(M. SLRBYI) | MATHEMATICS [STUDY NOTES

Chapter- 6

SETS

Main Concepts and Results

What is a Set?

e Asetisawell-defined collection of distinct objects.

— Example:A={1,2,3,4,5}

What is an element of a Set?

e The objectsin a set are called its elements.

- So in case of the above Set A, the elements would be 1, 2, 3, 4, and
5.Wecansay, 1B A, 2[EA etc.

e Usually we denote Sets by CAPITAL LETTERs like A, B, C, etc. while their
elementsare denoted in small letters like x, y, z etc.

e If xisan element of A, then we say x belongs to A and we represent it as x A

e If xis notan element of A, then we say that x does not belong to A and we
represent it as

xBA

How to describe a Set?

e Roaster Method or Tabular Form
— Inthis form, we just list the elements
— ExampleA={1,2,3,4}orB={a, b, ¢ d, e}
e Set- Builder Form or Rule Method or Description Method
— In this method, we list the properties satisfied by all elements of the set
— Example A={x:xBEN, x <5}

Some examples of Roster Form vs Set-builder Form
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Roster Form Set-builder Form

1 {1,2,3,4,5} {x| xBN, x<6}
2 {2;4/6/8110} {X|X=2n,nN,1Sn SS}
3 {1/4/9;16/25/36} {X|X=n2,nN,1Sn S6}

Sets of Numbers

1. Natural Numbers (N)
N={1,2,34,56,7,..)

2. Integers (2)
Z=1{.,-3,-2,-1,0,1,2,3,4,..}

3. Whole Numbers (W)
w={0,1,23,4,5,6..}

4. Rational Numbers (Q)
- Q={r:pBZ qBZ q#0}

Finite Sets & Infinite Sets

Finite Set: A set where the process of counting the elements of the
set wouldsurely come to an end is called finite set
e Example: All natural numbers less than 50
e All factors of the number 36
Infinite Set: A set that consists of uncountable number of distinct
elements iscalled infinite set.

e Example: Set containing all natural numbers {x | xE N,
x>100}

Cardinal number of Finite Set

® The number of distinct elements contained in a finite set A is called
the cardinalnumber of A and is denoted by n(A)

e Example A={1, 2,3,4}then n(A)=4
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e A={x| xisaletterintheword ‘APPLE’}. Therefore A ={A, P, L, E}
and

n(A) =4

e A={x| xisthefactor of 36}, Therefore A={1,2,3,4,6,9,12,
18, 36tand n(A) =9

Empty Set

e Aset containing no elements at all is called an empty set or a null set or a
void set.

e |tis denoted by ¢ (phai)
e Inroster form you write o={}
e Alson(p)=0
e Examples: {x | xBN,3 <x<4}=¢

e {x| xisan even prime number, x >5}= @

Non Empty Set

e Aset which has at least one element is called a non-empty set

e Example: A={1,2,3}orB={1}

Singleton Set
¢ Aset containing exactly one element is called a singleton set

e Example: A={a}orB={1}

Equal Sets

e Twoset Aand B are said to be equal sets and written as A = B if every
element ofAisin B and every element of Bisin A

e ExampleA={1,2,3,4}andB={4,2, 3,1}
e [tis not about the number of elements. Itis the elements themselves.

e Ifthe sets are not equal, then we writeas A #B
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Equivalent Sets

e Two finite sets A and B are said to be equivalent, written
as A & B,if n(A) = n(B), that is they have the same
number of elements.

e Example:A={a, e, i,o,ulandB=1{1,2, 3, 4,5}, Therefore n(A) =
5andn(B) =5 therefore A <> B

* Note: Two equal sets are always equivalent but two equivalent sets
need not beequal.

Subsets

e If Aand B are two sets given in such a way that every element of Aisin
B, thenwe say A is a subset of B and we writeitas AS B

e Thereforeis A € Band x[ A then x[I B
e |[fAisasubset of B, we sayBisa superset of Aand is writtenas B[ A
e Everysetis asubset of itself.
e j.e.AC A BCBetc.
e Empty set is a subset of every set
e e.CS A PCB

e [fASBandBC A, thenA=B

e Similarly,ifA=B,thenAS Band B S A

e If set A contains n elements, then there are 2" subsets of A

Power Set

e The set of all possible subsets of a set A is called the power set of A, denoted by
P(A). IfA contains n elements, then P(A) = 2" sets.

e e ifA={1,2}, thenP(A)=22 =4
* Empty setis a subset of every set

®* Sointhis case thesubsets are {1}, {2}, {2,3} & ¢
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Proper Subset

e Let Abeanyset and let B be any non-empty subset. Then A is called a proper
subset ofB, and is written as AR B, if and only if every element of Aisin B, and
there exists at least one element in B which is not there in A.

— j.e.if AS Band Al B, then AR B
— Please note that ¢ has no proper subset
— Aset containing n elements has (2n — 1) proper subsets.

* je ifA={1,2, 3,4}, then the number of proper subsets is (2 - 1) =
15

Universal Set

e Ifthere are some sets in consideration, then there happens to be a set which is
a supersetof each one of the given sets. Such a setis known as universal set, to
be denoted by U or

ER

e je ifA={1,2},B={3,4},andC={1,5}, thenUor@=1{1, 2,3, 4, 5}

Operations on Sets

e Union of Sets

e The union of sets A and B, denoted by A [ B, is the set of all those
elements, eachone of which is either in Aorin B orin both Aand B

e Ifthereisaset A={2,3}andB ={a, b}, then ARIB=1{2,3,aq,
b}

e SoifARB={x|x[EAorx[ B}
e ,thenxB AR B which means xZ A or x[ B

e Andif xB AR B which means xB A or x B

e |nteraction of Sets

¢ Theintersection of sets A and B is denoted by AR B, and is a set of all
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elementsthat are common in sets A and B.

e je ifA={1,2,3}andB={2,4,5},then AR B={2}as 2isthe only
commonelement.

e Thus ABB={x:xB Aandx[ B}then xEIARIBi.e.xEI Aand x2B
e AndifxBABBi.e. xEAand x[B
e Disjointed Sets

e Twosets A and B are called disjointed, if they have no element in
common.Therefore:

e ARB=¢@i.e. ifA={2,3}andB ={4,5},thenABB=¢
e |Intersecting sets

e Twosets are said to be intersecting or overlapping or joint sets, if
they haveat least one element in common.

e Therefore two sets A and B are overlapping if and only if AR B[ ¢

e Intersection of sets is Commutative

e je.ARB =BRAforanysets AandB
¢ Intersection of sets is Associative
e j.e.foranysets, A, B, C,
* (ARB)EC=AB(BEC)
e IfACB,thenARIB=A
e SinceAC[k,soARR=A
e For anysets A and B, we have
e ARBC AandARBCB

e AR = for everyset A

e Difference of Sets

* For any two sets A and B, the difference A — B is a set of all those
elements of Awhich are not in B.

i.e.ifA={1,2,3,4,5}and B={4,5,6}, Then A—-B={1,2,3}and B—-A = {6}
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Therefore A—B={x | x@ Aand x[ B}, then x&@ A— Bthen xE A but xI B

* IfAEBthenA-B=0

e Complement of a Set

* Let x be the universal set and let A x. Then the complement of A,
denoted by A’is the set of all those elements of x which are not in A.

e je.let®={1,2,3,4,56,7,8tand A={2,3,4} thenA’={1,5,6,7,
8}

e Thus A’ ={x| xB[E and xE A} clearlyx @ A" and x& A

* Please note
e [=Rand=0[
e ARA =RlandARA =@

Disruptive laws for Union and Intersection of Sets

e Foranythreesets A, B, C, we have the following
e AB(BEC)=(AEB)E(ARC)
SayA={1,2},B={2,3}and C={3, 4}
Therefore AR (BRI C)={1, 2,3} and
And (ABB)BI(ARIC)={1, 2, 3} and hence equal
e AB(BREC)=(ABB)E(ARC)
SayA={1,2},B={2,3}and C={3, 4}

Then AR (BRC)={2}and (AR B) @ (AR C)={2}and hence equal

Disruptive laws for Union and Intersection of Sets

* De-Morgan’s Laws

— Let A and B be two subsets of a universal set [, then
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e (ABB) =A’EP
 (ARBY =A'EPB
LetPI={1,2,3,4,5 6}and A={1,2,3}and B={3, 4, 5}
Then AR B ={1, 2, 3, 4, 5}, therefore (A & B)’ = {6}
A ={4,5, 6}and B’ ={1, 2, 6}

Therefore A’ B B’ = {6}. Hence proven
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