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1. Introduction :

In class XI, you have already studied basics of relations and functions. In this chapter, you will

study about various types of relations and functions and their  properties. Let’s revise previous

concepts before starting new concepts. 

2. Relations :

A relation R from a non-empty set A to another non-empty set B is an improper subset of A x B.

Here,  we  can  recall  that  A x  B  is  Cartesian  product  of  sets A  and  B  and  defined  as

A ×B= {(a ,b ) :a∈ A ,b∈B }

i.e., R is a relation from A to B ⇔R : A→B∧R⊆A ×B

(a ,b )∈R⇔ aR b∧ (a ,b )∉R⇔ ais not related b

If n(A) = m and n(B) = n then n(A x B) = m x n

Number of relations possible from A to B = Number of subsets of A x B = 2mn

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

So, set of all values of ‘a’ is called domain and set of all values of ‘b’ is called range of R.

i.e., Domain of R = {a} ⊆  A 

Range of R = {b} ⊆  B

Co-domain of R = B

Clearly, Range ⊆  Co-Domain

For example, let R be a relation from A to B i.e., R : A→ B   where A = {1, 2, 3} and B = {2, 3,

5} and defined as R = {(a ,b ):b=a+1,a∈ A ,b∈B }  then 



R = {(1, 2), (2, 3)} ⊆A ×B  

Domain of R = {1, 2} ⊆A

Range of R = {2, 3} ⊆B

3. Trivial Relations :

Let A be a non-empty set and R is a relation defined on A, i.e., R⊆A× A

(i) Empty / Void / Null Relation – Since φ⊂ A× A , therefore, φ  is a null relation on A.

e.g. Let A = {1, 2, 3} and R = {(a, b): a + b = 7; a, b ∈  A}

then R = { } as  a + b ≠  7 for any element of A.

(ii) Universal Relation – Since, A × A⊂A × A  , we can say this is universal relation on A. 

e.g. Let R be a relation defined on set of integers such that R :Z →Z  and 

R = {(a ,b ):|a−b|∈Z ,∀a ,b∈Z }  then R = Z and hence universal relation.

Both Empty relation and Universal relation are called Trivial Relations. 

4. Reflexive Relation :

A relation R on set A is reflexive if every element of A is related to itself.

A relation R : A→ A  is reflexive ⇔  (a, a) ∈  A for all a ∈  A

Example 1: Check if the relations R = {(1, 1), (1, 2), (2, 2), (3, 3)} and R1 = {(1, 2), (2, 2), (3, 2)}

defined on set A = {1, 2, 3} are reflexive.

Solution: Since (a, a) ∈  R for all a ∈  A for relation R, therefore, R is reflexive.

                Since (1, 1) ∉  R1, therefore, R1 is not reflexive.

Example 2: Check if the relation R defined on set A of all lines in a plane as R = {(L1, L2): L1 is

parallel to L2} is reflexive. 

Solution: Since every line L1 is considered to be parallel to it, therefore, R is reflexive.

Example 3: Check if the relation R defined on set A of all lines in a plane as R = {(L1, L2): L1 is

perpendicular to L2} is reflexive. 

Solution: Since no line L1 can be perpendicular to it, therefore, R is not reflexive.



5. Symmetric Relation :

A relation R on set A is symmetric if (a, b) ∈  A ⇒  (b, a) ∈  R for all a, b ∈  A

Example 4: Check if the relations R = {(1, 1), (1, 2), (2, 2), (3, 3), (2, 1)} and R1 = {(1, 2), (2, 2),

(3, 2), (2, 3)} defined on set A = {1, 2, 3} are symmetric.

Solution: Since (a, b) ∈  R ⇒  (b, a) ∈  R for all a, b ∈  A for relation R, therefore, R is

reflexive.

Since (1, 2) ∈  R but (2, 1) ∉  R1, therefore, R1 is not symmetric.

Example 5: Check if the relation R defined on set A of all lines in a plane as R = {(L1, L2): L1 is

parallel to L2} is symmetric. 

Solution: Let (L1, L2) ∈  R ⇒L1∥L2  

                                           ⇒L2∥L1  

                                           ⇒ (L2, L1) ∈  R

               Thus, R is symmetric relation.

Example 6: Check if the relation R defined on set A of all lines in a plane as R = {(L1, L2): L1 is

perpendicular to L2} is symmetric. 

Solution: Let (L1, L2) ∈  R ⇒L1⊥ L2  

                                           ⇒L2⊥ L1  

                                           ⇒ (L2, L1) ∈  R

                Thus, R is symmetric relation.

6. Transitive Relation :

A relation R on set A is transitive if (a, b), (b, c) ∈  A ⇒  (a, c) ∈  R for all a, b, c ∈  A

Example 7: Check if the relations R = {(1, 1), (1, 2), (2, 3), (3, 3)} and R1 = {(2, 1), (2, 3), (3, 1)}

defined on set A = {1, 2, 3} are reflexive.

Solution: Since (1, 2), (2, 3) ∈  R but (1, 3) ∉  R, therefore, R is not transitive.



                Since (2, 3), (3, 1) ∈  R and (2, 1) ∈  R, therefore, R is transitive.

Example 8: Check if the relation R defined on set A of all lines in a plane as R = {(L1, L2): L1 is

parallel to L2} is transitive. 

Solution: Let (L1, L2), (L2, L3) ∈  R ⇒L1∥L2   and L2∥L3

                                           ⇒L1∥L3  

                                           ⇒ (L1, L3) ∈  R

               Thus,  R is transitive relation.

Example 9: Check if the relation R defined on set A of all lines in a plane as R = {(L1, L2): L1 is

perpendicular to L2} is transitive. 

Solution: Let (L1, L2), (L2, L3)  ∈  R ⇒L1⊥ L2  and L2⊥ L3

                                           ⇒  L1 is not perpendicular to L3

                                           ⇒ (L1, L3) ∉   R

                Thus, R is not transitive relation.

7. Equivalence Relation :

A relation R on set A is equivalence relation if R is reflexive, symmetric and transitive.

An equivalence relation R defined on a non-empty set A divides the set A into pair-wise disjoint

subsets, which are called equivalence classes.

[a] denotes the equivalence class of a ∈  A under the relation R.

We can say that [a] = { x: x ∈  A and x R a}

We will learn these concepts with the help of following examples.

Example 10: Check is the relation R defined on set of integers Z as R = {(x, y): x – y is an integer}

an equivalence relation.                                   

                                  [NCERT Exemplar]

Solution: Given relation R: Z →  Z defined as R = {(x, y): x – y is an integer}

              Since, x – x = 0 ∈  Z ⇒  (x, x) ∈  R ⇒  R is reflexive.

              Let (x, y) ∈  R ⇒  x – y ∈  Z



                                    ⇒  – (y – x) ∈  Z

                                    ⇒   (y – x) ∈  Z

                                    ⇒   (y, x) ∈  R

                                    ⇒  R is symmetric.

               Let (x, y), (y, z) ∈  R ⇒  x – y ∈  Z and y – z ∈  Z

                                    ⇒  (x – y) + (y – z) ∈  Z

                                    ⇒   (x – z) ∈  Z

                                    ⇒   (x, z) ∈  R

                                    ⇒  R is transitive.

           Thus R is an equivalence relation. 

Example 11: Let R be a relation defined on set of integers Z as R = {(a, b): 2 divides a – b}. Show

that R is an equivalence relation. Also write equivalence class of 0.

                                                                                                   [NCERT Exemplar]

Solution: Given relation R: Z →  Z defined as R = {(x, y): 2 divides x – y}

               Since, x – x = 0, which is divisible by 2 ⇒  (x, x) ∈  R ⇒  R is reflexive.

              Let (x, y) ∈  R ⇒  x – y is divisible by 2

                                    ⇒  – (y – x) is also divisible by 2

                                    ⇒   (y – x) is divisible by 2

                                    ⇒   (y, x) ∈  R

                                    ⇒  R is symmetric.

               Let (x, y), (y, z) ∈  R ⇒  x – y is divisible by 2 and y – z is divisible by 2

                                    ⇒  (x – y) + (y – z) is divisible by 2

                                    ⇒   (x – z) is divisible by 2

                                    ⇒   (x, z) ∈  R

                                    ⇒  R is transitive.

           Thus R is an equivalence relation. 

           Equivalence class of 0 = [0] = set of elements related to 0

           [ 0 ]= {0,±2,±4,±6,……. }



Example 12: Show that the relation R defined on set of real numbers R as R = {(a, b): a≤b2 } is

neither reflexive nor symmetric nor transitive.                                 

  [NCERT Exemplar]

Solution: Since 
1
2
≰( 1

2 )
2

⇒ ( 1
2
,
1
2 )∉R  ⇒  R is not reflexive.

              (1, 2) ∈  R as 1 < 22 but 2 ≰12  ⇒ (2,1 )∉R  ⇒  R is not symmetric

            Since (5, 3), (3, 2) ∈  R as 5 < 32 and 3 < 22  

           But 5 ≰  22 ⇒ (5,2 )∉R  ⇒  R is not transitive

Example  13:  Show  that  the  relation  R  defined  on  the  set  A  of  all  the  triangles  as

R= {(T 1, T2 ) :T 1∼T 2;T 1, T 2∈ A }  is an equivalence relation. Consider three right angle triangles

T1 with sides 3, 4, 5; T2 with sides 5, 12, 13 and T3 with sides 6, 8, 10. Which triangles out of these

three are related?                                                           

[NCERT Exemplar]

Solution: Since T1∼T1⇒  (T 1, T1 )∈R  ⇒  R is reflexive

              Let (T 1, T 2)∈R  ⇒T 1∼T 2

                                         ⇒T 2∼T 1

                                         ⇒ (T 2, T 1 )∈ R  

            Thus R is symmetric.

            Let (T 1 , T 2) , (T 2 , T 3 )∈ R  ⇒T 1∼T 2  and T2∼T3

                                         ⇒T 1∼T 3

                                         ⇒ (T 1 , T 3 )∈ R  

           Thus R is transitive.

           Hence R is an equivalence relation. 

           Since sides of triangles T1 and T3 are proportional, therefore, T1 and T3 are related.

Example  14:  Let  A  =  {1,  2,  3,…,  9}  and  R  be  the  relation  defined  on  A  x  A  as

R= {(a ,b ) R (c ,d )⇔a+d=b+c;∀ (a ,b ) , (c ,d )∈ A× A } . Show that R is an equivalence relation.

Also obtain equivalence class [(2, 5)].



                                                                                                  [NCERT Exemplar]

Solution: Since a + b = b + a ⟹  (a, b) R (a, b) ⟹  R is reflexive

              Let (a ,b ) R (c ,d )⟹a+d=b+c

                                          ⟹  c + b = a + d

                                         ⟹  c + b = d + a

                                        ⟹  (c,d) R (a, b)

Thus R is symmetric.

Let (a, b) R (c, d) and (c, d) R (e, f) ⟹  a + d = b + c and c + f = d + e

⟹  a + d + c + f = b + c + d + e                         (adding both the equations)

⟹  a + f = b + e

⟹  (a, b) R (e, f)

Thus R is transitive.

Hence R is an equivalence relation.

[(2, 5)] = {(1, 4), (2, 5), (3, 6), (4, 7), (5, 8), (6, 9)}

        

8. Summary :

 A relation R from a non-empty set A to another non-empty set B is an improper subset of A

x B.

 R is a relation from A to B ⇔R : A→B∧R⊆A ×B

 Number of relations possible from A to B = Number of subsets of A x B = 2mn, where n(A)

= m and n(B) = n

 Since, φ⊂ A× A , therefore, φ  is a null relation on A.

 Since, A × A⊂A × A , we can say this is universal relation on A. 

 Both Empty relation and Universal relation are called Trivial Relations. 

 A relation R on set  A  is  reflexive if  every element  of A is  related to itself.  A relation

R : A→ A  is reflexive ⇔  (a, a) ∈  A for all a ∈  A

 A relation R on set A is symmetric if (a, b) ∈  A ⇒  (b, a) ∈  R for all a, b ∈  A

 A relation R on set A is transitive if (a, b), (b, c) ∈  A ⇒  (a, c) ∈  R for all a, b, c

∈  A

 A relation R on set A is equivalence relation if R is reflexive, symmetric and transitive.



 An equivalence relation R defined on a non-empty set A divides the set A into pair-wise

disjoint subsets, which are called equivalence classes.

 [a] denotes the equivalence class of a ∈  A under the relation R. 

 [a] = { x: x ∈  A and x R a}


