SETS AND RELATION

EXERCISE - 1

Single Choice

PART 1

10.

13.

18.

20.

21.

22,

25.

28.

LetxeA = xe€AUB,[AcAUB]
[>AUB=ANB]

= xeAandxeB = xeB,..AcB
Similarly,x € B = xeA BcA
NowAcCB,BcA = A=B.

= xeAnNB,

ANn(AUBY=AN(A’'nB’)
(> (AuB)Y=A"NnB’)

=(ANA)NB’ (byassociative law)
=pNnB’ (FANAN=9)
=

From De’ morgan’s law, (AN B)’=A’UB’.

B’=1{1,2,3,4,5,8,9, 10}
S AAB=1{1,2,5V11{1,2,3,4,5,8,9,10} = {1,2,5} =A

xXX=16 = x=t4
2x=06 x=3
No common value of x

n(A*NB°)=n[({AUB)I]

=n(U)-n(AuB)=n(U)—-[n(A)+n(B)-n(ANB)]
=700—-[200+300-100]=300.

4-3n—-1=GB+1)"-3n-1
=3"+C 3" ' +C3n 2+, +"C,_ 3+°C —3n-1
="C,32+"C,.3*+..+C 3", ("C,="C,"C,="C,_, etc)
=9[*C,+C,(C)+...+C 3]
X contains elements, which are multiples of 9, and
clearly Y contains all multiples of 9.

XcYie. XuY=Y.
ANnBcA.Hence AU (AN B)=A.
n(A UB)=n(A)+n(B)-n(ANB).
Null set is the subset of all given sets.

A=[x:xeR,—1<x<1]

HINTS & SOLUTIONS

B=[x:xeR:x—1<-lorx—121]=[x:xeR:x<00rx>2]

AUB=R-D,whereD=[x:x e R, 1 <x<2]

1 1 1 -2

31. Since —7# 0,;¢ 2,;;& 3> [ryeN]
1

" ; canbe 1, [ ycanbe 1]
PART 2
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5S.

Since x </ x, therefore R is not reflexive. Also

x <y does not imply that y <X, So R is not symmetric.
Let xRy and yRz. Then, x <y and

y<z = x<zi.e., xRz. Hence R is transitive.
For any x € R, we have x —x + = \/5 an irrational
number.

= xRx forall x. So, R is reflexive.

R, is nota relation from X to Y, because (7, 9) € R,
but(7,9) ¢ X xY.

HereoRB < alf ~malPfepPLla
Hence, R is symmetric.

A={2,3},B={2,4},C={4,5}

BNC={4}
Ax(BNC)=1{(2,4),(3,4)}.

. Number of relation fromAto B =212

R, —  Domain={1,3,5}
Range={3,5,7}

R,—  Domain= {1,2,3,4,5}
Range={1,3,5}

R,—  Domain= {1, 3,5}
Range={1,3,5,7}

R,—  Domain={1,2,7} X so R, isnot a relation

so R is arelation
so R, is arelation

so R, is a relation

We have (a, b) R (a, b) forall (a,b) e Nx N
Since a+b=Db+a. Hence, R is reflexive.

R is symmetric for we have (a,b)R(c,d) = atd=b+c
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61.

66.

= d+a=b+c = ctb=d+a = (c,d)R(ab)
Hence R is symmetric

Then by definition of R, we have

atd=b+candc+ f=d+e,

hence by addition, we get
atd+c+f=b+ctd+eorat+tf=b+e

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

Thus, (a, b) R(c, d)and (c, d) R(e, f/) = (a,b)R(e,f).

Hence R is transitive.

For(a,b),(c,d) e NxN

(a,b)R(c,d) = ad(b+c)=bc(a+d)

Reflexive : Since ab(b+a)=ba(a+b) v ab € N,
(a,b)R(a,b), .. Risreflexive.

Symmetric : For (a, b), (¢, d) € N x N, let (a,b)R(c,d)
ad(b+c)=bc(a+d) = be(a+d)=ad(b+c)

= cb(d+a)=da(c+b) = (c,d)R(a,b)
R is symmetric

Transitive : For (a, b), (¢, d), (e, f) e NXN,

Let (a,b)R(c,d), (c, d)R(e, f)
ad(b+c)=bc(a+d),cf(d+e)=de(c+ f)

= adb+adc=bca+bcd ... (i)

and cfd + cfe=dec+def ... (ii)

(i) x ef + (ii) x ab gives,

adbef +adcef + cfdab + cefab

=bcaef + bcdef + decab + defab

= adcf(b+e)=Dbcde(a+ f)

= af(b+e)=be(at+f) = (a,b)R(e,[).

R is transitive. Hence R is an equivalence relation

. ForReflexiveR € {(1,1)(2,2)(3,3)}

For symmetric (1,2) € Rbut (2, 1) R Not symmetric
for transitive (1,2),(2,3) eR = (1,3) eR
so transitive

For any a € N, we find that a is divisible by a, therefore
R is reflexive but R is not symmetric,
because aRb does not imply that bRa.

2x+x=41 = x= .. Risnotreflexive
2x +y=41 2y+x=41 .. Risnotsymmetric
2x+y=41 and 2y+z=41 = 4x-z=41=>(x,z) R

R is not transitive

71.

74.

76.

79.

80.

81.

. Here ® R®_, ® isparallel to ®, and @ is parallel to ® ,

so it is symmetric.

Clearly, it is also reflexive and transitive. Hence it is
equivalence relation.

Let(a,b) eR
Then, (a,b) e R = (b,a) e R, [bydeforR"]
= (b,a) € R,[? R=R"'], So R is symmetric.

A={1,2,3}

[a2—b? <5 -5<a’-b’<s
R={(1,1),(1,2),(2,1),(2,2),(2,3),3,2),3,3)}
DomainofR= {1, 2, 3}

Range of R={1, 2,3}

(A)(q,9) R,
Not reflexive

(B) (p.p) R,

not reflexive

(©) (a.p) R,

not symmetric

R is reflexive if it contains (1, 1) (2, 2) (3, 3)
> (1,2)eR,(2,3) eR

Ris symmetricif (2, 1),(3,2) e R
Now, R={(1,1),(2,2),(3, 3),(2, 1),(3,2),(2,3),(1,2)}
R will be transitive if (3, 1) ; (1, 3) € R. Thus, R becomes
and equivalence relation by adding
(1,1)(2,2)(3,3)(2,1),(3,2),(1, 3), (1, 2). Hence, the total
number of ordered pairs is 7.

Obviously, the relation is not reflexive and transitive
but it is symmetric, because

xX+ty'=1 = y+x*=1

Clearly, the relation is symmetric but it is neither reflexive
nor transitive.

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

R'={(G,1);(5,1);(3,2); (5,2); (5,3); 5,4)}
Hence ROR™' = {(3, 3); (3, 5); (5, 3); (5,5)}

. GivenR, and S are relations on set A.

RcAxAandScAXA=RNScAXxXA
= R Sisalsoarelation on A.
Reflexivity : Let a be an arbitrary element of A. Thena €
A= (a,a)eR [ R and S are reflexive]
and (a,a) € S
= (a,a)eRNS
Thus, (a,a) e RN Sforalla € A.
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So, R N Sis areflexive relation on A. EXERCISE -3

Symmetry : Let a, b € Asuch that (a, b)e RN S.
Then, (a,b) e RN S=(a,b) e Rand (a,b) € S 1. (B)

= (b,a)eRand(b,a) e S (I,1)2R .. notreflexive

[ Rand S are symmetric] (2,3) e Rand (3,2) ¢ R not symmetric

= (b,a)eRNS (1,3)eRand(3,1) eR but (1,1)¢R
Thus, (a,b) e RN S = (b,a) e RN Sforall <. not transitive

(a,b) e RNS. 2. @A)

So,R M S is symmetric on A. (a,a) e Rforeacha € A o, reflexive
Transitivity : Let a,b,c € A such that (a,b)e R " S and (6,12) eRbut(12,6) R “. not symmetric
(b,c) e RN'S. Then (a,b) e RN S and (a,b) € Rand (b,c) €R = (a,0eR
(b,c) eRNS => transitive

— {((a,b) e Rand(a,b) € S)} 3.

and {((b, ¢) € Rand (b, c) € S)} x,x)eR Yy xeW = Risreflexive

= {(a,b) e R, (b,c) € R} and {(a,b) € S, (b, c)eS} Let (x,y) eR,then(y,x) R

— (a,c)eRand(a,c)eS = (a,c)eRAS [ x,y have at least one letter in common]

R is symmetric.
Thus, (a,b) e RN Sand (b,c) e RNS .l i

] - But R is not transitive
= (a,c) e RNS. So R N Sistransitive on A eg. (TALL)R (LIGHT) and (LIGHT) R (HIGH) but (TALL)
Hence, R is an equivalence relation on A. (HIGH)
5. (A
(1) S is not reflexive so not equivalence asx #x + 1
(2) (x,y) e T = x—yis aninteger

Comprehension-1 (i) x —x is an integer = reflexive

L. O 2. ® 3. © (ii) x — y = integer = y —x = integer .. T is symmetric
Comprehension-2 (li)x—y=m,y-z=n
1. (B) 2. (O 3. (A =x-yty-z=m+n
X—z=m+n = Transitive
EXERCISE -2 so T is equivalence relation

Subjective Type 6. (B)

We have, AUB=AuUC

1. {a,e,i} 2. (i) Finite (ii) Infinite =2 AuUB)NC=(AuC)nC
3. {1,2.3,4,5,6,7,8,9,10} =2ANCuUBNC)=C [F(AuC)NC=C]
4. {x:x=n—1,neN,n<6} =(ANB)U(BNO)=C ..() [+ANC=ANB]
5. {T,R,LGO,N,M,E,Y} 6. n=3,m=6 Again, AUB=AUC
7. (i) False (ii) True = AuB)NnB=(AuC)nB
=B=(AnB)u(CnB) = (AnB)uU(CNB)=B

9. 1921} = (ANB)UBANC)=B ..(ii)
13. (i) 6 (ii) 9 14. 43 15. 2 From (i) and (ii), we get B=C

8. ©
16. Domaln: {1, 2, 3, 4, 5, 6}, Statement -1 .

Range=1{5,6,7,8,9, 10; (i) x—xis aninteger X € R so Aisreflexive relation.

17. {(4,3),(4,4),(6,3),(6,4)} (i)y—xel = x—y eI soAissymmetric relation.
(iii)y—xeland z-yel = y—x+z-yel
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10.

11.

= z-—x €1 soAis transitive relation.
Therefore A is equivalence relation.

Statement -2 :

(i) x=oxwhen o =1 = B isreflexive relation
(ii) for x =0 and y =2, we have 0 = a((2) for =0
But 2 =0a(0) for no a

so B is not symmetric so not equivalence.

B)

for reflexive

(A,A)eR

= A=P'AP

which is true for P =1
reflexive

for symmetry

As (A, B) € R for matrix P

A=P'BP

= PA=PP'BP

= PAP'=IBI

= B=PAP"
(B,A)e R for matrix P!
R is symmetric

= PAP'=IBPP"
= PAP'=B

for transitivity

A=P'BP

and B=P-'CP

= A=P!(P'CP)P

= A=(P")?CP?

= A=P?)'C(P?»
(A, C) € R for matrix P2
R is transitive

so R is equivalence

(B)
Every element has 3 options. Either set Y or set Z or

none

so number of ordered pairs = 3°

©

n(A)=2

n(B)=4

n(A xB)=8

SC,+5C,+. . +5C, =28—5C, —%C, ~ *C,
=256-1-8-28=219

Part #11 : CBSE

1. (i)
P

Reflexive
atb=b+a = (a,b)R(a,b)

Hence R is reflexive.

(i) Symmetric

(a,b)R(c,d)

=
=

= at+d=b+c
btc=a+d = c+b=d+a
(c,d)R(a, b)

Hence R is symmetric

(iii) (a, b)R(c, d) and (c, d) R(e, f)

=
=
=

atd=b+candc+f=d+e
atd+ctf=b+ctd+te
atf=b+te = (a,b)R(e,f)

Hence R is transitive

Therefore, relation R is an equivalence relation.

2. Reflexive:Leta e A

=

|]a —a| =0 is an even number
(a,a) eR

Risreflexive

Symmetric : Leta,b € R
Let(a,b) e R

=
=
=

l]a—Db| is even = |-(b —a)| is even
|b — al is even
(b,a)eR

R is symmetric

Transitive : Leta,b,c € R
Let(a,b) e Rand(b,c) eR

=

=
=
=

|]a —b| is even and |b — c| is even
a—bisevenand b—cis even
(a—b)+(b—-c)iseven
la—c|iseven=(a,c) € R

R is transitive.

Hence R is an equivalence relation as R is reflexive, sym-

metric and transitive.

3. Reflexive: - a—aisdivisibleby 5 foralla € Z
. Risreflexive

Symmetric : (a,b) e R

=
=

— a-—Dbisdivisible by 5
b —ais divisible by 5

b—aeR

R is symmetric

I3
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Transitive : (a,b) € Rand (b, c) e R 6. Reflexive

= a—bandb— care both divisible by 5 > atb=b+a = (ab)R(ab)
= a-b+b-—cisdivisible by 5 Hence R is reflexive.

= a-cisdivisible by 5 (i) Symmetric

= (a,c)eR (a,b)R(c,d) = a+d=b+c

R is transitive

Since R is reflexive, symmetric and transitive.

Hence, R is an equivalence relation.

= b+c=a+d = c+tb=d+a
= (c,d)R(a,b)
Hence R is symmetric

(iii) (a,b)R(c, d)and (c, d) R(e, f)

4.(i)As a<a’isnot true foralla e R

R is not reflexive

For example, ifa= g thena > a’

i.e. a < a’isnot true

(ii) If(a,b) € R then need not imply that (b, a) € R B
R is not symmetric
Forexample, if (1,2) e Rbut(2,1) ¢ R,
As1<2°but2 £ 1°
(iii) If (a, b) € Rand (b, ¢) € R, then need not imply that (a, c)
eR
R is not transitive
For example (100, 5) € Rand (5, 2) € Rbut (100, 2) ¢ R
As100<5%and 5<23but 100 > 23,
5. Reflexive: Foralla e A 3.
la—a| =0 1is divisible by 4 = (a,a)eS
Sis reflexive

Symmetric : Leta,b e A, (a,b) e S
= |a—Db|is divisible by 4
= |b—alisdivisibeby4 = (b,a)eS
S is symmetric
Transitive : Leta,b,c € A,(a,b) € S, (b,c) € S
= |a—Db|is divisible by 4 and |b — c| is divisible by 4
= (a—b)and (b-—c)isdivisible by 4
= (a—-b)+(b—c)=a—cisdivisible by 4
= |a—c|isdivisibleby4 = (a,c) € S
S is transitive
Since S is reflexive, symmetric and transitive.

Hence, S is an equivalence relation.

The set of all elements of A, related to 1 is {1, 5,9}

— a+td=b+candct+f=d+e
= atd+c+f=b+c+d+e
= a+f=b+e = (a,b)R(e,{)
Hence R is transitive

Therefore, relation R is an equivalence relation.

Reflexive : Forevery a € X, since f(a) = f(a)
(a,a)eR .. Risreflexive
Symmetric : Let (a,b) € R foreverya,b € X
= fla)=flb) = flb)=flaJ = (b,a)eR
R is symmetric
Transitive : Leta,b,c € X. Let(a,b) € Rand (b,c) € R
= f(a)=1(b) and f(b) =f(c)
= fla)=Af(c) = (a,c)eR
R is transitive.

Since R is reflexive, symmetric and transitive.

Therefore R is an equivalence relation.

In the case of transitive relation
(a,b),(b,c) e R

= (a,c)eR

Here (1,2)and (2,1) e Rbut(1,1) ¢ R.

So, it is not transitive.
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