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LESSON 1

SETS

A set is a well-defined class or collection of objects. By a well defined collection we mean that
there exists a rule with the help of which it is possible to tell whether a given object belongs or
does not belong to the given collection. The objects in sets may be anything, numbers, people,
mountains, rivers etc. The objects constituting the set are called elements or members of the set.

A set is a collection of well-defined distinct objects i.e. the objects follow a given rule or rules.

If we say that we have a collection of short students in a class, then this collection is not a
set as short student is not well defined. If however, we say that we have a collection of students
whose heights is less then 5 feet, then it represent a set.

Examples:

1 A=114,514.38]}

: , the elements of this collection are distinguishable but not distinct,
hence A is not a set.

A={a, e i, o0, u}

2. Let A= collection of all vowels in English alphabets, then . Hence

elements of A are distinguishable as well as distinct, then A is a set.
3. The collection of all positive integers is a set.
4. The collection of all students of IIT (Delhi) is a set.
Some standard notation for some special sets:
1. The set of all natural number i.e., the set of all positive integers, is denoted by N.
2. The set of all integer number is denoted by / or Z.
3. The set of rational number is denoted by Q.

!

4. The set of all irrational number is denoted by Q
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5. The set of all real number is denoted by R.

6. The set of all positive number is denoted by R . (zero is not included)

7. The set of all negative real number is denoted by R~ . (zero is not included)

8. The set of complex number is denoted by C.
1.1 REPRESENTATION OF SETS
° Tabular form or Roster form
In this method of describing a set, the elements of the set are listed separated by coma
within braces.
Example: The set of prime number less then 10 can be described as {2, 3, 5, 7}
° Set Builder form or Rule method

In this method of describing a set, a variable x which stands for each element of the set is
written under braces and then after giving a semicolor or oblique line the property or properties

P (X) possessed by each element of set is written the braces itself.

Example1: The set A of all even natural number can be written as A ~ {2X X e N}

{1,3, 5} A={x

Example2: The set A= can be written as : X is an odd natural number < 5}

1.2 FINITE AND INFINITE SETS
A set having finite number of elements is called a finite set.
Example: A={1, 2, 3, 4}. Ais a finite set as it contains 4 elements.

A set which is not a finite set is called an infinite set. Thus a set A is said to be an infinite
set if the number of elements of set A is not finite.

Example: Let A = set of all points on a particular straight line.

1.3 CARDINAL NUMBER OF A FINITE SET
The number of elements in a finite set A is called the cardinal number of set A and is
denoted by n(A)

Example: Let A={1, 2, 3, 4, 5}, then n(A) =5

1.4 EQUIVALENT SETS
Two finite sets A and B are said to be equivalent if they have the same cardinal number.

Thus set A and B are equivalent iff n(A) - n(B) .

If sets A and B are equivalent, we write A~ B
Example: LetA={1,2,3,4,5},B={a, ¢, i, 0, U}

Here N(A)=n(B) =5

Therefore, sets A and B are equivalent.

1.5 EQUAL SETS
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Two set A and B are said to be equal set if each element of set A is an element of set B
and each element of B is an element of set A. Thus two sets A and B are equal if they have
exactly the same elements. The order in which the elements in the two sets have been written is
immaterial.

If set Aand B are equal we can write A= B

Example1: LetA={1,23,4,5}, B={x:xeN and 1<x<5}

Here A and B are equal.

2. DIFFERENT TYPES OF SETS

21 NULL SET (OR EMPTY SET OR VOID A SET)

A set having no element is called null set or empty set or void set. It is denoted by ¢ or { }.
Example: The set of odd numbers divisible by 2.
22  SINGLETON SET

A set having single element is called a singleton set. It is represented by writing down the
element within the braces.

Example: {2}, {0}, {¢}.
2.3  UNIVERSAL SET

A set consisting of all possible elements which occur in the discussion is called a universal
set and is denoted by U.

24 PAIR SET

A set having two elements is called a pair set.
Example: {1, 2}, {2, 0}.
25 SET OF SETS

A set S having all its elements as set is called a set of sets or a family of sets or a class of
sets.

S=1{{1213}3 {4}

Example1: is not a set of sets as 3 is not a set.

Example2: {¢} is a singleton set of set having null set ¢ as its elements.
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3. SUBSETS, SUPERSETS, PROPER SUBSETS

3.1 SUBSETS OF A SET

A set A is said to be a subset of a set B if each element of A is also an element of B. If A is
a subset of set B, we write A < B

Thus, AcB o [xeA = xeB]

Example: LetA={1,2,3},B={2,3,4,1,5} then A<B.

The statement A < B can also be expressed equivalently by writing BoA (read ‘Bis a
superset of A’)

If A is not a subset of B i.e., if there is an element in A which is not an element of B, then

we write Ag;Bor B@A.

° Some important properties of subset
e Every set is its own subset.

LetAbeanyset; XeA = XxeA

Hence A< A
e Empty set is a subset of each set.
e Let A and B be any two sets:

then A=B & AcBand Bc A

e Let A, B, C be three sets.

If A< B and Bgc,then AcC

3.2 PROPER SUBSET OF A SET

Aset A is said to be a proper subset of a set B, if A is a subset of Band A# B j.e. if

Every element of A is an elements of B and B has at least one element which is not an

element of A. This fact is expressed by writing AcB or B A,
If A is not a proper subset of B, then we write A< B .

Example: Let A={123}and B=1{2 34,15 ,then AcB and BD A,
3.3 SUPERSET OF SETS

A set A is said to be a super set of set B, if B is a subset of A i.e., each elements of Bis an
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elements of A. If A is a super set of B, then A=25 .

Example:

LetA={1,2,3,4,5)and B={2, 5, 4}.

Here B is a subset of A, therefore A is a superset of B.

3.4 POWER SET

The set or family of all the subsets of a given set A is said to be the power set of A and is

denoted by

Example:

P(A)
IfA={1,2}
P(A)=1o 11} {2} {1 2}

P(A)

If A has n elements then has 2" elements.

Tllustration 1

Question:

Solution:

List all the subsets and all the proper subsets of the set {1, 0, 1}.

Lot A=E10.1)

Subset of A having no elementis : @

Subsets of A having one element are : {—1}, {0}, {1}.

Subsets of A having two elements are : {1, 0}, {0, 1}, {1, 1}.

Subsets of A having three elements are : {-1, 0, 1}.

Thus, all the subsets of A are @, {1}, {0}, {1}, {~1, O}, {0, 1}, {1, 1}, {~1, 0, 1}.
Proper subsets of A are @, {1}, {0}, {1}, {-1, 0}, {0, 1}, {1, 1}.

Tllustration 2

Question:

Solution:

Make correct statements by filling the blanks by suitable symbols < <,

(i) {x: xis an even natural number} ____ {x: x is an integer}

(i) {x: xis a triangle in the plane} ____ {x : x is a rectangle in the plane}

(iii) {x : x is isosceles triangle in the plane} ___ {x : x is an equilateral triangle in the
plane}

(ivia___{a, {b}, c}
(v) {{a}} {a, {b},c}
(i) Since every even natural number is an integer, therefore,

{x : xis an even natural number} € {x : x is an integer}.
(i) Since a triangle is not a rectangle, therefore

{x: xis a triangle in the plane } g {x: xis a rectangle in the plane}.
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(iii) Since an isosceles triangle is not necessarily an equilateral triangle, therefore

{ x : xis an isosceles triangle} g {x : xis an equilateral triangle}.

(iv) Since ais not a set, therefore, a e {a, {b}, c}.
(v) Since {{a}} is a set containing exactly one element {a} and {a} is not an element of the set {a,

{b}, c}, therefore, {{a}} ¢ {a, {b}, c}.

Tllustration 3

Question: How many elements are in the set
A= {4, {0}, {9, {$}}}
B = {x: x is even integer and x < 19}

C= {x:0=<x<1and x is a rational number}
Solution: The elements of A are @, {¢}, {¢, {¢p}}. So A has three elements.
B:{x:x:O,iZ,i4,i6,...andx<19}:{ 4 -20246 18}

B is an infinite set.

11 1
1, =, =, —i....
C is also infinite setbecause 2 3 4 are all elements of C.

Important formulae/points
» The order in which the elements of a set are written is immaterial thus the set {1, 2,3} and {2, 1, 3} are
same.
s TwosetsAandBareequalif xe A=>xeB and xeB=xcA.
s The set {0} is not an empty set as it contains one element 0.
s The set {¢} is not an empty set as it contain one element ¢.
e AcB= P(A)c P(B)

e IfA has n elements then P(A) has 2" elements.
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PRACTICE PROBLEMS

PP1.

PP2.

PP3.

PP4.

PP5.

PP6.
PP7.

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

{iY The collection of all girs in your class. (i) The collection of all even integers.
(ii) The collection of beautiful girls of the world.

Wiite the following sets in set-builder form:

i) A={1,4916 .} (i) A
{iiny A={14, 21, 28, 35, 42, ..., 98} (ivy A
Wirite the following sets in tabular form (roster form) :

(iY A={x:xisanatural number and 5 < x < 26}

(i) B={x:x"+x-4=0}

iiC={x x=2n-1<20and n e N}

(iviD= {XZXZL,HEN}

n+1

= {5,913, 17,21, ...}
{36,912, ...}

Match each of the sets on the left described in the roaster form with the same set on the right
described in the set-builder form:

iy {HA/RY,N} (&) {x:xisanatural number and a divisor of 18}
(i {L,I,T, E} (b) {x:xis aletter of the word HARYANA}

(iiy{1, 2,3 4,6, 12} (c) {x:.xisaletter of theword LITTLE }
ivi{1,2,3, 6,9 18} (d) {x:xisanatural number and is a divisor of 12}

Determine the empty sets and, singleton set in the following sets:

(i) A={x:x'=2 xis arational humber} (i) B={x:x>0and x" = 25}
(iiiy C = {x:x3 +1=0 and x is an integer

Find the number of subsets that can be formed from the set A = {4, 5, 6}.

If A={1, 2 {2 3}, 4}, state which of the following statements are true?

(i (2,3 A (i) {2,3A

(i) {2, 4 € A (iv) {{2,3}}c A (V) {1,2,3C A
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4. VENN DIAGRAMS

Statements involving sets can be easily understood with pictorial representation of the sets.
A set is represented by circle or a closed geometrical figure A, inside the universal set S, which is
represented by a rectangular region. Elements of a set A are represented by points within the
circle which represents A.

41 OPERATION ON SETS

In algebra of numbers, the operation of addition (+) when applied on two numbers gives a

third number @+ b | Likewise we discuss the operation union (U), intersection ( M ) and difference
() applicable on any two sets.

° Union of two sets

The union of two sets A and B is the set of all those elements which are either in A or in
B or in both. This set is denoted by AUB (read as ‘A union B).

AUB={x:xeA or xeBj

_ {x:xeAv xeBj {v denotes ‘or’}

Also, xeAuBo xeA o xeB

AUB={12 3,56}

12,3 4ng B=2.15.6) er |

Example: Let A={

The union of two sets can be represented by Venn diagram as shown in the figure

below:
S S S
A PN
=T O
AuB when AcB A U B when neither Ac BnorBc A AUB

when A and B disjoint sets

Here shaded portions are AUB |
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e Intersection of two sets

The intersection of two sets A and B is the set of all the elements which are common in
A and B. This set is denoted as AN B and read as A intersection B.

AnB={x:xcA and xeB} _ {x:xe A A xeB} (* denotes and)

xeAnB < xeA and xeB

S S
A @

A N B when neither ANnB AnB=¢
AcBnorBc A when Bc A AnB=8B no shaded region
when A and B are disjoint sets

123} ;g B=1215 6} AnB=1{12}

Example: Let A= , then

5. DIFFERENCE AND COMPLEMENTS

5.1 DIFFERENCE OF TWO SETS

The difference of two sets A and B is the set of all those elements of A which are not
elements of B. It is denoted by A—B .

A-B={x:xeA and x ¢ B}
thus xeA-B & xeA and x¢B

A-B can be represented by Venn diagram (shaded region) as below:

S X S
(")
A-B=¢ A—Bwhen BC A
when A ¢ B
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S S
A — B when neither A-B=A
AcBnorBc A when A and B are disjoint sets

A-B=1{1,67}. B-A=12 4}

Example: Let A= {1’ 3,56, 7}; B= {2’ 3 4, 5} , then

5.2 COMPLEMENT OF A SET

The complement of a set A is a set of all those elements of universal set S which are not

elements of A. It is denoted by A or A’ .

A=S-A

6. LAWS OF ALGEBRA OF SETS

(i) Associative Law

(AuB)uC=AuU(BUC)

(AuB)uC=AuU(BUC)

[ ]
(i) Commutative Law

AnB=BnNnA

° AuB=BUA
(iii) Idempotent Law

AnA=A

AUA=A
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(iv) Law of U

o« ANU=A

« AUU=U
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Identity Law

Audp=A
. Anbt=9

Distributive Law

De Morgan’s Law

(AnB) =A'UB’

. (AUB) =A' N B

Complement Law

(AnA)=¢

(AUA)=U

An(BuC)=(AnB)U(ANC)

Au(BNC)=(AuB)n(AULC)

7. SOME PRACTICAL APPLICATIONS OF SET THEORY

Here we shall study the use of set theory in practical A B s
problems.

? B-A
The number of distinct elements of a finite set A is A_B(Sz) -
denoted by n(A)

H.Q. 4/469 GF; Vaishali GZB.

www.eeeclasses.info

9818949775, 01204568775

12



http://www.eeeclasses.info

e-Edge Education Centre
Use the following results whichever is required

Q) n(AuB)=n(A)+n(B)-n(AnB)

(i) n(AuB)=n(A-B)+n(AnB)+n(B-A)

(i) n(AuB)=n(A)+n(B-A)

(iv) n(AuB)=n(A)+n(B)= AnB=¢

) n(A)=n(A-B)+n(AnB)

(vi) n(B)=n(B-A)+n(AnB)

(vii)  Number of elements belonging to exactly one of A and B

_ n(A-B)+n(B-A)
_ n(AuB)-n(AnB) _ n(A)+n(B)-2n(AnB)

(viii)  Number of elements belonging to exactly two of A, B and C
_ n(AnB)+n(BNC)+n(CnA)-3n(AnB~C)

(i%) n(AuBuUC)=n(A)+n(B)+n(C)-n(AnB)-n(BAC)-n(AnC)+n(AnB~C)

(x)  Number of elements belonging to exactly one of A, B and C

_ n(A)+n(B)+n(C)-2n(AnB)-2n(BNC)-2n(AnC)+3n(AnBNC)

(xi) A NB)=n(S)-n(AuB) n(AuB)

(i) "A"VB)=n(S)-n(AnB)

Tllustration 4

Question: 1fA={1,3,5,6,7},B={2,3,6,8}and C={1, 2, 3, 4}, then find
()ANB (i) AU B (iii) A-B (v)B-A
Solution: (i) ANB={x:x€ Aandx € B} ={3, 6}
(i) AUB={x:x€Aorxe B}={1,2,3,5,6,7, 8}
(i) A-B={x:x€ Aandx¢B}={1,5,7}
(v) B-A={x:x€ Band x<¢ A} ={2, 8}
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Tllustration 5

Question: If universal set $={0,1,2,3,4,5,6,7,8,9and A={1, 2, 3,4}, B={2, 3, 5, 6},
C={23.7} then find (i) A' (ii) (A~ B) (iii) B'-A (iv) ANB (v) AUB'
(i) (ANC)

Solution: (i) A={x:xeSandx¢A}={0,5,6,7,8, 9}
(i) A-B={x:x€ Aandx4<B}={1,4}
(A-B)=S—-(A-B)=S-{1,4} ={0,2,3,5,6,7,8,9)
(i) B=S-B=S-{2,3,5,6}={0,1,4,7,8,9}
A=S-A=S-{1,2,3,41={0,5,6,7,8, 9}
B -A" ={0,1,4,7,8,9}-{0,5,6,7,8,9} ={1, 4}.
(iv) ANB={0,5,6,7,8,91N{2, 3,5, 6}={5, 6}
(v) AuB={1,2,34U{0,1,4,7,8,9}={0,1,2,3,4,7,8,9}
(vi) ANC={1,2,3,4}N{2,3,7}={2, 3}
(ANC)Y=S-(ANC)={0,1,4,5,6,7,8, 9}

Tllustration 6

Question: 1fS={1,2,3,4,5,6,7,8,9},A={1,2,4,6,8},B={1,3,5,7,8},C={2,3,4,5,6, 7).
Then verify that

(i) AN(BUC)=(ANB)U (ANC) (i) (AUB)=A'"NB
Solution:

() BUC={1,2,3,4,56,7,8,, ANB={1,8,ANC={2, 4,6}
Now, AN(BUC)={x:x€Aandx € B U C}={1,2,4,6, 8}
(ANB)yUANC)={1,2,4,6, 8}

ANBUC)=(ANB)U (AN C).

(i) AUB={x:x€AorxeB}={1,2,3,4,5,6,7, 8}
(AUB)={x:xe Sandx¢A U B} ={9}

A={x:x€ Sand x¢ A} ={3,5,7, 9}
B'={x:x€ Sand x¢B}={2, 4,6, 9}
A'N B ={9}

(AUB)y=ANB.
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Illustration 7
Question:  For any three sets A, B, C, prove the following (by using different laws on operations of
sets):
(i) A-B=B-A iy (AVBIN(AUEB)=A

iy AVB=(A-B)U(B-A)U(ANB)

Solution:
i) A-B=(ANB)=BNA=Bn(AY=B-A
iy (AVBIN(AUB)=AU(BNE) By distributive law]
_Aup=A
(i) (A-B)u(B-A)U(AnB)=[(AuB)-(ANnB)]JU(ANB)]
_ [(AuB)N(AnB)]U(ANB)
= (AVB)U(ANBINIANBY W(ANB) gy distributive law]
= (AUB)NS , where S is the universal set
= AUB .
Illustration 8
Question: In the given figure shade the following sets: S
(i) A'Nn(BuUC) e’a
Solution: (i) Shaded region represents A N(BYC)
S
‘
GE;
(i) Shaded region represents A'N(C-B)
S
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Important formulae/points

e XxeAuB & xegAand xeB

e If AcB,then AUB=8B

e xcA® & xeSand xgA

o n{A)=n(A-B)+n(AnB)

« n(B)=n(B-A)+n{AnB)
AUB)=n(A-B)+n(B-A)+n(A~B)

(A
{
{
EA’ B')=n(S)- (AuB)=n(AuB)
(
{

(]
3

[
3

AuBUC)=n(A)+n(B)+n(C)-n{AnB)-n(BAC)-n(AnC)+n{AnBnC)
e n(B)=n(B-A)+n(AnB)
¢« nfAu ) ()+n(B A)

.
3

PRACTICE PROBLEMS

PP8. Foranythree sets A, B, C, prove the following
(by using different laws on operations of sets):

i) (AUB)—(ANB)=(A-B)U(B-A) (i) (AUB)-C=(A-C)U(B-C)

PP9. Show that the following conditions are equivalent:

i) AcB (i AmB=A (i) A—B=¢ (v) AuB=B

PP10. IfS={1,2,3,4,56,7,8,9,A={1,2,4,6,8},B={1,3,5,7,8},C=1{2,3,4,5,6,7}. Then
verify that
i) A—-BuO=A-Bn(A-0 (i) A-C=AnC

PP11. If 63% of persons like orange where 76% like apples, what can be said about the % of
persons who like both oranges and apples?

PP12. In a class of 25 students, 12 have taken mathematics, 8 have taken mathematics but not
biology. Find the number of students who have taken both mathematics and biology and the
number of those who have taken biology but not mathematics. Each student has taken either
mathematics or biology or both.

8. CARTESIAN PRODUCT OF SETS

Let a be an arbitrary element of a given set Ai.e. a € A and b be an arbitrary element of B
i.e. b € B. Then the pair (a, b) is an ordered pair. Obviously (a, b) # (b, a). The Cartesian product
of two sets A and B is defined as the set of ordered pairs (a, b). The Cartesian product is denoted
A x B,

= AxB={(ab);acA beB}
In general AxB=BxA andif A or Bis a null set, then A*B=¢

Moreover, N(AxB)=n(A)-n(B)
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Note : i) Ax(BUC)=(AxB)U(AxC)

(ii) Ax(BNC)=(AxB)n(AxC)
(i) Ax(B-C)=(AxB)-(AxC)
(iv) (A-B)xC=(AxC)—(BxC)
v) (AnB)xC=(AxC)n(BxC)
(vi) (AuB)xC=(AxC)u(BxC)

Illustration 9
Question: IfA={2,5), B={3,4,7}and C={3, 4, 8} then evaluate A %8B BXA AxA apg
verify that
() Ax(B-C)=(AxB)-(AxC)

(ii) Ax(BuC)=(AxB)U(AxC)
Solution: Here AXB=1{251x{3, 4,7} _ 15 3y (2 4) (2,7), (5, 3), (5, 4), (5, 7)}
BxA= (3 4,7} x {2, 5} = {(3, 2), (3, 5), (4, 2), (4, 5), (7, 2), (7, 5)} and
AxA =12, 5} x{2,51={(2,2),(25), (5 2), (5 5)
Also AXC =12 5} x (3, 4, 8} = {(2, 3), (2, 4), (2, 8), (5, 3), (5, 4), (5, 8)}
B-C={3 4 7)—{3, 4 8} = {7}
= Ax(B-C)={2,5}x{7}={(2,7)(5,7)}
(AxB)=(AxC)= (5 3) (2,4, (2,7), (5. 3). (5. 4), (5.7))

~{(2,3),(2,4),(2,8), (5,3), (5,4), (5, 8)} = {(2, 7), 5, 7} = AX(B~C).

To verify (i), we write BYUC =3 4,7, 8
., Ax(BUC)={2,5}x{3,4,7,8}

={(2,3).(2,4),(2,7),(2,8).(5,3), (5 4), (5, 7). (5, 8)}

ang (A*BIVIAXC)= 15 3) (2,4), (2,7), (2,8), 5,3). (5,4), (5. 7), (5, 8)}
Ax(BUC)
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Important formulae/points

The Cartesian product is denoted AxB = AxB={(a b), ac A beB}.

The elements of A x B are also called 2-tuples.

IfA=¢orB=¢ie. ifatleast one of A and Bis an empty set, then A x B = ¢.
AxB=¢ ocA=pand B=¢

A x B may or may not be equal to B x A.

AxB=BxAifandonlyifA=8.
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