1. Relations

Exercise 1.1

1 A. Question

Let A be the set of all human beings in a town at a particular time. Determine whether each of the following
relations are reflexive, symmetric and transitive:

R = {(x, y) : x and y work at the same place}

Answer

We have been given that,

A is the set of all human beings in a town at a particular time.

Here, R is the binary relation on set A.

So, recall that

R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.

Using these criteria, we can solve these.

We have,

R = {(x, y): x and y work at the same place}

Check for Reflexivity:

Since x & x are the same peoplethen, x & x works at the same place.

Take yourself, for example, if you work at Bloomingdale then you work at Bloomingdale.
Since you can’t work in two places at a particular time,

So, V x € A, then (x, x) €R.

-« R is Reflexive.

Check for Symmetry:

If x & y works at the same place, then, y and x also work at the same place.
If you & your friend, Chris was working in Bloomindale, then Chris and you are working in Bloomingdale only.

The only difference is in the way of writing, either you write your name and your friend’s name or your
friend’s name and your name, it's the same.

So, if (X, y) € R, then (y, xX) €R

VXx,y€eA

-+ R is Symmetric.

Check for Transitivity:

If x & y works at the same place and y & z works at the same place.
Then, x & z also works at the same place.

Say, if she & | was working in Bloomingdale and she & you were also working in Bloomingdale. Then, you and
| are working in the same company.

So, if (x, y) € Rand (y, z) € R, then (x, z) € R.

VX, vy,z€A



.. R is Transitive.
Hence, R is reflexive, symmetric and transitive.
1 B. Question

Let A be the set of all human beings in a town at a particular time. Determine whether each of the following
relations are reflexive, symmetric and transitive:

R = {(x, y) : xand y live in the same locality}

Answer

We have been given that,

A is the set of all human beings in a town at a particular time.

Here, R is the binary relation on set A.

So, recall that

R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.

Using these criteria, we can solve these.

We have,

R = {(x, y): x and y live in the same locality}

Check for Reflexivity:

Since x & x are the same people, then, x & x live in the same locality.

Take yourself, for example, if you lived in colony x then you live in colony x.
Since you can’t live in two places at a particular time.

So, V x € A, then (x, x) € R.

~+ R is Reflexive.

Check for Symmetry:

If x & y live in the same locality, then, y & x also lives in the the same locality.
If you & your friend, Chris are neighbors, then you and Chris are neighbors only.

The only difference is in the way of writing, either you write your name and your friend’s name or your
friend’s name and your name, it's the same.

So, if (x, y) € R, then (y, x) € R.

VXx,y€eR

-+ R is Symmetric.

Check for Transitivity:

If x & y lives in the same locality and y & z lives in the same locality.
Then, x & z also lives in the same locality.

Say, if she and | were living in colony x and she & you were also working in colony x. Then, you and | are
living in the same colony.

So, if (x, y) € Rand (y, z) €R, then (x, z) € R.
VX, y,z€EA

.. R is Transitive.



Hence, R is reflexive, symmetric and transitive.
1 C. Question

Let A be the set of all human beings in a town at a particular time. Determine whether each of the following
relations are reflexive, symmetric and transitive:

R = {(x, y): xis wife of y}

Answer

We have been given that,

A is the set of all human beings in a town at a particular time.
Here, R is the binary relation on set A.

So, recall that

R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
Using these criteria, we can solve these.

We have,

R = {(x, y): x is wife of y}

Check for Reflexivity:

Since x and x are the same people.

Then, x cannot be the wife of itself.

A person cannot be a wife of itself.

Wendy is the wife of Sam; Wendy can’t be the wife of herself.
So, V x € A, then (x, x) € R.

~+ R is not reflexive.

Check for Symmetry:

If x is the wife of y.Then, y cannot be the wife of x.

If Wendy is the wife of Sam, then Sam is the husband of Wendy.
Sam cannot be the wife of Wendy.

So, if (x, y) € R, then (y, x) € R.

VXx,y€eA

-+ R is not symmetric.

Check for Transitivity:

If X is the wife of y and y is the wife of z, which is not logically possible.
Then, x is not the wife of z.

It's easy, take Wendy, Sam, and Mac.

If Wendy is the wife of Sam, Sam can’t be the wife of Mac.
Thus, the possibility of Wendy being the wife of Mac also eliminates.
So, if (x, y) € Rand (y, z) € R, then (x, z) € R.

VX, vy, z€EA



.. R is not transitive.
Hence, R is neither reflexive, nor symmetric, nor transitive.
1 D. Question

Let A be the set of all human beings in a town at a particular time. Determine whether each of the following
relations are reflexive, symmetric and transitive:

R = {(x, y) : xis father of y}

Answer

We have been given that,

A is the set of all human beings in a town at a particular time.
Here, R is the binary relation on set A.

So, recall that

R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
Using these criteria, we can solve these.

We have,

R = {(x, y): x is father of y}

Check for Reflexivity:

Since x and x are the same people.

Then, x cannot be the father of itself.

A person cannot be a father of itself.

Leo is the father of Thiago

So, V x € A, then (x, x) € R.

-« R is not reflexive.

Check for Symmetry:

If x is the father of y.

Then, y cannot be the father of x.

If Sam is the father of Mac, then Mac is the son of Sam.

Mac cannot be the father of Sam.

So, if (X, y) € R, then (y, x) € R.

VXx,y€eA

- R is not symmetric.

Check for Transitivity:

If X is the father of y and y is the father of z,then, x is not the father of z.
Take Mickey, Sam, and Mac.

If Mickey is the father of Sam, and Sam is the father of Mac.
Thus, Mickey is not the father of Mac, but the grandfather of Mac.
So, if (x, y) € Rand (y, z) € R, then (x, z) € R.



VX, vy,z€A

~+ R is not transitive.

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

Relations Ry, Ry, Rz and R, are defined on a set A = {a, b, c} as follows :
Ry = {(a, a) (a, b) (a, c) (b, b) (b, ¢), (c, a) (c, b) (c, )}

Rz = {(a, a)}

R3 = {(b, a)}

Rq = {(a, b) (b, c) (c, a)}

Find whether or not each of the relations Ry, Ry, R3 Rq on A is (i) reflexive (iii) symmetric (iii) transitive.
Answer

We have set,

A={a, b, c}

Here, R, Ry, R3 and R4 are the binary relations on set A.

So, recall that for any binary relation R on set A. We have,

R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.

So, using these results let us start determining given relations.

We have

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

(i). Reflexive:

Foralla,b,c€ A.['" A= {a, b, c}]

Then, (a, a) € R,

(b,b)EA

(c,c)eA

[ Ry = {(a, a) (a, b) (a, c) (b, b) (b, ¢) (c, a) (c, b) (c, €)}]
So,Va, b, c €A, then (a, a), (b, b), (c, c)ER.

“ R; is reflexive.

(ii). Symmetric:

If (a, a), (b, b), (c, ¢), (a, ), (b, c)E R,

Then, clearly (a, a), (b, b), (c, ¢), (c, a), (c, b)E€ Ry

Va b, ceA

[ Ry = {(a, @) (a, b) (a, c) (b, b) (b, c) (c, a) (c, b) (c, ) }]
But, we need to try to show a contradiction to be able to determine the symmetry.

So, we know (a, b) € Rq



But, (b, a) € Ry

So, if (a, b) € Ry, then (b, a) & Rj.
Vabe&gA

~+ R; is not symmetric.

(iii). Transitive:

If (b, c) € Ry and (c, a) € R,

But, (b, a) € Ry [Check the Relation R; that does not contain (b, a)]
Vabe&gA

[ Ry = {(a, a) (a, b) (a, ) (b, b)(b, c) (c, a) (c, b) (c, c)}]
So, if (b, c) € Ry and (c, a) € Ry, then (b, a) &€ R;.
Va b ceA

“+ R; is not transitive.

Now, we have

Ry = {(a, a)}

(i). Reflexive:

Here, only (a, a) € R,

forae A . ['"A={a, b, c}]

["Ry = {(a, a)}]

So, for a € A, then (a, a) € Ry.

“ R; is reflexive.

(ii). Symmetric:

For symmetry,

If (x, y) € R, then (y, x) €R

VX, vy€EA.

Notice, in R, we have

Rz = {(a, a)}

So, if (a, @) € Ry, then (a, a) € R,.
Where a € A.

“ Ry is symmetric.

(iii). Transitive:

Here,

(a, a) € Ry and (a, a) € R,

Then, obviously (a, a) € Ry
Where a € A.

[ Ry = {(a, a)}]

So, if (a, a) € Ry and (a, a) € Ry, then (a, a) € Ry, where a € A.



“ Ry is transitive.

Now, we have

R3 = {(b, a)}

(i). Reflexive:

Va,beA[A={a b, c}]

But, (a, a) € Rs

Also, (b, b) & R3

[ R3 = {(b, a)}]

So,V a, b €A, then (a, a), (b, b) € R3
~ R3 is not reflexive.

(ii). Symmetric:

If (b, a) € R3

Then, (a, b) should belong to Rs.

Va, b€A [ A={a, b, c}]

But, (a, b) € R3

[ R3 = {(b, a)}]

So, if (a, b) € R3, then (b, a) &€ R3
Vabe&gA

~ R3 is not symmetric.

(iii). Transitive:

We have (b, a) € R3 but do not contain any other element in Rs.
Transitivity can’t be proved in Rs.

[ R3 = {(b, a)}]

So, if (b, @) € R3 but since there is no other element.
~ R3 is not transitive.

Now, we have

R4 = {(a, b) (b, ) (c, a)}

(i). Reflexive:

Va b ceA[ A= {a, b, c}]

But, (a, a) € Ry

Also, (b, b) € Ry and (c, ¢) € Ry

[ Rq = {(a, b) (b, ¢) (c, a)}]

So,Va, b, c€E€A, then(a, a), (b, b), (c,c) &Ry
“ Ry is not reflexive.

(ii). Symmetric:



If (a, b) € Ry, then (b, a) € Ry

But (b, a) € Ry

[ Rq = {(a, b) (b, ) (c, a)}]

So,V a, b €A, if(a, b) € Ry, then (b, a) & Ry.

= Ry is not symmetric.

It is sufficient to show only one case of ordered pairs violating the definition.
~ R4 is not symmetric.

(iii). Transitivity:

We have,

(a, b) € Rgand (b, c) €E Ry

=(a, c) ERy

But, is it so?

No, (a, ¢) € Ry

So, it is enough to determine that R4 is not transitive.

Va, b, c€EA, if(a, b) €Rsand (b, c) € Ry, then (a, ¢) & Ry.
“+ Rq is not transitive.

3 A. Question

Test whether the following relations Ry, Ry and R3 are (i) reflexive (ii) symmetric and (iii) transitive :
R; on Qg defined by (a, b) e Ry a =1/b

Answer

Here, Ry, Ry, R3 and R4 are the binary relations.

So, recall that for any binary relation R on set A. We have,
R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
So, using these results let us start determining given relations.
We have

R; on Qg defined by (a, b) € Ry a =é

Check for Reflexivity:

Va,be&Q

(a, a), (b, b) € Ry needs to be proved for reflexivity.

If (a, b) € Rq

Then, a =é...(1)

So, for (a, a) € Ry

Replace b by a in equation (1), we get



1
a=-
a

But, we know

1
a+F—
a

=(a,a) € Ry

So, V a € Qq, then (a, a) € R,
~ Rj is not reflexive.
Check for Symmetry:

If (a, b) € Ry

Then, (b, a) € R;

Va b&Qg

If (a, b) € Ry
We have, 3 = é ...(2)

Now, for (b, a) € Ry
Replace a by b & b by a in equation (2), we get

1
b=-—
d

= (b, a) ER,

So, if (a, b) € Ry, then (b, a) € Ry
Va b&Qg

~+ R; is symmetric.

Check for Transitivity:

If (a, b) € R; and (b, c) € Ry

1 db—l
=:-a—ban =z

We need to eliminate b.
We have

_1
70

1
=b=-
a

Putting b = Yinp =2 we get
a c

1 1

= —=—

a ¢

= d==cC
But, a = -
[



So, if (a, b) € Ry and (b, c) € Ry, then (a, c) € Ry

Va, b, cEeQq

“ R; is not transitive.

3 B. Question

Test whether the following relations Ry, R, and Rs are (i) reflexive (ii) symmetric and (iii) transitive :
R, on Z defined by (a, b) e Ry |a-Db| =5

Answer

Here, R, Ry, R3 and R4 are the binary relations.

So, recall that for any binary relation R on set A. We have,
R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
So, using these results let us start determining given relations.
We have

R, on Z defined by (a, b) ERy= Ja-Db| =5

Check for Reflexivity:

VaeZ

(a, @) € Ry needs to be proved for reflexivity.

If (a, b) € Ry

Then, |Ja-b| =5 ...(1)

So, for (a, a) € Ry

Replace b by a in equation (1), we get

l[a-al =5

=20=<5

=(a,a) ERy

So,Va€Zthen(a, a) €Ry

“ Ry is reflexive.

Check for Symmetry:

Vabe&geZz

If (a, b) € R,

We have, [a-b| =5 ...(2)

Replace a by b & b by a in equation (2), we get

Ib-a]l=5

Since, the value is in mod, |b - a] = |a - b|

= The statement |b - a| = 5 is true.

> (b, a) € R,



So, if (a, b) € Ry, then (b, a) € Ry

Va b&Qg

“ R is symmetric.

Check for Transitivity:

Va b, cez

If (a, b) € Ry, and (b, ¢c) €R,

=la-bl=5and|b-c| =5

Since, inequalities cannot be added or subtract. We need to take example to check for,
la-c|=5

Take valuesa =18, b =14 and c =10

Check: la-b| =5

=]18-14| <5

= |4] = 5 is true.

Check: |b-c| =5

=114-10| <5

=|4| =5

Check: [a-c| =5

=|18-10| <5

= |8| = 5 is not true.

=(a, c) € Ry

So, if (a, b) € Ry and (b, c) € Ry, then (a, c) € Ry

Va b, ceZz

“+ Ry is not transitive.

3 C. Question

Test whether the following relations Ry, Ry and Rs are (i) reflexive (ii) symmetric and (iii) transitive :
R3 on R defined by (a, b) € R3= a - 4 ab + 3b? = 0.
Answer

Here, R, Ry, R3 and R4 are the binary relations.

So, recall that for any binary relation R on set A. We have,
R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
So, using these results let us start determining given relations.
We have

R3 on R defined by (a, b) € R3e a2 - 4ab + 3b% = 0

Check for Reflexivity:



Va€ER,

(a, @) € R3 needs to be proved for reflexivity.
If (a, b) € R3, then we have

a’-4ab +3b2=0

Replace b by a, we get

a’-4aa+3a’=0

=a’-4a2+3a2=0

=-3a2+3a2=0

= 0 = 0, which is true.

= (a, a) € R3

So,Va€R,(a a) ERj3

~ Rj is reflexive.

Check for Symmetry:

Vabe&R

If (a, b) € R3, then we have

aZ-4ab +3b2=0
=a?-3ab-ab+3b2=0
=a(a-3b)-b(a-3b)=0
=(a-b)(a-3b)=0
=(a-b)=0o0r(a-3b)=0
=a=bora=3b..(1)

Replace a by b and b by a in equation (1), we get
=>b=aorb=3a..(2)

Results (1) and (2) does not match.

= (b, a) € R3

~+ R3 is not symmetric.

Check for Transitivity:

Va b ceR

If (a, b) € Rz and (b, c) € R3

=a2-4ab +3b2=0andb?-4bc +3c2=0
= a2 - 3ab - ab + 3b% = 0 and b? - 3bc - bc + 3c?
=a(a-3b)-b(a-3b)=0andb(b-3c)-c(b-3c)=0
=(a-b)(a-3b)=0and(b-c)(b-3c)=0
=(a-b)=0or(a-3b)=0
And(b-c)=0o0r(b-3c)=0

=a=bora=3bAndb=corb=3c



What we need to prove here is that, a = cora = 3c
Takea=bandb=c

Clearly implies that a = c.

[ if a = b, just substitute a in place of bin b = c. We get, a = (]
Now, take a = 3b and b = 3c

Ifa=3b

ba
= P=3

Substitute b =§ in b = 3c. We get

= 3c

Wl

= a = 9¢, which is not the desired result.
= (a, c) € Rs3

~ R3 is not transitive.

4. Question

Let A= {1, 2, 3}, and let Ry = {(1, 1), (1, 3), (3, 1), (2, 2), (2, 1), (3, 3), (2, 2), (2, 1), (3, 3)}, B={(2,2),
(3,1), (1, 3)}, R3 = {(1, 3),(3, 3)}. Find whether or not each of the relations Ry, Ry, Rz on A is (i) reflexive (ii)
symmetric (iii) transitive.

Answer

We have been given,

A=1{1,2 3}

Here, R1, Ry and Rz are the binary relations on A.

So, recall that for any binary relation R on set A. We have,
R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
So, using these results let us start determining given relations.
Let us take R;.

Ry ={(1,1),(1,3),(31),(22),(21),(3 3)}

(i). Reflexive:

V123€Al"A={1,2 3}

(1,1) ERq

(2,2)ERy

(3,3) €ER3

So, fora €A, (a, a) € Ry

“ R; is reflexive.

(ii). Symmetric:

V123€A



If (1, 3) € Ry, then (3, 1) € R;

[ Ry ={(1,1),(1, 3), (3, 1), (2, 2), (2, 1), (3, 3)}]
But if (2, 1) € Ry, then (1, 2) € Ry

[ Ry ={(1,1), (1, 3), (3, 1), (2, 2),(2, 1), (3, 3)}]
So, if (a, b) € Ry, then (b, a) € Ry

Vabe&gA

~ Ry is not symmetric.

(iii). Transitivity:

V12 3€A

If (1, 3) € Ry and (3, 3) ER;

Then, (1, 3) € R,

[ Ry ={(1, 1), (1, 3), (3, 1), (2, 2), (2, 1),(3, 3)}]
But, if (2, 1) € Ry and (1, 3) €R;

Then, (2, 3) € R,

So, if (a, b) € Ry and (b, c) € Ry, then (a, c) € Ry
Va b ceA

~» R; is not transitive.

Now, take R,.

Ry ={(2,2),(3,1),(1, 3)}

(i). Reflexive:

V123€A["A={12 3}]

(1, 1) € Ry

(2,2) €ERy

(3,3) € Ry

So, fora € A, (a, a) € R,

~ R; is not reflexive.

(ii). Symmetric:

V123€A

If (1, 3) € Ry, then (3, 1) € Ry

[ Ry ={(2, 2),(3, 1), (1, 3) }]

If (2, 2) € Ry, then (2, 2) € Ry

[ Ry ={(2, 2), (3,1), (1, 3)}]

So, if (a, b) € Ry, then (b, a) € Ry

VabeA

“+ Ry is symmetric.



(iii). Transitivity:

V123€A

If (1,3) € Ry and (3, 1) €ER,

Then, (1, 1) € R,

[ Ry ={(2,2),(3,1), (1, 3) }]

So, if (a, b) € R, and (b, c) € Ry, then (a, c) € R,
Va b, ceA

~+ Ry is not transitive.

Now take Rs.

Rz = {(1, 3), (3, 3)}

(i). Reflexive:

V1,3€eA["A={1,2, 3}]

(1, 1) € R3

(3,3) €R3

So, fora € A, (a, a) € R3

~ R3 is not reflexive.

(ii). Symmetric:

V1,3€A

If (1, 3) € R3, then (3, 1) € R3

[ R3 = {(1, 3), (3, 3)}]

So, if (a, b) € R3, then (b, a) & R3

Vabe&gA

~+ R3 is not symmetric.

(iii). Transitivity:

V13€A

If (1, 3) € Rz and (3, 3) € R3

Then, (1, 3) €R3

[ R3 ={(1, 3), (3, 3) }]

So, if (a, b) € Ry and (b, ¢) € R3, then (a, c) € R3
Va b ceA

~ R3 is transitive.

5 A. Question

The following relations are defined on the set of real numbers :
aRbifa-b>0

Find whether these relations are reflexive, symmetric or transitive.

Answer



Let set of real numbers be R.

So, recall that for any binary relation R on set A. We have,
R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.
R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
We have

aRbifa-b>0

Check for Reflexivity:

Fora e R

If aRa,

=a-a=>0

=20>0

But 0 > 0 is not possible.

Hence, aRa is not true.

So, V a € R, then aRa is not true.

= R is not reflexive.

~ R is not reflexive.

Check for Symmetry:

Va,beR

If aRb,

=2a-b>0

Replace a by b and b by a, we get

=b-a>0

[Take a = 12 and b = 6.

a-b>0

=212-6>0

= 6 > 0, which is a true statement.
Now,b-a>0

=26-12>0

= -6 > 0, which is not a true statement as -6 is not greater than 0.]
= bRa is not true.

So, if aRb is true, then bRa is not true.
Va,beR

= R is not symmetric.

~+ R is not symmetric.

Check for Transitivity:

Va b, ceR



If aRb and bRc.

=2a-b>0andb-c>0

=a-c>0ornot.

Let us check.

a-b>0meansa>b.

b-c>0meansb >c.

a-c>0meansa>c.

Ifa>bandb>c,

=2a>b,b>c

sa>b>c

=a>c

Hence, aRc is true.

So, if aRb is true and bRc is true, then aRc is true.

Va b ceR

= R is transitive.

-+ R is transitive.

5 B. Question

The following relations are defined on the set of real numbers :
aRbifl+ab>0

Find whether these relations are reflexive, symmetric or transitive.
Answer

Let set of real numbers be R.

So, recall that for any binary relation R on set A. We have,
R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
We have

aRbifl +ab>0

Check for Reflexivity:

Fora e R

If aRa,

=1l+aa>0

=1+a2>0

If a is a real number.

[Positive or negative, large or small, whole numbers or decimal numbers are all Real Numbers. Real numbers
are so called because they are ‘Real’ not ‘imaginary’.]

This means, even if ‘a’ was negative.

a? = positive.



a? 4+ 1 = positive

And any positive number is greater than 0.
Hence, 1 + a2 >0

= aRa is true.

So, V a € R, then aRa is true.

= R is reflexive.

-« R is reflexive.

Check for Symmetry:

Va b&eR

If aRb,

=1+ab>0

Replace a by b and b by a, we get
=1+ba>0

Whether we write ab or ba, it is equal.
ab = ba

So,1+ba>0

= bRa is true.

So, if aRb is true, then bRa is true.
Va,beR

= R is symmetric.

-+ R is symmetric.

Check for Transitivity:

Va b ceR

If aRb and bRc.
=21+ab>0and1+bc>0
=1+ ac > 0 or not.

Let us check.

1 + ab > 0 means ab > -1.

1 + bc > 0 means bc > -1.

1 + ac > 0 means ac > -1.

If ab > -1 and bc > -1.

= ac > -1 should be true.
Takea=-1,b=09andc=1
ab > -1

= (-1)(0.9) > -1

= -0.9 > -1, is true on the number line.

bc > -1



= (0.9)(1) > -1

= 0.9 > -1, is true on the number line.

ac > -1

=(-1)(1) > -1

= -1 > -1, is not true as -1 cannot be greater than itself.
= ac > -1 is not true.

=1+ ac > 0 is not true.

= aRc is not true.

So, if aRb is true and bRc is true, then aRc is not true.

Va b ceR

= R is not transitive.

-+ R is not transitive.

5 C. Question

The following relations are defined on the set of real numbers :
aRbif|a|=b.

Find whether these relations are reflexive, symmetric or transitive.
Answer

Let set of real numbers be R.

So, recall that for any binary relation R on set A. We have,
R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
We have

aRbif|al|=b

Check for Reflexivity:

Fora € R

If aRa,

= |a] = a, is true

If a is a real number.

[Positive or negative, large or small, whole numbers or decimal numbers are all Real Numbers. Real numbers
are so called because they are ‘Real’ not ‘imaginary’.]

This means, even if ‘a’ was negative.
|a| = positive.

&lal=a

Hence, |a| = a.

= aRa is true.

So, V a € R, then aRa is true.

= R is reflexive.



-« R is reflexive.

Check for Symmetry:

Va b&eR

If aRb,

=]al=b

Replace a by b and b by a, we get

= |b| = a, which might be true or not.
Leta=2and b = 3.

lal = b

= |2| = 3, is true

bl =

o))

=|3| = 2, is not true

= bRa is not true.

So, if aRb is true, then bRa is not true.
Va be&eR

= R is hot symmetric.

-+ R is not symmetric.
Check for Transitivity:
Va b ceR

If aRb and bRc.
=lal]=band|bl =c

= |a| = c or not.

Let us check.

IA
0

If |]a| = b and |b|
b = |b|

Say, ifb = -2
=-2 = |-2|
=-2#2

But, from |a| = b
b = 0 in every case otherwise the statement would not hold true.
= b can only accept positive values including 0.

= b is a whole number.

~iflal=band|b| =c

=>lal]=b,b=c

=lal=b=sc

=|la]l=c

= aRc is true.



So, if aRb is true and bRc is true, then aRc is true.
Va b ceR

= R is transitive.

-+ R is transitive.

6. Question

Check whether the relation R defined on the set A={1,2,3,4,5,6} as R= {(a, b) : b =a + 1} is reflexive,
symmetric or transitive.

Answer

We have theset A= {1, 2, 3,4, 5, 6}

So, recall that for any binary relation R on set A. We have,
R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
We have

R={(a,b):b=a+ 1}

" Every a,beA.

AndA=1{1,23,4,5,6}

The relation R on set A can be defined as:

Puta=1
>b=a+1
=2b=1+1
=>b=2

= (a, b) = (1, 2)

Puta =2
=2b=2+1
=b=3

=(a, b) = (2, 3)

Puta =3
>b=3+1

=(a, b) = (3, 4)

Puta=4
=2b=4+1

= (a, b) = (4, 5)
Puta=5
=>pb=5+1



=(a, b) = (5, 6)

Puta=6
=>b=6+1
=>b=7

= (a,b) = (6, 7) [ 7 & Al

Hence, R = {(1, 2), (2, 3), (3, 4), (4, 5), (5, 6)}
Check for Reflexivity:

Forl,2,...,6 €A["A={1,23,4,5,6}]

(1, 1) &R

(2,2)&R

(6,6) &R

So, V a €A, then (a, a) € R.

= R is not reflexive.

“ R is not reflexive.

Check for Symmetry:
V1,2€A["A={123,4,5,6}]

If (1,2)€R

Then, (2, 1) € R

[ R={(1, 2), (2, 3),(3,4), (4,5),(5,6)}]
So, if (a, b) € R, then (b, a) € R

Va beA

= R is not symmetric.

~» R is not symmetric.

Check for Transitivity:

V12 3€A

If (1,2)€Rand (2,3)ER

Then, (1, 3) &R

[R={(1, 2), (2, 3), (3, 4), (4,5), (5, 6)}]
So, if (a, b) € Rand (b, c) € R, then (a, ¢c) € R.
Va b ceA

= R is not transitive.

-+ R is not transitive.

7. Question

Check whether the relation R on R defined by R = {(a, b) : a = b3} is reflexive, symmetric or transitive.
Answer

We have the set of real numbers, R.



So, recall that for any binary relation R on set A. We have,
R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.
R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
We have

R = {(a, b): a = b3}

Check for Reflexivity:

Fora € R

If (a, a) € R,

= a =< a3, which is not true.

Say, ifa = - 2.

a<al

=2-2=<-8

= -2 =< -8, which is not true as - 2 > - 8.

Hence, (a, a) € R

So, V a €R, then (a, a) € R.

= R is not reflexive.

~ R is not reflexive.

Check for Symmetry:

Va b€&R

If (a, b) €ER

=a=<b3

Replace a by b and b by a, we get

=>b=<a3

[Takea =-2and b = 3.

= -2 = 27, which is a true statement.

Now, b < a3

=3 = (-2)3

= 3 = -8, which is not a true statement as 3 > -8]
=(b,a) &R

So, if (a, b) € R, then (b, a) € R

Va beR

= R is not symmetric.

~» R is not symmetric.

Check for Transitivity:



Va b,ceR
If (a, b)€ERand (b, c) €R

sa=b3andb=c3

IA

=a = c3or not.
Let us check.

Takea=3,b=§and.;=

[

a<hb3

-s<()

3{27
:} —
8

3

= 3 =< 3.37, which is true.

b=<c3

6 3
8
216

125
5=1.728

3
~<
2
3
= —=
2
=1.
ascl

-s5(9

216
i: -
125

= 3 =< 1.728, which is not true as 3 > 1.728.

3

=3

Hence, (a, c) € R.

So, if (a, b) € R and (b, ¢) €R, then (a, c) € R.

Va b ceR

= R is not transitive.

~+ R is not transitive.

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

8. Question

Prove that every identity relation on a set is reflexive, but the converse is not necessarily true.
Answer

To Prove: Every identity relation on a set is reflexive, but every reflexive relation is not identity relation.
Proof:

Let us first understand what ‘Reflexive Relation’ is and what ‘Identity Relation’ is.

Reflexive Relation: A binary relation R over a set A is reflexive if every element of X is related to itself.
Formally, this may be written as V x € A: xRx.

Identity Relation: Let A be any set.



Then the relation R= {(x, x): x € A} on A is called the identity relation on A. Thus, in an identity relation,
every element is related to itself only.

Let A= {a, b, c} be a set.

Let R be a binary relation defined on A.

Let Ry = {(a, a): a € A} is the identity relation on A.

Hence, every identity relation on set A is reflexive by definition.
Converse: Let A = {a, b, c} is the set.

Let R = {(a, a), (b, b), (c, c), (a, b), (c, a)} be a relation defined on A.
R is reflexive as per definition.

[ (a,a) €R,(b,b)ER&I(c, c) ER]

But, (a, b) €R

(c,a)eR

= R is not identity relation by definition.

Hence, proved that every identity relation on a set is reflexive, but the converse is not
necessarily true.

9 A. Question

If A= {1, 2, 3, 4}, define relations on A which have properties of being
reflexive, transitive but not symmetric.

Answer

Recall that for any binary relation R on set A. We have,

R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
Using these properties, we can define R on A.

A={1,2, 3, 4}

We need to define a relation (say, R) which is reflexive, transitive but not symmetric.
Let us try to form a small relation step by step.

The relation must be defined on A.

Reflexive relation:

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

Transitive relation:

R = {(1, 2), (2, 1), (1, 1)}, is transitive but also symmetric.

So, let us define another relation.

R = {(1, 3), (3, 2), (1, 2)}, is transitive and not symmetric. ...(2)
Let us combine (i) and (ii) relation.

R={(1,1), (2, 2),(3,3),(4,4),(1,3),(3,2),(1,2)} ...(A)

(A) can be shortened by eliminating (3, 2) and (1, 2) from R.
R={(1,1), (2, 2), (3, 3),(4,4),(1,3)}...(B)



Further (B) can be shortened by eliminating (2, 2) and (4, 4).
R={(1,1),(3,3),(1, 3)} ...(C)

All the results (A), (B) and (C) is correct.

Thus, we have got the relation which is reflexive, transitive but not symmetric.
9 B. Question

If A= {1, 2, 3, 4}, define relations on A which have properties of being
symmetric but neither reflexive nor transitive.

Answer

Recall that for any binary relation R on set A. We have,

R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.

Using these properties, we can define R on A.

A={1,2, 3,4}

We need to define a relation (say, R) which is symmetric but neither reflexive nor transitive.
The relation R must be defined on A.

Symmetric relation:

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

Note that, the relation R here is neither reflexive nor transitive, and it is the shortest relation that can be
form.

Similarly, we can also write:

R={(1,3), (3 1)}

OrR = {(3, 4), (4, 3)}

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

And so on...

All of these are right answers.

Thus, we have got the relation which is symmetric but neither reflexive nor transitive.
9 C. Question

If A= {1, 2, 3, 4}, define relations on A which have properties of being
reflexive, symmetric and transitive.

Answer

Recall that for any binary relation R on set A. We have,

R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.

Using these properties, we can define R on A.

A={1,2, 3,4}

We need to define a relation (say, R) which is reflexive, symmetric and transitive.



The relation must be defined on A.

Reflexive Relation:

R=4{(1,1),(22), (3, 3), (4, 4}

Or simply shorten it and write,

R={(1,1),(2,2)}...(2)

Symmetric Relation:

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

Or simply shorten it and write,

R={(1,2),(2 1)} ..(2)

Combine results (1) and (2), we get

R=4{(11),(2 2),(1,2),(2 1)}

It is reflexive, symmetric as well as transitive as per definition.
Similarly, we can find other combinations too.

Thus, we have got the relation which is reflexive, symmetric as well as transitive.
10. Question

Let R be a relation defined on the set of natural numbers N as
R={(x,y): X, yEN, 2x +y =41}

Find the domain and range of R. Also, verify whether R is

(i) reflexive,

(ii) symmetric

(i) transitive.

Answer

First let us define what range and domain are.

Range: The range of a function is the complete set of all possible resulting values of the dependent variable
(y, usually) after we have substituted the domain. In plain English, the definition means: The range is the

resulting y-values we get after substituting all the possible x-values.

Domain: The domain of definition of a function is the set of "input" or argument values for which the function
is defined. That is, the function provides an "output" or value for each member of the domain.

We have been given that, R is a relation defined on N.
N = set of natural numbers

R={(x,y):x,yEN, 2x +y =141}

We have the function as

2X+y=41

=y =41 -2x

As y € N (Natural number)

=241-2x=1

=-2x=1-41



=X < 20

So, the domain is first 20 natural numbers.
As, 2x +y =41

>2x=41-y

41—y
2

=X

As x € N (Natural number)

41—y

=1
2

=

=241l-y=2

=>-y=2-41

= -y =-39

=y =< 39

So, the range is first 39 natural numbers.
We have relation R defined on set N.
R={(x,y):x,yE€N, 2x +y =41}

Check for Reflexivity:

VxeEeN

If (x, x) € R

=22X+x =41

= 3x =41
41

= X= 3

=x =13.67

But, x # 13.67 as x&€ N.

= (x, x) € R

So, V X € N, then (x, x) € R
= R is not reflexive.

~« R is not reflexive.

Check for Symmetry:
VXx,y€eN

If (x,y) €ER

=22x +y=41..(i)

Now, replace x by y and y by x, we get
=2y + x =41 ...(ii)

Take x =20andy = 1.
Equation (i) = 2(20) + 1 =41
=40 +1=41

=41 = 41, holds true.



Equation (ii) = 2(1) + 20 = 41

=2 +20=41

= 22 = 41, which is not true as 22 = 41.
=(y,x) €R

So, if (x, y) €R, then (y, x) € R.
VXx,yEN

= R is not symmetric.

~+ R is not symmetric.

Check for Transitivity:
VXx,v,z€N

If (x, y) €Rand(y,z) €R
=22x-y=41land 2y -z =41

= 2X - z = 41, may be true or not.
Let us sole these to find out.

We have

2x -y = 41 ...(iii)

2y -z =41 ...(iv)

Multiply 2 by equation (i), we get
4x - 2y = 82 ...(v)

Adding equation (v) and (iv), we get
(4x -2y) + (2y -z) =82 + 41

=4x -z =123

=2X + 2x -z =123

= 2Xx -z =123 - 2x

Take x = 40 (as x € N)
=2x-z=123 - 2(40)
=2x-2z=123-80

=22X-z=43 # 41

=(x,2) €R

So, if (x, y) € Rand (y, z) € R, then (x, z) € R.
VXx,v,z€N

= R is not transitive.

-+ R is not transitive.

11. Question

Is it true that every relation which is symmetric and transitive is also reflexive? Give reasons.
Answer

It is not true that every relation which is symmetric and transitive is also reflexive.



Take for example:

Take aset A= {1, 2, 3, 4}

And define a relation R on A.

Symmetric relation:

R = {(1, 2), (2, 1)}, is symmetric on set A.

Transitive relation:

R = {(1, 2), (2, 1), (1, 1)}, is the simplest transitive relation on set A.
=R = {(1, 2), (2, 1), (1, 1)} is symmetric as well as transitive relation.
But R is not reflexive here.

If only (2, 2) € R, had it been reflexive.

Thus, it is not true that every relation which is symmetric and transitive is also reflexive.
12. Question

An integer m is said to be related to another integer n if m is a multiple of n. Check if the relation is
symmetric, reflexive and transitive.

Answer

According to the question,

m is related to n if m is a multiple of n.

¥V m, n €1 (l being set of integers)

The relation comes out to be:

R={(m,n):m=kn, ke Z}

Recall that for any binary relation R on set A. We have,
R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
Check for Reflexivity:

Vmel

If (m, m) ER

= m = km, holds.

As an integer is always a multiple of itself, So, V m € |, then (m, m) € R.
= R is reflexive.

-+ R is reflexive.

Check for Symmetry:

Vm,negl

If (m,n)E€R

=m = k n, holds.

Now, replace m by n and n by m, we get

n = k m, which may or not be true.

Let us check:



If 12 is a multiple of 3, but 3 is not a multiple of 12.
= n = km does not hold.

So, if (m, n) €R, then (n, m) &€ R.

Vm,negl

= R is not symmetric.

-« R is not symmetric.

Check for Transitivity:

Vm,n o€l

If (m,n) € Rand (n,0) €R

= m = kn and n = ko

Wherek € Z

Substitute n = ko in m = kn, we get

m = k(ko)

= m = ko0

If k € Z, then k’€ Z.

Let k2 =r

= m = ro, holds true.

= (m, 0) €ER

So, if (m, n) € R and (n, o) € R, then (m, 0) € R.
vVm,negl

= R is transitive.

~ R is transitive.

13. Question

Show that the relation “=" on the set R of all real numbers is reflexive and transitive but not symmetric.
Answer

We have

The relation “=" on the set R of all real numbers.
Recall that for any binary relation R on set A. We have,
R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.
R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
So, let the relation having “=" be P.

We can write

P={(a,b):a=Db,a b&eR}

Check for Reflexivity:

Va€eR

If (a,a) € P



= a = a, which is true.

Since, every real number is equal to itself.
So, V a € R, then (a, a) € P.

= P is reflexive.

-« P is reflexive.

Check for Symmetry:

Va b&eR

If (a, b) € P

=az=b

Now, replace a by b and b by a. We get
b = a, might or might not be true.
Let us check:
Takea = 7and b =5.

az=b

=7 = 5, holds.

b=a
=5=7,isnottrueas5<7.

= b = a, is not true.

=(b,a)&P

So, if (a, b) € P, then (b, a) € P
Va beR

= P is not symmetric.

- P is not symmetric.

Check for Transitivity:

Va b, c€eR

If (@, b)ePand (b,c)EP
=a=bandb=c

=a=bz=c

=a

I\

C

=(a,c)eP

So, if (a, b)€ Pand (b, c) € P, then(a,c)€P
Va b, ceR

= P is transitive.

~ P is transitive.

Thus, shown that the relation “=" on the set R of all the real numbers are reflexive and transitive but not
symmetric.

14 A. Question

Give an example of a relation which is



reflexive and symmetric but not transitive.

Answer

Recall that for any binary relation R on set A. We have,
R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
Let there be a set A.

A={1,2, 3,4}

We need to define a relation on A which is reflexive and symmetric but not transitive.
Let there be a set A.

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

Reflexive relation:

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

Symmetric relation:

R={(3, 4), (4, 3)}...(2)

Combine results (1) and (2), we get

R = {(1, 1), (2, 2), (3, 3), (4, 4), (3, 4), (4, 3)}
Check for Transitivity:

If (3,4)€Rand (4, 3) ER

Then, (3, 3) €R

V3, 4€eA"A={1,2, 3, 4}]

So eliminate (3, 3) from R, we get

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

Check for Transitivity:

If (4,3)€Rand (3,4)E€R

Then, (4, 4) € R

V3 4€A

So, eliminate (4, 4) from R, we get

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

Thus, the relation which is reflexive and symmetric but not transitive is:
R = {(1, 1), (2, 2), (3, 4), (4, 3)}

14 B. Question

Give an example of a relation which is

reflexive and transitive but not symmetric.

Answer

Recall that for any binary relation R on set A. We have,

R is reflexive if for all x € A, xRx.



R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
Let there be a set A.

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

We need to define a relation on A which is reflexive and transitive but not symmetric.
Let there be a set A.

A={1,2, 3, 4}

Reflexive relation:

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

Transitive relation:

R=1{(3,4),(41),3 1)} ..02)

Combine results (1) and (2), we get

R = {(1, 1), (2, 2), (3, 3), (4, 4), (3, 4), (4, 1), (3,1)}
Check for Symmetry:

If (3,4)€R

Then, (4, 3) &R

V3, 4€eAl"A={1,2, 3, 4}]

One example is enough to prove that R is not symmetric.
Thus, the relation which is reflexive and transitive but not symmetric is:
R = {(1, 1), (2, 2), (3, 3), (4, 4), (3, 4), (4,1), (3, 1)}
14 C. Question

Give an example of a relation which is

symmetric and transitive but not reflexive.

Answer

Recall that for any binary relation R on set A. We have,

R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
Let there be a set A.

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

We need to define a relation on A which is symmetric and transitive but not reflexive.

It is not possible to define such relation which is symmetric and transitive but not reflexive. As every relation
which is symmetric and transitive will use identity ordered pair of the form (x, x) to balance the relation (to
make the relation symmetric and transitive). Without such identity pair both, symmetry and transitivity will
not be possible.

14 D. Question
Give an example of a relation which is
symmetric but neither reflexive nor transitive.

Answer



Recall that for any binary relation R on set A. We have,

R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
Let there be a set A.

A={1,2, 3,4}

We need to define a relation which is symmetric but neither reflexive nor transitive.
Let there be a set A.

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

Symmetric Relation:

{(1,3), (3, 1)}

This is neither reflexive nor transitive.

(1, 1)€R

(3,3) &R

Hence, R is not reflexive.

“(1,3)€Rand(3,1)€R

Then, (1, 1) &R

Hence, R is not transitive.

Thus, the relation which is symmetric but neither nor transitive is:
R={(13), (3 1)}

14 E. Question

Give an example of a relation which is

transitive but neither reflexive nor symmetric.

Answer

Recall that for any binary relation R on set A. We have,

R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
Let there be a set A.

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

We need to define a relation which is transitive but neither reflexive nor symmetric.
Let there be a set A.

A={1,2 3}

Transitive Relation:

R=1{(2,4),(41),(2 1)}

This is neither reflexive nor symmetric.

(1, 1)€ER



(2,2) &R

(4,4 &R

Hence, R is not reflexive.

wif (2,4)€R

Then, (4, 2) € R

Hence, R is not symmetric.

Thus, the relation which is transitive but neither reflexive nor symmetric is:
R={(2,4), (4 1),(2 1)}

15. Question

Given the relation R = {(1, 2), (2, 3)} on the set A = {1, 2, 3}, add a minimum number ordered pairs so that
the enlarged relation is symmetric, transitive and reflexive.

Answer

Given is:

R = {(1, 2), (2, 3)} on the set A.

A=1{1,2 3}

Right now, we have

R={(12), (2 3)}

Symmetric Relation:

We know (1, 2) €R

Then, (2, 1) € R

Also, (2,3) €R

Then, (3, 2) €R

So, add (2, 1) and (3, 2) in R, so that we get
R"={(1, 2),(2,1), (2, 3), (3, 2)}

Transitive Relation:

We need to make the relation R’ transitive.
So, we know (1, 2) € Rand (2, 1) ER

Then, (1, 1) € R

Also, (2, 3) € Rand (3, 2)

Then, (2,2) €R

Also, (2, 1) € Rand (1, 2) €R

Then, (2,2) €R

Also, (3,2)€Rand (2,3)ER

Then, (3,3)€R

Add (1, 1), (2, 2) and (3, 3) in R’, we get

R” ={(1, 1), (2, 2), (3, 3), (1, 2), (2, 1), (2, 3), (3, 2)}
Thus, we have got a relation which is reflexive, symmetric and transitive.

R={(1,1), (2 2), (3, 3), (1, 2),(2,1), (2, 3),(3,2)}



The ordered pair added are (1, 1), (2, 2), (3, 3), (3, 2).
16. Question

Let A= {1, 2,3} and R = {(1, 2), (1, 1), (2, 3)} be a relation on A. What minimum number of ordered pairs
may be added to R so that it may become a transitive relation on A.

Answer

We have the relation R such that
R={(1,2),(1, 1), (2 3)}

R is defined on set A.

A=1{1,2 3}

Recall that,

A relation R defined on a set A is called transitive if (a, b) € R and (b, ¢) € R, then (a, c) €R,V a, b, c €A.
For transitive relation:

Note in R,

(1,2)€Rand (2,3)ER

Then, (1,3) €R

So, add (1, 3) in R.

R={(1, 2), (1, 1), (2, 3), (1, 3)}

Now, we can see that R is transitive.

Hence, the ordered pair to be added is (1, 3).
17. Question

Let A = {a, b, c} and the relation R be defined on A as follows R={(a,a), (b, c), (a, b)}. Then, write a
minimum number of ordered pairs to be added in R to make it reflexive and transitive.

Answer

Recall that,

R is symmetric if for all x, y € A, if xRy, then yRx.
R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
We have relation R = {(a, a), (b, c), (a, b)} on A.
A={a, b, c}

For Transitive:

If (a, b) € Rand (b, c) €R

Then, (a, c) €R

Va b, ceA

For Reflexive:

Va b, ceR

Then, (a, a) € R

(b, b) ER

(c,c)EeR

We need to add (b, b), (¢, c) and (a, c) in R.



We get

R = {(a, a), (b, b), (c, c), (a, b), (b, ¢), (a, €)}

18 A. Question

Each of the following defines a relation on N :
X>Yy,X,yE€N

Determine which of the above relations are reflexive, symmetric and transitive.
Answer

Recall that for any binary relation R on set A. We have,
R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
We have

x>y, X, yeN

This relation is defined on N (set of Natural Numbers)
The relation can also be defined as
R={(x,y):x>y}onN

Check for Reflexivity:

VxeEeN

We should have, (x, x) € R

= X > X, which is not true.

1 can’t be greater than 1.

2 can't be greater than 2.

16 can’t be greater than 16.

Similarly, x can’t be greater than x.

So, V x € N, then (x, x) € R

= R is not reflexive.

Check for Symmetry:

VXx,y€eN

If (x,y) €ER

>X>Yy

Now, replace x by y and y by x. We get

y > X, which may or not be true.

Letustakex =5andy = 2.

X>y

=5 > 2, which is true.

y > X

= 2 > 5, which is not true.



=y >X isnottrueasx >y

=(y,x) €R

So, if (x,y) ER, but(y,x) RV X,y EN

= R is not symmetric.

Check for Transitivity:

VX, v,z€N

If (x, y) €Rand(y,z) €R

=X>yandy >z

SX>Y>2Z

>X>Z

=(x,z) €ER

So, if (x, y) € Rand (y, z) € R, and then (x, z) €R

VX, vy,z€N

= R is transitive.

Hence, the relation is transitive but neither reflexive nor symmetric.
18 B. Question

Each of the following defines a relation on N :
X+y=10,%Xx,yeEN

Determine which of the above relations are reflexive, symmetric and transitive.
Answer

Recall that for any binary relation R on set A. We have,
R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
We have

Xx+y=10,x,yeN

This relation is defined on N (set of Natural Numbers)
The relation can also be defined as
R={(x,y):x+y=10}onN

Check for Reflexivity:

VxeN

We should have, (x, X) € R

= X + x = 10, which is not true everytime.

Take x = 4.
X+ x =10
=4+4=10

= 8 = 10, which is not true.



That is 8 # 10.

So, V x € N, then (x, x) € R

= R is not reflexive.

Check for Symmetry:

VXx,y€eN

If (x,y) €ER

=>x+y=10

Now, replace x by y and y by x. We get

y + x = 10, which is as same as x + y = 10.
=y +x=10

=(y,x) €R

So, if (x,y) €R,andthen (y, X)) ERV X,y €EN
= R is symmetric.

Check for Transitivity:

VX, vy,z€N

If (x, y) €Rand(y,z) €R
=>Xx+y=10andy +z=10

= X + z = 10, may or may not be true.
Letustakex =6,y=4andz=6
Xx+y=10

-6+4=10

= 10 = 10, which is true.

y+z=10

=24+6=10

=10 = 10, which is true.

X+z=10

=26+6=10

= 12 = 10, which is not true

That is, 12 # 10

=Xx+z#10

=(x,z) &R

So, if (x, y) € R and (y, z) €R, and then (x, z) €R
VXx,v,z€N

= R is not transitive.

Hence, the relation is symmetric but neither reflexive nor transitive.
18 C. Question

Each of the following defines a relation on N :



Xy is square of an integer, x, y € N

Determine which of the above relations are reflexive, symmetric and transitive.
Answer

Recall that for any binary relation R on set A. We have,

R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.
We have

Xy is the square of an integer. x, y € N.

This relation is defined on N (set of Natural Numbers)

The relation can also be defined as

R={(x,y): xy =a% a=vV(xy),a€N}onN

Check for Reflexivity:

VxeN

We should have, (x, x) €R

= xx = a2, where a = v(xx)

2 = a2, where a = V(x?)

=X
which is true every time.
Takex=1landy =4

Xy = a2

=1 x4=(V(1x4)2[a="(xy)]

=4 = (V4)?
=4 = (2)?
=24=4

So, Vx € N, then (x, x) €R

= R is reflexive.

Check for Symmetry:

VXx,yEN

If (x,y) €R

= xy = aZ, where a = V(xy)

Now, replace x by y and y by x. We get

yx = a2, which is as same as xy = a2

where a = V(yx)

= yx = a2

=(y, Xx) €R

So, if (x,y) €R,and then (y,x) ERV X,y €EN



= R is symmetric.

Check for Transitivity:

VX vy,zEN

If (x, y) €Rand(y,z) €R

= xy = a?and yz = a2

= xz = a2, may or may not be true.
Letustakex =8,y =2 and z=50
xy = a2, where a = v(xy)

= (8)(2) = (V(8 x 2))?

=16 = (4)?

= 16 = 16, which is true.

yz = a2

= (2)(50) = (V(2 x 50))?

=100 = (10)?

= 100 = 100, which is true

xz = a2

= (8)(50) = (V(8 x 50))?

= 400 = (20)?

= 400 = 400

We won'’t be able to find a case to show a contradiction.

= xz = a?

=(x,z) €R

So, if (x, y) €Rand (y, z) € R, and then (x, z) €R

VX, vy,z€N

= R is transitive.

Hence, the relation is symmetric and transitivity, but not reflexive.
18 D. Question

Each of the following defines a relation on N :

X+ 4y =10,x,yE€N

Determine which of the above relations are reflexive, symmetric and transitive.
Answer

Recall that for any binary relation R on set A. We have,

R is reflexive if for all x € A, xRx.

R is symmetric if for all x, y € A, if xRy, then yRx.

R is transitive if for all x, y, z € A, if xRy and yRz, then xRz.

We have



Xx+4y=10,x,yEN

This relation is defined on N (set of Natural Numbers)
The relation can also be defined as
R={(x,y):4x+y=10}onN

Check for Reflexivity:

VxeN

We should have, (x, x) €R

= 4x + x = 10, which is obviously not true everytime.

Take x = 4.
4x + x =10
=16+ 4 =10

= 20 = 10, which is not true.

That is 20 = 10.

So, V x € N, then (x, x) € R

= R is not reflexive.

Check for Symmetry:

VXx,y€eN

If (x,y) €R

=24x +y =10

Now, replace x by y and y by x. We get
4y + x = 10, which may or may not be true.
Takex=1landy =6

4x +y =10

=4(1)+6 =10

=24+6=10
=10 =10
4y + x =10

= 4(6) + 1 =10

=224 +1=10

= 25 = 10, which is not true.

=>4y + x = 10

= (y, x) R

So, if (x, y) ER,and then (y,x) RV X,y EN
= R is not symmetric.

Check for Transitivity:

VX, vy,z€N

If (x, y) €Rand(y,z) €R



Then, (x, z) €ER

We have
4x +y =10
=y =10 -4x

Where x, y € N
So, putx =1
=y =10 -4(1)

=>y=10-4
>y=6

Putx =2

=y =10 -4(2)
=>y=10-8
>y =2

We can’t take y >2, because if we puty =3

>y =10-4(3)
=>y=10-12
=>y=_2

But,y #-2asy€eN

So, only ordered pairs possible are

R={(1,6), (2,2)}

This relation R can never be transitive.

Because if (a, b) € R, then (b, c) € R

= R is not reflexive.

Hence, the relation is neither reflexive nor symmetric nor transitive.

Exercise 1.2

1. Question

Show that the relation R defined by R = {(a, b): a - b is divisible by 3; a, b &€ Z} is an equivalence relation.
Answer

We have,

R = {(a,b) : a-b is divisible by 3; a, b € Z}

To prove : R is an equivalence relation

Proof :

To prove that relation is equivalence, we need to prove that it is reflexive, symmetric and transitive.
Reflexivity : For Reflexivity, we need to prove that-

(a,a) €R

Letae”Z

=a-a=0



= a - ais divisible by 3

(0 is divisible by 3).

=(a,a) €R

= R is reflexive

Symmetric : For Symmetric, we need to prove that-
If (a, b) € R, then (b, a) ER

Leta,b&e Zand (a, b) €ER

= a - b is divisible by 3

=a-b = 3p(say) Forsomep &€ Z

=>-(a-b)=-3p

=>b-a=3x(-p)

=>b-a€&€R

= R is symmetric

Transitive : : For Transitivity, we need to prove that-
If (a, b) € Rand (b, c) € R, then (a,c) €R

Let a, b, c € Z and such that (a, b) € R and (b, c) ER

=a-b = 3p(say) and b - c = 3q(say) For some p,q€ Z

=2a-c=3(p+q)

=2a-c=3(p+q)

=(a,c) €ER

= R is transitive

Since, R is reflexive, symmetric and transitive

= R is an equivalence relation.

2. Question

Show that the relation R on the set Z of integers, given by
R = {(a, b) : 2 divides a - b}, is an equivalence relation.
Answer

We have,

R = {(a, b) : a-bisdivisible by 2; a, b € Z}

To prove : R is an equivalence relation

Proof :

To prove that relation is equivalence, we need to prove that it is reflexive, symmetric and transitive.
Reflexivity : For Reflexivity, we need to prove that-

(a,a) €R

Letae”Z

=a-a=0

= a - a is divisible by 2



=(a,a) €ER

= R is reflexive

Symmetric : For Symmetric, we need to prove that-

If (a, b) € R, then (b, a) ER

Leta,b&e Zand (a, b) €R

= a - b is divisible by 2

=2>a-b=2pForsomepe”Z

s>b-a=2x(-p)

=>b-a€R

= R is symmetric

Transitive : : For Transitivity, we need to prove that-

If (a, b) € Rand (b, c) €R, then (a, c) €R

Let a, b, c € Z and such that (a, b)€ Rand (b, c) €ER
=a-b =2p(say) and b - c = 2q(say) , Forsome p, g€ Z
=a-c=2(p+q)

= a - cis divisible by 2

=(a,c) €R

= R is transitive

Now, since R is symmetric, reflexive as well as transitive-
= R is an equivalence relation.

3. Question

Prove that the relation R on Z defined by

(a, b) € R e a-bisdivisible by 5

is an equivalence relation on Z.

Answer

We have,

R = {(a, b) : (a - b) is divisible by 5} on Z.

We want to prove that R is an equivalence relation on Z.
Proof :

To prove that relation is equivalence, we need to prove that it is reflexive, symmetric and transitive.
Reflexivity : For Reflexivity, we need to prove that-
(a,a) €R

Letae”Z

=a-a=0

= a - a is divisible by 5.

. (a, a) € R so R is reflexive

Symmetric : For Symmetric, we need to prove that-



If (a, b) € R, then (b, a) €R

Let (a, b) €ER

=a-b = 5p(say) Forsomep &€ Z

=>b-a=5x(-p)

= b - ais divisible by 5

= (b, a) € R, so R is symmetric

Transitive : : For Transitivity, we need to prove that-
If (a, b) € R and (b, c) €ER, then(a, c) ER

Let (a, b) € Rand (b, c) €R

= a-b = 5p(say) and b - c = 5q(say), Forsome p, g€ Z
=a-c=5(p+q)

= a - c is divisible by 5.

= R is transitive

. R being reflexive, symmetric and transitive on Z.
= R is equivalence relation on Z.

4. Question

Let n be a fixed positive integer. Define a relation R on Z as follows :
(a, b) € R« a - b is divisible by n.

Show that R is an equivalence relation on Z.
Answer

R = {(a, b) : a - bis divisible by n} on Z.

To prove that relation is equivalence, we need to prove that it is reflexive, symmetric and transitive.
Reflexivity : For Reflexivity, we need to prove that-
(a,a) €R

Letae”Z

=a-a=0xn

= a - ais divisible by n

=(a,a)E€R

= R is reflexive

Symmetric : For Symmetric, we need to prove that-
If (a, b) € R, then (b, a) €R

Let (a, b) €R

=2a-b=npForsomepe”Z
=Db-a=n(-p)

= b - ais divisible by n
=(b,a) €R

= R is symmetric



Transitive : : For Transitivity, we need to prove that-
If (a, b) € Rand (b, c) €ER, then(a, c) €ER

Let (a, b) € Rand (b, c) € R
=>a-b=npandb-c=ngForsomep,qEeZ
=a-c=n(p+q)

= a - c = is divisible by n

=(a,c) €R

= R is transitive

. R being reflexive, symmetric and transitive on Z.
= R is an equivalence relation on Z

5. Question

Let Z be the set of integers. Show that the relation R = {(a, b) : a, b€ Zand a + b is even} is an equivalence
relation on Z.

Answer

We have,

Z = set of integers and

R={(a,b):a,beZanda+ biseven} be a relation on Z.

To prove: R is an equivalence relation on Z.

Proof :

To prove that relation is equivalence, we need to prove that it is reflexive, symmetric and transitive.
Reflexivity : For Reflexivity, we need to prove that-

(a,a) €R

Letae”Z

= a + ais even

if ais odd = a+aiseven

{if ais even = a +a is even |

=(a,a) €R

= R is reflexive

Symmetric: For Symmetric, we need to prove that-
If (a, b) € R, then (b, a) €R

Leta,b&e Zand (a, b) €R

=a + biseven

=b + ais even

=(b,a) €ER

= R is symmetric

Transitive : : For Transitivity, we need to prove that-
If (a, b) € Rand (b, c) €R, then (a, c) €R

Let (a, b) € Rand (b, c) € RForsomea,b,ceZ



=>a+ bisevenandb + cis even

[if b is odd, then a and ¢ must be odd= a + c is even,
If b is even, then a and ¢ must be even= a + c is even]
=a + cis even

=(a, c)€ER

= R is transitive

Hence, R is an equivalence relation on Z

6. Question

m is said to be related to n if m and n are integers and m - n is divisible by 13. Does this define an
equivalence relation?

Answer

To check that relation is equivalence, we need to check that it is reflexive, symmetric and transitive.
Reflexivity : For Reflexivity, we need to prove that-
(a,a) €R

Letme Z

>m-m=0

= m - m is divisible by 13

=(m, m) €R

= R is reflexive

Symmetric : For Symmetric, we need to prove that-
If (a, b) € R, then (b, a) ER

Letm,n€ Zand (m, n) €R

=>m-n=13p Forsomep € Z
=>n-m=13 x (-p)

= n - m is divisible by 13

=(n-m) €ER,

= R is symmetric

Transitive:: For Transitivity, we need to prove that-
If (a, b) €ERand (b, c) €ER, then(a,c) ER

Let (m,n)€Rand (n,q) € RForsomem,n,q&Z
=>m-n=13pandn-q=13s Forsomep,s&€ Z
>m-q=13(p+5)

= m - q is divisible by 13

=(m,q) €ER

= R is transitive

Hence, R is an equivalence relation on Z.

7. Question

Let R be a relation on the set A of ordered pairs of non-zero integers defined by (x, y) R (u, v) iff xv = yu.



Show that R is an equivalence relation.

Answer

(X, Y) R(u, v) ® xv =yu

Proof :

To prove that relation is equivalence, we need to prove that it is reflexive, symmetric and transitive.
Reflexivity : For Reflexivity, we need to prove that-
(a,a) €R

Xy =yu

S (% y) R (X, y)

Symmetric : For Symmetric, we need to prove that-
If (a, b) € R, then (b, a) €R

Let (X, y) R (u, v)

TPT (u, v) R (X, y)

Given xv = yu

= yu = XV
= Uy = VX
S(u, V) R(X,y)

Transitive : : For Transitivity, we need to prove that-
If (a, b) € Rand (b, c) €R, then(a,c) €ER
Let (x, y) R (u, v) and (u, v) R (p, q) ...(i)
TPT (x, ¥) R (p, )

TPT (xq = yp

From (1) xv = yu & uq = vp

Xvuqg = yuvp

Xq =Yyp

- R is transitive

Since R is reflexive, symmetric & transitive
= R is an equivalence relation.

8. Question

Show that the relation Ron theset A= {x&€ Z; 0 = x =12}, givenby R = {(a, b) : a = b}, is an equivalence
relation. Find the set of all elements related to 1.

Answer

We have,

A={x€Z:0=<x=<12} be asetand
R = {(a, b):a=Db} bearelationon A
Now,

Proof :

To prove that relation is equivalence, we need to prove that it is reflexive, symmetric and transitive.



Reflexivity : For Reflexivity, we need to prove that-
(a,a) €ER

Leta €A

=a=a

=(a,a)€R

= R is reflexive

Symmetric : For Symmetric, we need to prove that-
If (a, b) € R, then (b, a) ER

Leta,be Aand (a, b) €R

=a=>b
=b=a
=(b,a)E€R

= R is symmetric

Transitive : : For Transitivity, we need to prove that-
If (a, b) € Rand (b, c) € R, then (a,c) €R
Leta,b&cEA

and Let (a, b)ERand (b, c) €R

=a=bandb=c
=>a=°C
=(a,c)E€R

= R is transitive

Since, R is being reflexive, symmetric and transitive, so R is an equivalence relation.
Also, we need to find the set of all elements related to 1.

Since the relation is given by, R = {(a, b) : a = b}, and 1 is an element of A,
R={(1,1):1=1}

Thus, the set of all element related to 1 is 1.

9. Question

Let L be the set of all lines in XY-plane and R be the relation in L defined as R = {(l3, Ly): L7 is parallel to L,}.
Show that R is an equivalence relation. Find the set of all lines related to the liney = 2x + 4.

Answer

We have, L is the set of lines.

R = {(Ly, Ly) : L is parallel to L,} be a relation on L

Now,

Proof :

To prove that relation is equivalence, we need to prove that it is reflexive, symmetric and transitive.
Reflexivity : For Reflexivity, we need to prove that-

(a,a) €R

Since a line is always parallel to itself.



S (L, L) ER

= R is reflexive

Symmetric : For Symmetric, we need to prove that-

If (a, b) € R, then (b, a) €ER

Let L3, LbE Land (L, Ly) ER

= L, is parallel to L,

= L, is parallel to L3

= (L, L)) ER

= R is symmetric

Transitive: For Transitivity, we need to prove that-

If (a, b) € Rand (b, c) €R, then (a, c) €R

Let L, Ly and L€ L such that (L1, Ly) € Rand (L, L3) €R

= L, is parallel to L, and L, is parallel to L3

= L is parallel to L3

=(L;, Ls) €R

= R is transitive

Since, R is reflexive, symmetric and transitive, so R is an equivalence relation.
And, the set of lines parallel to the liney =2x + 4isy =2x + cForallc€ER
where R is the set of real numbers.

10. Question

Show that the relation R, defined on the set A of all polygons as

R = {(P;, P5) : P; and P, have same number of sides}, is an equivalence relation. What is the set of all
elements in A related to the right angle triangle T with sides 3, 4 and 57

Answer

R = {(P;, P5): P; and P, have same the number of sides}

Proof :

To prove that relation is equivalence, we need to prove that it is reflexive, symmetric and transitive.
Reflexivity: For Reflexivity, we need to prove that-

(a,a) €R

R is reflexive since (P, P1) € R as the same polygon has the same number of sides with itself.
Symmetric: For Symmetric, we need to prove that-

If (a, b) € R, then (b, a) €R

Let (P, P5) € R.

= P1 and P, have the same number of sides.

= P, and P, have the same number of sides.

= (Pz, Pl) €ER



- R is symmetric.

Transitive: For Transitivity, we need to prove that-

If (a, b) € Rand (b, c) €R, then (a, c) €R

Now, (P1, P2), (P2, P3) €ER

= P; and P, have the same number of sides. Also, P, and P3 have the same number of sides.
=P; and P3 have the same number of sides.

= (P, P3) €R

- R is transitive.

Hence, R is an equivalence relation.

And, now the elements in A related to the right-angled triangle (T) with sides 3, 4 and 5 are those polygons
which have three sides (since T is a polygon with three sides).

Hence, the set of all elements in A related to triangle T is the set of all triangles.
11. Question

Let O be the origin. We define a relation between two points P and Q in a plane if OP = OQ. Show that the
relation, so defined is an equivalence relation.

Answer

P 12

Let A be set of points on the plane.

Let R = {(P, Q) : OP = OQ} be a relation on A where O is the origin.

To prove R is an equivalence relation, we need to show that R is reflexive, symmetric and transitive on A.
Proof :

To prove that relation is equivalence, we need to prove that it is reflexive, symmetric and transitive.
Reflexivity : For Reflexivity, we need to prove that-

(a,a) €R

LetpeE A

Since OP = OP= (P, P) €ER

= R is reflexive

Symmetric : For Symmetric, we need to prove that-

If (a, b) €R, then (b,a)ER



Let (P, Q) €RforP,QER

Then OP = 0Q

= Op = OP

=(Q,P)ER

= R is symmetric

Transitive: For Transitivity, we need to prove that-
If (a, b) € Rand (b, c) €R, then (a, c) €R
Let (P, Q) €ERand (Q,S) €ER

= OP = 0Q and OQ = 0S

= OP = 0S

=(P,S)ER

= R is transitive

Thus, R is an equivalence relation on A
12. Question

Let R be the relation defined on the set A= {1, 2, 3,4,5,6, 7} by R= {(a, b) : both a and b are either odd or
even}. Show that R is an equivalence relation. Further, show that all the elements of the subset {1, 3, 5, 7}
are related to each other, and all the elements of the subset {2, 4, 6} are related to each other, but no
element of the subset {1, 3, 5, 7} is related to any element of the subset {2, 4, 6}.

Answer
GivenA={1,2,3,4,5,6,7} and R = {(a, b) : both a and b are either odd or even number}
Therefore,

R={(1, 1), (1, 3), (1, 5), (1, 7), (3, 3), (3, 5), (3, 7), (5, 5), (5, 7), (7, 7), (7, 5), (7, 3), (5, 3), (6, 1), (5, 1), (3,
1),(2,2), (2, 4), (2, 6), (4, 4), (4, 6), (6, 6), (6, 4), (6, 2), (4, 2)}

To prove that relation is equivalence, we need to prove that it is reflexive, symmetric and transitive.
Reflexivity : For Reflexivity, we need to prove that-

(a,a) €R

Here (1,1), (2,2), (3,3), (4,4), (5,5), (6,6), (7,7) all €ER

From the relation R it is seen that R is reflexive.

Symmetric: For Symmetric, we need to prove that-

If (a, b) € R, then (b, a) €ER

From the relation R, it is seen that R is symmetric.

Transitive: For Transitivity, we need to prove that-

If (a, b) € Rand (b, c) €R, then (a, c) €R

[I (a, b) are odd and (b, c) are odd then (a, c) are also odd numbers]
From the relation R, it is seen that R is transitive too.

Also, from the relation R, it is seen that {1, 3, 5, 7} are related with each other only and {2, 4, 6} are related
with each other .

13. Question

Let S be a relation on the set R of all real numbers defined by S = {(a, b)ER X R : a? + b2 = 1}. Prove that S
is not an equivalence relation on R.



Answer
S={(a, b):a%+b%=1}
Proof :

To prove that relation is not equivalence, we need to prove that it is either not reflexive, or not symmetric or
not transitive.

Reflexivity : For Reflexivity, we need to prove that-
(a,a) ER

Leta=1/2,a€R

Then,

1 1 1
tat=—+4—=- =1
TTATLTLTY
=(a,a) &S

= S is not reflexive
Hence, S is not an equivalence relation on R.
14. Question

Let Z be the set of all integers and Z; be the set of all non-zero integers. Let a relation R on Z x Z; be
defined as follows :

(a, b) R(c, d)e ad = bcforall (a, b), (c,d) € Z x Z,
Prove that R is an equivalence relation on Z x Z

Answer

We have, Z be set of integers and Z; be the set of non-zero integers.
R = {(a, b) (¢, d) : ad = bc} be a relation on Z and %,.

Proof :

To prove that relation is equivalence, we need to prove that it is reflexive, symmetric and transitive.
Reflexivity : For Reflexivity, we need to prove that-

(a,a) €R

(a, b) € Z x Z

= ab = ba

=((a, b), (a, b)) ER

= R is reflexive

Symmetric : For Symmetric, we need to prove that-

If (a, b) € R, then (b, a) €R

Let ((a, b), (c, d) € R

=ad = bc

=cd = da

= ((c,d), (a,b)) €R

= R is symmetric

Transitive : : For Transitivity, we need to prove that-



If (@, b) € Rand (b, c) €R, then (a, c) €ER
Let (a, b), (c, d) € Rand (¢, d), (e, f)ER

= ad = bc and cf = de

:R_Calldc_e
d d d_ f
a =]

= - = -

b f
= af = be

=(a,c) (e, f)ER
= R is transitive

Hence, R is an equivalence relation on Z x Z

15. Question

If R and S are relations on a set A, then prove the following :
(i) Rand S are symmetric® RS, and RU S is symmetric
(ii) R is reflexive, and S is any relation & R J S is reflexive.
Answer

R and S are two symmetric relations on set A

(i) To prove: RN S is symmetric

Symmetric: For Symmetric, we need to prove that-

If (a, b) € R, then (b, a) ER

Let(a,b)ERNS

=(a,b)ERand(a,b)ES

=(b,a)€Rand (b,a)€ES

[. R and S are symmetric]

=(b,a)€ERNS

= R NS is symmetric

To prove: R U S is symmetric

Symmetric: For Symmetric, we need to prove that-

If (a, b) € R, then (b, a) €ER

Let(a,b)ERUS

=(a,b)eRor(a,b)eS

= (b,a)€Ror(b,a)ES

[ Rand S are symmetric]

=(b,a)€RUS

=R U S is symmetric

(ii) R and S are two relations on a such that R is reflexive.
To prove : R S is reflexive

Reflexivity : For Reflexivity, we need to prove that-

(a,a) €R



Suppose R U S is not reflexive.

This means that thereisa € R{JSsuchthat(a,a)€RUS
Sincea€RUS,

~a€Roraes

If a € R, then (a, a) €R

[ R is reflexive]

=(a,a)€RUS

Hence, R U S is reflexive

16. Question

If R and S are transitive relations on a set A, then prove that R S may not be a transitive relation on A.
Answer

We will prove this using an example.

Let A= {a, b, c} be a set and

R = {(a, a) (b, b) (c, ¢) (a, b) (b, a)} and

S = {(a, a) (b, b) (¢, ¢) (b, ¢) (c, d)} are two relations on A
Clearly R and S are transitive relation on A

Now,

RUS = {(a, a) (b, b) (c, ) (a, b) (b, a) (b, ) (c, b)}

Here, (a,b)€RUSand (b,c)€ERUS

but(a,c)€RUS

.. R U S is not transitive

17. Question

Let C be the set of all complex numbers and C; be the set of all non-zero complex numbers. Let a relation R

on Cq be defined as

7y -2,

z; Rz =

is real for all zq, z,€ Cy.

Show that R is an equivalence relation.

Answer
We have,
R = {(23,2,): 22 is real)
= {(z2,,2Z,): is reall.
VRl g g,

We want to prove that R is an equivalence relation on Z.

Now,

Proof :

To prove that relation is equivalence, we need to prove that it is reflexive, symmetric and transitive.
Reflexivity : For Reflexivity, we need to prove that-

(a,a) €R

Let a € Cy



Zy - Z 0
1 2=_=0
Z; +Z, 2a

And, 0 is real

.. (a, a) € R, so R is reflexive

Symmetric: For Symmetric, we need to prove that-
If (a, b) € R, then (b, a) ER

Let (a, b) ER

a—b_
= a+b—p(say)

= pis real.

b—a_
=:'b+a_( P)

And " p is real

= -p is also a real no.

= (b, a) € R, so R is symmetric

Transitive : : For Transitivity, we need to prove that-
If (a, b) € Rand (b, c) € R, then (a,c) €ER

Let (a, b) € Rand (b, c) €R

a—b_
= a+b—p(say)

= pis real no.

a-b+(a+b) p+1
“ a-b-(ath) p-1

Z2a p+1
= =—"
—2b p-—-1
a_ ptl. .
== - isarealno. ....(1)

C
And, brc- q(say)

= q is real.

b-c+(b+c) gq+1
“b-c—(b+tc) g-1

2b q+1

= — =
—2c gq-—-1

b +1
=-=2"jsarealno...... (2)
c 1—q

Dividing (1) by (2), we get-
a p+1 1-—q

— =% =

c 1—-p q+1 Q

Where, Q is a rational number.
= Q is real number

Now, by componendo dividendo-



a—c Q-1

= = is areal no.
a+c Q+1

= (a, c) €R.
= R is transitive

Thus, R is reflexive, symmetric and, transitive on Cg.

Hence, R is an equivalence relation on Cg.

Very short answer

1. Question

Write the domain of the relation R defined on the set Z of integers as follows:
(a, b) R ® a2 + b? = 25

Answer

Given a and b are integers, i.e. a,b € Z.

. Domain of R = Set of all first elements in the relation.

= Values of ‘a’ which are in the relation.

=Z (Integers)

Range of R=Set of all second elements in the relation.
=Values of ‘b’ which are in the relation.

=Z(Integers)

Since, a2+ b2 = 25 and a, b are integers;

= R= {(5,0), (0,5), (-5,0), (0, -5), (3,4), (4,3), (-3, -4), (-4, -3),
(-3,4), (4, -3), (-4,3), (3, -4)}

= Domain of R= {-5, -4, -3,0,3,4,5}

2. Question

If R = {(x,y): X2 + y2 < 4; x,y € Z} is a relation of Z, write the domain of R.
Answer

Given x and y are integers, i.e X,y € Z.

. Domain of R = Set of all first elements in the relation.

= Values of ‘x’ which are in the relation.

=Z (Integers)

Range of R=Set of all second elements in the relation.
=Values of ‘y’ which are in the relation.

=Z(Integers)

Since, x2+ y2 < 4 and x,y are integers;

= R= {(0,0), (1,0), (0,1), (-1,0), (0,-1), (1,1), (-1,-1), (-1,1),
(1,-1), (0,2), (0,-2), (2,0), (-2,0)}

= Domain of R= {-2,-1,0,1,2}

3. Question



Write the identity relation of set A = {a, b, c}.

Answer

= |dentity relation of a set refers to the relation in which every element on the set is related to itself.
Thus the Identity relation of set A is as under:

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

4. Question

Write the smallest reflexive relation of set A = {1, 2, 3, 4}.

Answer

The smallest reflexive relation of set A = {1, 2, 3, 4} is as under:

As Relation R on a set A is said to be a reflexive relation on A if:
=(a,a) ERVaeA

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

5. Question

If R = {(x,y) : x + 2y = 8} is a relation on N, then write the range of R.
Answer

Given x and y are natural numbers, i.e. x,y € N.

. Range of R=Set of all second elements in the relation.

=Values of 'y’ which are in relation.

=N (Natural Numbers)

Since, x+ 2y = 8 and x,y are Natural numbers;

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

= Range of R= {1,2,3}

NOTE: 0 is a whole number that’'s why it is not considered in this set.
6. Question

If R is a symmetric relation on a set A, then write a relation between R and R
Answer

The relation between R and R™! on a Set A is as under:

=Rl = {(b,a):(a,b)e R}

= Clearly (a,b) €R

= (b,a) ER!

i.e Domain(R)=Range(R1)

and Domain(R'1)=Range(R)

7. Question

Let R = {(x,y): [x? - y2| < 1} be a relation on set A = {1, 2, 3, 4, 5}. Write R as a set of ordered pairs.
Answer

Given a relation R = {(x,y): |x? - y2| < 1} on set A = {1, 2, 3, 4, 5}.

Now according to the condition |x% - y2| < 1.



Sx2-y2=0

= Describing R as set of ordered pairs:
=R={(1,1),(2,2),(3,3),(4,4),(5,5)}

8. Question

IfA={2,3,4},B={1,3,7}and R = {(x,y) : x¢ A, y €B and x <y} is a relation from A to B, then write RL.
Answer

GivenA=4{2,3,4},B={1,3,7}and R = {(x,y) : xe A,yeBand x <y}
According to the condition x <y

=>R=AXB

= R={(2,3), (2,7), (3,7), (4,7)}

=>R1=BxA

=R1={(3,2),(7,2), (7.3), (7,4)}

9. Question

LetA={3,5, 7}, B={2,6, 10} and R be a relation from A to B defined by R = {(x, y) : x and y are
relatively prime}. Then, write R and R1L.

Answer

Given A= {3,5,7},B={2,6,10} and R = {(x, y) : x and y are relatively prime }
According to the condition, x and y are prime numbers.
=>R=AXB

=R={(3,2), (5,2), (7,2)}

=»R1=BxA

= R1={(2,3),(2,5), (2,7)}

10. Question

Define a reflexive relation.

Answer

Relation R on a set A is said to be a reflexive relation on A if:
=(a,a) ERVaeEeA

Eg A={1,2,3}

=R={(1,1),(2,2),(3,3)}

11. Question

Define a symmetric relation.

Answer

Relation R on a set A is said to be a symmetric relation on A if:
(a,b) €R

= (b,a) ERVabeA

eqg A={1,2,3}

=R={(1,2),(2,1),(1,3),(3,1),(2,3),(3,2)}



12. Question

Define a transitive relation.

Answer

Relation R on a set A is said to be a transitive relation on A iff:
(a,b) €Rand (b,c) €R

=(a,c) ERV

a,b,ceA

A={1,2,3}

=R={(1,2),(2,3),(1,3)}

13. Question

Define an equivalence relation.

Answer

A relation R on a set A is said to be an equivalence relation on A iff:
1. Its reflexivei.e (a,a) ERVa €A

2. lts symmetrici.e (a,b) €R - (b,a) €ERVab €A

3. Its transitive i.e (a,b) € R and (b,c) e R - (a,c) ERV
a,b,ceA

14. Question

IfA={3,5 7} and B = {2, 4,9} and R is a relation given by “is less than”, write R as a set ordered pairs.
Answer

Given A= {3,5,7}and B = {2, 4, 9}

Now according to the condition:

R is a relation given by “is less than.”

=>R=AXB

= R={(3,4),(3,9),(5,9),(7,9)}

15. Question

A={1,2,3,4,56,7,8} and if R = {(x,y) : y is one half of x; x, yeA} is a relation on A, then write R as a set
of ordered pairs.

Answer
GivenA=1{1,2,3,4,5,6, 7,8} and a relation R = {(x,y) : y is one half of x; x, yeA}

.4

Now according to the condition y = E

= R={(2,1),(4,2),(6,3),(8,4)}
16. Question

Let A= {2, 3,4,5} and B = {1, 3, 4}. If R is the relation from A to B given by a R b iff “a is a divisor of b.”
Write R as a set of ordered pairs.

Answer

Given A= {2, 3,4,5} and B = {1, 3, 4} and R is a relation from A to B which is true only iff “a is a divisor of
b” i.e b is divisible by a.



=>R=AXB

= R={(2,4),(4,4),(3,3)}

17. Question

State the reason for the relation R on the set {1, 2, 3} given by R = {(1, 2), (2, 1)} not to be transitive.
Answer

Given set {1,2,3} and relation R = {(1, 2), (2, 1)}.

For relation R to be transitive:

R={(1,2),(2,3),(1,3)}

But in the given relation:

=(2,3)and (1,3) € R

Hence, Given Relation R is not transitive.

18. Question

LetR = {(a,a3) :aisa prime number less than 5} be a relation. Find the range of R.
Answer

Given a relationR = {(a, a3 : ais a prime number less than 5}

Now according to the question ‘a’ is a prime number < 5:

=a={2,3}

= R={(2,8),(3,27)}

= Range of R={8,27)

19. Question

Show that R is an equivalence relation on the set Z of integers given by R = {(a, b) : 2 divides a - b}.Write
the equivalence class [0].

Answer

Given R = {(a, b) : 2 divides a - b}

For equivance relation we have to check three parameters:
(i) Reflexive:

If (a-b) is divisible by 2 then,

= (a-a)=0 is also divisible by 2

= (a,a) €ER

Hence R is Reflexive V (a,b) € Z
(ii)Symmetric:

If (a-b) is divisible by 2 then,

= (b-a)=-(a-b) is also divisible by 2

= (a,b) € R and (b,a) €R

Hence R is Symmetric V (a,b) € Z
(iii)Transitive:

If (a-b) and (b-c) are divisible by 2 then,

= a-c=(a-b)+(b-c) is also divisible by 2



= (a,b) €R, (b,c) €R and (a,c) €ER

Hence R is Transitive V (a,b) € Z

= As Relation R is satisfying all the three parameters, hence R is an equivalence relation.
Now equivalence class [0] is the set of all those elements in A which are related to 0 under relation.
Now,

(a,0) €R

= a - 0 is divisible by 2 and a € A.

= a € A such that 2 divides a.

=2a=0,24

Thus [0] = {0,2,4}

20. Question

For the set A = {1, 2, 3}, define a relation R on the set A as follows:

R={(1,1), (2 2),(3, 3), (1, 3)}

Write the ordered pairs to be added to R to make the smallest equivalence relation.
Answer

Given set A = {1, 2, 3} and relation R = {(1, 1), (2, 2), (3, 3), (1, 3)}

A relation is an equivalence relation if and only if it is reflexive, symmetric and transitive.
=R = {(1, 1), (2, 2), (3, 3), (1, 3)} is reflexive and transitive but not symmetric.

= If (3,1) is added to the ordered pairs, R will become symmetric.

Thus the new R:

=R = {(1, 1), (2, 2), (3, 3), (1, 3),(3,1)} is the obtained smallest equivalence relation.
21. Question

Let A= {0, 1, 2, 3} and R be a relation on A defined as

F = {(0,0) (0, 1), (0, 3), (1, 0), (1, 1), (2, 2), (3, 0), (3, 3)}

Is R reflexive? Symmetric” transitive?

Answer

Given A = {0, 1, 2, 3} and a relation R on A defined as

F = {(0,0) (0, 1), (0, 3), (1, 0), (1, 1), (2, 2), (3, 0), (3, 3)}

A relation is an equivalence relation if and only if it is reflexive, symmetric and transitive:
(i) The set contains (0,0),(1,1),(2,2),(3,3):

Hence (a,a) € R = R is reflexive.

(ii)The set also contains (0,1),(1,0) and (0,3),(3,0)

Hence (a,b) € R and (b,a) € R =» R is symmetric.

(ii) The set also contains (0,0),(0,1) and (0,0),(0,3)

Hence (a,b) € R, (b,c) € R and (a,c) € R -» R is transitive.

Hence R is reflexive,symmetric and transitive.

22. Question



Let the relation R be defined onthe set A= {1, 2, 3,4,5} byR= {(a, b): |3 - b2| < 8}. Write R as a set of
ordered pairs.

Answer

Givenaset A= {1, 2, 3,4, 5} and relation R = {(a, b) : |a? - b2| < 8}

Now according to the question |aZ - b?| < 8

=R ={(1,1).(2,2), (3,3), (4,4), (5,5), (1,2), (2,1), (2,3), (3,2), (3,4), (4,3),}

23. Question

Let the relation R be defined on N by a Rb iff 2a + 3b = 30. Then write R as a set of ordered pairs.
Answer

GivenR = {(a,b):2a+3b =30}V (a,b) EN

Now according to the question 2a + 3b = 30:

= R={(3,8),(6,6),(9,4),(12,2)}

NOTE: 0 is a whole number that’s why its not considered in this set, Although if we consider 0 as a natural
number then the answer would be:

= R={(0,10),(3,8),(6,6),(9,4),(12,2),(15,0) }

24. Question

Write the smallest equivalence relation on the set A = {1, 2, 3}.

Answer

A relation is an equivalence relation if and only if it is reflexive, symmetric and transitive:
The smallest equivalence relation on the set A={1,2,3} is:

R={(1,1),(1,3),(3,1)}

" (1,1) € R - Reflexive

(1,3) € Rand (3,1) € R » Symmetric

(1,3) e Rand (3,1) € Rand (1,1) € R - Transitive

MCQ

1. Question

Let R be a relation on the set NgivenbyR={a,b):a=b-2,b > 6}. Then
A. (2,4)eR

B. (3, 8)eR

C. (6, 8)€eR

D. (8, 7)€eR

Answer

GivenR = {(a,b):a=b-2,b> 6}

Now according to the questiona=b-2and b > 6

= R={(5,7),(6,8),(7,9)....... o }

2. Question

Which of the following is not an equivalence relation on Z?

A.aRb®ea+ bisaneveninteger



B.aR b a-bisaeveninteger

C.aRbea<b

D.aRb®a=Db

Answer

aRbea-bisaeveninteger

Given R = {(a, b) : a - b is an even integer(i.e divisible by 2)}
For equivance relation we have to check three parameters:
(i) Reflexive:

If (a-b) is divisible by 2 then,

= (a@-a)=0 is also divisible by 2

= (a,a) €R

Hence R is Reflexive V (a,b) € Z

(ii)Symmetric:

If (a-b) is divisible by 2 then,

= (b-a)=-(a-b) is also divisible by 2

= (a,b) € Rand (b,a) €R

Hence R is Symmetric V (a,b) € Z

(iii)Transitive:

If (a-b) and (b-c) are divisible by 2 then,

= a-c=(a-b)+(b-c) is also divisible by 2

= (a,b) €R, (b,c) ER and (a,c) €ER

Hence R is Transitive V (a,b) € Z

— As Relation R is satisfying all the three parameters, hence R is an equivalence relation.
3. Question

R is a relation on the set Z of integers and it is given by (x, y) e R |[x -y| = 1. Then, R is
A. reflective and transitive

B. reflexive and symmetric

C. symmetric and transitive

D. an equivalence relation

Answer

" According to the condition |[x -y| =1

= R={(1,1),(2,1), (1,2), (2,2), ... (n,n), (n+1,n), (n,n+1) ...0 }
= (a,a) € R » Reflexive

= (a,b) € R and (b,a) € R »Symmetric

4. Question
The relation R defined on the set A= {1, 2,3,4,5} byR = {(a.b )il a’ —b’ | < 16}-. is given by

A {(1,1),(2,1), (3,1), (4, 1), (2, 3)}



B. {(2,2),(3,2),(4,2),(2,4)}

C. {(3,3),(4,3),(5,4),(3,4)

D. none of these

Answer

Given set A = {1, 2, 3, 4, 5} and relation R ={(a,b):|#-b%|<16}
According to the condition |a2-b2|<16:

=R={(1,1), (2, 1), (3, 1), (4, 1), (2, 3),(2, 2), (3, 2), (4, 2), (2, 4),(3, 3), (4, 3), (5, 4), (3, 4)}
5. Question

Let R be the relation over the set of all straight lines in a plane such that 4 R > £;1 £5. Then, R is
A. symmetric

B. reflexive

C. transitive

D. an equivalence relation

Answer

Think of line as a vector quantity:

As lqL £5;

And 51 {4

Hence R is symmetric.

Also Given a relation R over straight lines such thatZ;L £,
As i1l 1>

= {41. £=0(DOT PRODUCT)

" cos © =0 as 6 =90°;

= This thing is possible if £; and £, are symmetric.

E.g. A= 2i-4j and B=-4i-2j

= A. B=-8+8=0

6. Question

If A= {a, b, c}, then the relation R = {(b, c)} on A is

A. reflexive only

B. symmetric only

C. transitive only

D. reflexive and transitive only

Answer

According to the question

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

Thus R = {(b, c)} can only be transitive.

i.e (a,b)€ Rand (b,c)e R- (a,c)eR

7. Question



LetA={2,3,4,5, .., 17, 18}. Let ‘=" be the equivalence relation on A X A, cartesian product of A with itself,
defined by (a, b) = (c, d) iff ad = bc. Then, the number of ordered pairs of the equivalence class of (3, 2) is

A4

B.5

C.6

D.7

Answer

Let (3,2) = (x,y)
= 3y = 2X

This is possible in the cases:

XxX=3,y=2
X=6,y=4
x=9,y =6
x=12,y =3
x=15,y =10
x=18,y=12

Hence total pairs are 6.
8. Question

Let A = {1, 2, 3}. Then, the number of relations containing (1, 2) and (1, 3) which are reflexive and
symmetric but not transitive is

Al

B. 2

C.3

D. 4

Answer

R={(1,2),(2,1),(1,3),(3,1),(1,1)} is the only relation.
The addition of (2,2) or (3,3) will make R transitive.
9. Question

The relation ‘R’ in N x N such that (a, b) R (c,d)®a+d=Db+ cis
A. reflexive but of symmetric

B. reflexive and transitive but not symmetric

C. an equivalence relation

D. none of these

Answer

Check:

(a,b)R (a,b) €R

a+b=b+a

hence R is reflexive.



Now,

(@, b)R(c,d)ER
a+d=b+c
=2Cc+b=d+a
=(c,d)R(a,b) ER

R is symmetric

Now,

(@, b)R(c,d)ER
a+d=b+c
(c,d)R(ef)ER
=2c+f=d+e

Now,
a+d+c+f=b+c+d+e
=2a+f=b+e

So (a,b) R (e,f)

R is transitive.

Hence R is an equivalence relation.
10. Question

If A= {1, 2,3}, B={1,4,5,9} and R is a relation from A to B defined by ‘x is greater than y’. Then, Range
of Ris

A. {1, 2,6, 9}

B. {4, 6,9}

C. {1}

D. none of these
Answer

Here

= R={(2,1), (3,1)}
Hence Range(R)={1}
11. Question

A relation R is defined form {2, 3, 4, 5} to {3, 6, 7, 10} by xRy« x is relatively prime to y. Then, domain of R
is

A.{2,35}

B. {3, 5}

C.{2,3,4}yD.{2,3,4,5}

Answer

R: x R y= x is relatively prime to y.

Two numbers are relatively prime if their Highest Common Factor is 1.

Then, R= {(2, 3), (2, 7), (3, 7), (3, 10), (4, 3), (4, 7), (5, 3), (5, 6), (5, 7)}



Therefore, the domain of Ris {2, 3, 4, 5}

12. Question

A relation ¢ from C to R is defined by x ¢ « |x| = y. Which one is correct?
A (2+3i)¢ 13

B.3 ¢ (-3)

C.(1+id2

D.i¢p1

Answer

In complex numbers the y-axis is taken as the imaginary axis,

Thusi¢ 1

13. Question

Let R be a relation on N defined by x + 2y = 8. The domain of R is
A.{2,4,68}

B. {2, 4, 6, 8}

C. {2, 4,6}

D. {1, 2, 3,4}

Answer

{2,4, 6}

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

Hence domain(R)={2,4,6}

14. Question

R is a relation from {11, 12, 13} to {8, 10, 12} defined by y = x - 3. Then, R1is
A. {(8, 11), (10, 13)}

B. {(11, 8), (13, 10)}

C. {(10, 13), (8, 11), (8, 11)}

D. none of these

Answer

{(8, 11), (10, 13)}

Acoording to the question R is a relation from {11, 12, 13} to {8, 10, 12} defined by y = x - 3:
=R={(11,8),(13,10)}

=R1={(8, 11), (10, 13)}

15. Question

Let R = {(a, a), (b, b), (¢, ), (a, b)} be a relation on set A = {a, b, c}. Then, Ris
A. identity relation

B. reflexive

C. symmetric

D. equivalence



Answer

reflexive

R ={(a, a), (b, b), (c, c), (a, b)} is satisfuing only the property of reflexive relation.
i.e Its reflexivei.e (a,a) ERVa €A

16. Question

Let A= {1, 2,3} and R = {(1, 2), (2, 3), (1, 3)} be a relation on A. Then, R is

A. neither reflexive nor transitive

B. neither symmetric nor transitive

C. transitive

D. none of these

Answer

R = {(1, 2), (2, 3), (1, 3)} satisfying only the property of transitive relation.

i.e Its transitive i.e (a,b) € R and (b,c) ER - (a,c) ERV

a,b,ceA

17. Question

If R is the largest equivalence relation on a set A and S is any relation on A, then
A.RcS

B.ScR

C.R=S

D. none of these

Answer

" Understood property

18. Question

If R is a relation on theset A = {1, 2,3,4,5,6,7,8,9} given by xRy y = 3x, thenR =
A. {(3,1), (6, 2),(8,2),(9,3)}

B. {(3, 1), (6, 2), (9, 3)}

C. {(3,1),(2,6),(3,9)}

D. none of these

Answer

wforA=1{1,2,3,4,5,6, 7, 8, 9} the satisfying complete relation is:

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

19. Question

If R is a relation on the set A = {1, 2, 3} given by R = (1, 1), (2, 2), (3, 3),then R is
A. reflexive

B. symmetric

C. transitive

D. all the three options



Answer

" An important property of equivalence is that it divides the set into pairwise disjoint subsets called
equivalent classes whose collection is called a partition of the set. Note that the union of all equivalence
classes gives the complete set.

20. Question

If A= {a, b, c, d}, then a relation R = {(a, b), (b, a), (a, a)} on A'is
A. symmetric and transitive only

B. reflexive and transitive only

C. symmetric only

D. none of these

Answer

"R is symmetric and reflexive

21. Question

If A= {1, 2, 3}, then arelationR = {(2, 3)} onAis

A. symmetric and transitive only

B. symmetric only

C. transitive only

D. none of these

Answer
~R={(1,1),(2,2),(3,3),(1,2),(1,3),(2,3).(3,2),(2,1),(3,1) }
Symmetric- {(2,3),(3,2)}

Transitive- {(1,2),(2,3),(1,3)}

22. Question

Let R be the relation on the set A = {1, 2, 3, 4} given by
R={(1,2), (2 2),(1,1), (4, 4), (1, 3), (3, 3), (3, 2)}. Then,
A. R is reflexive and symmetric but not transitive

B. R is reflexive and transitive but not symmetric

C. R is symmetric and transitive but not reflexive

D. R is an equivalence relation

Answer

23. Question

Let A = {1, 2, 3}. Then, the number of equivalence relations containing (1, 2) is
Al

B.2

C.3

D.4

Answer



24. Question

The relation R = {(1, 1), (2, 2), (3, 3)} onthe set {1, 2, 3} is
A. symmetric only

B. reflexive only

C. an equivalence relation

D. transitive only

Answer

" An important property of equivalence is that it divides the set into pairwise disjoint subsets called
equivalent classes whose collection is called a partition of the set. Note that the union of all equivalence
classes gives the complete set.

25. Question

S is a relation over the set R of all real numbers and its is given by (a, b)e S® ab = 0. Then, S is
A. symmetric and transitive only

B. reflexive and symmetric only

C. antisymmetric relation

D. an equivalence relation

Answer

26. Question

If the set Z of all integers, which of the following relation R is not an equivalence relation?
A.xRy:ifx=sy

B.xRy:ifx=y

C. xRy :if x-yisan even integer

D.xRy:ifx=y(mod 3)

Answer

27. Question

Let A = {1, 2, 3} and consider the relation R = {(1, 1), (2, 2), (3, 3), (1, 2), (2, 3), (1, 3)}. Then, R is
A. reflexive but not symmetric

B. reflexive but not transitive

C. symmetric and transitive

D. neither symmetric nor transitive.

Answer

28. Question
The relation S defined on the set R of all real number by the rulea Sbiffa=b is

A. an equivalence relation



B. reflexive, transitive but not symmetric

C. symmetric, transitive but not reflexive

D. neither transitive nor reflexive but symmetric

Answer

StaSbe=a=b

Since a=a Va € R, therefore a = a always. Hence (a, a) always belongs to S Va € R. Therefore, S is reflexive.

Ifa=bthenb =a= b = a. Hence if (a, b) belongs to S, then (b, a) does not always belongs to S. Hence S is
not symmetric.

If a = b andb = ¢, therefore a = c. Hence if (a, b) and (b, c) belongs to S, then (a, c¢) will belong to SVa, b,
CcER. Hence, S is transitive.

29. Question

The maximum number of equivalence relations on the set A = {1, 2, 3} is
Al

B. 2

C.3

D.5

Answer

A= {1, 2, 3}

Then the equivalence relations would be,

P={(1,1), (2 2),(3, 3)}

Q=1{(1,1),(2,2),(3,3),(1,2), (2 1)}

R={(1,1), (2 2),(3,3),(1,3),(3 1)}
S={(1,1),(22),(3,3),(23),(3,1)}

T=A{(11), (2 2),(3,3),(1,2),(2,1), (1, 3),(3,1), (2, 3), (3, 1)}
Hence, total 5 equivalence relations.

30. Question

Let R be a relation on the set N of natural numbers defined by n R m iff n divides m. Then, R is
A. Reflexive and symmetric

B. Transitive and symmetric

C. Equivalence

D. Reflexive, transitive but Not symmetric

Answer

This question is quite self explanatory:

Reflexive: eg. m=5 and n=5 - 5 is divisible by 5

Transitive: 2 divides 4, 4 divides 40 and 2 also divedes 40.

31. Question

Let L denote the set of all straight lines in a plane. Let a relation R be defined by £ R m iff £ is perpendicular
tomforallZ, me L. Then, Ris

A. reflexive



B. symmetric
C. transitive D. none of these

Answer

Consider 6" part of MCQs
32. Question

Let T be the set of all triangles in the Euclidean plane, and let a relation R on T be defined asa R b if a is
congruent to b foralla, be T. Then, R is

A. reflexive but not symmetric

B. transitive but not symmetric

C. equivalence

D. none of these

Answer

R:taRbea=b

Since, every triangle a€T is congruent to itself, therefore (a, a)€ER Va&T. Hence, R is reflexive.
If a = b, then b = a. Hence if (a, b)ER, then (b, a)€R Va, b&T. Hence, R is symmetric.

Ifa=bandb=c, then a = c. Hence if (a, b) and (b, c) belongs to R, then (a, c) will belong to RVa, b, cET.
Hence, R is transitive.

Since R is reflexive, symmetric and transitive, therefore R is equivalence relation.
33. Question

Consider a non-empty set consisting of children in a family and a relation R defined as a R B if a is brother of
b. Then, R is

A. symmetric but not transitive

B. transitive but not symmetric

C. Neither symmetric nor transitive
D. both symmetric and transitive
Answer

R: a R b < ais a brother of b.

If a is a brother of b, then that does not necessarily mean b is a brother of a, since b can be a sister of a too.
Hence, if (a, b) € R, then (b, a)&R always. Hence R is not symmetric.

If a is a brother of b and b is a brother of ¢, then a has to be a brother of c. Hence if (a, b) and (b, c) belongs
to R, then (a, ¢) will belong to R. Hence, R is transitive.

34. Question

For real numbers x and y, define x Ry iff x - y+ v2 is an irrational number. Then the relation R is
A. reflexive

B. symmetric

C. transitive

D. none of these

Answer

R:x Ry e x —y 4+ y/2isirrational.



Since, x-x=0 always, therefore x — x + /2 = /2 is irrational. Hence, (x, x)ER V x € R. Hence, R is reflexive.

R is not symmetric. Proof by counter-example:

Letx —y = 2. Thenx —y + /2 = 2y/2 is irrational, Therefore (x, y)ER. But
y—x+2=—(x—y) +v2 = =2+ /2 = 0 is rational, therefore (y, X)€R. Hence, R is not symmetric.

R is not transitive. Proof by counter-example:

Letx__V:_%zandy_z:_%?, theny —z = (x—y) +(y—2z) = -2

X—y+ V2 = V2 is irrational, therefore (x, y)€R
2
v—z+ V2 = "; is irrational, therefore (y, z)ER

x —z ++/2 = 0 is rational, therefore (x, z)&R. Hence, R is not transitive.
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