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1. Introduction 
Fuzzy graph theory was introduced by Azriel Rosenfeld in 1975 [4]. Though it is very 
young, it has been growing fast and has numerous applications in various fields. During 
the same time Yeh and Bang have also introduced various concepts in connectedness in 
fuzzy graphs [9]. Mordeson and Peng introduced the concept of operations on fuzzy 
graphs. Sunitha and Vijayakumar discussed about complementary of the operations of 
union, join, Cartesian product and composition on two fuzzy graphs [8]. The degree of a 
vertex in fuzzy graphs which are obtained from two given fuzzy graphs using these 
operations were discussed by Nagoor Gani and Radha [3]. Radha and Kumaravel  
introduced the concept of degree of an edge and total degree of an edge in fuzzy graphs 
[5]. We study about the degree of an edge in fuzzy graphs which are obtained from two 
given fuzzy graphs using the operations of union and join. In general, the degree of an 
edge in union and join of two fuzzy graphs G1 and G2 cannot be expressed in terms of 
these in G1 and G2. In this paper, we find the degree of an edge in union and join of two 
fuzzy graphs G1 and G2 in terms of the degree of edges of G1 and G2 in some particular 
cases.  
 First we go through some basic concepts.  

Definition 1.1. [3] A fuzzy subset of a set V is a mapping σ from V to [0, 1]. A fuzzy 
graph G is a pair of functions G: (σ, µ) where σ is a fuzzy subset of a non-empty set V 
and µ is a symmetric fuzzy relation on σ, (i.e.) µ(x, y) ≤ σ(x) ∧ σ(y) for all x, y ∈ V. The 
underlying crisp graph of G: (σ, µ) is denoted by G*: (V, E) where E ⊆ V×V.  
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Throughout this paper, G1: (σ1, µ1) and G2: (σ2, µ2) denote two fuzzy graphs with 
underlying crisp graphs G1

*: (V1, E1) and G2
*: (V2, E2) with |V i| = pi, i = 1, 2. Also 

)(* iG
ud

i
 denotes the degree of ui in Gi

*. 

 
Definition 1.2. [3] Let G: (σ, µ) be a fuzzy graph on G*: (V, E). The degree of a vertex u 

is dG(u) = ∑
≠vu

uv)(µ = ∑
∈Euv

uv)(µ . 

The minimum degree of G is δ(G) = ∧{dG(v) : v ∈ V}. 
The maximum degree of G is ∆(G) = ∨{dG(v) : v ∈ V}. 
 
Definition 1.3. [3] The total degree of a vertex u∈ V is defined by  

tdG(u) = ∑
≠vu

uv)(µ + σ(u) = dG(u) + σ(u). 

 
Definition 1.4. [1] Let G*: (V, E) be a graph and let e = uv be an edge in G*. Then the 
degree of an edge e = uv∈ E is defined by dG*(uv) = dG*(u) + dG*(v) – 2. 
 
Definition 1.5. [3] Let G1: (σ1, µ1) and G2: (σ2, µ2) be two fuzzy graphs with underlying 
graphs G1

*: (V1, E1) and G2
*: (V2, E2) and let G* = G1

*∪ G2
* = (V1 ∪ V2, E1 ∪ E2) be the 

union of G1
* and G2

*. Then the union of two fuzzy graphs G1 and G2 is a fuzzy graph G = 
G1∪ G2: (σ1∪σ2, µ1∪µ2) defined by  

 (σ1∪σ2)(u) =







∩∈∨
−∈
−∈

2121
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),()(
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),(

VVuifuu
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VVuifu

σσ
σ
σ

 

 (µ1∪µ2)(uv) =







∩∈∨
−∈
−∈

2121

122

211

),()(

),(
),(

EEuvifuvuv

EEuvifuv
EEuvifuv

µµ
µ
µ

. 

 
Definition 1.6. [3] Let G1: (σ1, µ1) and G2: (σ2, µ2) be two fuzzy graphs with underlying 
graphs G1

*: (V1, E1) and G2
*: (V2, E2) with V1∩ V2 = φ and let G* = G1

* + G2
* = (V1 ∪ V2, 

E1 ∪ E2∪ E′) be the join of G1
* and G2

*, where E′ is the set of all edges joining the 
vertices of V1 and V2. Then the join(sum) of two fuzzy graphs G1 and G2 is a fuzzy graph 
G = G1 + G2: (σ1 + σ2, µ1 + µ2) defined by  
 (σ1 + σ2)(u) = (σ1∪σ2)(u), ∀ u ∈ V1 ∪ V2 and 

 (µ1 + µ2)(uv) =




′∈∧
∪∈∪
Euvifvu

EEuvifuv

),()(

),)((

21

2121

σσ
µµ

. 

 

Definition 1.7. [2] The order of a fuzzy graph G is defined by O(G) = ∑
∈Vu

u)(σ . 
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Definition 1.8. [2] The size of a fuzzy graph G is defined by S(G) = ∑
∈Euv

uv)(µ . 

 
Definition 1.9. [5] Let G: (σ, µ) be a fuzzy graph on G*: (V, E). The degree of an edge uv 

is dG(uv) = dG(u) + dG(v) – 2µ(uv) = ∑
≠
∈
vw
Euw

uw)(µ  + ∑
≠
∈
uw
Ewv

wv)(µ . 

The minimum degree of G is δE(G) = ∧{dG(uv) : uv∈ E}. 
The maximum degree of G is ∆E(G) = ∨{dG(uv) : uv∈ E}. 
 
Definition 1.10. [5] Let G: (σ, µ) be a fuzzy graph on G*: (V, E). The total degree of an 
edge uv∈ E is defined by tdG(uv) = dG(uv) + µ(uv) = dG(u) + dG(v) – µ(uv). 
 
Example 1.11. 
                    u(0.2)               0.2             v(0.4)         
                                                          
                 
                   0.2                  0.3                     
                                                      
                  
              
                   w(0.7)               0.6             x(0.6)  
                  

Figure 1.1. Fuzzy graph G: (σ, µ) 
 
 dG(u) = µ(uv) + µ(uw) = 0.2 + 0.2 = 0.4,  
 tdG(u) = dG(u) + σ(u) = 0.4 + 0.2 = 0.6.  
 δ(G) = ∧{dG(v), ∀ v∈V} = ∧{0.4, 0.5, 1.1, 0.6} = 0.4 = dG(u). 
 ∆(G) = ∨{dG(v), ∀ v∈V} = ∨{0.4, 0.5, 1.1, 0.6} = 1.1 = dG(w). 

 dG(uv) = ∑
≠
∈
vw
Euw

uw)(µ  + ∑
≠
∈
uw
Ewv

wv)(µ  = 0.2 + 0.3 = 0.5. 

 tdG(uv) = dG(uv) + µ(uv) = 0.5 + 0.2 = 0.7.  
 δE(G) = ∧{dG(uv), ∀uv∈E} = ∧{0.5, 1.1, 1.0, 0.5} = 0.5 = dG(uv) = dG(wx). 
 ∆E(G) = ∨{dG(uv), ∀uv∈E} = ∨{0.5, 1.1, 1.0, 0.5} = 1.1 = dG(uw). 
 
2. Degree of an edge in union 
For any 21 EEuv ∪∈ , fix 21 VVu ∪∈ . We have three cases to consider. 

Case 1: V1∩ V2 = φ.  
Let uv ∈ E1 ∪ E2 be any edge. 
Hence E1∩ E2= φ. 
Therefore 1Euv∈  or 2Euv∈ , but not both.   
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So (µ1∪µ2)(uv) =




−∈
−∈

122

211

),(

),(

EEuvifuv

EEuvifuv

µ
µ

. 

By definition, )(
21

uvd GG ∪ = ∑
≠∪∈

∪
vwEEuw

uw
,

21

21

))(( µµ  + ∑
≠∪∈

∪
uwEEwv

wv
,

21

21

))(( µµ . 

If uv∈ E1, )(
21

uvd GG ∪ = ∑
≠∈ vwEuw

uw
,

1

1

)(µ + ∑
≠∈ uwEwv

wv
,

1

1

)(µ . 

 ∴ )(
21

uvd GG ∪ = )(
1

uvdG . 

Similarly, if uv∈ E2, )(
21

uvd GG ∪ = )(
2

uvdG . 

 
Example 2.1.  
                          u(0.5)                                                             x(0.4)                         
  
                  0.3              0.4                                                0.3                             
 

           w(0.4)     0.4     v(0.6)                                   z(0.6)       0.5     y(0.7)   
                       G1                                                                                                                 G2                                            

                                          u(0.5)                             x(0.4) 

 

                                    0.3             0.4                      0.3 

 

                           w(0.4)     0.4     v(0.6)    z(0.6)      0.5    y(0.7)       

                                                                                          G1 ∪∪∪∪ G2 

                                                                                        Figure 2.1: 

 

Here uv ∈ E1. Then )(
21

uvd GG ∪ = )(
1

uvdG  = 0.3 + 0.4 = 0.7. 

Case 2: φ≠∩ 21 VV , φ=∩ 21 EE . 

Then 1Euv∈  or 2Euv∈ . Choose 1Euv∈ . Then 2Euv∉ . 

Also, if both 21, VVvu ∩∉ , then it is of case 1. 

So, consider either 21 VVu ∩∈  or 21 VVv ∩∈  or both 21, VVvu ∩∈ . 

Subcase 1: 21 VVu ∩∈  or 21 VVv ∩∈ . 

When 21 VVu ∩∈ ,  

By definition,  )(
21

uvd GG ∪  
= ))((2)()( 212121

uvvdud GGGG µµ ∪−+ ∪∪ . 

                                       = )(2)()]()([ 1121
uvvdudud GGG µ−++ . 

                         = )()](2)()([
211 1 uduvvdud GGG +−+ µ . 

     ∴ )(
21

uvd GG ∪  = )()(
21

uduvd GG + , if u ∈ V1 ∩ V2. 
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Similarly, )(
21

uvd GG ∪  = )()(
21

vduvd GG + , if v ∈ V1 ∩ V2.  

Thus,       




∩∈+
∩∈+

=∪
21

21

),()(

),()(
)(

21

21

21 VVvifvduvd

VVuifuduvd
uvd

GG

GG

GG .
 

In a similar way, if 2Euv∈ , then 




∩∈+
∩∈+

=∪
21

21

),()(

),()(
)(

12

12

21 VVvifvduvd

VVuifuduvd
uvd

GG

GG

GG .
 

 
Example 2.2. 
                         u(0.5)                                                                          u(0.4)                                  
  
                     0.3            0.4                                                           0.3                                    
 

            w(0.4)      0.4    v(0.6)                                              x(0.6)        0.5    y(0.7)                                           
                             G1                                                                                                                           G2                                                             

                                                   u(0.5)                       

 

                                            0.3      0.4        0.3 
 

                                   w(0.4)      0.4    v(0.6)   x(0.6)     0.5    y(0.7)       

                                                                                                      G1 ∪∪∪∪ G2 

Figure 2.2: 
 

Here 1Euv∈  and 21 VVu ∩∈ . Then )(
21

uvd GG ∪  = )()(
21

uduvd GG +   

                                                                       = 0.7 + 0.3 = 1.0. 
Subcase 2: 21, VVvu ∩∈ , 1Euv∈ . 

Since φ=∩ 21 EE , no edge incident at u or v is in 21 EE ∩ . 

Since the edges incident at u & v in 1G and also in 2G  appear with the same membership 

values in 21 GG ∪ .  

By definition,   )(
21

uvd GG ∪  
= ))((2)()( 212121

uvvdud GGGG µµ ∪−+ ∪∪ . 

                                        = )(2)()()()( 12121
uvvdvdudud GGGG µ−+++ . 

                          = )()()](2)()([
2211 1 vduduvvdud GGGG ++−+ µ . 

      ∴ )(
21

uvd GG ∪  = )()()(
221

vduduvd GGG ++ . 

In a similar way, if 2Euv∈ , then )(
21

uvd GG ∪  = )()()(
112

vduduvd GGG ++ . 

 
 
Example 2.3. 
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               u(0.5)                               u(0.4)                              u(0.5)                       
  
      0.3            0.4                    0.3                                    0.3     0.4              0.3  
 

w(0.4)  0.4    v(0.6)        x(0.6)      0.5   v(0.7)       w(0.4)     0.4     v(0.7)      0.5     x(0.6)          

             G1                                                             G2                                                                   G1 ∪∪∪∪ G2 

Figure 2.3: 
 

Here 1Euv∈  and 21, VVvu ∩∈ . Then )(
21

uvd GG ∪   = )()()(
221

vduduvd GGG ++   

                                                                          = 0.7 + 0.3 + 0.5 = 1.5. 
Case 3: φ≠∩ 21 VV , φ≠∩ 21 EE . 

Then 21 EEuv ∩∈ . Therefore 1Euv∈  and 2Euv∈ .  

So, consider either no edge incident at u & v other than uv is in 21 EE ∩  or some of the 

edges incident at u & v other than uv are in 21 EE ∩ . 

Subcase 1: No edge incident at u and v other than uv is in 21 EE ∩ . 
Then the edge incident at u or v is in either E1 or in E2, those edges appear with the same 
membership value in 21 GG ∩ .  
By definition,  

)(
21

uvd GG ∪  
= ∑

≠∪∈

∪
vwEEuw

uw
,

21

21

))(( µµ  + ∑
≠∪∈

∪
uwEEwv

wv
,

21

21

))(( µµ . 

                 = ∑
≠−∈ vwEEuw

uw
,

1

21

)(µ
 

+ ∑
≠−∈ vwEEuw

uw
,

2

12

)(µ
 

+ ∑
≠−∈ uwEEwv

wv
,

1

21

)(µ  + ∑
≠−∈ uwEEwv

wv
,

2

12

)(µ . 

                 = ∑
≠−∈ vwEEuw

uw
,

1

21

)(µ
 

+ ∑
≠−∈ uwEEwv

wv
,

1

21

)(µ  + ∑
≠−∈ vwEEuw

uw
,

2

12

)(µ
 

+ ∑
≠−∈ uwEEwv

wv
,

2

12

)(µ .        

∴ )(
21

uvd GG ∪  
= )(

1
uvdG

 

+ )(
2

uvdG .  

 
Example 2.4. 
              u(0.5)                              u(0.4)                                    u(0.5)                       
  
      0.3             0.4                 0.3                                         0.3             0.4          
 

w(0.4)   0.4   v(0.6)      v(0.6)      0.5    y(0.7)           w(0.4)     0.4    v(0.6)      0.5    y(0.7)       

              G1                                                           G2                                                                          G1 ∪∪∪∪ G2 

Figure 2.4: 
Here uv ∈ E1 ∩ E2.  
Then )(

21
uvd GG ∪  

= )(
1

uvdG

 

+ )(
2

uvdG

 

= 0.7 + 0.5 = 1.2. 

Subcase 2: Some of the edges incident at u & v other than uv are in 21 EE ∩ . 



K. Radha and N. Kumaravel 

14 

 

By definition, )(
21

uvd GG ∪  
= ∑

≠∪∈

∪
vwEEuw

uw
,

21

21

))(( µµ  + ∑
≠∪∈

∪
uwEEwv

wv
,

21

21

))(( µµ . 

= ∑
≠−∈ vwEEuw

uw
,

1

21

)(µ
 

+ ∑
≠−∈ vwEEuw

uw
,

2

12

)(µ  + ∑
≠−∈ uwEEwv

wv
,

1

21

)(µ
 

+ ∑
≠−∈ uwEEwv

wv
,

2

12

)(µ  + 

∑
≠∩∈

∨
vwEEuw

uwuw
,

21

21

)()( µµ  + ∑
≠∩∈

∨
uwEEwv

wvwv
,

21

21

)()( µµ . 

= ∑
≠−∈ vwEEuw

uw
,

1

21

)(µ
 

+ ∑
≠−∈ uwEEwv

wv
,

1

21

)(µ  + ∑
≠−∈ vwEEuw

uw
,

2

12

)(µ
 

+ ∑
≠−∈ uwEEwv

wv
,

2

12

)(µ  + 

∑
≠∩∈

∨
vwEEuw

uwuw
,

21

21

)()( µµ  + ∑
≠∩∈

∨
uwEEwv

wvwv
,

21

21

)()( µµ  + ∑
≠∩∈

∧
vwEEuw

uwuw
,

21

21

)()( µµ  + 

∑
≠∩∈

∧
uwEEwv

wvwv
,

21

21

)()( µµ  –  ∑
≠∩∈

∧
vwEEuw

uwuw
,

21

21

)()( µµ  – ∑
≠∩∈

∧
uwEEwv

wvwv
,

21

21

)()( µµ                

= ∑
≠∈ vwEuw

uw
,

1

1

)(µ
 

+ ∑
≠∈ uwEwv

wv
,

1

1

)(µ  + ∑
≠∈ vwEuw

uw
,

2

2

)(µ
 

+ ∑
≠∈ uwEwv

wv
,

2

2

)(µ  –  

∑
≠∩∈

∧
vwEEuw

uwuw
,

21

21

)()( µµ  – ∑
≠∩∈

∧
uwEEwv

wvwv
,

21

21

)()( µµ .      

             ∴ )(
21

uvd GG ∪  
= )(

1
uvdG

 

+ )(
2

uvdG   –  ∑
≠∩∈

∧
vwEEuw

uwuw
,

21

21

)()( µµ  – 

∑
≠∩∈

∧
uwEEwv

wvwv
,

21

21

)()( µµ .  

 
 
Example 2.5. 
             u(0.5)    0.4   x(0.6)          u(0.4)    0.3   x(0.5)               u(0.5)    0.4    x(0.6)                      
  
      0.3             0.4                 0.3                                          0.3             0.4          
 

w(0.4)   0.4   v(0.6)      v(0.6)      0.5     y(0.7)          w(0.4)       0.4    v(0.6)       0.5   y(0.7)       

              G1                                                          G2                                                                             G1 ∪∪∪∪ G2 

Figure 2.5: 
Here uv ∈ E1 ∩ E2.  

                Then )(
21

uvd GG ∪  
= )(

1
uvdG

 

+ )(
2

uvdG   –  ∑
≠∩∈

∧
vwEEuw

uwuw
,

21

21

)()( µµ  – 

∑
≠∩∈

∧
uwEEwv

wvwv
,

21

21

)()( µµ . 
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        ∴ )(
21

uvd GG ∪  
= 1.1 + 0.8 – 0.3 – 0 = 1.6. 

 
3. Degree of an edge in join 

Here V1 ∩ V2  = φ. Hence E1 ∩ E2 = φ. 

            (µ1 + µ2)(uv) = 







′∈∧
∈
∈

Euvifvu
Euvifuv

Euvifuv

),()(
),(

),(

21

22

11

σσ
µ
µ

 

By definition,  

     )(
21

uvd GG +  
= ∑

≠′∪∪∈ vwEEEuw

uw
,21

)(µ  + ∑
≠′∪∪∈ uwEEEwv

wv
,21

)(µ . 

i.e., )(
21

uvd GG +  
= ∑

≠∪∈ vwEEuw

uw
,21

)(µ  + ∑
≠∪∈ uwEEwv

wv
,21

)(µ  + ∑
≠′∈ vwEuw

uw
,

)(µ  + ∑
≠′∈ uwEwv

wv
,

)(µ . 

For any uv∈ E1,  

    
)(

21
uvd GG + = ∑

≠∈ vwEuw

uw
,

1

1

)(µ  + ∑
≠∈ uwEwv

wv
,

1

1

)(µ  + ∑
′∈

∧
Euw

wu )()( 21 σσ  + 

∑
′∈

∧
Evw

wv )()( 21 σσ . 

∴ )(
21

uvd GG +  
= )(

1
uvdG  

+ ∑
′∈

∧
Euw

wu )()( 21 σσ
 
+ ∑

′∈

∧
Evw

wv )()( 21 σσ
 
                  (4.1) 

Similarly, for any uv∈ E2,  

   
)(

21
uvd GG +  

= )(
2

uvdG  + ∑
′∈

∧
Ewu

uw )()( 21 σσ  + ∑
′∈

∧
Ewv

vw )()( 21 σσ
                   

(4.2) 

and for any uv∈ E′ with u ∈ V1, v ∈ V2,  

   )(
21

uvd GG +  
= ∑

∈ 1

)(1
Euw

uwµ  + ∑
∈ 2

)(2
Ewv

wvµ  + ∑
≠′∈

∧
vwEuw

wu
,

21 )()( σσ  + 

∑
≠′∈

∧
uwEwv

vw
,

21 )()( σσ  

                      = )(
1

udG  
+ )(

2
vdG  + ∑

≠′∈

∧
vwEuw

wu
,

21 )()( σσ  + ∑
≠′∈

∧
uwEwv

vw
,

21 )()( σσ     (4.3) 

 
Definition 3.1. [3] The relation σ1≥σ2 means that σ1(u) ≥σ2(v), for every u ∈ V1 and for 
every v ∈ V2, where σI is a fuzzy subset of Vi, i = 1, 2. 
 
Theorem 3.2. Let G1: (σ1, µ1) and G2: (σ2, µ2) be two fuzzy graphs. 

1. If σ1≥σ2, then 

  )(
21

uvd GG +  = 








′∈−+++
∈++
∈+

EuvifvpGOvdud

Euvifvupuvd

EuvifGOuvd

GG

G

G

),()2()()()(

)),()(()(

),(2)(

212

2221

12

21

2

1

σ
σσ . 
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2. If σ2≥σ1, then 

  )(
21

uvd GG +  = 








′∈−+++
∈+
∈++

EuvifupGOvdud

EuvifGOuvd

Euvifvupuvd

GG

G

G

),()2()()()(

),(2)(

)),()(()(

121

21

1112

21

2

1

σ

σσ
. 

Proof. We have σ1≥σ2.  
From (4.1), for any uv∈ E1,  

 )(
21

uvd GG + = )(
1

uvdG  + ∑
′∈

∧
Euw

wu )()( 21 σσ  + ∑
′∈

∧
Evw

wv )()( 21 σσ  

                 = )(
1

uvdG  + ∑
∈ 2

)(2
Vw

wσ  + ∑
∈ 2

)(2
Vw

wσ  

                               = )(
1

uvdG + )(2 2GO . 

From (4.2), for any uv∈ E2,  

              )(
21

uvd GG +  
= )(

2
uvdG  + ∑

′∈

∧
Ewu

uw )()( 21 σσ  + ∑
′∈

∧
Ewv

vw )()( 21 σσ  

                               = )(
2

uvdG  + ∑
∈ 1

)(2
Vw

uσ  + ∑
∈ 1

)(2
Vw

vσ  

                               = )(
2

uvdG + )()( 2121 vpup σσ +  

                               = )(
2

uvdG + ))()(( 221 vup σσ +  

From (4.3), for any uv∈ E′,  
              )(

21
uvd GG +  

= )(
1

udG + )(
2

vdG + ∑
≠′∈

∧
vwEuw

wu
,

21 )()( σσ  + ∑
≠′∈

∧
uwEwv

vw
,

21 )()( σσ  

                               = )(
1

udG + )(
2

vdG +∑
∈ 2

)(2
Vw

wσ + )(2)( 22

1

vv
Vw

σσ −∑
∈

 

                                = )(
1

udG + )(
2

vdG + )( 2GO + )()2( 21 vp σ− . 

 Proof of (2) is similar to the proof of (1). 
 
Example 3.3. Consider G1 and G2 in figure 3.1. 
       u1(0.4)                              u2(0.5)                                                u1(0.4)     0.4    u2(0.5) 
 
                                                                                                                         0.4 
               0.3                            0.4                                                       0.3                        0.4                           
                                                                                                                         0.5 
       
       v1(0.5)                              v2(0.7)                                                 v1(0.5)     0.5    v2(0.7) 
          G1                                      G2                                                              G1 + G2 

Figure 3.1: 
We have σ2≥σ1. So by (2) of theorem 3.2, 

)( 1121
vud GG +  = )( 111

vudG + ))()(( 11112 vup σσ +  = 0 + 2(0.4 + 0.5) = 1.8 
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)( 2221
vud GG +  = )( 222

vudG + )(2 1GO  = 0 + 2(0.9) = 1.8 

)( 2121
vud GG +  = )( 11

udG + )( 22
vdG + )( 1GO + )()2( 112 up σ−   

                   = 0.3 + 0.4 + 0.9 + (2 – 2)(0.4) = 1.6. 
The above degrees can be verified in the figure of G1 + G2 given in figure 3.1. 
 
Theorem 3.4. Let G1: (σ1, µ1) and G2: (σ2, µ2) be two fuzzy graphs such that σ1 ∧σ2 is a 
constant function.  

Then )(
21

uvd GG +  = 








′∈−+++
∈+
∈+

Euvifppcvdud

Euvifcpuvd

Euvifcpuvd

GG

G

G

),2()()(

,2)(

,2)(

21

21

12

21

2

1

. 

Where cvu =∧ )()( 21 σσ  is a constant, for all u ∈ V1 and v ∈ V2. 

Proof. Let cvu =∧ )()( 21 σσ , for all u ∈ V1 and v ∈ V2, where c is a constant. 
From (4.1), for any uv∈ E1,  

         )(
21

uvd GG +  = )(
1

uvdG  + ∑
′∈

∧
Euw

wu )()( 21 σσ  + ∑
′∈

∧
Evw

wv )()( 21 σσ  

                          = )(
1

uvdG  + ∑
∈

∧
2

)()( 21
Vw

wu σσ  + ∑
∈

∧
2

)()( 21
Vw

wv σσ  

                          = )(
1

uvdG  + ∑
∈ 2Vw

c  + ∑
∈ 2Vw

c  

                          = )(
1

uvdG  + 2cp  + 2cp  

                          = )(
1

uvdG + 22cp . 

From (4.2), for any uv∈ E2,  

         )(
21

uvd GG +  = )(
2

uvdG  + ∑
′∈

∧
Ewu

uw )()( 21 σσ  + ∑
′∈

∧
Ewv

vw )()( 21 σσ  

                          = )(
2

uvdG  + ∑
∈ 1Vw

c  + ∑
∈ 1Vw

c  

                          = )(
2

uvdG  + 1cp  + 1cp  

                          = )(
2

uvdG  + 12cp . 

From (4.3), for any uv∈ E′ with u ∈ V1 and v ∈ V2. 

         )(
21

uvd GG +  = )(
1

udG + )(
2

vdG + ∑
≠′∈

∧
vwEuw

wu
,

21 )()( σσ + ∑
≠′∈

∧
uwEwv

vw
,

21 )()( σσ  

                          = )(
1

udG + )(
2

vdG + )()( 21

2

vuc
Vw

σσ ∧−∑
∈

)()( 21

1

vuc
Vw

σσ ∧−+∑
∈

 

                          = )(
1

udG + )(
2

vdG + ccpcp 212 −+  

                          = )(
1

udG + )(
2

vdG + )2( 21 −+ ppc . 

 
Example 3.5. The following figure illustrating the above theorem,     
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         u1(0.5)                            u2(0.4)                                                 u1(0.5)   0.4    u2(0.4) 
 
                                                                                                                         0.4 
       0.3                                    0.2                                                       0.3                        0.2                           
                                                                                                                         0.4 
        
       v1(0.6)                             v2(0.4)                                                 v1(0.6)    0.4    v2(0.4) 
          G1                                     G2                                                               G1 + G2 

Figure 3.2: 
 By theorem 3.4, 
(1). )( 1121

vud GG +  = )( 111
vudG + 22cp  = 0 + 2(0.4)(2) = 1.6 

(2). )( 2221
vud GG +  = )( 222

vudG + 12cp  = 0 + 2(0.4)(2) = 1.6 

(3). )( 2121
vud GG +  = )( 11

udG + )( 22
vdG + )2( 21 −+ ppc  

                          = 0.3 + 0.2 + 0.4(2 + 2 – 2) = 1.3 
 
4. Conclusion 
In this paper, we have found the degree of edges in G1∪ G2 in terms of G1 and G2, the 
degree of edges in G1 + G2 in terms of the degree of vertices and edges in G1 and G2 and 
also in terms of the degree of vertices in G1* and G2* under some conditions and 
illustrated them through examples. They will be more helpful especially when the graphs 
are very large. Also they will be useful in studying various conditions, properties of union 
and join of two fuzzy graphs. 
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