CLASS24

Chapter : 2. RELATIONS

Exercise : 2A

Question: 1

Solution:

Since, the ordered pairs are equal, the corresponding elements are equal.
ch.a+3=5..(iJandb -2 =1 ..(ii)

Solving eq. (i), we get

a+3=5
=a=5-3
=a=2

Solving eq. (ii), we get

b-2=1
=b=1+2
=b=3

Hence, the value of a =2 and b = 3.

(ii) Since, the ordered pairs are equal, the corresponding elements are equal.
J,a+b=4..()and 2b -3 =-5 ...(ii)
Solving eq. (ii), we get

2b-3=-5

=2b=-5+3

= 2b =-2

=b=-1

Putting the value of b = - 1 in eq. (i), we get
a+(-1)=4

=2a-1=4

=a=4+1

=a=5

Hence, the value of a=5and b = -1.

(iii) Since the ordered pairs are equal, the corresponding elements are equal.

(i)

w

&b— é =2 ..(ii)

SRR

Solving Eq. (i), we get

a+1 5
3 3
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=a=5-3
=a=2

Solving eq. (ii), we get

, 1.2
33
, 21
“P=373
, 3
P73
=b=

Hence, the value of a=2 and b = 1.
(iv) Since, the ordered pairs are equal, the corresponding elements are equal.
Caa-2=b-1..01)
&2b+1=a+ 2 ..[ii)

Solving eq. (i), we get

a-2=b-1

=a-b=-1+2

=a-b=1 ... (iii)

Solving eq. (ii), we get
2b+1=a+2

=2b-a=2-1

= -a+2b=1 ..(iv)

Adding eq. (iii) and (iv), we get
a-b+(-a)+2b=1+1
=a-b-a+2b=2

=b=2

Putting the value of b = 2 in eq. (iii), we get
a-2=1

=a=1+2

=a=3

Hence, the valueofa=3 and b = 2.

Question: 2

Solution:

Given: A= {9,1}and B = {1, 2, 3}
Toshow: AxB#Bx A

Now, firstly we find the Ax Band B x A

By the definition of the Cartesian product,



Given two non — empty sets Pand Q. The Cartesian product P x Q is the setofall ¢

elements from P and Q, .i.c. CLASS24
PxQ={(p.a):p EP.q€EQ)

Here, A= (9, 1) and B = (1, 2, 2). So,

AxB=(9 1) (1,2 3)

={(9.1). (9. 2).(2.3).(1,1). (1. 2). (1. 3}}

BxA=(L 2, 3)x (9, 1)

={(1.9).(2,9.(3.9).(1,1). (2,1). (3. 1)}

Since by the definition of equality of ordered pairs .i.e. the corresponding first elements are equal
and the second elements are also equal, but here, the pair (9, 1) is not equal to the pair (1, 9)

SAxB#EBx A
Hence proved

Queslion: 3

Solution:

Given: P = {a, b} and Q = {x, v, 2}
Toshow:PxQ#Qx P

Now, firstly we find the P x Qand Q x P
By the definition of the Cartesian product,

Given two non — empty sets Pand Q. The Cartesian product P x } is the set ofall ordered pairs of
elements from P and Q, .i.e.

PxQ={(p.g):pEP, gEQ}

Here, P = (a, b) and Q = (x, y. z). So,
PxQ=(a, b)x(xy, z)

={(a, x). (a. ). (a, z). (b, x), (b, y), (b, z}}
QxP=(xy z2)x(a b)

={(xa). (v.a). (z a), (x,b). (yv. b). (z. b)}

Since by the definition of equality of ordered pairs ..e. the corresponding first elements are equal
and the second elements are also equal, but here the pair (a, x) is not equal to the pair (x, a)

SPxQzQ =P
Hence proved

Question: 4

Solution:

(i) Given: A={2, 3,5} and B = {5, 7}

To find: A x B

By the definition of the Cartesian product,

Given two non — empty sets P and Q. The Cartesian product P x ( is the set ofall ordered pairs of
elements from P and Q, .i.e.

PxQ={(p.a):pEP,qEQ)

Here, A = {2, 3,5} and B = {5, 7}. So,



AxB=(23,5) % (5 7)
={(2.5).(38.5)(5.5).(2,7). (3.7). (5. 7]}

(ii) Given: A= {2, 3, 5} and B = {5, 7}
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To find: B x A
By the definition of the Cartesian product,

Given two non — empty sets Pand Q. The Cartesian product P x () is the set ofall ordered pairs of
elements from P and Q, .ie.

PxQ={(p.a):pEP,.qEQ}

Here, A = {2, 3,5} and B = {5, 7}. So,
BxA=(5 7)x(2,3,5)
={(5.2).(5,3),(5,5) (7,2}, (7.3), (7, 5)}
(iii) Given: A= {2, 3,5}and B = {2, 3, 5}
To find: A x A

By the definitdon of the Cartesian product,

Given two non — empty sets P and Q. The Cartesian product P x () is the set ofall ordered pairs of
elements from P and Q, .i.e.

PxQ={(p.a):pEP,qEQ}

Here, A={2,3,5} and A = {2, 3, 5}. So,
AxA=(2,3,5)x=(2,3,5)
={(2,2),(2,3),(2,5).(3,2).(3.3}.(3,5). (5. 2), (5, 3). (5, 5)}
(iv) Given: B = {5, 7}

To find: B x B

By the definition of the Cartesian product,

Given two non — empty sets P and Q. The Cartesian product P x Q is the set ofall ordered pairs of
elements from P and Q, .i.e.

PxQ={(p.q):pEP.qEQ}

Here, B={5, 7}and B = {5, 7}.So,
BxB=(57) (5 7)

={(5.5), (5,7} (7.5). (7, 7}}

Question: 5

Solution:

Given:

A={xeN:x=3}

Here, N denotes the set of natural numbers.
SCA={1, 2,3}

['." Itis given that the value of x is less than 3 and natural numbers which are less than 3 are 1
and 2]

and B = {xe W: x < 2}
Here, W denaotes the set of whole numbers (non - negative integers).

- B={0, 1}



[." Itis given that x < 2 and the whole numbers which are less than 2 are 0 and 1] CLAssz4
So,AxB={1,2,3}x{0,1}

|[By the definition of equality of ordered pairs .i.e. the corresponding first elements are equal and
the second elements are also equal, but here the pair (1, 0) is not equal to the pair (0, 1]]

Question: 6

Solution:

Given: A={1,3,5}L B={3,4} and C = {2, 3}
L.HS=Ax(BuUC(C)

By the definidon of the union of two sets, (B U C) = {2, 3, 4}
={1,3,5} = {2,3,4}

Now, by the definition of the Cartesian product,

Given two non — empty sets P and Q. The Cartesian product P x Q is the set ofall ordered pairs of
elements from P and Q, .i.e.

PxQ={(p.a):pEP. qEQ}

={(1,2), (1, 3),(1,4). (3, 2). (3, 3), (3, 4), (5. 2), (5, 3). (5, 4]}
R H.S=(AxB)u (A xC(C)

Now, Ax B={1, 3,5} x {3, 4}

={(1.3).(1.4).(3.3).(3.4). (5.3).(5.4)}

and Ax C={1, 3,5} {2, 3}

={(1.2).(1.3).(3.2).(3.3). (5.2). (5. 3)}

Now, we have to find (A x B) U (A = C)

So, by the definition of the union of two sets,

(AxB) U (AxC)={(1,2). (1, 3), (1. 4). (3. 2). (3. 3). (3, 4). (5, 2). (5. 3). (5, 4]}
=L.H.S

.. L.H.S =R. H. S is verified

(ii) Given: A= {1, 3,5}, B= {3, 4} and C = {2, 3}
L.H.S=Ax(BnC)

By the definition of the intersection of two sets, (B N C) = {3}
={1,3,5} = {3}

Now, by the definition of the Cartesian product,

Given two non — empty sets P and Q. The Cartesian product P x Q is the set ofall ordered pairs of
elements from P and Q, .i.e.

PxQ={(p.q):pEP.qEQ}
={(1.3).(3.3). (5.3}
R.H.S=(AxB)n (AxC)

Now, A x B = {1, 3, 5} x {3, 4}

={(1.3). (1. 4). (3.3} (3. 4). (5. 3). (5. 4]}
and A x C={1, 3,5} x {2, 3}



={(1,2). (1, 3).(3. 2}, (3, 3). (5, 2), (5, 3)}
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Now, we have to find (A *x B) N (A= C)

So, by the definition of the intersection of two sets,

(AxB)n (AxC)={(L 3), (3, 3), (5 3)}

=L.H.S

. L.H.S5=R. H. S is verified

Question: 7

Solution:

Given:

A={xeW:x<2}

Here, W denotes the set of whole numbers (naon — negative integers).
oA ={0, 1}

[." Itis given that x < 2 and the whole numbers which are less than 2 are 0 & 1]
B={xeN:1<x=4}

Here, N denotes the set of natural numbers.

S.B={2 3,4}

[." It is given that the value of x is greater than 1 and less than or equal to 4]
and C = {3, 5}

L.H.S=Ax(BUC)

By the definiton of the union of two sets, (B U C) = {2, 3, 4, 5}
={0,1} x {2,3,4, 5}

Now, by the definition of the Cartesian product,

Given two non — empty sets P and Q. The Cartesian product P x Q is the set ofall ordered pairs of
elements from P and Q, .i.e.

PxQ={(p.a):pEP,.qEQ}

={(0, 2). (0, 3). (0. 4). (0,5), (1, 2), (1, 3], (1, 4). (1. 5]}
R.H.S=(AxB)U(AxC)

Now, A = B ={0,1} x {2, 3, 4}

={(0.,2), (0. 3), (0.4), (1, 2). (1. 3). (1. 4)}

and A x C = {0, 1} = {3, 5}

={(0,3).(0,5), (1, 3). (1, 5)}

Now, we have to find (A x B) U (A x C)

So, by the definition of the union of two sets,

(A x B) U (AxC)={(0,2),(0,3).(0,4), (0, 5), (1. 2), (1. 3), (1, 4). (1, 5)}
=L.H.S

. L.H. S =R. H. S is verified

(ii) Given:

A={xeW:x<2}

Here, W denotes the set of whole numbers (non - negative integers).
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[." It is given that x < 2 and the whole numbers which are less than 2 are 0, 1]
B={xeN:1<x=<4}

Here, N denotes the set of natural numbers.

S.B=1{2 3, 4}

['." It is given that the value of x is greater than 1 and less than or equal to 4]
and C ={3, 5}

L.HS=Ax(BnC)

By the definition of the intersection of two sets, (B N C) = {3}

={0,1} = {3}

Now, by the definition of the Cartesian product,

Given two non - empty sets Pand Q. The Cartesian product P x Q is the set ofall ordered pairs of
elements from P and Q, .i.e.

PxQ={(p.q):pEP, qEQ}

={(0.3).(1.3)}

R H.S=(AxB)n (AxC)

Now, A=x B= {0, 1} = {2, 3, 4}

={(0.2), (0, 3). (0,4}, (1, 2), (1, 3), (1, 4)}

and A x C = {0, 1} x {3, 5}
={(0.3).(0,5).(1,3). (1. 5)}

Now, we have to find (A x B) n (A x C)

So, by the definition of the intersection of two sets,
(AxB)n (A>C)={(0,3), (1,3)}

=L.H.S

. L.H.S =R. H. S is verified

Question: 8

Solution:

Here, A x B ={(-2, 3). (-2, 4). (0.4). (3. 3). (3. 4)}
To find: Aand B

Clearly, A is the set of all first entries in ordered pairsin A x B

{(_2: 3)r ("21 4)! (0: 4): (31 3): (3r 4)}

S A={-20,3}

and B is the set ofall second entries in ordered pairs in Ax B

{(—2, 3): (-2! 4): (Ol 4): (34' S)r (3: 4)}

B ={3, 4}



Question: 9
Solution: CLAssz4
Given: A={2,3}and B = {4, 5}

To find: A x B

By the definition of the Cartesian product,

Given two non — empty sets Pand Q. The Cartesian product P x () is the set ofall ordered pairs of
elements from P and Q, .ie.

PxQ={(p.gq):pEP,.qEQ}

Here, A= {2,3}and B = {4, 5}. So,
AxB=(2,3)x(4,5)
={(2,4),(2,5), (3. 4).(3,5)}
.Number of elements of Ax B=n =4
Number of subsets of Ax B = 2"

24

=2x2x2x2

=16

. theset A= Bhas 16subsets.
Queslion: 10

Solution:

Given: Ax B={(a, b):b=3a- 2}
and {(x,-5). (2, y)}] EAx DB

For (x,-5) EA x B

b=3a-2

=5 =3(x) - 2

= .5+ 2=3x

= -3 = 3x

=x=-1

For(2,y)EAxB

b=3a-2

=y=3(2)-2

>y=6-2

=>y=4

Hence, the value of x=-landy =4
Question: 11

Solution:

Since, (a, 0), (b, 1), (c, 0) are the elements of A % B.
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Itis given thatn(A)=3andn(B) =2
“ab,c€Aandn(A)=3

= A= {a,b, c}

and 0,1€Bandn(B)=2

= B = {0, 1}

Question: 12

Solution:

(i) Given: A= {-2, 2} and B = {0, 3, 5}
To find: Ax B

By the definition of the Cartesian product,

Given two non — empty sets Pand Q. The Cartesian product P x Q is the set ofall ordered pairs of
elements from P and Q, .i.e.

PxQ={{p.gq):pEP,qEQ}

Here, A= {-2, 2} and B = {0, 3, 5}. So,
AxB={(-2,0)(-2,3).(-2,5).(2,0), (2,3). (2. 5)}
(ii) Given: A={-2, 2} and B = {0, 3,5}

To find: B x A

By the definition of the Cartesian product,

Given two non — empty sets P and Q. The Cartesian product P x  is the set ofall ordered pairs of
elements from P and Q, .i.e.

PxQ={(p.g):pEP, qEQ}

Here, A= {-2, 2} and B = {0, 3, 5}. So,

B = A={(0,-2)}, (0, 2).(3,-2). (3,2).(5.-2). (5, 2)}
(iii) Given: A = {-2, 2}

To find: A x A

By the definition of the Cartesian product,

Given two non — empty sets P and Q. The Cartesian product P x Q is the set ofall ordered pairs of
elements from P and Q, .i.e.

PxQ={(p.a):pEP.q€EQ}

Here, A= {-2, 2} and A = {-2, 2}.50,
AxA={(-2-2),(-2.2),(2.-2). (2. 2)}

(iv) Given: B = {0, 3, 5}

To find: B x B

By the definiton of the Cartesian product,

Given two non — empty sets Pand Q. The Cartesian product P x () is the set ofall ordered pairs of
elements from P and Q, .i.e.

PxQ={(p.q):pEP.qEQ}
Here, B = {0, 3,5} and B = {0, 3, 5}. So,

B x B = {(0,0),(0,3).(0.5). (3.0). (3. 3). (3, 5}. (5. 0). (5, 3). (5. 5)}



Question: 13
. CLASS24
Solution:

We have, A= {5, 7}

So, By the definition of the Cartesian product,

Given two non — empty sets P and Q. The Cartesian product P x  is the set ofall ordered pairs of
elements from P and Q, .i.e.

PxQ={(p.a):pEP,qEQ}

Here, A= {5, 7} and A = {5, 7}.50,

AxA={(5,5). (5 7)(7,5) (7. 7]}

Now again, we apply the definition of Cartesian product to find A x A x A
Here, A= {5,7}and A x A = {(5.5). (5, 7). (7. 5). (7. 7)}
C.AxA=xA={(5,55)(5517).(575)(577)(755),.(7.57).(7,.7,.5).(7,7, 7)}
Question: 14

Solution:

(i) Given: A={-3,-1} and B = {1, 3}

To find: Ax B

By the definition of the Cartesian product,

Given two non - empty sets Pand Q. The Cartesian product P x Q is the set ofall ordered pairs of
elements from P and Q, .i.e.

PxQ={(p.q}):pEP, qEQ}

Here, A ={-3,-1} and B = {1, 3}. So,

AxB={-3-1} x {1,3}

={(-3,1), (-3,3), (-1, 1). (-1, 3}}

(i) Given: C = {3, 5}

From part (i), we get A x B = {(-3, 1), (-3, 3), (-1. 1), (-1, 3)}
So,

(AxB)xC={(-3,1), (-2, 3). (-1, 1), (-1, 3)} = (3, 5)
=(-3,1,3).(-3,1,5).(-3,3,3). (-3, 3, 5). (-1, 1, 3), (-1, 1, 5), (-1, 3, 3). (-1, 3, 5)}
(iii) Given: B = {1, 3} and C = {3, 5}

To find: B x C

By the definition of the Cartesian product,

Given two non — empty sets P and Q. The Cartesian product P x Q is the set ofall ordered pairs of
elements from P and Q, .i.e.

PxQ={(p.a):pEP, q€EQ}
Here, B ={1, 3}and C= {3, 5}. So,
BxC=(1,3)%(3.,5)
={(1.3).(1,5).(3.3).(3.5}}

(iv) Given: A= {-3, -1}



From part (iii), weget B x C= {(1, 3), (1, 5). (3. 3). (3. 5)}
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Ax(BxC)={-3,-1} = {(1, 3), (1, 5). (3, 2), (3, 5})}

=(-3,1.3).(-3,1.,5).(3.3,3),(-3.3.5).(-1,1,3), (-1, 1,5). (-1, 3, 3), (-1, 3, 5)}

Exercise : 2B

Question: 1 A

Solution:

Given: A, B and C three sets are given.

Need toprove: Ax(BUC)=(AxBJU(Ax(C)
Let us consider, (x,¥) E A x (B U C)
=»x€Aandy €E(BUC)

=x€Aand (y EBory€C)

= (x€EAandy€EB)or(x€Aandy €C)

= (xy) €E(AxB)or (x y) € (A x C)
=(xy)E(AxB)U (A xC)

From this we can conclude that,
=2Ax(BUuCe (AxB)uU(AxC)---(1)

Let us consider again, (a,b) E(A x B) U (A x C)
= [a,b) E (A x B) or (a,b) E(A x C)

= (a€Aandb€E€B)or(a€ Aand bt C)
=a€Aand (b €EB orb €C)

=a€EAandb€ (BUC)

=[a,blEAx(BUC)

From this, we can conclude that,

=2 (AxBJU(AxC) S Ax(BUCQ)---(2)

Now by the definition of the set we can say that, from (1) and (2),
Ax(BUQC)=(AxB)UI([A xC)[Proved]
Question: 1 B

Solution:

Given: A, B and C three sets are given.
Needtoprovert Ax(BNC)=(AxB)n(A=x(C)
Let us consider, (x,y)EA x (BN C)
=x€Aandy € (BnQC)

=x€Aand (y EB and y € C)

= (x€Aandy€ B)and (x€ Aandy € C)



= (x,y) E(A»xB)and (x,¥) € (A x C) CLAssz4

=x.yJE(AxB)n (A x(C)

From this we can conclude that,

=2 Ax(BNCSAxB)n((Ax(C)----(1)

Let us consider again, (a,b) € (A x B) n (A x C)
= (a,b) € (A =% B) and (a,b) € (A x C)
=(a€Aandb€B)and(a€Aandb€C)
=a€Aand(beBandbE€ ()
=a€Aandbe(BnCC)

=(a,bJEA x(BnNC)

From this, we can conclude that,

= (AxB)N(AxC)SAx(BnC) - (2)
Now by the definition of the set we can say that, from (1) and (2),
Ax (BN C)=(AxB)n (A xC)[Proved]
Question: 1 C

Solution:

Given: A, B and C three sets are given.
Needtoprove: Ax (B-C)=(A*xB)-(Ax ()
Let us consider, (x,y) E A x (B - C)
=xEAandy€E(B-C)

=>xEAand (yEBand y ¢ C)

=(x€EAandy € B)and (x€ Aandy & C)
=[x, y) E(AxB)and (x, ¥) € (A x C)

= (x,y) € (A x B) - (A % C)

From this we can conclude that,

= Ax(B-C)< (A xB)- (A x C)-—-(1)

Let us consider again, (a, b) €E (A x B) — (A x C)
=(a,b)JE(AxB)and(a b) € (A x ()

= (a€Aandb€B)and{(a€Aandb ¢ C)
=a€c€Aand (be Band b & C)

=ac Aandbe (B-C)

=(a,b)EAx(BUCQC)

From this, we can conclude that,
=2(AxB)-(AxC)E Ax(B-C)--—- (2)

Now by the definition of set we can say that, from (1) and (2),

Ax[B-C)=(AxB)- (A xC) [Proved]



Question: 2
Solution: CLAssz4
Given: A and B two sets are given.

Need to prove: (AxB)Nn(Bx A)=(AnN B) x (BN A)

Let us consider, (x, ¥) €E (Ax B) N (B x A)

=(x,y) E(AxB)and (x,¥) € (B x A)

=(x€Aandy € B) and (x € B and y € A)

= (x€Aand x €E B} and (y €EB and y € A)
=2>x€E(AxB)andy € (B x A)

= [x.y) € (A x B) N (B x A)

From this, we can conclude that,

=2 (AxB)Nn(BxA)c (AnB) x(BnA)- (1)

Let us consideragain, (a.b) € (AN B) x (BN A)
=a€(ANB)andb € (B n A)

=(a€Aand a€ B) and (b € B and bt A)

=(a€Aand b €B)and (a€B and b £ A)

= (a, b) € (A x B) and (a, b) € (B x A)

= [a, b} E (A x B) N (B x A)

From this, we can conclude that,

=(ANB)x(BNA)S (AxB)n (B xA)----(2)

Now by the definition of set we can say that, from (1) and (2),
(AxB)n(BxA)=(AnNB) x (BnA)[Proved]

Question: 3

Solution:

Given: A = B, where A and B are nonempty sets.

Need to prove: Ax B=B x A

Let us consider, (x, y¥) € (A = B)

That means, x€ Aandy € B

As given in the problem A = B, we can write,
=x€EBandy€A

= (x,y) € (B x A)

Thatmeans, (A x B) = (B x A) ----(1)
Similarly we can prove,

= (B = A) = (A = B) -—--(2)

So, by the definition of set we can say from (1) and (2),



AxB=BxA |[Proved]
question: 2 CLASS24
Solution:

(i) Given: AS B

Need to prove: AxCCEB xC

Letus consider, (x, ¥) € (A x C)

That means,x€ Aandy€e C

Here given, AS B

That means, x will surely be in the set B as A is the subset of B and x € A,
So, we can write x € B

Therefore,xe Bandye C= (x,y) € (B < C)

Hence, we can surely conclude that,

AxCCBx»xC[Proved]

(ii) Given: AS Band C<E D

Need toprove:t AxCE B xD

Let us consider, (x, y) € (A x C)

That means, x € Aand y € C

Here given,AC BandC<E D

So,we cansay,x€ Bandy€ D

(x.y) € (B = D)

Therefore, we can say that, A x C € B x D [Proved]

Question: 5

Solution:
GiventAxBcCxDandAxB=d
Need toprove: A= Cand BE D

Let us consider, (x, y) € (A x B) -—-(1)
=[x y)E(CxD)[asA=xBECxD]---- (2)
From (1) we can say that,

XxEAandy EB----- (a)

From (2) we can say that,

x€ECand y€D - (b)

Comparing (a) and (b) we can say that,
=x€Aandx€C

=ACC

Again,



>y€Bandy€D
= B € D [Proved] CLASS24
Question: 6

Solution:

Given:n(A)=3,n(B)=4andn(ANB)=2

() n(A x B) =n(A) x n(B)

S n(AxB) =3 x4

= n(Ax B) =12

(i) n(B x A) = n(B) x n(A)

> n(BxA)=4x3

= n(B x A) =12

(i) n((AxB)N (Bx A)) =n(A x B) + n(B x A) - n((A x B) U (B x A))

n((AxB) N (BxA))=n(AxB)+n(B xA)-n(A x B) + n(B = A)

n({(AxB)N (BxA)) =0

Question: 7

Solution:

We know,

(Ax B) N (B xA)=(ANB)x(3nNA)

Here A and B have an element in common i.e, n(ANB) = 1 = (B N A)
So,n((AxB)N(BxA)=n((ANB)x(BnA))=nANB)xnBnA)=1x1=1

Thatmeans, Ax B and B x A have an element in common if and only if A and B have an element
in common. [Proved]

Queslion: 8

Solution:

Given: A={1,2}and B = {2, 3}

Need to write: All possible subsets of A x B
A={1,2}and B = {2, 3}

So, all the possible subsets of A x B are:
(AxB)={(x.¥): x€EAandy € B}

={(1,2), (1.3).(2.2), (2.3)}

Question: 9

Solution:

Given:A={a b,cd}B={cd e}andC={d, e f g}
(i) Needto prove: Ax (BN C)=(AxB)n (A xC(C)

Left hand side,



(BnC)={d, e}
= A x (BN C)={(a d).(a e), (b d). (b e), (c. d), (c e), (d d), (d e)} CLASS24
Right hand side,

(AxB) ={(a,c), (a.d), (a, e), (b, c), (b, d), (b, e), (¢, c). (c, d), (c, e), (d. ). (d, d). (d, e)}

(A x C) ={(a,d}). (a, €). (a, ). (a, g). (b, d), (b, &), (b, f), (b, ). (c. d). (c. €). (¢, 1. (¢, g). (d. d). (d.
e). (d. ). (d. g)}

Now,

(Ax BN (AxC)={(a d). (a el (b, d), (b, e), (c, d), (c, e), (d, d), (d, )}

Here, right hand side and left hand side are equal.

That means, A x (BN C) = (A x B) N (A x C) [Proved]

(i) Need to prove: Ax (B-C) = (A x B) - (A = C)

Left hand side,

(B -C)={c}

= Ax(B-C)={(a c), (b, c), (c, c), (d, c]}

Right hand side,

(A= B)={(a, c), (a,d), (a, e), (b, c), (b, d), (b, e). (¢ c)., (¢, d), (¢ e), (d c). (d, d), (d, e}}

(AxC)={(a, d). (a, e}, (a, 1), (a, g). (b, d}. (b, €], (b, f), (b, g}. (¢, d). (¢, €), (. f). (c, g). (d. d). (d,
e}, (d. 1), (d, g)}

Therefore, (A x B) — (A x C) = {(a, ¢). (b, c), (c. c). (d, ¢)}

Here, right hand side and left hand side are equal.

That means, A x (B —C) = (A x B) — (A x C) [Proved]

(iii) Need to prove: (Ax B) N (B x A) = (AN B) x (AN B)

Left hand side,

(Ax B)={(a.c)(a.d). (a e) (b.c). (b, d), (b, e), (c,c). (c. d), (c, e). (d, c). (d. d). (d. e}}
(B x A) = {(c. a), (c. b). (c, €}, (¢, d), (d, a), (d, b), (d, &), (d, d), (e, a), (e, b}, (e, c). (e, d)}
Now, (A x B) N (B x A) = {(c. <), (¢, d), (d, <), (d, d)}

Right hand side,

(AnB)={c d}

So, (AN B) x (AN B) = {(c c). (c. d), (d, ), (d, d}}

Here, right hand side and left hand side are equal.

That means, (Ax B) N (B x A) = (AN B) x (AN B) [Proved]

Exercise : 2C

Question: 1
Solution:

(1) If A and B are two nonempty sets, then any subset of the set (A x B) is said to a relation R from
set A to set B.

That means, if R be a relation from A to B then R € (A = B).
Therefore, (x,¥y) E R=>(x,y¥) € (A x B)

That means x is in relation to y. Or we can write xRy.



(ii) Let R be a relation from A to B. Then, the set containing all the first elements c

pairs belonging to R is called Domain. CLAssz4
For the relation R, Dom(R) = {x: (>, y) € R}

And the set containing all the second elements of the ordered pair belonging to Ris called Range.

For the relation R, Range(R) = {y: (x. ¥) € R}

Question: 2

Solution:

(i) Given: R={(-1,1),(1,1).(-2,4),(2,4),(2,4), (3.9)}

Dom(R) = {x: (x,y) €R} = {-2, -1, 1, 2, 3}

Range(R)={y: (. y)€ER} = {1, 4, 9}

1
. . = |
xXisanmterger. o X < 5 (

(ii) Given: R = ([\l
[\ 7x

That means, R = {[.11)( :l)(ﬁ‘l - Fl.i)}
2 3
Dom(R) ={x: (x,y] ER} = {1, 2, 3, 4}
gl )l
Range(R) = {y: (x, ¥}E R} = {1, - —!}

(iii) Given: R = {(x,y):x + 2y = B and x, y € N}
That means, R = {(2, 3), (4, 2), (6, 1)}
Dom(R] = {x: (x,y]) €ER} = {2, 4, 6}
Range(R)={y: (x. y) € R} = {1, 2, 3}

(iv) Given: R={(x, ¥v):y=|x-1|,x e Zand |x| = 3}
Dom(R) = {x: (x.y) ER} = {-3,-2,-1,0, 1, 2, 3}
Range(R) = {y: (x,y) € R} = {0, 1, 2, 3, 4}
Question: 3

Solution:

Given: A={1,3,5,7}and B = {2, 4, 6, 8}
((JR={(xy):x€A yeBandx=>y}

So, R in Roster Form,

R={(3.2).(5.2).(5,4). (7. 2). (7. 4).(7.6}}
(ii) Dom(R) = {3, 5, 7}

Range(R) = {2, 4, 6}



CLASS24

(iii)

NG

Vi
A B

Question: 4

Solution:

Given: A={2,4,5,7}and b={1,2,3,4,5,6,7,8}

(i) R={(x.¥) xe€ A,y € B and x divides y}

So, Rin Roster Form,

R={(2,2).(2,4).(2,6). (2,8), (4, 4). (4, 8). (5.5). (7.7}
(i) Dom(R)={2,4,5,7}

Range(R)=1{2,4,5,7,6,7, 8}

Question: 5

Solution:

Given:A={2,3,4,5}and B={3,6,7,10}

(i) R={(x¥).: xe A yeBand xis relatively prime to y}
So, Rin Roster Form,

R={(2,3),(2,.7).(3,7), (3,10), (4, 3). (4, 7),(5.3). (5.6). (5. 7)}
(ii) Dom(R)={2,3,4,5}

Range(R) = {3, 6, 7, 10}

Question: 6

Solution:

Given: A={1,2,3,5} AND B = {4, 6,9}
R={(x,y):xe A, yeBand (x-y) is odd}

Therefore, R in Roster Form is,
R={(1,4).(1,6),(2,9),(3,4). (3.6). (5, 4), (5.6}}
Queslion: 7

Solution:

Givent A={(®% y): x+3y=12,xe Nand y € N}

(i) So. R in Roster Form is,

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

(ii) Dom(R) = {3, 6, 9}

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



Question: 8 CLASSZ4

Solution:

Given: A={1,2, 3,4, 5, 6}

) R={{xy):y=x+1}

So, Ris Roster Form is,

R={(1,2). (2. 3). (3. 4). (4.5). (5. 6)}

(i) Dom(R)={1,2,3,4,5}
Range(R)=1{2, 3,4, 5, 6}

(iii) Here,y =x+ 1

So,the CoD(R)={1.2,3,4,5,6,.............}

R

(iv)

wn Pwn e
Ll o (V2 I - SV

Question: 9

Solution:

Given: R={(x,x+ 5):xe{9,1,2,3,4,5}}

(i) R is Foster Form is,

R={(9,14),(1.6).(2,7), (3. 8), (4.9), (5, 10)}

(ii) Dom(R)={1. 2, 3,4, 5,9}

Range(R) = {6, 7,8,9, 10, 14}

Question: 10

Solution:

Given: A={1,2, 3,4, 6}

(i)R={(a.b):a be A, and a divides b}

R is Foster Form is,

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

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

Question: 11

Solution:

Given: R={(a,b):a,b e Z and (a - b) is an integer

The condition satisfies for all the values of a and b to be any integer.



So, R={(a.b): forall a, b € (-o2, m0)}
CLASS24

Dom(R) = {-o, oo}

Range(R] = {-», o}

Question: 12

Solution:

Given: R = {(x, ¥): x, y € Z and x° + y? < 4}

(1) Ris Foster Form is,

R={(-2,0). (-1,-1), (-1, 0}, (-1, 1), (0,-2), (0,-1), (0, 0, (0, 1), (0, 2}, (1,-1). (1, 0), (1,1), (2, 0]}
(i) Dom(R)={-2,-1,0, 1, 2}

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

Question: 13

Solution:

Given: A={2,3} and B= {3, 5}

(i) (A = B) ={(2, 3], (2.5). (3. 3). (3, 5]}

Therefore, n(Ax B) =4

(ii) No. of relation from A to B is a subset of Cartesian product of (A = B).
Here no. of elements in A = 2 and no. of elements in B = 2.
So,(AxB)=2x2=4

So, the total number ofrelations can be defined from Ato Bis = 24 _ 15

Question: 14

Solution:

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

R={(a.b):aeA,beBand (a- b)is odd}

So.R = {(4. 7). (4.9)}

An empty relation means there is no elements in the relation set.
Here we get two relations which satisfy the given conditions.
Therefore, the given relation is not an Empty Relation.

The given relation would be an Empty Relation if,

1) A={3}or,

2)A={3,any odd number} or,

Exercise : 2D

Question: 1
Solution:

Any subset of (A x A) is called a binary relation to A. Here, (A x A) is the cartesian product of A



with A.

Let A= {4, 5, 6)and R= {(4, 5), (6.4). (5. 6)} CLAssz4
Here, R is a binary relation to A.

The domain of R is the set of first co-ordinates of R

Dom(R) = {4, 6, 5}

The range of R is the set of second co-ordinates of R

Range(R) = {5, 4. 6}

Question: 2

Solution:

First, calculate AxA.
AxA={(2,2),(2,3).(2,5).(3.2),(3,3).(3,5).(5, 2), (5, 3). (5, 5)}
Since, R is a subset of A x A, it's a binary relation on A.

The domain of R is the set of first co-ordinates of R

Dom(R) = {2, 3}

The range of R is the set of second co-ordinates of R

Range(R) = {3, 5}

Question: 3

Solution:

A={0,1,2,3,4,5,6, 7, 8}

Za+3b=12

12— 2a
B G

b

a=0 & b=4

a=3 & b=2

a=6 & b=0

R ={(0, 4}, (3. 2). (6, 0}}

Since, Ris asubset of A x A, it a relation to A.

The domain of R is the setoffirst co-ordinates of R
Dom(R) = {0, 3, 6}

The range of R is the set of second co-ordinates of R
Range(R) = {4, 2, 0}

Question: 4

Solution:

3a+2b=15



a=3 ¢ b=3

i CLASS24
R ={(1, 6), (3. 3). (5. 0}}

R™*={(6.1), (3. 3). (0. 5)}

The domain of R is the set of first co-ordinatesof R
Dom(R) = {1, 3, 5}

The range of R is the setof second co-ordinates of R
Range(R) = {6, 3, 0}

The domain of R ~!is the set of first co-ordinates of R 1
Dom[R_lj =46, 3, 0}

The range of R ™! is the set of second co-ordinates of R ~?
Range(R™1) = {1, 3, 5}

Thus,

dom (R) = range (R™")

range (R) = dom (R™1)

Question: 5

Solution:

An equivalence relation is one which possesses the properties of reflexivity, symmetry and
transitivity.

(i) Reflexivity:

A relation R on A is said to be reflexive if (a,a) € R forall a € A.

(ii) Symmetry:

A relation R on A is said to be symmetrical if (a,b) € R &(b,a) e R

for all (a, b) € A.

(iii) Transitivity:

A relation R on A is said to be transitive if (a, b) e Rand (b,c) e Ré(a,c) e Rforall (a, b, c) € A.
Let S be a set of all triangles in a plane.

(i) Since every triangle is similar to itself, it is reflexive.

(ii) If one triangle is similar to another triangle, it implies that the other triangle is also similar to
the first triangle. Hence, it is symmetric.

(iii) If one triangle is similar to a triangle and another triangle is also similar to that triangle, all
the three triangles are similar. Hence, it is transitive.

Question: 6

Solution:

(i) Reflexivity: Letae Z,a-a = 0 € Z which is also even.
Thus, (a, a) € R for all a € Z. Hence, it is reflexive

(ii) Symmetry: Let(a,b) e R

(a,b)eRéa-biseven



-(b - a) is even CLASSZ4

(b - a) is even

(b.a)eR

Thus, it is symmetric

(iii) Transitvity: Let (a,b) e Rand (b,c) e R
Then, (a - b) is even and (b - c) is even.
[(a-Db) + (b-c]]is even

(a - ¢} is even.

Thus (a,c) € R.

Hence, it is transitive.

Since, the given relation possesses the properties of reflexivity, symmetry and transitivity, it is an
equivalence relation.

Question: 7

Solution:

Puta=1,b=1]12-12| <5, (1, 1) is an ordered pair.
Puta=1,b=2|12- 22| <5, (1, 2) is an ordered pair.
Puta=1,b=3|12- 32| = 5, (1, 3) is not an ordered pair.
Puta=2,b=1|22- 12| =5, (2, 1) is an ordered pair.
Puta=2,b=2|22-22| =5, (2, 2) is an ordered pair.
Puta=2,b=3|22-32| =5, (2, 3) is an ordered pair.
Puta=3,b=1|32-12| > 5,(3, 1) is not an ordered pair.
Puta=3,b=2|32- 22| =5, (3, 2) is an ordered pair.
Puta=3,b=3|32-32| =5, (3, 3) is an ordered pair.
R={(1, 1), (1. 2), (2, 1). (2. 2), (2, 3). (3. 2). (3. 3)}

() For(a,a)eR

|a® — a?| = 0 = 5. Thus, it is reflexive.

(ii) Let(a,b) e R

(a.blJeRe|az-b2| =5

Ib2-a?%| =5

(b,a)e R

Hence, it is symmetric

(iii) Puta=1,b=2,c = 3.

[12-22%| <5

[22-32%|=5

But |12-32| =5

Thus, it is not transitive.

Question: 8



b=2a-4

" CLASS24

Putb=-2,a=1

Puta=4,b=4

a=1,b=4

Question: 9

Solution:

x2Z + y?' =9

We can have only integral values of x and y.
Putx=0,y=3,02+32=9
Putx=3,y=0,32+02=9
R={(0,3),(3.0).(0,-3),(-3.0)}

The domain of R is the set of first co-ordinates of R
Dom(R) ={-3, 0, 3}

The range of R is the set of second co-ordinates of R
Range(R) = {-3, 0, 3}

Question: 10

Solution:

A=1{12 34,5}

Since,x=y

R={(1,1),(1,2),(1,3), (1, 4), (1. 5).(2.2).(2,3).(2,4), (2,5). (3, 3). (3. 4), (3. 5). (4, 4). (4. 5),
(5.5)}

The domain of R is the set of first co-ordinates of R

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

The range of R is the set of second co-ordinates of R
Range(R) = {1, 2, 3, 4, 5}

Question: 11

Solution:

x% +y2=25

Putx=0,y=5,02+52=25

Putx=3,y=4,32+42=25

R=1{(0,5),(0,-5), (5,0), (-5, 0), (3, 4}, (-3, 4), (-3, -4), (3,-4)}
Since, x and y get interchanged in the ordered pairs, R and Rt
are same.

Question: 12



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

R™1={(21).(3.1).(3.2).(2.3). (5. 4)}}
(DR={(xy¥):x.yeN,x+ 2y =8}

8 —x
2

V=

Putx=2,y =3

Putx=4,y=2

Putx=6y=1

R={(2.3). (4 2). (6. 1)}
R™1={(3,2).(2,4),(1,6)}
Question: 13

Any relation on A is a subset of AxA.
AxA = {(a, a), (a, b), (b, a), (b, b)}
The subsets are.

{} empty set

{(a.a)}

{(a. b)}

{(a, a), (a, b}

{(b. a)}

{(b, b)}

{(b, a), (b, b)}

{(a, a), (b, a)}

{(a, b). (b. a}}

{(a, a), (b, a). (b, b)}

{(a, a), (b, b}}

{(a, a), (a, b). (b, a}}

{(a.a). (a.b), (b, b)}

{(a, b), (b, a), (b, b}}

{(a.a), (a. b). (b, a). (b. b)}

Thus, there are 16 total relations.

Question: 14

Solution:
N is the set of all the natural numbers.
N={1,2,3,4,5,6,7.... 1

R ={(a,b):a,b, e Nand a < b}

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

Forreflexivity,

A relation R on N is said to be reflexive if (a, a) e Rforallae N.

CLASS24



But, here we see that a < b, so the two co-ordinates are never equal. Thus, the rel:

reflexive. CLAssz4

For symmetry,

A relation R on N is said to be symmetrical if (a,b) e Ré(b,a) e R

Here, (a, b) € R does not imply (b, a) e R. Thus, itis not symmetric.

For transitivity,

A relation R on A is said to be transitive if (a, b) e Rand (b,c)e Ré (a,c) e Rforall (a, b, c) € N.

Let's take three values a,b and c suchthata<b<c. So,(a,bJeRand (b,c)e Ré (a, c) e R
Thus, it is transitive.

Exercise : 2E

Question: 1

Solution:

() n(A U B) =n(A)+ n(B) - n(ANB)
=5+3-2

=6

(i) n{A x B) = n(A) x n(B)

=5x3

=15

(i) nfAxB)Nn (B xA)=n{AxB)+n(BxA)-
Question: 2

Solution:

(a-2b,13) = (7,2a- 3b)

Comparing the co-ordinates,

a-2b=7 ..0i)

2a - 3b =13 ...(ii)

Solving the two equations simultaneously,
b=-1

a=>5

Question: 3

Solution:

A={1,2}

AxA={1,2}= {1, 2}={(1.1). (1. 2). (2. 1). (2. 2)}
AxAxA={1,2}={(1,1),(1,2) (2, 1), (2.2)}

Therefore

AxAxA={(1,1,1),(1,1,2) (1,2 1) (1.2 2), (2. 1. 1), (2. 1, 2). (2. 2, 1), (2. 2, 2)}

Question: 4



Solution: CLASSZ4

Question: 5

Solution:

A={3.4}.B={4.5}and C = {5, 6}
B x C={(4.5). (4. 6), (5. 5). (5. 6)}
Ax(B=xC)={(3.4,5),(3.4.6),(3,5,5), (3.5, 6), (4, 4,5), (4, 4,6), (4.5,5), (4,5, 6)}
Question: 6

IfAGiven: AC B

Then, A = B at some value
Multiplying by Cboth sides, we get,
AxC=BxC

Hence, Proved.

Question: 7

Solution:

Let A and B be any two sets such that
AxB={(a,b)acA, be B}

Now,

BxA={(b a):aeA, beB}
AxB=BxA

(a, b) = (b, a)

We can see that this is possible only when the ordered pairs are equal.
Therefore,

a=bandb=a

Hence, Proved.

Question: 8

Solution:

A ={5}



B = {5, 6}

A= B ={(5,5).(5,6)}

All the possible subsets of A x B are,

7

{(5.5)}

{(5. 61}

{(5.6). (5.6)}

Question: 9

Solution:

i) {(x, x2) : xis a prime number less than 10}.

Roster form: R = {(1, 1), (2, 4), (3,9), (5, 25), (7, 49)}
ii) The domain of Ris the set offirst co-ordinates of R
Dom(R) ={1, 2, 3,5, 7}

The range of R is the set of second co-ordinates of R
Range(R) = {1, 4, 9, 25, 49}

Question: 10

Solution:

The number of relations from set A to set B = 27(4n(&)
n{A)] = Number of elements in set A

n(B) = Number ofelements in set B

Here,
n(A) =3
n(B)=1

Total number of relations = 23 **

=8

Question: 11

Solution:

(i) R ={(3. 4). (3.5). (3, 6), (4. 5). (4. 6), (5. 6]}

(ii) The domain of R is the set of first co-ordinates of R
Dom(R) = {3, 4, 5}

The range of R is the setof second co-ordinates of R
Range(R) = {4, 5, 6}

(iii) R™! = {(4, 3). (5. 3, (6. 3). (5, 4). (6. 4), (6, 5)}

Question: 12

Solution:
N is the set of all the natural numbers.
N=1{1,2,3,4,56,7...}

R={(a,b):a,b, € Nand a < b}

CLASS24



R={(1,2).(1,3).(1.4) ... (2, 3).(2.4), (2. 5) ...... } CLAssz4

For reflexivity,
A relation R on N is said to be reflexive if (a, a) e Rforalla e N.

But, here we see that a < b, 50 the two co-ordinates are never equal. Thus, the relation is not
reflexive.

For symmetry,

A relation R on N is said to be symmetrical if (a, b) e R&(b,a)e R

Here, (a, b) € R does notimply (b, a) € R. Thus, it is not symmetric.

For transitivity,

A relation R on A is said to be transitive if (a,b) e Rand (b,c)e Ré (a,c) e Rforall (a, b, c) e N.

Let’s take three values a, b and ¢ suchthata<b <c. So, (a,b)eRand (b,c)eRé (a,c)e R
Thus, it is transitive.
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