RELATIONS AND FUNCTIONS
MODULE 1

REVISION







Reflexive Relation

e Arelation R on aset Aisreflexive if (a,a) e R
forallae A i.e.
ifaRa forallaeA.
e [t means R is reflexive if every elementofae A

is related to itself.
For example:
Let A={1,21} and let R={(1,1).(2,2)}.

‘ Then R is said to be reflexive relation.




Example of Reflexive Relation

Consider the following relationson {1, 2, 3, 4}:

R1={(1, 1), (1 2) (2 1) {2 2}, (3,4}, {4, 1), (4, 4)},

R2={(1,1), (1, 2) (2 1)},

R3=1{(1,1), (1,2} (1 4} (2, 1), (2, 2), (3, 3) (4 1), (4. 4]},

R4={(2 1), (3 1), (3 2] (4 1), (4, 2), (4, 3]},

R5={(1, 1), (1, 2), (1 3), (1, 4). (2, 2), (2, 3}, {2, 4), (3, 3), (3, 4}, (4, 4]},
Re = {3, 4)}.

Which of these relations are reflexive?

Solution: The relations R3 and RS are reflexive because they both contain all pairs of
the form (a, a), namely, (1, 1), (2, 2), (3, 3), and (4, 4). The other relations are not
reflexive because they do not contain all of these ordered pairs.

In particular, R1, R2 R4, and R6 are not reflexive because (3, 3) is not in any of these
relations.



e A relation R on a set A is symmetric if whenever
aRb,then b Raforall a,beA.

e [t means if ais related to b then b also related to a.
For example:

Let A={1,2,3} and let
R=1¢1,2)¢C1,3).62,1).¢2.5),C5,1),(52)}

Then R is symmetric relation as (3,b) € R and
(b,a) e R.




Example

Example: Consider the following relations on
(1,2, 3, 4}

R ={(11),(1,2),(21),(22),(3,4), (41), (4.4)}
R, ={(1.1),(1,2), (21)} yes

R; = {(11), (1,2), (1,4), (2,1), (2,2), (3,3), (3,4), (4.1),(4.4)}
R,={(2,1),(3.1),(3.,2), (41),(4,2), (4,3)}

R, ={(1,1),(1,2),(1,3),(14),(2,2), (2,3),(2,4), 3.3), (3,4), (44)}
R, ={(3.,4)}

Which of these relaftions are symmefric :




TRANSITIVE relations
-

Definition: A relation R on a set A is transitive if whenever aRb and bRc
then aRc, that is, if whenever (a, b)ER and (b, ¢)€ R then (q, c)ER.

Thus R is not transitive if there exist a, b, ¢ € R such that
(a,b)E R and (b, c) € R but (a,c) & R.

If such a, b and ¢ not exist, then R is transitive.

Example: Consider the following relations on the set A = {1, 2, 3}:
R, ={(1,1),(1,2),(23),(1, 3)}
R2 = {(]I ])I (]0 2)0 (212)0 (213)}
R3 5 {(]l ])I (]l 2)0 (113)1 (313)}

Determine which relation is transitive.




Equivalence Relations

Definition: A relation R on a set A is called an equi-
alence relation if it is reflexive, symmetric and transitive.

Example: Let A = {1, 2,3, 4} and let
R={(1,1),(12),(2,1),(2,2),(3,4),(4,3),(33), (4,4)}.

hen R is an equivalence relation.




Q1. Determine whether each of the following relations are reflexive,
symmetric and transitive:

(i) Relation R in the set 4A={1, 2, 3..13, 14} defined as
R={(x, y): 3x-y=0)}

Soln: (i) A={1,2, 3 .13, 14)

R={(x, y): 3x-y=0}

~R={(1, 3),(2, 6),(3,9), (4,12)}

R is not reflexive since (1, 1), (2, 2) .. (14, 14) ¢ R.

Also, R is not symmetric as (1, 3) R, but (3,1) ¢ R. [3(3) - 12 O]
Also, R is not transitive as (1, 3), (3, 9) R, but (1, 9) ¢ R.

[3(1) - 92 0]

Hence, R is neither reflexive, nor symmetric, nor transitive.



Question 2:
Show that the relation R in the set R of real numbers, defined as

R = {(a. b): a = b%} is neither reflexive nor symmetric nor transitive.

Answer :
R ={(a. b a=5bo
1

It can be observed that [l, _] & R, since ~ = [_
27 2 2

= FHis nmot reflexive._
Mow, (1. ) e Ras 1 < 42

But, 4 is not less than 1<

~(4. 1V ER

=R is not symmetric.

Mo,

(3.2). (2.1.5 R

fas 3 <2Z2=4d4and 2 < (1.5 =2.25)

But, 3 = (1.5 = 2.25

~(3. 1.5 R

- R is not transitive.

Hence, R is neither reflexive, nor symmetric, nor transitive.




xample 5 Show that the relation R in the set Z of integers given by
R = {(a, b) : 2 divides(a - b)}
S an equivalence relation

R is reflexive, as 2 divides (a - a) for all a & Z

if (a, b) & R, then 2 divides(a - B],Therefore, 2 divides[b - a)_
Hence, (b, a) & R, which shows that R is symmetric.

if (a, ) & Rand (b, c) & R, fhen@ - bjand@ - c)are divisible by 2.
Now,a -¢c=(a-b)+(b-c)iseven. So, (a - ¢) is divisible by 2. This shows that
R is transitive. Thus, R is an equivalence relation in Z




Question 8:
Show that the relation R in the set A = {1, 2, 3, 4, 5} given by

R ={(a. b):|a—b| is even}. is an equivalence relation. Show that all the elements of {1, 3, 5} are

related to each other and all the elements of {2, 4} are related to each other. But no element of {1, 3,
5} is related to any element of {2, 4}.

Answer:

letE={L35)CA,

A={1,2, 3, 4,5}

R ={(a. b):|a—b]| is even} thenE X E l(lrl):(113)1(1;5);(3:1);(313)1(3:5)1(511)!(513):(515)]( R

It is clear that for any element a €A, we have|a — al =0

“R is reflexive. cmen 1o oveny | Hence veryelement ofE s relatedto each other,

Let (a. b) € R.

=> |a — b|is even. I.Et F - [2,4} (A,
;::- I(;E‘L; Z)L: |6 — alis also even. FX_F: “2 Zl !2,4|"4’2|’(4!4) } [ R
*R I symmetric. Hence Every lement o i relatedto each other,

gt P ButE X P (1,2),(1,4),(3,2),(3,4),(5,2),(5,4)]q Rand
= (a=b) isevenand (5-c) iseven n0 elementof X Fisan element of &

Hence no element £ is relatedto any elementof

= (a—c)=(a—b)+(b~—c) is even. [Sum of two even
= la—d| is even. integers is even|

~ R is transitive. Hence, R is an equivalence relation,




HOME WORK
EX1.1:3,4,12,14

THANK YOU




