Relations Ex 1.2 Q1
We have,
R={{a,b): a-bis divisible by 3; a,b, « 2}

To prove: & is an equivalence relation

Proff:
Reflexivity: Let ae 2

= a-a=10

= g -3 is divisible by 3
= {2,3) < R

= & s reflexive

Symmetric: Let a,be Z and {ab) e &

= 3 - b isdivisible by 3

= a-b=3p For somep e 2
= b-a=3x[-p)

= b-3ef

= & is symmetric

Transitive: Let a,b, ce 2 and such.that {a,b) e & and [b,c)e R

= ga-b=3p andb-c=3g Forsomep,gelz
= a-c=3[p+q)

= a - is divisible by 3

= fa.c) < R

= £ is transitive

Since, & isreflexive, symmetric and transitive, so & is equivalence relation.



Relations Ex 1.2 Q2
Twe have,

R ={(ab): a-bis divisible by 2; a,b, « Z}

To prove: R is an equivalence relation

Proff:
Reflexivity: Let ae Z

= 3-3=10

= g -a is divisible by 5
[2,2) < R

=5 & is reflexive

Symmetric: Let a,b e Z and [a,b) « &

= 3 - b is divisible by 2

= a-h=2=x For some pé 2
= b-a=2x({-p)

=5 b-zef

= £ is symmetric

Transitive: Let a,b,ce Z and such that {a,b) R and [b,c)e &

s-b=2p andb-c= g Forsomep,geZ
a-c=Ap+q)

g - is divisible by 2

[z,c) = R

& is transitive

bl




Relations Ex 1.2 Q3
We have,
B = {{a,b] : {a-b) is divisible by 5 }Dn Z.

YWe want to prove that 8 is an equivalence relation on 2.

M 0w,
Reflexivity: Let ae 2

= a-a=1>0
= & -3 is divisible by 5.

(a,a)e R, soR isreflexive
Symmetric: Let {ab) e R
a-h="5F For some P = &

b-a=5x(-F)
= b -3 isdivisible by &

bou

= [b,a) e R, S0 & is symmetric

Transitive: Let [a,b] e & and [b,c] e R

= 2-b=5p and b-c=5g For some p,qe Z
= a-c=5[p+q)

= 2 -c isdivisible by 5.

= & is transitive,

Thus, & being reflexive,symmetric and transitive on 2.

Hence, & is equivalence relation on 2



Relations Ex 1.2 Q4

A= {{an]: a-b is divisible by n} an Z.
M 0w,

Reflexivity: Letae &

= 3-3=0=xh

= a-a is divisible by n
= EXE

= & isreflexive

Symmetric: Let {a,b) e R

= g-b=np ForsomepeZ
= b-a=n(-p)

= b - zis divisible by n

= (b,a)e R

= & iz symmetric

Transitive: Let {a,b) e & and [b,c) <R

= g-b=xp and b-c=x3 ~Forsomep,qeZ
= s-c=nfp+q)

= g-c isdivisible by n

= {a,c]e.ﬂ?

= R is transitive

Thus, & being reflexive, symmetric and transitive on 2.

Hence, & is an equivalence relation on £



Relations Chapter 1 Ex 1.2 Q5
We have, Z be setofintegers and

R = {[a,b]: abeZ and s+ & is even } be a relation on Z.

Ve want to prove that & is an equivalence relation on 2.

Mo,
Reflexivity: Letae £

if ais even = a+2is euen]

= a+3 iseven ) . )

if aisodd = a+2is even
= (2,8) e R
= 8 is reflexive

Symmetric: Let a,be Z and (a,b)e R

= a+ b is even
= b+ 3 is even
= (b,a)er,

= R is symmetric

Transitivity: Let [a,b] = & and [b,c} = & Far some abceZz

= a+his even and b+cis even
. if bis odd,then a and c must be odd = 3 +c is even,
= a+cis even _ _
If b is even,then a and c must be even = 3+ ¢ is even
= [2,c)= R
= £ is transitive

Hence, & is an equivalence relation on 2



Relations Ex 1.2 Q6
Let 2 be set of integers

B = {[m,n}: r-ris divisible by 13 } be a relation an Z.

Mo,

Reflexivity: Letm e Z

m-m=10
m - is divisible by 13
[, m) e R,

by

& isreflexive

Symmetric: Let m,ne 2 and [rm,n) e R

= m-n=13.p Forsomepe s
= n-m=13x{-p)

= n-rm isdivisible by 13

= [n—m]eR,

50

= & s symmetric

Transitivity: Let [m,n) e & and (n,g)eR For some m,n,qe 2

= m-n=13p andn-g=13s For somep,s< Z
= m-gq=13[p+s)

= m—-q isdivisible by 13

= [qu]eR

= & is transitive

Hence, 8 is an equivalence relation on 2



Relations Ex 1.2 Q7
(x,yVR(1,v) & xv=yu
TPT Reflexive - xy=¥x

% X
TPT Symmetric Let (x,y)R(u,v)
TPT (uv)R(x,y)
Given xv=yu
= YU=XV
= Uy = VX
(1, V)R (%, y)
Transitive  Let (x; ¥) R (w,v)and (w, V)R (p, q) ......... (1)
TPT (x,y)R(p,q)
TPT =xq=vwp
from (1) xv=yu & uq=vp
XVUQ = yuvp
Xq=Yp
R 1s transitive
since R 1s reflexive symmetric & transitive all means 1t 1s an equivalence relatior



Relations Ex 1.2 Q8
We have, A={x e z: 0<x <12} bea set and
B = {[a,b] D oa= b} be arelation on A

M e,
Reflexivity: Let a< A

= 3=23
= {aja] =B
= & isreflexive

Symmetric: Let a,b e A and [a,b)e R

= a=~h
bh=23
= {b,a}eR

I

= & s symmetric

Transitive: Leta, b & c= 4
and Let {a,b)er and [b,c] e R

= a=handb=c
= 3=0c

= [a.c)er

= & is transitive

Since & is being relfexive,symmetric and transitive, so
& is an equivalance 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 elements related to 1is 1.



Relations Ex 1.2 Q9
(i} Wwe have, L is the set of lines,

R = {[e'_l,.f_z:]: Ly is parallel to LE} be arelation an &
M 0w,
Reflerivity: Letd, L
Since a line is always parallel to itself.
(Liiz)er

= & s reflexive

Symmetric: Let£y,l, e and [L),0,) R

= Ly is parallel to £,

= Ly is parallel to 4y

= (Litz)er

= & is symmetric

Transitive: Let &, landliy L such that (L, L) e R and {L,,0.)= R
= Ly is parallel to L5 and L is parallel to Ly

= Ly is parallel to £,
= [L1,t3) =R
]

& is fransitive
Since, & is reflexive, symmetric and transitive, so & is an equivalence relation.

(i) The set of lines parallel to the line y = 2x + 4 is

y=2x +cForallcer

Where & is the set of real numbers.



elations Ex 1.2 Q10

R=1{(Py, P3l: Py and P2 have same the number of sides}

Ris reflexive since (Fy, Py) € R as the same polygon has the same number of sides with
itself,

Let [Py, P2 ER.

= Py and Pshave the same number of sides,

= Poand Py have the same number of sides,

=[Py Py ER

~Ris symmetric,

[l i,

Let [Py, P4, [Pz P3) ER.

= P; and P; have the same number of sides. &ls0, Pgand P3 have the same number of
sides.

= Py and P32 have the same number of sides.

= [Py PIIER

SR s transitive,

Hence, R is an equivalence relation.

The elements in & related to the right-anged triange (T) with sides 3, 4, and 5 are
those polygons which have 3 sides (since Tis a polygon with 3 sides).

Hence, the set of all elements in A related to triange Tis the set of all trianges.



Relations Ex 1.2 Q11
Let 4 be set of points on plane,
Let & = {[P,Q]: 0p = OQ} be a relation on A4 where @ is the origin.

To prove & is an equivalence relation, we need to show that & is reflaxive,
symmetric and transitive on 4.

Moy,
Reflexivity: Letp e A

Since OfF = O = {P,P] = R

= 2 s reflexive

Symmetric: Let (P, Q)e R forP,QeA
Then OF =00

= Q0 =08

= (Q.P) =R

= s symmetric

Transitive: Let [.-'3', Q} =& and {Q,S} = B

= Of = Q9 and 00 = OF
= o8 = 08

= (p,5) e R

= B is transitive

Thus, & is an equivalence relation on A

elations Ex 1.2 Q12

Given A={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), (1,50 (1,6).(3,3)(3,54(3, 705,505, 7007 T TS5M(7.20(5, 30, (6, 1,(5. 1), (3.1)
(2,2),(2,4)(2,6),(4,4)(4,6)(6,6),(6,4),(6,2),(42]}
Form the relation Rit is seen that R is symmetric reflecive and transitive also, Therefore R is an equivalent
relation.

From the relation Rit is seen that {1,3,5, 7 are related with each other only and {2, 4,6} are related with each
other



Relations Ex 1.2 Q13
g = {[a,b] C ot +h7 = 1}

M o,

Reflexivity: Let s = %e R

Then, a° az=l+l=l;&1
4 4 2

= [a,a]e&?

= 2 is not reflexive

Hence, & in not an equivalenve relation on &



Relations Ex 1.2 Q14

We have, Z be setofintegers and Z,; be the set of non-zero integers,

B = {{a,b] [c.d): ad = be } be arelation on zxz,

Now,
2eflexivity: {ab)e Z =2,

= ab = ba

= {[an]J [a,b]} &R

= R is reflexive
Symmetric: Let {[a,b]llcjd]} e R
= ad = bc

= o = da

= {[ch]J [ajb]) e R

= R is symmetric

Transitive: Let [an]J[c,d]e & and [c,d],{ej] X

= ad = be and of =de
a c coe
= —=— and —=—
b od d f
a_8
b f
af = he

We have, Z be setofintegers and Z;°be the set of non-zero integers.

R = {[a,b] [c.d): ad = be } be arelation on Z and Z,,

Mo,
Reflexivity: {ab)e Z =2,

= ah = ha

= {{a,b],[a,b]} oy

= 2 iz reflaxive
Symmetric: Let {{a,h],{c,a‘]} = R
a3 = bo

od = da
= {[c,a‘],[a,b]}e 2

Uy

— O e curmrnotrie



—_ L S LR

Transitive: Let [a,b]J[c,d]E & and [c,a‘],[e,f} = B

= ad=hc and cof =de
a o8
= —=_ and — ==
h 4 g F
— 2_8
b f
= af = he
= {a,b]{e,f}eR
= B is transitive

Hence, & is an equivalence relation on 2= 2,

Relations Ex 1.2 Q15.

& and & are two symmetric relations on set 4

(i} To prove: R ~ 5 is symmetric

Let (a,b)eRn &

[2,6)er and (a,b)es
(b,a) ek and [b,a)e& [+ & and & are symmetric)
[b,a] e R85

A& is symmetric

bouu

To prove: 8w & is symmetric,
Let (a,b)erw S

(a.,6)er or (3,b)esg
(b,a)e R or [b,3)es [+ & and & are symmetric]
[b,a] eRwE

R & s symmetric

o

[ii] & and & are two relations on A such that & is reflexive.
To prove: R 5 is reflexive

Suppose & & is not reflaxive.
This means that thereis an a =& w & such that{aJa] glwE

Since 3 Bw s,
3=l araes

Ifaer, then (3,3) <R [ R is reflexive]
= [3,8)eR s

Hence, & w35 is reflexive



Relations Ex 1.2 Q16.
wWe will prove this by means of an example.
Let A ={a,b,c} beasetand

R = {(a,a)(b,b) {c.c)(a.b) (b,a)} and
S = {(a, a) (b, b){c.c)(b,c) (c,b)} are two relations ar 4

Clearly R and & are transitive relation on A

Now, RuS = {{a, a) (b, b)(c.c)(a b) (b, a) (b,c)(c,b)}
Here, (ab)eRvS and [bc)erR v S
but {a,c)grRwvs

R v S is not transitive



