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SETS

SET 4
A set is a collection of well defined objects which
are distinct from each other. Set are generally
denoted by capital letters A, B, C, ...... etc. and the
elements of the set by small letters a, b, c ..... etc.
Ifais an element of a set A, then we write a € A and
say abelongs to A.
If a does not belong to A then we write a ¢ A,
e.g. the collection of first five prime natural numbers
is a set containing the elements 2, 3, 5,7, 11.

METHODS TO WRITEASET :

(i) Roster Method or Tabular Method :

In this method a set is described by listing elements,
separated by commas and enclose then by curly
brackets. Note that while writing the set in roster
form, an element is not generally repeated e.g.the
set of letters of word SCHOOL may be written as
{S,C,H, O, L}.

Set builder form (Property Method) :

In this we write down a property or rule which gives
us all the element of the set.

A= {x:P(x)} or {x/P(x)} where P(x) is the property
by which x e Aand colon ( :) or Slash (/) stands for
‘such that’

(ii)

Solved Examples

Ex.1 Express set A= {x:x e Nand x =2n forn e N}
inroster form

Sol. A={2,4,6,......... }

Ex.2 Express set B= {x?: x <4, x e W} inroster form

Sol. B= {0, 1, 4, 9}

Ex.3 Express set A= {2, 5, 10, 17, 26} in set builder
form

Sol. A= {x:x=n*+1,neN, 1 <n<5}

4
TYPESOFSETS 4

Null set or empty set : A set having no element in
itis called an empty set or a null set or void set, it is
denoted by ¢ or { }. A set consisting of at least one
element is called a non-empty set or a non-void set.
Singleton set : A set consisting of a single element
is called a singleton set.

Finite set : Aset which has only finite number of
elements is called a finite set.

Order of a finite set : The number of elements in
a finite set A is called the order of this set and
denoted byO(A)orn(A). Itisalso called cardinal
number oftheset. e.g. A= {a, b, c,d}

= n(A)=4
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Infinite set : A set which has an infinite number of
elements is called an infinite set.

Equal sets : Two sets A and B are said to be equal
if every element of A is member of B, and every
element of B is amember of A. If sets Aand B are
equal, we write A= B and if A and B are not equal
thenA =B

Equivalent sets : Two finite sets A and B are
equivalent if their number of elements are same

i.e.n(A)=n(B)
e.g. A=1{1,3,57},B={a b,c,d}
= n(A)=4andn(B)=4

= A and B are equivalent sets

Note - Equal sets are always equivalent but equivalent
sets may not be equal

Solved Examples

Ex.4 Identify the type of set :
(1)A={xeN:5<x<6}
(ii))A={a, b, c}
(i) A={1,2,3,4, ... }
(iv)A={1,2,6,7}and B={6,1,2,7,7}
(VA={0}

Sol. (i) Null set (1) finite set
(ii1) infinite set (iv) equal sets
(v) singleton set

SUBSET AND SUPERSET : "

Let A and B be two sets. If every element of A is an
element B then A is called a subset of B and B is
called superset of A. We write it as A < B.
e.g. A=1{1,2,3,4}andB={1,2,3,4,5,6,7}
=>AcB

If Ais not a subset of B then we write A< B
PROPER SUBSET :

If A is a subset of B but A = B then A is a proper
subset of B and we write A = B. Set A is not proper
subset of A so this is improper subset of A

Note :

(i) Everysetisasubset ofitself
(1)
(i)
(iv)

Empty set ¢ is a subset of every set

AcBand Bc A< A=B

The total number of subsets of a finite set containing
n elements is 2".

(v) Number of proper subsets of a set having n elements
is2"—1.

Empty set ¢ is proper subset of every set except
itself.

(vi)

POWERSET:

Let A be any set. The set of all subsets of A is called
power set of A and is denoted by P(A)

X={X}, X, Xy vvrennnn x_ } then n(P(X)) = 2";
n(P(P(x))) =,

Solved Examples

Ex.5 Examine whether the following statements are true
or false :
(1) {a,b} ¢ {b,c,a}
(i1) {a,e} ¢ {x:xisavowel in the English alphabet}
(i) {1,2,3} ={1,3,5}
(iv) {a} e{a,b,c}

Sol. (i) False as {a, b} is subset of {b, c,a}
(i) True as a, e are vowels
(iii) False as element 2 isnot in the set {1, 3,5}
(iv) Falseasa e{a,b,c} and {a} < {a,b,c}

Ex.6 If aset A= {a, b, ¢} then find the number of

subsets of the set A and also mention the set of
all the subsets of A.

Sol. Since n(A) =3
number of subsets of A is 23 = 8

and set of all those subsets is P(A) named as
power set

P(A): {9, {a}, {b}, {c}, {ab}, {b,c}, {ac},
{a,b,c}}
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Ex.7 Find power set of setA={1,2}

Sol. P(A) = {¢, {1}, {2}, {1, 2}}

Ex.8 If ¢ denotes null set then find P(P(P(¢)))
Sol. Let P(¢) = {¢}

P(P(9)) = {9,{¢}}
P(P(P()) = {0, {0}, {{6}}, {6, {0}}}

UNIVERSAL SET :

A setconsisting of all possible elements which occur

in the discussion is called a universal seti.e. itis a

super set of each of the given set. Thus, a set that
contains all sets in a given context is called the

universal set. Itis denoted by U. e.g. if A= {1, 2, 3},
B=1{2,4,5,6},C={1,3,5,7} thenU={1,2,3,
4,5, 6,7} can be taken as the universal set.

|
VENN (EULER) DIAGRAMS g

The diagrams drawn to represent sets are called Venn
diagram or Euler-Venn diagrams. Here we represents
the universal U as set of all points within rectangle
and the subset A of the set U is represented by the
interior of a circle. If a set A is a subset of a set B,
then the circle representing A is drawn inside the circle
representing B. If A and B are not equal but they
have some common elements, then to represent A
and B by two intersecting circles.

e.g. If A is subset of B then it is represented
diagrammatically in fig.

5 (@

e.g. If A is a set then the complement of A is
represented in fig.

()

U

U
A

SOME OPERATION ON SETS :"

@

(if)

Union of two sets : If A and B are two sets then
union (v) of Aand B is the set of all those elements
which belong either to A or to B or to both A and B.
AuB={x:xeAorxeB}

eg A= {1,2,3},B=1{2,3,4} then A U B
={1,2,3,4}

A B
AuUB

Intersection of two sets : If Aand B are two sets
then intersection (n) of Aand B is the set of all those
elements which belong to both A and B.

AnB={x:xeAandx e B}
eg. A={l,2,3},B={2,3,4} then An B

- 2.3)
U
D)

A B
AnB

(iii) Difference of two sets : If A and B are two sets

(iv) Symmetric difference of sets :

then the difference of A and B, is the set of all those
elements of A which do not belong to B.

A-B={x:xeAandx ¢ B}.Itisalso written as
AnB'.
Similarly B-A=B n A' e.g. A= {1, 2, 3},
B=1{2,3,4};A-B={1}
U @D u
A B
A-B

A B
B-A
Set of those
elements which are obtained by taking the union of
the difference of A & Bis (A—B) & the difference of
B & Ais (B—A), is known as the symmetric difference
of two sets A & B. Itis denoted by AABand AA
B=(A-B)u(B-A)

@

A B
(AAB)=(A-B) U(B-A)

U
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(v) Complement of a set : Complement of aset Ais
a set containing all those elements of universal set

which are not in A. It is denoted by A ,A€ or A".

SoA={x:xeUbutx ¢ A}.e.g If setA= {1, 2,
3,4, 5} and universal set

U=1{1,2,3,4,...50} then %= {6,7, ......50}
®

A

NOTE :

All disjoint sets are not complementary sets but all
complementary sets are disjoint.

(vi) Disjointsets : [fA~B=¢,then A, B are disjoint
e.g. IfA={1,2,3},B={7,8,9} thenAnB=¢

® ®

Disjoint

LAWS OFALGEBRA OF SETS d
(PROPERTIES OF SETS):

(i) Idempotent Law :

For any set A, we have (i) A U A = A and
(i)AnA=A

Proof:

(DAUVA={x:xecAorxeA}={x:xcA}=A

(I)AnA={x:xcA&xecA}l={x:XxcA}=A

(ii) Identity Law :

For any set A, we have

1 Au¢=Aand

(i) AnU=Ai.e.¢$and U are identity elements for
union and intersection respectively

Proof:

(Auv¢={x:xecAorx e ¢}
={x:xeA}=A

(i)AnU={x:xeAandx e U}
={x:xeA}=A

(iii) Commutative Law :
For any set A and B, we have
(i)AuB=BuAand(i)AnB=BnA
i.e. union and intersection are commutative.
(iv) Associative Law :
IfA, B and C are any three sets then
1H(AuB)UC=AuBuUC)
(i) (AnB)nC=An(BnC)
i.e. union and intersection are associative.
(v) Distributive Law :
IfA, B and C are any three sets then
HAUBNC)=(AuB)n(AUC)
(i) An(BuC)=(AnB)U(ANC)
i.e. union and intersection are distributive over
intersection and union respectively.
(vi) De-Morgan’s Principle :
If A and B are any two sets, then
1) (AuBy=A"nB
(i) (AnB)y=A"UB
Proof : (i) Let x be an arbitrary element of
(AuB) .Thenx e (AuB)Y =x ¢ (AUB)
=>xe¢Aandx¢B =>XeA nB
Again let y be an arbitrary element of A’ ~ B". Then
yeA nB
=>yeAandyeDB
=>ye(AuB)
~A'nB c(AuB).
Hence (AuB) =A"nB’

—>yeAandye¢ B
=>ye(AuBY)

Similarly (i) can be proved.

NOTE :

@) A—-BuUC)=(A-B)~n(A-C):A—(BnC)
=(A-B)U(A-0C)

i Ano=6,AuU=U
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Solved Examples

Ex.9 Let A= {2, 4, 6, 8} and B = {6, §, 10, 12}
then find AuB

Sol. AUB={2,4,6,8, 10, 12}

Ex.10 Let A= {1, 2, 3,4, 5,6}, B= {2, 4, 6, 8}.
FindA-Band B-A.

Sol., A-B={x:xeAandx ¢ B} ={1,3,5}
similarly B—A= {8}

Ex.11 State true or false :
HAUVA'=¢ (i) ¢' nA=A

Sol. (i) false because AUA'=U
(i) trueas ¢ "nA=UnA=A

Ex.12 Use Venn diagram to prove that Ac B = B’

From venn diagram we can conclude that B' c A.

Ex.13 Prove that if AU B =C and A ~n B = ¢ then
A=C-B.

Sol. Letxe A = xeAUB = xeC (- AuB=C)
NowAnB=¢ =x¢B(-xecA)
=>xeC-B ('.'XeCaHdXeEB) =>AcC-B
Letx e C—-B
=>xeAuBandxe¢B =xcA
=>C-BcA ~A=C-B

Ex14 If A= {x : x =2n + 1, n € Z and
B={x:x=2n,n e Z}, then find A U B.

Sol. A UB = {x : x is an odd integer} U {x : X is an
even integer} = {X : X is an integer} = Z

Ex.15 IfA={x:x=3n,n e Z} and

B={x:x=4n,n e Z} then find A n B.

We have,

xeAnBoex=3nneZand x=4n,nec”Z

Sol.

=XxeCandx ¢B

Sol.

< xis a multiple of 3 and x is a multiple of 4
< xis a multiple of 3 and 4 both

< xis a multiple of 12 & x=12n,n e Z
Hence AnB={x:x=12n,n e Z}

Ex.16 fA=1{2,3,4,5,6,7} andB={3,5,7,9, 11,
13} then find A—Band B — A..

SoLA-B=1{2,46 &B-A={9,11, 13)

SOME IMPORTANT RESULTS ON 4

NUMBER OF ELEMENTS IN SETS : ‘

IfA, B & C are finite sets and U be the finite universal

set, then
i n(AuB)=n(A)+n(B)-n(AnB)
(i) n(AuB)=n(A)+n(B) (ifA & B are disjoint sets)
n(A-B)=n(A)-n(A~B)
n(AAB)=n[(A-B)u(B-A)]
=n(A) +n(B) —2n(A n B)
v) n(AuBuUC)=n(A)+n(B)+n(C)-n(A~B)
—n(BNnC)-n(AnC)+n(AnBnC)
(vi) n(A’uB)=n(A~B)=n(U)—n(AnB)
(vii) n(A’ nB)=n(A uB) =n(U)-n(AuB)

(v)

Solved Examples

Ex.17 In a group of 40 students, 26 take tea, 18 take
coffee and 8 take neither of the two. How many
take both tea and coffee ?

n(U)=40,n(T)=26, n(C)=18
n(T'AC)=8 = n(TuC)=8
= n(U)-n(TuC)=8
—n(TuC)=32

= n(T) +n(C)—n(T ~ C) =32
—n(TAC)=12

Sol.

Ex.18 In a group of 50 persons, 14 drink tea but not
coffee and 30 drink tea. Find

(1) How many drink tea and coffee both ?

(i) How many drink coffee but not tea ?




Sets & Relations

Sol. T : people drinking tea

C : people drinking coffee

On(T)=n(T-C)+n(T~C)

=30=14+n(TnC) =nTnC)=16
- C

;

(ii) n(C—T)=n(T uC)—n(T)=50-30=20

Ex.19 If A and B be two sets containing 3 and 6

Sol.

elements respectively, what can be the minimum
number of elements in A U B? Find also, the maximum
number of elements in AU B.

We have, n(A U B) =n(A) + n(B) — n(A »n B).
This shows that n(A U B) is minimum or maximum

according as n(A n B) is maximum or minimum
respectively.

Case-1
When n(A ~ B) is minimum, i.e., n(A ~n B) =0
This is possible only when A n B = ¢. In this

case,
n(A U B)=nA)+nB)-0=n(A)+nB)=3+6=09.
So, maximum number of elements in A U B is 9.
Case-II
When n(A ~ B) is maximum.
This is possible only when A < B. In this case,
n(AnB)=3

n(A u B) =n(A) + n(B) - n(A n B)
=B3+6-3)=6

So, minimum number of elements in AU B is 6.
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RELATIONS

ORDERED PAIR "

A pair of objects listed in a specific order is called
an ordered pair. It is written by listing the two objects
in specific order separating them by a comma abd
enclosing the pair in parantheses.

In the ordered pair (a, b), ais called the first element
and b is called the second element.
Two ordered pairs are set to be equal if their

corresponding elements are equal. i.e.
(a,b)=(c,d)ifa=candb=d.

CARTESIAN PRODUCT "

The set of all possible ordered pairs (a, b), where a
ceAandb e Bie. {(a,b);acAand b € B}
is called the cartesian product of A to B and
is denoted by A x B.

AxB={(a,b):acAandb e B}

= {(a,. b,).(a,, b,).(a,, b ).(a,. b).(a,. b,).(a. b,)}
IfsetA={a,a,a}and B={b,b,} then

A xBandB x Acanbe written as :
AxB={(a,b):acAandb e B and
BxA={(b,a);beBandacA}

Clearly A x B = B x Auntil A and B are equal

Note :

1.

If number of elements in A : n(A) = m and
n(B) =n then number of elements in (A x B)=m xn
Since A x B contains all such ordered pairs of the
type (a, b) such thata € A & b € B, that means it
includes all possibilities in which the elements of set
A can be related with the elements of set B. Therefore,
A x Bis termed as largest possible relation defined
from set A to set B, also known as universal relation

from A to B.

Similarly Ax Bx C= {(a,b,c):aec A, be B,
c € C} is called ordered triplet.

Solved Examples
Ex.1IfA={1,2} and B= {3, 4}, then find A x B.

Sol.

AxB={(1,3),(1,4),(2,3),(2,4)}

Ex.2 Let A and B be two non-empty sets having

Sol.

elements in common, then prove that A x B and
B x A have n? elements in common.

We have (AxB)n(CxD)=(AnC)x (BN D)
On replacing C by B and D by A, we get
>AxXB)n(BxA)=(AnB)x (B nA)
It is given that AB has n elements so
(A ~B) x (B~ A) has n? elements

But ( AXxB)n(BXA)=(AnB)x(BnA)
- (A x B) n (B x A) has n? elements

Hence A x B and B x A have n? elements in
common.

RELATION ‘

A relation R from set Ato B(R:A - B)isa
correspondence between set A to set B by which
some or more elements of A are associated with
some or more elements of B.

Therefore a relation R from A to B is a subset of
A xB.Thus, Risarelation fromAtoB = RcAX
B. The subsets is derived by describing a relationship
between the first element and the second element of
ordered pairsinAxBe.g. ifA={1,2,3,4,5,6,7,
8tand B={1,2,3,4,5} andR = {(a,b): a=D?
a e A, b e B} then R = {(1, 1), (4, 2),
(9,3)}. HereaRb=1R 1,4R2,9R 3.

NOTE :

@
(i)

(i)

Ifaisrelated to b then symbolically it is written as a
R b where a is pre-image and b is image

Ifais not related to b then symbolically it is written
asaRb.

Let A and B be two non-empty finite sets consisting
of m and n elements respectively. Then A x B consists
of mn ordered pairs. So total number of subsets
of A x Bi.e. number of relations from Ato B is 2™.

(iv) ArelationR from Ato Ais called arelation onA.
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Solved Examples

Ex.3 If the number of elements in A is m and number
of element in B is n then find
(i) The number of elements in the power set of
A x B.
(ii) number of relation defined from A to B

Sol. (i) Since n(A) = m; n(B) =n then n(A x B) = mn
So number of subsets of A x B =2™"
= n (P(A x B)) =2mn
(ii) number of relation defined from A to B =2™"

Any relation which can be defined from set A to
set B will be subset of A x B

-+ A x B is largest possible relation A - B

. no. of relation from A — B = no. of subsets
of set (A X B)

DOMAIN, CO-DOMAIN AND d

RANGE OFARELATION : ‘
Let R be a relation from a set A to a set B. Then the
set of all first components of coordinates of the

ordered pairs belonging to R is called to domain of
R, while the set of all second components of
corrdinates of the ordered pairs in R is called the

range of R.
Thus, Domain (R)={a:(a,b) e R},
Co-domain (R)=B and

Range (R)=1{b:(a,b) e R}

It is evident from the definition that the domain of
arelation from A to B is a subset of A and its range

is a subset of Co-domain (B).

Solved Examples

Ex4 LetA={1,3,5,7} and B= {2, 4, 6, 8} be two
sets and let R be arelation from A to B defined by
the phrase "(x,y) e R= x>y". Find relation R and
its domain and range.

Sol. Under relation R, we have 3R2, 5SR2, 5R4, 7R4
and 7R6

1.e.R=1{(3,2),(5,2),(5,4),(7,2),(7,4),(7,6)}
~ Dom (R)= {3, 5,7} andrange (R) = {2, 4, 6}

Ex.5LetA={2,3,4,5,6,7,8,9}. Let R be the relation
on A defined by

{(x,y):xeA,y e Aand x divides y}.
Find domain and range of R.

Sol. The relation R is
R=1{2,2),(2,4),(206),(2,38),3,3),3,0),
(3,9, (4,4), (4, 8),(5,5),(6,6), (7, 7), (8, 8),
9,9)}

Domain of R=1{2,3,4,5,6,7,8,9} =A
Range of R=1{2,3,4,5,6,7,8,9} =A

Ex.6 Let R be the relation on the set N of natural
numbers defined by
R:{xy)}:x+3y=12 xe N,y e N} Find
(iR (ii) Domain of R (iii) Range of R

Sol. (i) We have, x + 3y =12 = x = 12 — 3y
Putting y=1, 2, 3, we get x =9, 6, 3 respectively
For y = 4, we get x = 0 ¢ N. Also for

y>4,x¢ N

~ R=4{09, 1), (6, 2), (3, 3)}

(i) Domain of R = {9, 6, 3}

(iii) Range of R = {1, 2, 3}

INVERSE OFARELATION _ggf]

Let A, B be two sets and let R be a relation from a
set A to B. Then the inverse of R, denoted by
R, is a relation from B to A and is defined by
R1'={(b,a):(a,b) e R}, Clearly,

(a,b) e R < (b, a) e R Also,

Dom of R =Range of R and

Range of R=Dom ofR™
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Solved Examples

Ex.7 Let A be the set of first ten natural numbers and
let R be a relation on A defined by
x, ¥99 €« R &« x + 2y = 10 i.e.,
R={x,y):xeA,yeAand x + 2y = 10}.
Express R and R~! as sets of ordered pairs.
Determine also :

(i) Domains of R and R™!
(ii) Range of R and R™!

10 —x

Wehave (X,y) e Rex+2y=10y= 5 %
yeA

Sol.

where A = {1,2,3,4,5,6,7,8,9,10}
_ _ 101 :g
Now,x—l:>y——2 zeA

This shows that 1 is not related to any element in
A. Similarly we can observe that 3, 5, 7, 9 and
10 are not related to any element of a under the
defined relation. Further we find that

10-2

forx=2,y=""2 -4cA . Q4eR
forx=4,y=%=3eA < (4 3)eR
forx=6,y="oC=2cA . (62)eR
forx =8 y=1"C-1cA - @8 1)eR
Thus R = {(2, 4), (4, 3), (6, 2), (8, 1)}

= R1=1{@4,2), 3, 4), @2, 6),(,8)
Clearly, Dom (R) = {2, 4, 6, 8} = Range (R™!)
and Range (R) = {4, 3, 2, 1} = Dom (Rfl)

TYPES OF RELATIONS "

In this section we intend to define various types of

relations on a given setA.

(i) Voidrelation : Let Abeaset. Then ) c Ax Aand
soitis arelation on A. This relation is called
the void or empty relation on A.

(ii) Universal relation : Let Abe aset. Then AXAc
A xAandsoitisarelation on A. This relation
is called the universal relation on A.

(iii) Identity relation : Let A be a set. Then the relation
I, ={(a,a):ae A} onAis called the identity relation
onA. In other words, arelation I, on Ais called the
identity relation if every element of A is related to
itselfonly.

(iv) Reflexive relation : Arelation R onasetAissaid
to be reflexive if every element of A is related
to itself. Thus, R on a set A is not reflexive if there
exists an elementa e A such that(a, a) ¢ R.

Note :

Every identity relation is reflexive but every reflexive
relation in not identity.

(v) Symmetric relation : A relation R on a set A is
said to be a symmetric relation iff(a, b) e R = (b ,a)
eR foralla,beA.ic.aRb=bRaforalla,b cA.
(vi) Transitive relation : Let A be any set. A relation
R onA is said to be a transitive relation iff (a,b) eR
and(b,c) e R=(a,c) e Rforalla,b,ccAie.a
RbandbRc=aRcforalla,b,cc A

Note :

@i Every null relation is a symmetric and transitive
relation.

(i) Everysingleton relation is a transitive relation.

(iii) Universal and identity relations are reflexive,
symmetric as well as transitive.

(iv) Anti-symmetric Relation
Let Abe any set. A relation R on set A is said to be
an antisymmetric relation iff (a, b) e R and (b, a) €
R = a=Dbforalla,b € Ae.g. Relations “being subset
of’; “is greater than or equal to”” and “identity relation
on any set A” are antisymmetric relations.
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(v) Equivalence relation : ArelationR onasetAis
said to be an equivalence relation on A iff

(i) itisreflexivei.e.(a,a) e Rforallac A

(i1) it is symmetrici.e. (a, b) e R = (b, a) € R forall
a, beA

(ii1) it is transitive i.e. (a, b) e R and (b, c) e R
=(a,c)eRforalla,be A

Solved Examples

Ex.8 Which of the following are identity relations on set
A=1{1,2,3}.
R ={1,1),(2,2)},R,={(1,1),(2,2),(3,3),
(1,3)5 Ry =1{1,1),(2,2), (3, 3)}.

Sol. The relation R, is idenity relation on set A.
R, isnot identity relation on set A as (3,3) ¢ R .
R, isnotidentity relation onset Aas(1,3) e R,

Ex.9 Which of the following are reflexive relations on set
A=1{1,2,3}.
R, =A{(, 1), 2, 2), (3, 3), (1, 3), (2, D},
R,={(1,1),(3,3),(2,1),(3,2)}.

Sol. R, is areflexive relation on set A.
R, is not a reflexive relation on Abecause 2 € Abut
(2,2) ¢ R,.

Ex.10 Prove that on the set N of natural numbers,

the relation R defined by x R y= x is less than y is
transitive.

Sol. Because forany x,y,ze Nx<yandy<z=x<z
=xRyandyRz= xRz soRistransitive.
Ex.11 Let T be the set of all triangles in a plane with R
arelationin T givenbyR = {(T,, T,): T, is congruent

to T, }. Show that R is an equivalence relation.

Sol. Since arelation R in T is said to be an equivalenece

relation if R is reflexive, symmetric and transitive.
(1) Since every triangle is congruent to itself

. Risreflexive

(i) (T,,T,) e R=T, iscongruentto T,
=T,iscongruentto T, =(T,,T;)eR

Hence R is symmetric

(iii) Let (T, T,) e Rand (T, T;) e R

=T, is congruentto T, and T, is congruent to T,
=T, iscongruentto T, =(T,T,)eR
- Ristransitive

Hence R is an equivalence relation.

Ex.12 Show that the relation R in R defined as R
={(a,b):a<b} is transitive.
Sol. Let (a,b) e Rand (b,c) e R
- (a<b)andb<c=a<c
-~ (a,c)eR
Hence R is transitive.

Ex.13 Show that the relation R in the set {1, 2, 3}
givenby R = {(1, 2), (2, 1)} is symmetric.

Sol. Let (a, b) e R [+ (1,2) eR]
- (b,a)e R [ (2,1)eR]
Hence R is symmetric.

Ex.14 If X = {x, Xy, X3} and y = (X{, X5, X3,X4,X5}
then find which is a reflexive relation of the
following :

(@) Ry {(xq, x9), (X5, X5)
(d) Ry = {(xy, X9), (X9, X5), (X3, X3)
(©) Ry {(X 1 Xy (X9 X9)i(X3, X3)i(X 15 X3),(X95 X )
(d) Ry = {(x4, X9), (X5, X))(X3, X3)i(Xy, X))
Sol. (a) non-reflexive because (x5, X3) ¢ R
(b) Reflexive
(c) Reflexive
(d) non-reflexive because x, ¢ X

Ex.15 Ifx={a,b,c} andy= {a, b, c, d, e, f} then
find which of the following relation is symmetric
relation :

R, : {} i.e. void relation
R, : {(a, b)}
R3 : {(aa b)7 (ba a)(aa C)(Ca a)(aa a)}

Sol. R, is symmetric relation because it has no element
init.
R, is not symmetric because (b, a) € R,
& R; is symmetric.
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Ex.16 If x = {a, b, c} and y = (a, b, ¢, d, e} then Sol (a) R, is transitive relation because it is null

which of the following are transitive relation.

(a) R, = {}

(b) R, = {(a, a)}

(¢) R; = {(a, a}.(c, d)}

(d) Ry = {(a, b), (b, ¢)(a, ¢),(a, a), (¢, a)}

relation.

(b) R, is transitive relation because all singleton
relations are transitive.

(¢) R; is transitive relation

(d) R, is also transitive relation




