x:xeAandxeAl={x:xeA}=A.
THEOREM 2 (identity Laws) For any sct A : (i) Aup=A (ii)) AnlU =A.
i.e. ¢ and U are identity elements for union and intersection respectively.
PROOF (i) Auvud={x:xeAorxed}={x:xcA}=A

(ii) AnU={x:xeAandxel]={x:xcA}=A
THEOREM 3  (Commutative Laws) For any two sets A and B.

(i) AuUB=BuUA (ii) AnB=BnA
i.e. union and intersection are commutative.
PROQF Recall that two sets X and Y are equal iff Xc Y andY < X. Also, X Y if every
element of X belongs to Y.
(i) Letxbe an arbitrary element of A U B. Then,
xeAuB=> xeAorxeB= xeBorxeA = xeBUA

: AUBcC BUA.
Similarly, B Ac A wB. Hence, ALUB=BUA.
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(Associative Laws) If A, B and C are any three sets, then
(i) (AuBuUC=AuUu(BuC) (i) An(BNC)=(AnB)NC [NCERT EXEMPLAR]
i.e. union and intersection are associative.

(i) Let x be an arbitrary element of (A U B) U C. Then,
xe(AuB uC

xe(AuBorxeC

(xeAorxeB)orxeC

xeAor(xeBorxeC) = xeAorxe(BuC) = xeAuU(Bu()
(AuBUCc Au(Bu().

Slmllariy, Au(BuC)c(AuB) wC. Hence,(AUB)UC=AuU(BuUC().
(ii) Letx be an arbitrary element of A (B nC). Then,
xeAn(BNQC)
xeA and xe(BnC)
xeAand(xeBand x €C)
= (xeAdandxeB andxeC = xe(AnB)andxeC = xe(AnB)nC
o An(BNC)c(AnB)nC.
Sumlarly,(A NB) NnCc An(BnC).Hence, AN(BNC)=(AnB)nC.
E 15 (Distributive Laws) If A, B and C are any three sets, then
(1) Au(BmC) (AuB Nn(AuC) (ii) An(BuUC)=(AnB)u(An()
i.e. union and intersection are distributive over intersection and union respectively.
[NCERT EXEMPLAR

R

Uy

OF (i) Letx be an arbitrary element of A w (B N C). Then,
xe(Au(BnQ))
xeAorxe(BnC)
xeAor(xeBandxe()
(xeAorxeB)and(xeAorxeC) [+ ‘or’ is distributive over ‘and’]
xe(AuB andxe(AuC) = xe((AuB) Nn(AuC())
AUBNC) c (AuB Nn(Au()
Sumlarly,(A UB N(AuC)c Au(BnC).Hence, AU(BNC) = (AuB)n(AuQ).
(ii) Letx be an arbitrary element of A n (B w C). Then,
xeAn(Bul)
= xeAandxe(Bu()
> xeAand(xeBorxe(C)
= (xeAdandxeB)or(xcAdandxeC)=xe(AnBorxe(AnC)=>xe(AnB)U(AnC)
~ An(BulC) c (AnB)u(AnC)
Similarly, (A nB) U(AnC)c An(BwC).Hence, A n(BuUC)=(AnB)u(AnQ).
(De-Morgan’s Laws) If A and B are any two sets, then
(i) (AuUBY=A"nB (ii) (AnBY=A"UB.
(i) Let x be an arbitrary element of (A U B)'. Then,
xe(AUB)Y = xg(AuB) = xgAandgB = xeA' andxeB' = xeA'n B
(AuBY ¢ A'nB.
Again, let y be an arbitrary element of A’ n B'. Then,
yeA NnB = yeA andyeB = ygAandyegB= yeAUB= ye(AUB)
A'nB c(AuB)

Uy Ul



1.24 MATHEMATICS-X!

Hence, (AUB) =A"nPB'.
(i) Let x be an arbitrary element of (A m B)". Then,
xe(ANnB)Y = x¢(ANnB)= x¢e¢AorxgB= xeA'orxeB = xeA'"UB
(AnB)Y)c A" UB.
Again, let i be an arbitrary element of A’ w B'. Then,
yeA'UB' = yeAoryeB = yegAoryeB = ye(AnB) = ye(AnB)
; A UB < (AnB).
Hence, (AnB)=A"UB.

ILLUSTRATIVE EXAMPLES

BASED ON LOWER ORDER THINKING SKILLS (LOTS)
EXAMPLE1 Ifa e N such that aN = lax : x € N}. Describe the set 3N n7N.
SOLUTION We have, a N ={ax:x e N}
3N ={3x:xeN}=(3,6,9,12,...,}) and, 7TN={7x:xeN}=1{7,14, 21, 28, ...]
Hence, 3N n7N ={21,42,...}={21x:x e N} =21N.
EXAMPLE2 IfA={1,3,5711,13,15 17}, B=(2,4,6, ..., 18} and N is the universal set, then find
A"U((AuB) nB)
SOLUTION Clearly, (AWB)nB =A [ A, B are disjoint sets]
A V((AuB) o ;=A'"UA=N.
EXAMPLE3 For any natural number a, we define aN ={ax:xeN|. If b, ¢, d €N such that
bN m cN =dN, then prove that d is the l.c.m. of b and c.
SOLUTION We have,
BN = {bx : x € N | = The set of positive integral multiples of b
¢N ={cx:x € N} = The set of positive integral multiples of ¢
bN m¢N = The set of positive integral multiples of b and ¢ both.
= bN n¢N ={kx:x € N}, where k is the l.c.m. of b and c.
Hence, d =l.c.m. of b and c.

BASED ON HIGHER ORDER THINKING SKILLS (HOTS)
EXAMPLE4  Suppose Ay, Ay, ... Az are thirty sets each with five elements and By, B,, ..., By are n

30 n
sets each with three elements. Let U A, = U B j = S. Assume that each element of S belongs to

i=1 j=1

exactly ten of the A;’s and exactly 9 of B;'s. Find n.
SOLUTION  Since each A; has 5 elements and each element of S belongs to exactly 10 of 4;'s.

30 1 30 1
S=U A=nS==— > n(A) = —05x30 =15 ()
i=1 10 ;= 10
Again, each B; has 3 elements and each element of S belongs to exactly 9 of B;’s
i 1 & if n
S = B; = n(5) = = B)) = =(3n) = —
i ] ©) 9 jgl n( ]) 9( ) 3 (ii)

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

EXAMPLES For any two sets A and B, prove that A U B=A B« A=B.
SOLUTION Firstlet A=B.Then, AwB=A and AnB=A = Au B=AnNnB
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Thus, A=B => AuUB = AnNB ..(1)
Conversely, let A U B=A N B. Then, we have to prove that A = B. For this, let
xeA=> xeAUB

= xeAnB [-AuB=AnBH
= xeAandxeB= xeB
i AcB (i)
Now, let
yeB= yeAuUB
= yeAnB [AuB=AnBH
= yeA and yeB= yeA
5 Bc A ...(iii)
From (ii) and (iii), we get A =B.
Thus, AuB =AnNnB = A=B (V)

From (i) and (iv), we obtain: AUB = AnB & A=B
EXAMPLE6 Let A, Band C be the setssuchthat A wB=A uCand A N B=A nC. Show that B=C.
SOLUTION We have,
AUB = AuC
= (AuBINC =(AulC)nC

= (AnNC)u(BnC) =C (oA wE)miC =Cl
= (AnB)U(BNC) =C [+-AnC=AnB] ..3)
Again, AUB = AuUC

= (AUB)NB = (AuC)nB

— B =(AnB)u(CnB) [-(AuB) nB=B8]
= B=(AnB)u(BnC) ..(ii)

From (i) and (ii), we get B = C.
EXAMPLE7 Let A and Bbesets,if AnX=BnX=¢and A UX =B X for some set X, prove that
A=B.
SOLUTION We have,
AuX = BuX for some set X

= An(AuX) = An(BuX)

= A=(AnBu(AnX) [+ An(AuX)=A]
= A=(AnBuUd [ A nX =¢(given)]
= A=AnB= AcB ..(1)
Again, AuX = BuX

= BNn(AuX) = Bn(BuX)

== (BnA)U(BNX)=B [. Bn(BuX)=5B]
=5 (BnA)uod =8B [ BnX=¢(given)]
= BNnA =B= AnB=B= BcA ...(ii)

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

EXAMPLES For any two sets A and B, prove that: P (A) = P (B) = A = 1B

SOLUTION Let xbe an arbitrary element of A. Then, there exists a subset, say X, of set A such that
xeX.

Now, XcA

= XeP(A)

= X eP(B) [ P(A) =P (B)]
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= XcB

=5 xeB [. xeXandX cB .. xeB|
Thus, xe€A = xeBforallxeB.

: AcB (i)

Now, let y be an arbitrary element of B. Then, there exists a subset, say Y, of set Bsuch thaty € Y.
Now, YcB
= Y eP(B)

= Y eP(A) [ P(A)=P(B)]
= YcA= yeA

Thus, yeB = yeAforallyeB.

: Bc A (i)

From (i) and (ii), we obtain A = B.
EXAMPLE 9 For any two sets A and B prove that: P (A nB) = P (A) n P (B).

SOLUTION In order to prove that P (A m B) = P (A) N P (B), it is sufficient to prove that
P(AnB)c P(A)nP(B) and P(A)nP(B)c P (A nB).

First let
XeP(AnB)

st XcAnB=XcA and XcB= XeP(A) and XeP(B) = XeP(A) nP(B)
P(AnB)c P(A)nP(B) (i)

Now, let Y € P(A) n P (B). Then,
YeP(A)nP(B)= YeP(A) andYeP(B)= YcA and YcB=YcANB
= Y eP(AnNB)
P(A)nP(B)c P(AnB) .(i1)
From (i) and (ii), we get: P (A m B) =P (A) n P (B).
ExAMPLE 10 Forany two sets A and B prove that P (A) w P (B) < P (A w B). But, P (A U B) is not
necessarily a subset of P (A) w P (B).
SOLUTION LetX € P (A) v P (B). Then,
XeP(A)uwP(B)
= XeP(A)orXeP(B)= XcA or XcB= XcAuB= XecP(AuUB)
P(A)uP(Byc P(AuUB)
Let A={1,2} and B={3,4,5}. Then, we find that X =1{1, 2, 3,4} (A U B). Therefore,
XeP(AUB).But,XgP(A),X P (B).So,X &P (A) uP (B). Thus, P (A U B)is not necessarily
a subset of P (A) w P (B).
EXERCISE 1.6

BASIC
1. Find the smallest set A such that A U {1, 2) ={1, 2, 3,5, 9}.
2. LetA={1,2,4,5) B=1{2,3,5,6) C={4,5,6,7). Verify the following identities:
(i) AUBNC)=(AUB N(AuUC) (i) An(BUC)=(ANB)U(ANnC)
(iii) An(B-C)=(AnB)—(ANC) (ivy A—-(BuC)=(A-B)n(A-C)
(v) A-(BNnC)=(A-B)uU(A-C) (vi) AnN(BAC)=(AnB)A(ANCQC).
3. IfU=1{2,3,5,7, 9} is the universal setand A = {3, 7}, B={2, 5,7, 9}, then prove that:
(i) (AuB)=A'NnPB (ii) (AnB)Y=A"UB.
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10.
A
12.
13.

14.
15;

BASED ON LOTS

For any two sets A and B, prove that

() BcAUB (i) AnBcA (i) AcB=> AnB=A  [NCERT EXEMPLAR]
For any two sets, prove that:

() AU(ANB) = A (i) An(AUB) = A
20 n
Each set X, contains 5 elements and each set Y, contains 2 elementsand U X, =5= U Y,.If
r=1 r=1

each element of Sbelongs to exactly 10 of the X,® and to exactly 4 of Y;®, then find the value

ofn.
BASED ON HOTS

. For any two sets A and B, show that the following statements are equivalent:

(i) AcB (ii) A-B = ¢ (iii) AuB=B (iv) AnB=A.

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

(i) AnB=AnCneednotimplyB=C. (i) AcB= C-BcC-A
Find sets A, BandC such that AnB,AnC and BNnC are non-empty sets and
ANnBNC=4¢
For any two sets A and B, prove that: AnB=¢=> Ac B'.
If A and B are sets, then prove that A —~B, A N B and B — A are pair wise disjoint.
Using properties of sets, show that for any two sets A and B, (A v B) n(A L B') = A.
For any two sets of A and B, prove that:

(i) AuB=U= AcB ({)'BicA' => AcB
Is it true that for any sets A and B, P (A) WP (B) = P (A v B)? Justify your answer.
Show that for any sets A and B,

(i) A =(AnByu(A-B) (i) AU(B-A) = AUB

ANSWERS

1z

A =13,5,9 6.20 9, A=(1,2),B=(1, 3),C ={2, 3} 14. False
HINTS TO SELECTED PROBLEMS

5.

7.

8.

L
10.

(i) Au(AnB) =(AvA) Nn(AUB) [ wis distributive over M]
=An(AuB=A [+Ac AUB]
i) An(AUuB =(AnA)VANB=AU(ANB) = A
(i) = (ii): We know that, A—B={xeA:x ¢ B}
Since A ¢ B. Therefore, there is no element in A which does not belong to B. Therefore,
A - B=d Hence, (i) = (ii).
(ii) = (iii): Wehave, A-B=¢ = A < B = A v B=B. Hence, (ii) = (iii).
(iii)= (iv) : Wehave, AUB=B = Ac B = AnB=A. Hence, (iii) = (iv).
(iv) = (i): Wehave, AnB=A = A c B.Hence, (iv) = (i).
Consequently, (i) < (i) < (iii) < (iv).
(i) LetA=(1,2, 3,4}, B={3,4,5,6}landC =(1,3,4,7,8). Then,AnB=A nC,but B=C.
(ii) Letx eC — B.Then,
xeC-B= xeC and x¢B = xeC and x¢A = xecC-A

C-BcC-A
A={11 2]1 Bzill 3}; C=l2r 31
xeA= xg¢B = xeB. [ AnB=¢]

. AcPB
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11. A—B:{x:xeAandxesB},B—A={xeBandeAl=>A—BandB—Aaredisjoint
sets
Now, xeA-B= xcAandxe¢B= xeANB
“ (A -B) and A N Bare disjoint sets,
Similarly, B - A and A N B are disjoint sets.
12. (AUB)N(AUB)=((AuB NnA)U((AUuB) UB)
=AU((AUB)NB)=AU(ANB)U(BNB)=AU(ANB)=A

13. (i) Letxe A.Then,xeA=>xell => xeA'"UB =>xeB [+ xgA']
AicB
(ii) Let xe A. Then, xe A = x¢A'= xe¢B = xeB [a Bl cAt]
‘ AcB

1.10 MORE RESULTS ON OPERATIONS ON SETS
THEOREM 1 If A and B are any two sets, then

(i) A-B=AnPB (i) B-A=BnA" (i) A-B=A & AnB=¢
(iv) (A-B)uB=AUB (v) (A-B)nB=¢ (vi AcB&< Bc A
(vii) A~-(AnB)=A-B [NCERT EXEMPLAR]

(viii) (A-B)u(B-A)=(AuB)-(AnB)
PROOF (i) Let x be an arbitrary element of A — B. Then,
xe(A-B) > xeAandxgB= xeAandxeB = xcANnB
& A-Bc AnB ()
Again, let i be an arbitrary element of A N B'. Then,
yeAnB = yeAandyeB = yeAandygB= yecA-B
; AnB c(A-B) (i)
Hence, from (i) and (ii), we obtain A—B= A n B".
(ii) Proceed as in (i).
(iii) In order to prove that A -B=A < A n B =¢, we shall prove that :
(@ A-B=A= AnB=¢ and, (b) AnB=¢p=>A-B=A.
First, let A — B = A. Then we have to prove that A n B = ¢. If possible, let A n B # ¢. Then,
AnB=¢

= Thereexists xe A N B

= xeAandxeB

= xeA-BandxeB [-A-B=A]
= (x e Aandx ¢ B) and x € B [Using definition of A - B ]
—3

xeAand(x ¢ Band x € B)

But, x ¢ Band x € 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=¢ (i)
Conversely, let A n B =¢. Then we have to prove that A - B = A. For this we shall show that
A-Bc Aand Ac A—-B.Letxbean arbitrary element of A - B. Then,
xeA-B=>xeAandxeB = xecA

A-Bc A.
Again let y be an arbitrary element of A. Then,
yeA => ycAandyeB [- AnB=¢]
= yeA-B [Using definition of A — B]
Ac A-B.

So, wehave A -Bc A and A < A — B. Therefore, A - B = A.
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Thus, AnNnB=¢=>A-B=A .(ii)
Hence, from (i) and (ii), we obtain: A—-B=A & ANB=4¢.
(iv) Let x be an arbitrary element of (A - B) U B. Then,

xe(A-B)uUB :
= xeA-BorxeB= (xeAandx¢B)orxeB
= (xeAorxeB)and(x¢gBorxeB) = x€AUB

(A-B)UBc AuUB
Let y be an arbitrary element of A L B. Then,

yeAUB
= yeAoryeB = (yeAoryeByand(yeBoryeB) =(yeAandye¢BloryeB
= ye(A-B)UB
: AUBc(A-ByUB
Hence, (A-B)UB=AUB
(v) Ifpossiblelet(A — B) N B # ¢ Then, there exists at least one element x, (say),in(A - B) " B.
Now, xe(A-B)nB
= xe(A-B)andxeB = (xeAandx¢B)andxeB =>xecAand(x¢Band x eB)
But, x¢Band x e B both can never be possible simultaneously. Thus, we arrive at a
contradiction. So, our supposition is wrong. Hence,(A - B) " B=¢.

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

xeB = xgB=> x¢gA=> xeA [+Ac B]
. BcA. ’
Thus, Ac B = B'c A ()

Conversely, let B' ¢ A’. Then, we have to prove that A ¢ B. Let y be an arbitrary element of A.
Then,

yeA=> yeA => yeB = yeB [-B'c Al
RS Ac B.
Thus, Bc A= AcB (i)

From (i) and (ii), we obtain that Ac B < B'c A".
(vii) We have,

A-(ANnB)=An (ANBY [+ A-B=AnPB]
=An (A'UB) [By De Morgan's law]
=(AnAYU(ANB) [By distributivity of nover U]

=¢U(ANB)=ANnB =A-B

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

xe(A-B)uU(B-A4)
= xeA-Bor,xeB-A
= (xeAandxgB)or(xeBandxgA)
= (xeAorxgB)and(xgBorxgA)=xe(AuB)andxg(ANB) =>xe(AUB -(ANnB)

(A-B)u(B-A)c (AUB) -(ANB). (i)
Again, let y be an arbitrary element of (A L B) - (A N B). Then,

ye(AuB) -(AnB)

= yeAuUBandygAnB
= (yeAoryeB)and(yeAory¢B)
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= (yeAandyeB)or(yeBandy ¢ A)

= ye(A-Borye(B-A) = ye(A-B)uU(B-A)
(AUB)-(ANnB)c(A-B)u(B-A). (i)

Hence, from (i) and (ii), we obtain: (A -B) U(B-A) = (A U B) —(A N B).

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

(i) A—(BNC)=(A-B)w(A-C) (ii) A-(BuC)=(A-B) niA-0C)
(iii) An(B-C)=(AnB) -(AnC) (iv) An(BAC)=(AnB)A(ANC)
PROOF (i) Let x be any element of A — (B n C). Then,
xeA-(Bn(C)

xeAandxg(BnC(C)

xeAand(x&BorxgC)

(xeAandxeB)or(xeAand x ¢C)

xe(A-Borxe(A-C) = xe(A-B)uU(A-0)
A-(BNnC)c(A-BuU(A-0)

Slmllarly,(A B)U(A-C)c A-(BnC).Hence, A—(BNC)=(A-B)u(4 -C)
(ii) Letx be an arbitrary element of A — (B U C). Then

xeA-(Bu(Q)

xeAandxg(BuC)

xeAand(xgBandx ¢C)

(xeAandxgB)and(xe A and x ¢C)

xe(A-B)andxe(A-C) = xe(A-B) n(A-C)
A-(BuC)c(A-Bn(A-0C)

Sumlarly, (A-B)n(A-C)c A-(BuC). Hence, A —(BuUC)=(A-B)n(A-C).
(iii) Letx be any arbitrary element of A " (B —C). Then

xeAn(B-C)

xeAandxe(B-C)

xeAand(xeBandx gC)

(reAandxeB)and(xeA and x ¢C)
xe(AnByandxg(AnC)=>xc(AnB -(ANC)
ANn(B-C)c(AnB) -(ANC)

S1m11ar1y, (AnB)—(AnC)c An(B-C).Hence, An(B-C)=(AnB)—(AnCQC).
(iv) An(BAC) = An[(B-C) u(C -B)]= [A n(B-C)]U[A N (C - B)] [By distributive law]

R

S IV

SR I T

=[(ANB) -(ANC)U(ANC) (AN B)] [Using (iii)]
=(ANB)A(ANC)
ILLUSTRATIVE EXAMPLES

BASED ON HIGHER ORDER THINKING SKILLS (HOTS)
EXAMPLE 1 Let A and B be two sets. Using properties of sets prove that:

(i) AnB' =¢= AcB (i) AAuB=U = AcB
SOLUTION (i) We have,
A= (ANl
= A =An(BuUB) [ BUBi=1]]
= A=(AnBU(AnB) [- mis distributive over union]
= A=(AnBud [-ANnB =¢]
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= A=AnB

A c B
(ii) From (i), we have
AnB =¢

= (ANBY = ¢
=] A U(B')' = [... ¢'=u]
f—t AuUB =U [ (B) =B
Thus, AnB' =¢ & A UB=Uand, AnB =¢=>AcB

AuB=U= AcB
ALITER We have,

AvuB=1U
=5 An(AuB=AnU [Taking intersection with A]
=% (AnmnA)YU(ANB) = A [+ANnU=A]
= dU(ANB =A=> AnB=A= ACcB

EXAMPLE 2 Let A and B be two sets. Prove that: (A —B) v B= A if and only if B < A.
SOLUTION First let, (A — B) w B = A. Then, we have to prove that B < A.
Now, (A-B)uB=A
= (AnB)YuB=A [.A-B=AnB]
= (AUB N(B'UB)=A = (AUB) NnU=A= AUB=A= B c A
Conversely, let B < A. Then, we have to prove that (A - B) w B=A.
Now, (A-B)UB=(AnB)uB=(AuBN(B UB=(Au BpnU=AUB
=A [+ BcA ~AuUB=A]
EXAMPLE3 Let A, Band C be three sets such that A\ B=C and AN B= & Then, prove that
A=C-B
SOLUTION We have, A W B=C.
C-B=(AuUB)-B
=(AUB) "B [+ X-Y=XNY]
=(AnB)U(BNB)= (AnB)ué¢=AnB'=A-B=A [+ AnB=4]
EXAMPLE4 Let A and B be any two sets. Using properties of sets prove that:
(i) (A-ByuB=AuUB (ii) (A-BjuA=A
(iii) (A-B)nB=4¢ (iv) (A-B)mnA=ANB
(v) AU(B-A) =A UB [NCERT EXEMPLAR] (Vi) A—(A-B)=ANB[NCERT EXEMPLAR]
(vii) A —(A nB) = A - B [NCERT EXEMPLAR] (viii)(A UB) -B=A -B [NCERT EXEMPLAR]
SOLUTION (i) We find that

(A-B)uB=(AnB')uB [+ A-B=AnB]

= (AuwB)n(B'uB) [+ v is distributive over M]
=(AuB nU= AUB [ B uB=U]

(ii) (A-ByuA=A [ A-Bc Al

(i) (A-B)nB=(ANnB)nB= An(BnB)=And¢=¢

(iv (A-BnA=A-B=AnEF [~ A-Bc A]

(v) Au(B-A)=AuU(BnA") [ =Y =X Y]
=(AUB) N(AUA") [By distributing of wover M|
=(AuB) nU
=(A U B).

(vi) A—(A-B)=A-(AnB) [. X=-Y=XnY]

=An(ANBY [+ X-Y=XAY']
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=An(A" UB) [By De' Morgan's law]
=(AnA")YU(ANB)
=puU(ANB =AnNB

(vii) A—-(AnB)=An(AnBY [+ X-Y=XnY]
=An (A"UB)
=(ANnAYV(ANB)=0U(ANB)=AnB =A-B

(viii) (AUB)-B=(AUB) NP [ X-Y=XnY']

=(AnB)u(BNnB)=(AnB)ud¢=AnB =A-B.

EXAMPLE 5 Forany two sets A and B prove by using properties of sets that:

() (AuB) -(AnB)=(A-B)u(B-A) (i) (AnB)U(A-B)=A (iii) (AUB -A=B-A

SOLUTION (i) We have,

(AUB) —(ANnB)=(AuB)n(AnNBY [« X-Y=XrnY]
=(AuB nNn(A'uUB) [« (A nB=A" UB]
=X Nn(A" UB'), where X = AUB
=X mnAYu(XnB)

Xm(’l

=(BnA')u(AmB')[ $U (B NA=(ANA)U(BNA) ]

A )=13nA'snnﬂar1y,XmB'=AmB'
=(AnB)uU(B NnA")
= (A-B)u(B-A) [wA-B=AnBand B-A=Bn A'|
(ii)) ( AnByU(A-B)=(AnB) U(ANB)
= XuU(AnB) whereX=AnNB
= (XUA)N(XUB)

XUA=(ANBUA=A[- AnBcA]
=An(AUB) XuUB=(AnB) UB=(AUB)n (BUB)
{ =(AuB)NU=AuUPB }
=A [+« AcAUER]
(iii) (AuB)-A = (AUB N A [+ X-Y=XnY]
=(AnA)YuU(BnA")
= pu(BNnA') [-ANA =¢
=BnA
=B-A [. B-A = BnA']
EXAMPLE 6 Forsets A, B and C using properties of sets, prove that:
(i) A-(BuC) = (A-B)n(A-C) [NCERT EXEMPLAR]

(ii) A—(BNC) = (A-B)U(A -C)
(iii) (A UB)-C = (A -C) U(B-C)

(iv)(AnB)-C = (A-C)n(B-0) INCERT EXEMPLAR]

SOLUTION (i) We have,
A-(BuC)=An(BuCy [ X=¥% = X n¥']
=An(BnC) [- (BuC)y=BnC']

(ANB)N(ANC)= (A-B)n(A-C)
(i) A=(BNC)= An(BNACY [+ X-Y=XAY]
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= An(B uC) [+ (BACY =B uC']
= (ANnB)U(ANnC)=(A-Bu(A-0) [+ nis distributive over U]
(iii) (AuB -C=(AuB)nC [+ X-Y=X~Y]

— (4 NC") (B ) =(4~C) U(B-C)
(iv) (A~ B)—C =(A A B)nC' =(ANC") A (BAC) =(A~C) N(B-C)
EXAMPLE?  For sets A, B and C using properties of sets, prove that:

() A~(B-C) = (A-B)U(ANC) (i) An(B=C) = (ANB)~(ANC)
SOLUTION (i) We have,

A-(B-C)=A-(BnC') [- B=-C=BnC(C']
= An(BNnC"Y [+ X-Y = XnY]
= An(B' uw() [ (BNACY =B u(C') =B uC(]
=(AnB)U(ANC) =(A-B)u(AnC()

(i) An(B-C) = An(BnC) [ B-C = Bn(C']
=(AnB)nC
= U({(AnB) nC')
= ((AnB) NA)U((AnB) nC') [« (AnB NA =¢|

=(AnBn(A'"UC)=(ANB) Nn(ANC) = (AmB)-(AnC)

. EXERCISE 1.7

BASED ON HOTS
. For any two sets A and B, prove that: A'—=B'=B-A
For any two sets A and B, prove the following :
(i An(AAuB=AnB (i) A-(A-B)=AnB
(iii) An(AUB) =¢ (ivi A-B=AA(ANB).
3. 1f A, B, C are three sets such that A c B, then prove that C —-B< C - A.
4. For any two sets A and B, prove that

!‘J-—‘

(i) (AuB)-B=A-B (i) A—~(AnB)=A-B
(iii) A—(A-B)=AnB (iv) AU(B-A)=AUB [NCERT EXEMPLAR]
(v) (A-Byu(AnB)=A [NCERT EXEMPLAR]

5]

Determine whether each of the following statements is true or false. Justify your answer.
(i) (A-B)U(ANB)=Aforallsets Aand B
(ii) A—(B-C)=(A-B)-C forallsets A, Band C.
(iii) If A c B, then (a) AnC < BnC (b) AuC < BuC forallsets A, Band C.
(iv) fAcCandBcC,thenAuUBc Cfor allsets A, Band C. [NCERT EXEMPLAR]

_ANSWERS

2 (i) True (ii) False (iii) (a) True (b) True (iv) True

I e B "ma - =F HINTS TO SELECTED PROBLEMS
1. Weknow thatX-Y =XNY.SoA'-B'=A'n(B')Y=A'nB=BnA'=B-A

2. (i) A—-(A-B)=A-(AnB)=An(AnB)=An(A U(B))=An(A'"UB)= AnB
3. Letx eC - B. Then,

xeC-B= xeC and x¢B= xeC and x¢A= xeC-A [+ Ac B]
C-BcC-A
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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 U B)=n(A)+n(B) —n(A N B) or, n(A n B) =n(A) +n(B) -n(A VU B)
(i) n(A U B)=n(A)+n(B) < A, Bare disjoint non-void sets.
(iii) #(A - B)=n(A) -n(A N B)ie.n(A -B) +n(A n B) =n(A)
(iv) n(B-A)=n(B)-n(AnB)or,n(B-A) +n(An B) =n(B)
(v) n(A A B) = No. of elements which belong to exactly one of A or B
=n((A-B)uU(B-A4))
=n(A-B)+n(B-A) [* (A-B)and (B - A) are disjoint]
1(A) =n(A N B)+n(B)-n(A N B)
n(A) +n(B) -2n(A n B)
(vi) n(AwBUC)=n(A) +n(B)+n(C)-n(A N B) ~mBNC) —-n(AnC)+n(AnBnC)
(vii) Number of elements in exactly two of the sets A, B, C
=n(AnB)+n(BNC)+n(CNA)-3nAnBnC).
(viii) Number of elements in exactly one of the sets A, B, C
=n(A)+n(B)+n(C)-2n(AnB)-2n(BNC)-2n(ANC)+ 3n(ANnB NC)
(ix) n(A'"UB)=n((AnB))=n(U) -n(A ~B)
(x) n(A'nB)=n((AUB))=n(U)-n(AuB).

Il

ILLUSTRATIVE EXAMPLES
BASED ON BASIC CONCEPTS (BASIC)

EXAMPLE 1 If S and T are two sets such that S has 21 elements, T has 32 elements, and ST has 11
elements, how many elements does S UT have? [NCERT EXEMPLAR]
SOLUTION We have, n(S) =21, n(T) =32 and n(SnT) =11
n(SVUT) = n(S)+n(T) -n(SNT) = n(SuT)=21+32-11=42
Hence, SUT has 42 elements.
EXAMPLE2  IfX and Y are two sets such that X UY has 18 elements X has 8 elements and Y has 15
elements, how many elements does X N Y have? [NCERT EXEMPLAR]
SOLUTION We have, n(X uY)=18,n(X)=8,n(Y) =15
nXnY)=nX)+n(Y)-n(XUY) = n(XNnY)=8+15-18 =5
Hence, X Y has 5 elements.
EXAMPLE3  If X and Y are two sets such that X has 40 elements X UY has 60 elements and X AY has 10
elements, how many elements does Y have? [NCERT EXEMPLAR]
SOLUTION We have, n(X) =40,n(XuY)=60and n(X nY) =10.
(X UY) =n(X) +n(Y) -n(X NY)
= 60=40+n(Y)-10= 60 =n(Y) + 30 = n(Y) = 30
Hence, Y has 30 elements
EXAMPLE4 I A and B are two sets such that n(A) =17, n(B) = 23 and n(A U B) = 38, find
(i) n(ANB) (i) n(A-B) (ili)n(B-A) (iv) number of elements in exactly one of A and B.
[NCERT]
SOLUTION We have, n(A) =17, 1 (B) =23 and n (A U B) = 38.
(i) n(A N B) =n(A) +n(B) ~n(A UB) =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)-n(AnB)=n(B-A)=23-2=21
(iv) Number of elements in exactly one of A and B =n(A) +n(B) —2n(A n B)
=17 +23-2x2=236
EXAMPLE 5 Let A and B be two sets such that n(A) = 35,n(AnB) =11 and n((A v B)') =17. If
n(U) =57, find :
(i) n(B) (ii) n(A -B) (iii) n(B—A)
SOLUTION (i) We have,
n((AuwB))=17
= n(U)-n(A UB) =17 = 57 -n(AuB) =17 = n(A U B) =57 -17 =40
— n(A)+n(B)-n(AnB)=40 = 35+n(B)-11=40 = n(B) =16
(i) n(A -B) =n(A)-n(AnB)=35-11=24
(iii) n(B—A) =n(B)-n(AnB) =16-11=5
EXAMPLE6  In a group of 400 people, 250 can speak Hindi and 200 can speak English. How many can
speak both Hindi and English? [NCERT]1

SOLUTION Let H denote the set of people speaking Hindi and E denote the set of people
speaking English. We are given that: 1 (H) =250, n (E) =200 and n(H w E) =400 and we have to
findn (H nE).

Now, n(HUE)=n(H)+n(E)-n(HnNE)

= n(HnE) = n(H) +n(E)-n(H UE) = 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? [NCERT]

SOLUTION LetC be the set of students who like to play cricket and F be the set of students who
like to play football. Then, C U F is the set of students who like to play at least one game and,
C ~ Fis the set of all students who like to play both games. Itis given that n(C) =24,n (F) =16,
1 (C U F) = 35 and we have to find n(C n F).

n(C nF)=n(C)+n(F)-n(CUF)=24+16-35=5.
EXAMPLES If Aand B are two sefs and U is the universal set such that n(U) =700, n(A) =200,
n(B) = 300 and n (A ~ B) =100. Find n (A" n B').
SOLUTION Wehave, A'nB'= (Au B)

n(A'nB)=n((AuB))=nl)-n(AuB)

= n(U) -[n(A) +n(B) —n(A n B)] =700 — (200 + 300 —100) = 300.

BASED ON HIGHER ORDER THINKING SKILLS (HOTS)

EXAMPLE9  Out of 500 car owners investigated, 400 owned car A and 200 owned car B, 50 owned both
Aand B cars. Is this data correct? [NCERT]

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 that n(UI) =500, n(X) =400, n(Y) =200
and n(X NY) =50.

Now, n(XuwY)=n(X)+n(Y)-nXnY)= n(XUY)=400+200-50 =550
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Clearly, X UY < U. Therefore, (X UY) <n(Ll). But, we find that as per the given data,
(X VY) >n(U). This is not possible. Hence, the given data is incorrect.

EXAMPLE10  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 UE) = 50,n(H) = 35, n (H nE) = 25.

Now, n(E-H)=n(HWUE) -n(H) =50-35 =15

Thus, the number of people speaking English but not Hindi is 15.

Now, n(HUE)= n(H)+n(E)-n(HNE) = 50 = 35+n(E)-25 = n(E)=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 cases:

(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 #(B) = 60. We have to find 1 (A 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 N B) = 0.

n(AUB) = n(A)+n(B)-n(AnB) =40+ 60-0 = 100
(ii) If two classes meet at different timings then there can be some students attending both the
classes. It is given that the number of such students is 20 i.e.n (A N B) = 20.

n(AUB) =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 1 (A N B) =95. We have to find n (A’ n B').
Now, n(A'nB)=n(AUB)=n(U) -n(AUB)=n(U)—-{n(A)+n(B)-n(A ~B)}

= 700 — (180 + 275 — 95) = 700 — 360 = 340,

EXAMPLE 13 There are 200 individuals with a skin disorder, 120 has been exposed to chemical Cq, 50 to
chemical Cy and 30 to both the chemicals Cy and Cy. Find the number of individuals exposed to
(i) chemical Cy or chemical Cy (ii) chemical Cy but not chemical C, (iii) chemical C, but not
chemical C;. [NCERT]
SOLUTION  Let U denote the universal set consisting of individuals suffering from the skin
disorder, A denote the set of individuals exposed to chemical C; and B denote the set of
individuals exposed to chemical C,. It is given that: n (L) = 200,n(A) = 120, (B) = 50 and
n(AnB) = 30.
(i) The number of individuals exposed to chemical C; or chemical C, is given byn(AwUB).
Now, n(AuUB)=n(A)+n(B)-n(A~B)=120+50-30 = 140
Hence, required number of individuals is 140.
(ii) The number of individuals exposed to chemical C; but not chemical C, is givenbyn (A N B).
Now, n(AnB)= n(A)-n(AnB)=120-30 = 90
Hence, required number of individuals is 90.

(iif) The number of individuals exposed to chemical C, but not chemical Cy is given by
n (A NB).
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Now, n(A nB)= n(B)-n(AnB)=50-30=20
Hence, required number is 20.
EXAMPLE 14 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 Mathematics and Economics 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.
SOLUTION Let A denote the set of students who have taken Mathematics and B be the set of
students who have taken Economics. It is given thatrn (A U B) = 35, n(A) =17 and n (A - B) =10.
Now, n(A)y=n(A-B) +n(AnB) = 17 =10+n(AnB) = n(A NnB) =7
Thus, 7 students have taken both Mathematics and Economics.
Now, n(AuB)=n(A)+n(B)-n(AnB)= 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)

EXAMPLE15 If A and B are finite sets such that n(A) =my and n(B) =my, then find the least and
greatest values of n(A U B).
SOLUTION We know that
n(A w B) =n(A)+n(B) -n{A n B)
— n(AuB) <n(A) +n(B) [ n(AnB)=0]
= n(A UB) <mq+my seald)
So, the greatest value of n(A U B) is my + . It may be noted that n(A v B) =1my +my only when
n(A nB) =0ie. when AnB=¢ i.e. when A and B are disjoint sets.
Also, we know that
Ac AuB and Bc AuUB
n(A) <n(A uB) andn(B)<n(A v B)
my <n(AwB) andmy <n(A U B)
n(AuB)2myand n(AwB) 2my
1 (A w B) = max {mnq, n) «. (i)
So, the least value of n(A w B) is max {my, mp}.
It may be noted that n(A u B) =max {my, my) only when either A< B or Bc A.
From (i) and (ii), we obtain
max {my, my} <n(A U B) <my +my or, max {1(A), n(B)} <n (A v B) sn(A) +n(B)
EXAMPLE 16  If A and B are two sets such that n(A) = 35, n(B) = 30 and n(U) =50, then find
(i) the greatest value of n(A L B) (ii) the least value of (A M B)
SOLUTION (i) We know that
AuBc U = n(AuB)<n(U)=n(A v B) <50
So, the greatest value of n(A u B) is 50.
(ii) From (i), we have
n(AwB) <50
= n(A) +n(B) -n(A nB) <50 = 35+ 30-n(AnB)<50 = 15 <(AnB) = n(AnB)215
So, the least value of n(A m B)is 15.
EXAMPLE 17 If A and B be two sets containing 3 and 6 elements respectively, what can be the minimum
number of elements in A U B ? Find also, the maximum number of elements in A U B.

SOLUTION We have, n(A w B)=n(A) +n(B) -n(A nB).

NIRRT
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This shows that #(A U B) is minimum or maximum according as # (A M B) is maximum or
minimum respectively.
Case I When n(A m B) is minimum, i.e.n(A ~ B) =0 : This is possible only when A n B = ¢. In this
case, n(A N B)=0.
nA U B)=n(A) +n(B) —0=n(A) +n(B)=3+6=9
So, maximum number of elements in A U Bis 9.
Casell Whenn (A N B)is maximum: This is possible only when A ¢ B.In this case, n(A nB) = 3.
n(AUB)=n(A) +nB)-n(ANB)=3+6-3=6
So, minimum number of elements in A U Bis 6.

ALITER  We know that
max {n(A), n(B)} <n(A U B) <n(A) +n(B)= max (3,6 <n(AUB) <3+6=6 <n(AuB)<9
Hence, the minimum and maximum number of elements in A L Bis 6 and 9 respectively.
EXAMPLE 18 A market research group conducted a survey of 2000 consumers and reported that 1720
consumers liked product Py and 1450 consumers liked product Py. What is the least number that must
have liked both the products ? [NCERT]
SOLUTION Let U be the set of all consumers who were questioned, A be the set of consumers
who liked product Pj and B be the set of consumers who liked the product P,. Itis given that
n(U) =2000, n(A) =1720, n (B) =1450.
n(AvUB) = n(A)+n(B)-n(AnB)= 1720 + 1450 ~n (A N B) = 3170 =1 (A ~ B)
Now, AuBc U
= n(AuUB) < n(U) = 3170-n(ANB) <2000 = 3170-2000 <n (A NB) = n(A N B) 21170
Thus, the least value of n (A n B) is 1170. Hence, the least number of consumer who liked both
the products is 1170.
EXAMPLE19 A survey shows that 63% of the Americans like cheese whereas 76% like apples. If x% of
the Americans like both cheese and apples, find the value of x.
SOLUTION  Let A denote the set of Americans who like cheese and let B denote those who like
apples. Let the population of America be 100. Then, n(A) = 63, n(B) =76.
Now, n(A n B) =n(A) + n(B) -n(A UB) = (AN B)=63+76-n(AuwB)=139-n (AUB)
But, n(A w B) <100.
= -n(AUB)2-100 = 139-n(A UB) 2139-100=>139 -1 (A U B) > 39 = n(A N B) > 39 ...(>i)
Now, AnBc Aand A nBc B
= n(A N B) <n(A) and (A N B) <n(B)=>n(A n B) <63 and n(A N B) <76 => n(A N B) <63 ...(ii)
From (i) and (ii), we obtain : 39 <n(A N B) <63 = 39 <x <63.
EXAMPLE20 [n 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 Band C
and 4% buy A and C. If 2% families buy all the three news papers, find the number of families which buy
(i) A only (ii) B only (iii) none of A, Band C. [NCERT EXEMPLAR]
SOLUTION  Let P, 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, n(Q) = 20% of 10,000 = 2000, n(R) = 10% of 10,000 = 1000,
n(P N Q) = 5% of 10,000 = 500, 7 (Q N R) =3% of 10,000 = 300, 1 (R N P) =4% of 10,000 = 400
n(P nQ N R)= 2% of 10,000 = 200 and n(LI) = 10,000.
(i) Required number= n(P ~nQ' nR')=n(P n(Q UR))
n(P) —n[P n(Q UR)] [ n(AnB)=nlA) —n(A N B)]
n(P)—n[(P nQ) (P nR)]
n(P) =[n(P Q) +n(PNR)-n{(P Q) n(P nR)}]
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=n(P)-[n(PnQ)+n(PnR)-n(PnQNR)]

= 4000 — (500 + 400 — 200) = 3300
(ii) Required number= n(P'nQ N R)=n(QnP nR)=n(Qn(PUR))
n(Q)-n(Q N(P UR)) [~ n(AnB)=nA)-n(AnB)]
n(Q)-n[(QNP)u(@QnNR)]
= n(Q) —[n(@Q N P) +n(Q N R) -n(Q N P) n(Q N R)H]
n(Q) —[n(P nQ) +n(QNR)-n(P nQ NR)]

= 2000 — (500 + 300 - 200) =1400
(iii) Required number= n(P' Q' N R')=n [(PuUQuUR)]=nl)-n(PuQuUR)

= n(U) =[n(P) +n(Q) + n(R) —n(P n Q) —n(Q N R)
-n(RnP)+n(PnQ nNR)]

10000 — [4000 + 2000 + 1000 —500 — 300 — 400 + 200] = 4000.

Il

ALITER 1 Tt is given thatn(P nQ n R) =200 and n (P M Q) =500. So, the number of families
buying newspaper A and B only is 500-200 = 300. Similarly, the u P

number of families buying news papers Band C only is 300 —200 =100

and news papers C and A only is 400 —200 = 200. @&

(i) Ttis given that 4000 families buy news paper A.So, the number of w
R

families buying news paper A only= 4000 —(300 + 200 +200) = 3300.
(ii) Similarly, the number of families buying news paper B only
=2000 —(300 + 200 + 100) =1400
The number of families buying news paper C only =1000 —(200 + 200 +100) =500
(iii) The number of families buying none of the news papers
=n(U)-n (P UQ UR) =10000 - (3300 + 300 + 200 + 200 + 100 + 1400 +500) = 4000

ALITER2  In the adjacent Venn diagram, leta, b, c, d, ¢, f and g denote the number of families
buying news paper(s) represented by the respective regions.

Fig.1.13

It is given that
a+b+d+e=4000,b+c+e+f=2000,d+e+f+g=1000,
b+e=500,¢e+ f =2300,d+e=400and e = 200.

Now, e=200andd+e=400,e+f=300,b+e=500

= d =200, f =100, b = 300.

Substituting b = 300, d =200, e =200, f =100 ind +e + f + ¢ =1000,

b+c+e+f=2000and a+b+d+e=4000, we obtain

g =500, a = 3300 and ¢ =1400.
(i) Number of families buying news paper A only =a = 3300

(ii) Number of families buying news paper B only = ¢ =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
EXAMPLE21 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
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that n (F) =38,n(B)=15,n(C) =20, n(F WUBuUC) =58 and n(F n Bmn(C)=3.
Now,
n(FUBUC)=n(F)+n(B)+n(C)-n(FNB)-n(BNC)-n(F nC) +n(FNBNC)
= 58=38+15+20-n(FNB)-n(BNC)—n(F AC) + 3
= n(FNB)+n(BNC)+n(FNC)=76-58 = 18
Number of men who received medals in exactly two of the three sports
=n(FNB)+n(BNC)+n(FNC)-3n(FNBNC)=18-3%x3=9
Thus, 9 men received medals in exactly two of the three sports.
ALITER  In the adjacent Venn diagram leta, 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 = 38 = a+b+d+e¢ = 38 o B
Number of medals awarded in Cricket =20 = d+ e+ f + g =20
Number of medals awarded in Basketball =15= b +c+e+ f =15
Number of medals awarded in all three sports = 3=> ¢ = 3. Avh
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 c

sports which is equal to b +d + f. Fig. 1.15

Now, a+b+d+e=38,b+c+e+f=15andd+e+f+g=20

= a+tb+d+e+b+cre+f+d+e+f+g=38+15+20

= (a+b+c+d+e+f+gQ)+(b+d+2e+f)=73

= 58+(b+d+2x3+f)=73 = b+d+f=9

EXAMPLE 22 In a survey of 25 students, it was found that 15 had taken Mathematics, 12 had taken
Physics and 11 had taken Chemistry, 5 had taken Mathematics 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

(i) only Chemistry. (ii) only Mathematics.
(iii) only Physics. (iv) Physics and Chemistry but not Mathematics.
(v) Mathematics and Physics but not Chemistry. (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 that
n(U)=25n(M)=15n(P)=12,n(C) =11, n(M nC) =5, n(M nP)=9,n(P nC) =4
and, n(MnPnC)=3
(i) Number of students who had opted Chemistry only.
=nM NnPNC)=n((MuP)YnC)
=n(C)-n((MuUP)nC) [ n(AnB)=n(A)-n(A n B)]
n(C)-n((MnC)u(PnC)
nC)-nMnC)+n(PNC)-n(MAPNC)=11-(5+4-3) =5
(ii) The number of students who had opted Mathematics only.
=n(MnP'NC") =n(Mn(PNC))=n(M)-n(Mn(PUC))=n(M)-n((MnP)u(MnC))
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=nM)-{n(MnP)+n(MnC)-n(MnPnNC)}] =15-(9+5-3)=4
(iii) The number of students who had opted Physics only
=n(PoM nC) =n(Pn(MuC))=n(P)-n(Pn(MuC))= n(P)-n((P nM)u(P nC))
=n(P)-{(n(PoM)+n(PnC)-n(PnMnC)}=12-(9+4-3) = 2.
(iv) Required number of students = n(P nC n M')
=n(PnC)-n(PNC M) [-n(AnB")=n(A)-n(ANB)]
=4-3=1
(v) Required number of students= n(M nPnC)=n(MnP)-n(MnPnC)=9-3 =6
(vi) Required number of students
=n(M)+n(P)+n(C)-2(n(MnP)+n(PnC)+n(MnC)+3n(M NP nC)}
=15+12+11-2(9+4+5)+3x3 =38-36+9 =11
(vii) Required number of students = n(M w P uC(C)
=n(M)+n(P)+n(C)-n(MP)-n(PnC)-n(MnC)+n(MnPnC)
=15+12+11-9-4-5+3 = 23
(viii) Required number of students = n(M' " P' nC")
=nMuUPUCY=nU)-n(MUPUC)=25-23=2.
ALITERT Consider the Venn diagram shown in Fig. 1.16. Leta, b, ¢, d, e, f, g denote the number
of students in the respective regions.
From the Venn-daigram, we find that
nM) =a+b+d+en(P)=b+c+e+f,
nC)=d+e+f+g,
nMnNP)=b+e, n(PnC) =e+f,
nMnC)=d+e and, n(MNP NC) = e
In order to find the required values, we need to find the values of
a,b,c,d,e, fand g. So, let us first determine these values. Fig. 1.16

Itisgiventhat: n(MNPNC)=3= e=3
nMNP)=9= b+e=9= b+3=9 =b=6

nPNnC)=4>e+f=4= 3+f=4=f=1
nMNC) =5= d+e=5 = d+3=5=d=2
n(M) =15= a+b+d+e=15= a+6+2+3 =15=a =4
n(P) =12= b+c+e+f =12= 6+c+3+1 =12= ¢ =2
nC) =1l= d+e+f+g=11= 2+3+1+g=11= ¢ =5
Thus, wehavea=4,b=6,c=2,d=2,¢e=3, f=1and g =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 = ¢ = 2.
(iv) Number of students that had taken Physics and Chemistry but not Mathematics
=f=1
(v) Number of students that had taken Mathematics and Physics but not Chemistry
=b=086
(vi) Number of students that had taken only one of the subjects = a + ¢+ g=4+2+5=11
(vii) Number of students that had taken at least one of the three subjects
=a+b+c+d+e+f+g=23

I
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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

ALITER2 Itis 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 i
students had taken Mathematics. So, number of students who had (
4

N

u

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 Tﬂ
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 subjectsis 4 + 2 + 5 =11
(vii) at least one of three subjectsis4 +6+2+2+3+1+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 LetE, 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 (U) =100. It is given that:
Number of students studying English only =18 = a=18

Fig.1.18

Number of students studying English but not Hindi =23 = a+e =23
Number of students studying English and German =8 = e+g=8
Number of students studying English =26 = a+d+e+g=26
Number of students studying German =48 = c+e+g+f =48
Number of students studying German and Hindi =8 = g+f =8
Thus, we obtain: a=18,a+e=23,e+g=8,a+e+g+d=26,e+g+f+c=48andg+f =8
= n=18,¢=5,¢=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

ie. (EUHUG) =76 = a+b+c+d+e+f+g=76 = 18+b+35+0+5+5+3=76 = b=10
(i) The number of students studying Hindi=b+d+g+ f =10+0+3+5=18
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(ii) The number of students studying English and Hindi=d+¢=0+3=3
(iii) The number of students studying English, Hindi and German = g = 3.

EXAMPLE 24 [n an university, out of 100 students 15 offered Mathematics only; 12 offered Statistics
only; 8 offered Physics only; 40 offered Physics and Mathematics ; 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 (iti) 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 M
all the three subjects. It is given that 10 students offered /\ s
Mathematics and Statistics. Therefore, number of students who 15 .
offered Mathematics and Statistics but not Physics is 10-x.
Similarly, number of students in different regions are marked in ﬁ@
Fig. 1.19. It is given that 65 students offered Physics.

(40-2)+x+(20-x)+8=65 = 68-x=65= x=3

(i) From Fig. 1.19, we find that

u

"

P

Fig.1.19
The number of students who offered Mathematics =15 + (10 —x) + x +40—x=65—-x=65-3 =62
(i) 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=105-2x3=99
. Number of students who did not offer any of the three subjects = 100 - 99 = 1.

EXAMPLE 25 Out of 280 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.
n(HOUFuWV) =280

= (70+x)+(35-x)+(30—x)+x+(20—x) + (55 + x) + (30 + x) = 280 i

= 240+x=280=>x=40

Hence, 40 students play all the three games.

EXAMPLE26  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. [NCERT EXEMPLAR]
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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(M P UC) =50, n(M) = 37, n(P) =24, n(C) =43,
n(MnP)<19,n(MnC)<29andn(P nC) <20.
We know that

(M UP UC) =n(M) +n(P) +n(C)-n(M NP)-n (M NC)-n(PNC)+n(MnPnC)

= 50 = 37 +24+43 - {i(M N P) + n(M NC) +n(P nC)} +n (MNP NC)

= 50 =104 -{n(M N P) + (M nC) +n (P nC)} +n(M P nC)

= 54 +n(M NP NC) =n(MNP)+n(MnC)+n(P nC)

= 54+n(M P nNC)<19 +29+20

= n(MnPnC)<14 [+ n(M~P)<19,n(MnC)<29,n(PnC) <20]

Hence, the largest number of students that could have passed in all the three subjects is 14.

EXAMPLE27 A school awarded 58 medals for Honesty, 20 for Punctuality and 25 for 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 n(H)=>58,n(P)=20,n(0) =25 n(HUPwO) =78 and
n(HNPnNO) =5

Sy
Let x denote the number of students who got medals in Honesty and bvb

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 only. g
Now, n(HUPuUO)=78 Fig. 1.21

= n(H) + n(P) + n(0) -n(H " P) —n(P nO) -n(H nO) +n(H NP n0O) =78

= 58+20+25-n(HNP)-n(PnO)-n(HNO)+5=78

= n(HAP)+n(PnO)+n(HNO)=30 = (x+5)+(y+5)+(z+5 =30 = x+y+z=15
Hence, required number of students =x +y +z =15

ALITER  Number of students who bagged medals in Honesty only =58 —(x +y +5) =53 —x -y
Number of students who bagged medals in Punctuality only =20 -(x+5+2) =15-x-z

Number of students who bagged medals in Obedience only =25 ~(y +5+2) =20~y -z

It is given that medals were bagged by a total of 78 students.
(53-x-y)+x+(15-x-2) +y+5+2z+20-y-z=78
=5 B-(x+y+2)=78 = x+y+z=15
Hence, number of students who bagged medals in exactly two of the three values=x +y +2z =15.

EXERCISE 1.8

BASIC
1. If A and B are two sets such thatn (A U B) =50, n(A) =28 and n (B) = 32, find n (A n B).
[NCERT]
2. If P and Q are two sets such that P has 40 elements, P U Q has 60 elements and P nQhas 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?  [NCERT]
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9y

10.

11.

14.

16.

18.

- Ina group of 70 people, 37 like coffee, 52 like tea and each person likes at least one of the

two drinks. How many like both coffee and tea? [NCERT]
Let A and B be two sets such that : n(A) =20, n(A w B) =42 and n (A N B) = 4. Find
(i) n(B) (ii) n(A - B) (iti) 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

(i) how many can speak Hindionly  (iii) 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?

[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 juice 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]
13. Inagroup of 65 people, 40 like cricket, 10 like both cricket and tennis. How many like tennis
only and not cricket? How many like tennis? [NCERT]
BASED ON LOTS

Inasurvey of 60 people, it was found that 25 people read newspaper H, 26 read newspaper
T, 26 read newspaper I, 9 read both H and I, 11 read both H and T, 8 read both T and 1,3
read all three newspapers. Find:

(i) the numbers of people who read at least one of the newspapers.
(i) thenumber of people who read exactly one newspaper. [NCERT]

5. 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?

- Ina survey of 100 persons it was found that 28 read magazine A, 30 read magazine B, 42

read magazineC, 8 read magazines A and B, 10 read magazines A and C, 5 read magazines
B and C and 3 read all the three magazines. Find:

(i) How many read none of three magazines? (i) 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:
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19,

20.

N
2

(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 P, and 29 liked
product P, If 14 persons liked products P; and P, ; 12 persons liked product P3 and P ; 14
persons liked products P, and P and 8 liked all the three products. Find how many liked
product P3 only. [NCERT]
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. [NCERT EXEMPLAR]
In a group of 50 students, the number of students studying French, English, Sanskrit were
found to be as follows : 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 (ii) English only (iii) Sanskrit only
(iv) English and Sanskrit but not French (v) French and Sanskrit but not English
(vi) French and English but not Sanskrit (vii) at least one of the three languages

(viii) 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 all
the three. Find how many passed :

(i) in English and Mathematics but not in Science.

(ii) in Mathematics but not in Science. (iii) in Mathematics only.
(iv) inmore than one subject only. [NCERT EXEMPLAR]

ANSWERS

.10 2.3 312 419 5 ()26 (i) 16 (i) 22 6. 38%

. (1) 260 (ii) 490 (iii) 200 8. (i) 16 (ii) 20 9. (i) 600 (i) 250 (iii) 150
.95 11, 225 12. 60 13. 25,3514. (i) 52 (i) 30 15. 43  16. 20,325
. () 20 (i) 30 18 (i) 18 (i) 3  19. 11  20. 20

L@ 6 ()3 ()9 ()1 (v) 2 (vi) 6  (vii) 30 (viii) 20
L) 2 G)3 @) 3 (iv) 9

HINTS TO SELECTED PROBLEMS

(i) n(A UB)=n(A)+n(B)—n(AnB)= n(B) =26
(i) n(A-B)=n(A) -n(AnB) =>n(A-B)=16
(iii) n(B-A)=n(B) -n(A nB)= 22
(iii) Let A and B denote the sets of persons who can speak Hindi and English respectively.
Then, n (A w B) =950 , n(A) =750 and n(B) = 460.
(i) n(A nB)=n(A)+n(B) —n(A u B) =750 + 460 — 950 =260
(ii) Required number =1 (A — B) =n(A) —n(A N B)
(iii) Required number =1 (B - A) =n(B) -n(A N B).
(ii) Let A and B be sets of persons who drink tea and coffee respectively. Then,
n(A w B)=50,n(A - B) =14, n(A) = 30.
(i) n(A-B)=14 = n(A) -n(A N B)=14=n(AnB)=n(A) -14=30-14=16
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9.

16.

18.

(i) Required number =n(B - A) =n(B) —n (A ~ B).
Now, n(A w B) =n(A) +n(B) -n(A N B) = 50=30+n(B)-16 = n(B) =
© n(B-A)=n(B)-n(AnB)= n(B-A)=236-16=20
Let A and B be the sets of persons who can speak Hindi and Bengali respectively. Then,
n(A v B) =1000, n(A) =750 and n(B) = 400.
No. of persons who can speak Hindi only =n(A — B) =n(A) —n(A n B)
No. of persons who can speak Bengali only =7 (B — A) =n(B) —1 (B N A)
No. of persons who can speak both Hindi and Bengali=n (A m B) =n(A) + n(B) —n (A w B).

 LetA,Band C be the sets of members of basketball, hockey and football teams respectlvely

Then, n(A) = n(B) =26, n(C)= n(AnB)=14, n(BnC)=15 n(AnC)=
and n(A mBmC) =
Required number = n(A UBuUC)

=n(A) +n(B) +n(C) -n(A nB)-n(BNC)-n(AnC)+n(AnBnC).

N = Total number of television viewers = 500, n(F) =285, n(H) =195, n(F m B) =45,
n(FnH)=70, n(HNB) =50, n(F"nH' nB')=50.

Now, n(FFnH nB')=50
= n[(F v H v B)]=50
= N -n(FuUHuwB)=50
= 500 = [n(F) +n(H) +n(B) —n(F " H)=n(F N B) —n (H N B) +n(F nH N B)]=50
= n(F nH n B) =500 - 285 -195 — 115 + 70 + 50 + 45 —50 = 20.

Required number = n(F " H n B) =20

Required number =n(F "H' N B') +n(F' " H' N B) +n(F NH N B)]
=n(F)+n(H)+n(B)-2n(FNnH) +n(HNB) +n(BNF}+3n(F~nHNB
Wehave,a=18,a+b=23,d+e=8,a+b+d+e=26, |
d+e+f+g=48,

and, a+b+c+d+e+f+¢g=100-24=76

=18,b = 0,c = 10,d=5,e=3, f=5 and, ¢=35
(i) n(Hy=b+c+e+ f=18 (ii)) n(HNE)=b+e=3

Fig. 1.22
___FILL IN THE BLANKS TYPE QUESTIONS (FBQs)

W oo R W N

—
=

- If A and B are two finite sets, then n(A) +n(B) is egualita ...omminnan .

+ If Ais a finite set containing # elements, then the number of subsets Of A S .......eovevvvrinnn. .
+ Theset{x € R:1 <x <2} can be written as ...........oo.ooouo..... ;

- If A and B are finite sets such that A < B, then 71(A UB) =....coeeormmrrererrroe., .

» If A and B are any two sets, then A —Bis equal t0 .......cccooo..vvrrmrrvenene. ;

When A = ¢, then the number of elements in P(A) iS .....oceververrunn... .
When A = ¢, then the number of elements in P(P(A)) i$ ....ccccverrrnnn.. :

* The power set of set A ={1, 2} is .
+ For all sets A and B, A—(AnB)is equaI to .. R
» For all sets A and B, B—(A n B) is equal to ......ccccooorvrvnrenncn. ;
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11. 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. ={1,2,3,4,5,6,7,8,9, 10],A {1 2 3 5} {2, 4,6,7}and C =12, 3, 4, 8). Then,
(i) (BuC)': ......................... (ii) (C-A) =

13. If A and B are two sets, then A N (A U B)' is equal to w.cccoveueemveersrneensiinnins «

14. 1f A and B are two sets, then (A’ U B') —A)’ is equal to ..o

15. For any two sets A and B, [B'U (B’ — A)]" is equal t0 oocoovvisicnsinnisinns -

16. For any three sets A, B and C, (A = B) —(B~C) is equal to ......coovinnsicsinnies

17. For any three sets A, B and C, (A -B) N (C - B) is equal to ..

18. 1f A and B are two sets, then (A " B') w(B nC)is equal to .. s

19. Forany threesets A, Band C,(A wBUC) n(A N BN CinENis equal EOsusvssnsssisppondsss bouiris ;

20. LetS={x:xisapositive mulhple of 3less than 100} P ={x : xis a prime number less than 20}
Then, n(S) +n(P) =

21. If n(AnB)=10,n (BﬁC) 20 and n (A AC) =30, then the greatest possible value of

n(AnBnC)is ... i

If A, B and C are any three non—empty sets such that any two of them are disjoint, then

(AUBUC)N(ANBNC) =

23. Ifn(AnB)=5n(AnC)=7 and (A ﬁBmC) 3, then the minimum possible value of
n(BNC)is. s

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 17 (A A B) iS oo,

25. For any two sets A and B, if n(A) =15, n(B)=12, AnB# ¢and B ¢ A, then the maximum
and minimum possible values of1 (A A B)are .. eeverreseseees AN cucireressessnenenenes TESPeCtively.

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, thenn (A) -n (B) =

ANSWERS
1. n(AnB)+n(AnB) 2. " 31,2 4n®B 5 AnB 61

7.2 8. P(A) ={o, (1], {2}, 1, 2} 9. Anp 10. A1l (0,1,2, 3,4,5,6, 8
12. (§) {5,9,10) (i) {1,2, 3,5,6,7,9,10 13. 14. A

15. B 16. A_B 17. (ANnC)-B 18. A" UB 19. BAC

20. 41 21. q1p 22. ) 23. 3 24. 1

25. 25 5 26. 2

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. [f a set contains 7 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:x eN, x is a multiple of 3} and B=|x:x eN and x is a multiple of 5 }. Write
AnNB.

Let A and Bbe two sets having 3 and 6 elements respectively. Write the minimum number
of elements that A U B can have.
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IfA = {xeC:x% = ljand B = {xeC:x* = 1}, then write A — Band B — A.

u

If A and B are two sets such that A — B, then write B' — A’ in terms of A and B.

Let A and B be two sets having 4 and 7 elements respectively. Then write the maximum
number of elements that A U B can have.

e B

8. IfA = {(x,y):y = l,OaﬁxeR}andB = {(x, ¥): ¥ =—x, x € R}, then write A N B.
x

9. fA = {(x,y):y=e", xeR)and B={(x, y):y =~ ¥, x € R}, then, write A N B.
10. If A and B are two sets such that n(A)=20,n(B) =25 and n(A U B) =40, then write
n(A n B).
11. IfA and Bare two sets such thatn (A) =115, n(B) = 326, n (A — B) =47, then writen (A U B).

. ANSWERS
1, 2% 21 3. {x:x €N, x is a multiple of 15} 4. 6

5. A-B=¢, B—A ={i, -1 6. ¢ 7 11 8. ¢ 9. (0, 1)}
10. 5 11. 373

: MULTIPLE CHOICE QUESTIONS (MCQs)
Mark the correct alternative in each of the following:

1. Forany set A, (A") is equal to

(a) A’ (b) A (©) ¢ (d) none of these

2. Let A and B be two sets in the same universal set. Then, A — B =
(a) AnB (b) AnB () AnPB (d) none of these

3. The number of subsets of a set containing n elements is

(a) n fh) ‘2" =1 () n? d) 2"
4. Forany two sets Aand B, A n(A U B) =

(a) A (b) B © ¢ (d) none of these
5. If A=1{1,3,5, B} and B = {2, 4}, then

(a) 4eA (b) {4 c A (c) Bc A (d) none of these
6. The symmetric difference of A and B is not equal to

(@ (A-B) n(B-A) (b) (A-B) U (B-A)

() (AuB)-(AnB) (d) {(AwB)— A) w{(AUB)- B}
7. The symmetric difference of A = {1, 2, 3} and B = (3, 4, 5}is

(a) {1,2) (b) (1,2,4,5}) () {4,3} (d) {2,51,4,3]}
8. Forany twosets Aand B,(A-B) u(B-A) =

(@ (A-BUA (b) (B-A)uUB

(c) (AUB)—(ANB) (d) (A UB) (A N B)

9. Which of the following statement is false :
(@ A-B=ANnB (b) A-B=A-(ANnB)
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10.

13.

14.

16.

17.

18.

19.

23.

MATHEMATICS-XI
() A—-B=A-P (d) A-B=(AuUB)-B

For any three sets A, Band C
(@ An(B-C)=(AnB)-(AnC) (b) An(B-C)=(AnB)-C
(c) AU(B-C)=(AuB) n(AuC) (d) Au(B-C)=(AuB)—-(AuC).

11, letA=(x:xeR,x>4land B={xeR:x <5]. Then,AnB=

(a) (4, 5] (b) 4,5) (c) [4,5) (d) [45]

Let U be the universal set containing 700 elements. If A, B are sub-sets of U such that
n(A) =200,n(B) = 300 and 1 (A n B) =100. Then, n(A’ " B) =

(a) 400 (b) 600 (c) 300 (d) none of these.
Let A and B be two sets such that n(A) =16, n(B) =14, n(A U B) = 25. Then, n(A N B) is
equal to
(a) 30 (b) 50 (c) 5 (d) none of these
IfA = (1,2, 3, 4,5}, then the number of proper subsets of A is
(a) 120 (b) 30 (c) 31 (d) 32
_ In set-builder method the null set is represented by
(@) {} (b) @ (© fx:x=2i (d) {x:x =«
If A and B are two disjoint sets, thenn (A U B) is equal to
(a) n(A) +n(B) (b) n(A) +n(B) —n(A N B)
(¢) n(A) +n(B)+n(AnB) (d) n(A)n(B)
Fortwosets AuUB = A iff
(a) Bc A (b) Ac B (c) A=B (d A =B
If A and B are two sets such thatn(A) = 70,n(B) =60,1(A v B) = 110, thenn(A N B) is
equal to
(a) 240 (b) 50 (c) 40 (d) 20

If A and B are two given sets, then A N (A N B)‘ is equal to
(@) A ®) B (©) @ d) AN B

_If A ={x:xisamultiple of 3} and, B={x:xisa multiple of 5}, then A - Bis

(a) AnB (b) AnB (c) AnB (d) AnB

1. Inacity 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
(a) 80% (b) 40% (c) 60% (d) 70%

. IfAnB = B, then

(a) Ac B (b) Bc A (c)A =0 (d) B=9o

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

(a) 10 (b) 20 (c) 25 (d) 30
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24.

[
51

31.

32

34.

Two finite sets havem and nelements. 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 m and n are:
(a) 7,6 (b) 6,3 (c) 6,4 (d) 7,4

[NCERT EXEMPLAR]

- Ina class of 175 students the following data shows the number of students opting one or

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?
(a) 35 (b) 48 (c) 60 (d) 22

- Suppose Ay, Ay, ..., Ay are thirty sets each having 5 elements and By, By, ..., B, are 1 sets

30 n
each with 3 elements, let | = U Bj— = Sand each element of S belongs to exactly 10 of the
i=1 j=1

A;® and exactly 9 of the B}-s, then nis equal to

(a) 15 (b) 3 (c) 45 (d) 35
[NCERT EXEMPLAR]

. Two finite sets have mand nelements. The number of subsets of the first setis 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]

. For any two sets A and B, A n(A U B)' is equal to

(@) A (b) B (c) ¢ (d) AnB

. The set (A UB') U(BNC) is equal to

(a) AuBuUC (b) A'UB (c) A'vC (d) AAnB
[NCERT EXEMPLAR]

- Let Fy be the set of all parallelograms, F, the set of all rectangles, F; the set of all rhombuses,

Fy the set of all squares and F; the set of trapeziums in a plane. Then F, may be equal to
(@) K, N Fy (b) ;3N E, () KLUF (d) HLUFR UFUF
[NCERT EXEMPLAR]
IfX={8"-7n-1:neN}and Y ={49n —49 :n € N). Then,
(a) XY b)) YcX () X=Y (d) XnY=4¢
INCERT EXEMPLAR]

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

(a) x=235 (b) x=63 (c) 39 <x<63 (d) x=239
[NCERT EXEMPLAR]

; IfsetsAandBaredefmedasA={(x, y):y:l,{}#xeR}, B={x,y):y=-x, x eR}, then
x

(a) AnB=A (b) AnB=B () AnB=¢ (d) AUB=A
[NCERT EXEMPLAR]

20 n
Each set X, contains 5 elements and each set Y, contains 2 elements and Ul =G uer gf
r= r=
each element of S belongs to exactly 10 of the X, and to exactly 4 of the Y, ®, then 1 is
(a) 10 (b) 20 (c) 100 (d) 50
[NCERT EXEMPLAR]
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35. Two finite sets have m and  elements respectively. The total number of subsets of first setis
56 more than the total number of subsets of the second set. The value of m and n
respectively are:

(@) 7,6 (b) 5,1 (c) 6,3 (d) 8,7
[NCERT EXEMPLAR]
36. Theset(AwBUC)N(ANB NnC') uC' isequal to
(a) BnC' (b) AnC (c) Bul' (d) AnC’
[NCERT EXEMPLAR]
. If A and B are two sets, then A n(A U B) equals
(@) A (b) B (© ¢ (d) AnB
[NCERT EXEMPLAR]

38, Let S={x:xis a positive multiple of 3 less than 100} , P ={x:x is a prime less than 20}.
Then, n(S) +n(P) is
(a) 34 (b) 41 (c) 33 (d) 30

[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 (b) 290 (c) 180 (d) 260

[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
(a) 0 (b) 25 (c) 35 (d) 45

[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,

(@ SNTAC=¢ (b) SUTUC=C (0 SuTuC=5 (d) SuT=5nC

(5]
~1

[NCERT EXEMPLAR]
ANSWERS
1. (b) 2. 3. (d) 4. (a) 5. (d) 6. (b) 7. (b) 8. (0 9. (0

10. (a), (b), (c) 11b) . 12, 13. (c) 14.%(e)f ¢  A50¥(c) 16. (a) 17. (a)
18, 1(d)  19:4d) . 20. () 2L (g 22. (b) 23 (d). 24, (9) 25, (c) 26. ()
27. (b) 28. (c) 29.(b) 30.(d) 30.(d) 31. (a) 32. (¢) 33. (¢) 34. (b)
35. (c) 36. (a) 37. (a) 38. (b) 39. (b) 40.4(b)ei “4t.wile)

SUMMARY

A set is a well defined collection of objects.
A set is described either in set builder form or tabular form.

A set consisting of no element is called the null set and is denoted by ¢

o o

A set consisting of a single element is called a singleton set.

g

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 1 (A).
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10.
11.
i b

13.

14.

18.

(

. Two sets A and B are equal if they have exactly the same elements.

. A set A is said to be a subset of a set B, if every element of A is also an element of B.

. If a, b are real numbers such that a <b, then the set

(i) {x:xeR and a <x <b} is called the closed interval [a, b]
(ii) {x:x e R and a <x <b) is called the open interval (a, b)
(iil) {x:x eR and a <x <b)} is called the semi-open or semi-closed interval [a, b).
(iv) {x:xeR anda <x <b}is called the semi-open or semi-closed interval (a, b].
The total number of subsets of a finite set consisting of 1 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 Bis 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 UB = {x:x€A or xe B}
The intersection 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 AN B.Thus, AnB = {x:xeA and x eB).
The difference A — B of two sets A and B is the set of all those elements of A which do not
belong to Bie. A-B = {x:xeA and x ¢ B).Similarly, B—-A = {x:xeB and x¢A).
. The symmetric difference of two sets A and Bis the set (A — B) U (B — A) and is denoted by
A AB.
. 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. The complement of A is denoted by A’ or A°.
. For any three sets A, Band C, we have .
(i) AvA=AandAnA=A (Idempotent laws)

(i) Aup=AandAnU=A (Identity laws)
(i) AUB =BuAandAnB=BnA (Commutative laws)
(iv) (AUuB)UC=AU(BUC) and (ANB) NnC=AN(BAC) (Associative laws)
(V) AU(BNC) =(AUB)n(AuUC) and AN(BUC)=(ANB)U(ANC)
(Distributive laws)
(vi) (AUB)Y = AAnBand(AnB) = AUB (De’ Morgan'’s laws)

If A, B and C are finite sets and U be the finite universal set, then
(i) n(AUB) =n(A)+n(B)—n(AnB)
ii) n(AwB) = n(A)+n(B) < A, Bare disjoint non-void sets

(iii) n(A-B) = n(A)-n(AnB)ie,n(A-B)+n(AnB)=n(A)

(iv) n(AAB) = n(A-B)+n(B-A) = n(A)+n(B)-2n(A N B)

(v) n(AvBUC)=n(A)+n(B)+n(C)-n(ANB)-n(BAC)-n(C NA)+n(AnBnC)
(vi) Number of elements in exactly two of sets A, Band C

(v

=n(AnB)+n(BNC)+n(CnA)-3n(AnBnC)
ii) Number of elements in exactly one of sets A, B and C
=n(A)+n(B)+n(C)-2n(AnB)-2n(BNC)-2n(AnC)+ 3n(AnBnC).



