
  

 

JOURNAL OF DYNAMICS 

AND CONTROL 
VOLUME 8 ISSUE 11 

AVERAGE DEGREE Dd DISTANCE 

ENERGY OF GRAPHS 

Deva saroja.M1, Vinisha. V2 

1Assistant Professor, 2Research Scholar (Register 
Number: 23111172092002), 
PG and Research Department of Mathematics, 
Rani Anna Government College for Women,  
Affliated to Manonmaniam Sundaranar University, 
Abishekapatti,Tirunelveli – 627 012, India 
 

 



 

 

JOURNAL OF DYNAMICS AND CONTROL ISSN: 1672-6553 

 

VOLUME 8 ISSUE 11 2024 PAGE NO: 32 

AVERAGE DEGREE 𝐃𝐝 DISTANCE ENERGY OF GRAPHS 

Deva saroja.M1, Vinisha. V2* 

1Assistant Professor, 2Research Scholar (Register Number: 23111172092002), 

PG and Research Department of Mathematics, 

Rani Anna Government College for Women,  

Affliated to Manonmaniam Sundaranar University, Abishekapatti,Tirunelveli – 627 012, India. 

                       E-mail :1mdsaroja@gmail.com and 2vvinisha191@gmail.com 

*ORCID: 0009- 0001- 9402- 6767 

*Corresponding Author 

ABSTRACT: For two vertices 𝑣𝑗  and 𝑣𝑘 of a graph 𝐺, the usual distance 𝐷𝑗𝑘, is the length of 

the shortest path between vertices 𝑣𝑗  and 𝑣𝑘 .In this paper, we introduce a new concept named 

Average Degree 𝐷𝑑 Distance energy by considering the average degrees of various vertices 

presented in the path, in addition to the length of the path for 𝑗 ≠ 𝑘 and zero otherwise. Also, 

we compute the Average Degree 𝐷𝑑 Distance energy of some standard graphs.   
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1. INTRODUCTION 

      Throughout the paper, all graphs will be assumed to be simple, connected  and finite in 

order to simplify the analysis. There has been a lot of discussion about the concept of Energy 

of graph since 1978, when Ivan Gutman introduced it. A more detailed explanation of the 

concept energy can be found in [2,3].      

       Let 𝐺 be a simple undirected graph with vertex set  𝑉′(𝐺) =  {𝑣1, 𝑣2, … , 𝑣𝑞} .  The 

distance 𝐷𝑗𝑘  between  two vertices 𝑣𝑗   and 𝑣𝑘 is defined as the length of the shortest path 

connecting 𝑣𝑗   and 𝑣𝑘 in a graph 𝐺 . The degree of a vertex 𝑢 in 𝐺, denoted by 𝑑𝐺(𝑢), 

represents the number of edges connected to 𝑢. Recently, T. Jackuline et al[6] defined the 

concept 𝐷𝑑 Distance of graphs. Motivated by this definition, we introduce a new concept 

called Average Degree  𝐷𝑑 Distance energy.   

      We introduce the Average Degree  𝐷𝑑 Distance  matrix for a graph 𝐺, which  is an 𝑞 × 𝑞 

matrix 𝐴𝑑𝐷𝑑(𝐺) = [𝑀𝑗𝑘] . The elements of this matrix are defined as follows: 

𝑀𝑗𝑘 = {
𝐷𝑗𝑘 + ⌊

𝑑𝐺(𝑣𝑗) + 𝑑𝐺(𝑣𝑘)

2
⌋ + 𝑑𝐺(𝑣𝑗)𝑑𝐺(𝑣𝑘),    𝑖𝑓  𝑗 ≠ 𝑘

0,                                                                               𝑖𝑓  𝑗 = 𝑘

 



 

 

JOURNAL OF DYNAMICS AND CONTROL ISSN: 1672-6553 

 

VOLUME 8 ISSUE 11 2024 PAGE NO: 33 

        The eigenvalues of 𝐴𝑑𝐷𝑑(𝐺) labeled as 𝜇1, 𝜇2, … , 𝜇𝑞 are said to be Average degree 𝐷𝑑 

Distance eigenvalues of 𝐺, and the set of these values  is known as the Average degree 𝐷𝑑 

Distance spectrum of 𝐺.  The sum of the absolute values of these Average degree 𝐷𝑑 

Distance eigen values is termed as Average degree 𝐷𝑑 Distance energy of 𝐺 and is 

represented as 𝐸𝐴𝑑𝐷𝑑(𝐺). Mathematically, this is expressed as: 

 

𝐸𝐴𝑑𝐷𝑑(𝐺) = ∑|𝜇𝑖|

𝑞

𝑖=1

 

                 Let 𝐼 represent the identity matrix. The Average degree 𝐷𝑑 Distance polynomial of 

graph 𝐺 is defined as follows:  𝑃𝐴𝑑𝐷𝑑(𝐺, 𝜂) = det (𝜂𝐼 − 𝐴𝑑𝐷𝑑(𝐺)). Since, the Average 

degree 𝐷𝑑 Distance matrix 𝐴𝑑𝐷𝑑(𝐺) be a real symmetric with zero trace, the sum of  eigen 

values 𝜇𝑖′𝑠 must  equal to zero.  

2. BASIC CONCEPTS 

Lemma 2.1. [4]  If 𝑢, 𝑣, 𝑥 and 𝑦 are all  matrices with 𝑢 non singular, then  |
𝑢 𝑣
𝑥 𝑦| =

|𝑢||𝑦 − 𝑥𝑢−1𝑣| 

Lemma 2.2.[4] If 𝑢, 𝑣, 𝑥 and 𝑦 are all  matrices. Let 𝑅 = (
𝑢 𝑣
𝑥 𝑦) if 𝑢 and 𝑥 are commutative 

matrices, then |𝑅| = |𝑢𝑦 − 𝑥𝑣| 

Lemma 2.3.[5] The adjacency matrix 𝐴(𝐾𝑞)of  complete graph 𝐾𝑞 , then 𝐴2(𝐾𝑞) =

(𝑞 − 2)𝐴(𝐾𝑞) + (𝑞 − 1)𝐼𝑞 . 

3. AVERAGE DEGREE 𝑫𝒅 DISTANCE ENERGY OF SOME STANDARD GRAPHS 

Definition 3.1.  The cocktail party graph 𝐶𝑃′2𝑞 is the graph consisting of two rows of paired 

vertices in which all vertices but the paired ones are connected with a graph edge. 

Theorem 3.2.  Let 𝐶𝑃′2𝑞 be the cocktail party graph. Then  

           𝑆𝑝𝐴𝑑𝐷𝑑(𝐶𝑃′2𝑞) =   [
8𝑞3 − 16𝑞2 + 12𝑞 − 2 −4𝑞2 + 6𝑞 − 2 −4𝑞2 + 6𝑞 − 4

1 𝑞 − 1 𝑞
] 

and the Average degree 𝐷𝑑 distance energy of 𝐶𝑃′2𝑞 is, 𝐸𝐴𝑑𝐷𝑑(𝐶𝑃′2𝑞) = 16𝑞3 − 32𝑞2 +

24𝑞 − 4 where 𝑞 ≥ 2 

Proof :  Let the cocktail party graph be 𝐶𝑃′2𝑞 then it has 2𝑞 vertices, 2𝑞(𝑞 − 1) edges and 

is (2𝑞 − 2) – regular. 

Let 𝛼 = {𝛼1, 𝛼2, 𝛼 3, … , 𝛼2𝑞} be the eigen values of Average degree 𝐷𝑑 distance matrix of 

𝐶𝑃′2𝑞 
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Then the  𝐴𝑑𝐷𝑑 matrix of 𝐶𝑃′2𝑞 has the form 𝐴𝑑𝐷𝑑(𝐶𝑃′
2𝑞) = 

[
(4𝑞2 − 6𝑞 + 3)𝐴(𝐾𝑞) (4𝑞2 − 6𝑞 + 3)𝐴(𝐾𝑞) + (4𝑞2 − 6𝑞 + 4)𝐼𝑞

(4𝑞2 − 6𝑞 + 3)𝐴(𝐾𝑞) + (4𝑞2 − 6𝑞 + 4)𝐼𝑞 (4𝑞2 − 6𝑞 + 3)𝐴(𝐾𝑞)
] 

The corresponding characteristic polynomial |𝛼𝐼2𝑞 − 𝐴𝑑𝐷𝑑(𝐶𝑃′2𝑞)| is 

= |
𝛼𝐼𝑞 − (4𝑞2 − 6𝑞 + 3)𝐴(𝐾𝑞) − [(4𝑞2 − 6𝑞 + 3)𝐴(𝐾𝑞) + (4𝑞2 − 6𝑞 + 4)𝐼𝑞]

−[ (4𝑞2 − 6𝑞 + 3)𝐴(𝐾𝑞) + (4𝑞2 − 6𝑞 + 4)𝐼𝑞] 𝛼𝐼𝑞 − (4𝑞2 − 6𝑞 + 3)𝐴(𝐾𝑞)
| 

 =  |(𝛼𝐼𝑞 − (4𝑞2 − 6𝑞 + 3)𝐴(𝐾𝑞))
2 

− ((4𝑞2 − 6𝑞 + 3)𝐴(𝐾𝑞) + (4𝑞2 − 6𝑞 + 4)𝐼𝑞)
2 
| by 

lemma (2.2) 

  = |(𝛼2 − [4𝑞2 − 6𝑞 + 4]2)𝐼𝑞 −  2(4𝑞2 − 6𝑞 + 3)(𝛼 + 4𝑞2 − 6𝑞 + 4)𝐴(𝐾𝑞)| 

  = (2(4𝑞2 − 6𝑞 + 3)(𝛼 + 4𝑞2 − 6𝑞 + 4))𝑞 |
𝛼2−[4𝑞2−6𝑞+4]2

2(4𝑞2−6𝑞+3)(𝛼+4𝑞2−6𝑞+4)
𝐼𝑞 − 𝐴(𝐾𝑞)| 

= (2(4𝑞2 − 6𝑞 + 3)(𝛼 + 4𝑞2 − 6𝑞 + 4))𝑞 (
𝛼2 − [4𝑞2 − 6𝑞 + 4]2

2(4𝑞2 − 6𝑞 + 3)(𝛼 + 4𝑞2 − 6𝑞 + 4)
− (𝑞

− 1))(
𝛼2 − [4𝑞2 − 6𝑞 + 4]2

2(4𝑞2 − 6𝑞 + 3)(𝛼 + 4𝑞2 − 6𝑞 + 4)
+ 1)

𝑞−1

 

  =(𝛼 + 4𝑞2 − 6𝑞 + 4)𝑞(𝛼 + 4𝑞2 − 6𝑞 + 2)𝑞−1 (𝛼 − 8𝑞3 + 16𝑞2 − 12𝑞 + 2) 

Hence, the 𝐴𝑑𝐷𝑑 spectrum of  𝐶𝑃′2𝑞 is  

           𝑆𝑝𝐴𝑑𝐷𝑑(𝐶𝑃′2𝑞) =   [
8𝑞3 − 16𝑞2 + 12𝑞 − 2 −4𝑞2 + 6𝑞 − 2 −4𝑞2 + 6𝑞 − 4

1 𝑞 − 1 𝑞
] 

and the Average degree 𝐷𝑑 distance energy of 𝐶𝑃′2𝑞 is, 𝐸𝐴𝑑𝐷𝑑(𝐶𝑃′2𝑞) = 16𝑞3 − 32𝑞2 +

24𝑞 − 4 where 𝑞 ≥ 2 

Definition 3.3.  The crown graph 𝐻′
𝑞,𝑞 is the graph generated from complete bipartite graph 

by removing perfect matching. 

Theorem 3.4.  Let 𝐻′
𝑞,𝑞  be the crown graph. Then, spectrum     𝑆𝑝𝐴𝑑𝐷𝑑(𝐻′

𝑞,𝑞) is 

[
2𝑞3 − 3𝑞2 + 4𝑞 −𝑞2 + 2𝑞 − 4 −(𝑞2 − 𝑞 + 2) ± 2

1 1 𝑒𝑎𝑐ℎ (𝑞 − 1)𝑡𝑖𝑚𝑒𝑠
] 

and the 𝐴𝑑𝐷𝑑 energy is, 𝐸𝐴𝑑𝐷𝑑(𝐻′
𝑞,𝑞) = 2𝑞(2𝑞2 − 3𝑞 + 4)  where 𝑞 ≥ 3 

Proof:   Let 𝐻′
𝑞,𝑞 be the crown graph then it has 2𝑞 vertices, 𝑞(𝑞 − 1) edges and is  (𝑞 − 1) 

- regular. 

Let 𝜂 = {𝜂1, 𝜂2, 𝜂3, … , 𝜂2𝑞} be the eigen value. Then the 𝐴𝑑𝐷𝑑 matrix of 𝐻′
𝑞,𝑞 is  
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𝐴𝑑𝐷𝑑(𝐻′
𝑞,𝑞)

= [
(𝑞2 − 𝑞 + 2)𝐴(𝐾𝑞) (𝑞2 − 𝑞 + 3)𝐼𝑞 + (𝑞2 − 𝑞 + 1)𝐴(𝐾𝑞)

(𝑞2 − 𝑞 + 3)𝐼𝑞 + (𝑞2 − 𝑞 + 1)𝐴(𝐾𝑞) (𝑞2 − 𝑞 + 2)𝐴(𝐾𝑞)
] 

By lemma (2.3), we get the characteristic polynomial is 

(𝜂 − (2𝑞3 − 3𝑞2 + 4𝑞))(𝜂 − (−𝑞2 + 2𝑞 − 4))(𝜂 − (−(𝑞2 − 𝑞 + 2) ± 2))
𝑞−1

 

Hence, the 𝐴𝑑𝐷𝑑 spectrum      𝑆𝑝𝐴𝑑𝐷𝑑(𝐻′
𝑞,𝑞) = 

[
2𝑞3 − 3𝑞2 + 4𝑞 −𝑞2 + 2𝑞 − 4 −(𝑞2 − 𝑞 + 2) ± 2

1 1 𝑒𝑎𝑐ℎ (𝑞 − 1)𝑡𝑖𝑚𝑒𝑠
] 

and the 𝐴𝑑𝐷𝑑 energy is, 𝐸𝐴𝑑𝐷𝑑(𝐻′
𝑞,𝑞) = 2𝑞(2𝑞2 − 3𝑞 + 4)  where 𝑞 ≥ 3 

Theorem 3.5.  The complete bipartite graph 𝐾𝑞,𝑞 has the spectrum  

 𝑆𝑝𝐴𝑑𝐷𝑑(𝐾𝑞,𝑞) = [
−[𝑞2 + 𝑞 + 2] 2𝑞3 + 𝑞2 + 2𝑞 − 2 −(𝑞2 + 2)

2(𝑞 − 1) 1 1
] 

and the 𝐴𝑑𝐷𝑑 energy of 𝐾𝑞,𝑞 is, 𝐸𝐴𝑑𝐷𝑑(𝐾𝑞,𝑞) = 2(2𝑞3 + 𝑞2 + 2𝑞 − 2)   where 𝑞 ≥ 2 

Proof :   Let the complete bipartite graph be  𝐾𝑞,𝑞  and the eigen value of 𝐴𝑑𝐷𝑑 

matrix are 𝛾 = {𝛾1, 𝛾2, 𝛾3, … , 𝛾2𝑞} respectively.  Then the 𝐴𝑑𝐷𝑑 matrix of 𝐾𝑞,𝑞 is 

𝐴𝑑𝐷𝑑(𝐾𝑞,𝑞) = [
[𝑞2 + 𝑞 + 2]𝐴(𝐾𝑞) (𝑞2 + 𝑞 + 1)[𝐼𝑞 + 𝐴(𝐾𝑞)]

(𝑞2 + 𝑞 + 1)[𝐼𝑞 + 𝐴(𝐾𝑞)] [𝑞2 + 𝑞 + 2]𝐴(𝐾𝑞)
] 

By lemma (2.3), we get 

|𝛾𝐼2𝑞 − 𝐴𝑑𝐷𝑑(𝐾𝑞,𝑞)| = (𝛾 + [𝑞2 + 𝑞 + 2])2(𝑞−1)(𝛾 − (2𝑞3 + 𝑞2 + 2𝑞 − 2))(𝛾 + 𝑞2 + 2) 

Therefore, 

𝑆𝑝𝐴𝑑𝐷𝑑(𝐾𝑞,𝑞) = [
−[𝑞2 + 𝑞 + 2] 2𝑞3 + 𝑞2 + 2𝑞 − 2 −(𝑞2 + 2)

2(𝑞 − 1) 1 1
] 

and the 𝐴𝑑𝐷𝑑 energy of 𝐾𝑞,𝑞 is, 𝐸𝐴𝑑𝐷𝑑(𝐾𝑞,𝑞) = 2(2𝑞3 + 𝑞2 + 2𝑞 − 2)   where 𝑞 ≥ 2 

Theorem 3.6.Let the complete graph be  𝐾𝑞. Then  

𝑆𝑝𝐴𝑑𝐷𝑑(𝐾𝑞) =   [
−[𝑞(𝑞 − 1) + 1] 𝑞3 − 2𝑞2 + 2𝑞 − 1

𝑞 − 1 1
] 

and the 𝐴𝑑𝐷𝑑 energy of 𝐾𝑞 is, 𝐸𝐴𝑑𝐷𝑑(𝐾𝑞) = 2(𝑞3 − 2𝑞2 + 2𝑞 − 1)  where 𝑞 ≥ 2 
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Proof :   Let the eigen value of complete graph 𝐾𝑞 be 𝛽′ = {𝛽′
1
, 𝛽′

2
, 𝛽′

3
, … , 𝛽′

𝑞
}. Then it has 

𝑞 vertices, 
𝑞(𝑞−1)

2
  edges and is  (𝑞 − 1) - regular. 

Then the 𝐴𝑑𝐷𝑑 matrix of 𝐾𝑞 has the form 

𝐴𝑑𝐷𝑑(𝐾𝑞) = [(𝑞(𝑞 − 1) + 1)𝐴(𝐾𝑞)] 

By lemma (2.3), we get 

(𝛽′ + [𝑞(𝑞 − 1) + 1])𝑞−1(𝛽′ − (𝑞3 − 2𝑞2 + 2𝑞 − 1)) 

Hence, 

𝑆𝑝𝐴𝑑𝐷𝑑(𝐾𝑞) =   [
−[𝑞(𝑞 − 1) + 1] 𝑞3 − 2𝑞2 + 2𝑞 − 1

𝑞 − 1 1
] 

and the 𝐴𝑑𝐷𝑑 energy of 𝐾𝑞 is, 𝐸𝐴𝑑𝐷𝑑(𝐾𝑞) = 2(𝑞3 − 2𝑞2 + 2𝑞 − 1)  where 𝑞 ≥ 2 

Theorem 3.7.   For any  𝑞 ≥ 1, the star graph 𝐾1,𝑞 has the spectrum 

  𝑆𝑝𝐴𝑑𝐷𝑑(𝐾1,𝑞) =   [ −4 2(𝑞 − 1) ± √4(𝑞 − 1)2 + 𝑞 ⌊
3(𝑞 + 1)

2
⌋
2

𝑞 − 1 𝑒𝑎𝑐ℎ 1 𝑡𝑖𝑚𝑒

] 

and the 𝐴𝑑𝐷𝑑 energy of 𝐾1,𝑞 is, 𝐸𝐴𝑑𝐷𝑑(𝐾1,𝑞) = 4(𝑞 − 1) + 2√4(𝑞 − 1)2 + 𝑞 ⌊
3(𝑞+1)

2
⌋
2

 

Proof :   Let us take a star graph 𝐾1,𝑞 with vertex set 𝑉′(𝐾1,𝑞) = {𝑣′0, 𝑣′1, 𝑣′2, … , 𝑣′𝑞} where 

the vertex 𝑣0
′  has degree 𝑞 and the eigen values of 𝐴𝑑𝐷𝑑 matrix are 𝜇 = {𝜇0, 𝜇1, … , 𝜇𝑞}  

respectively. 

For this graph, the 𝐴𝑑𝐷𝑑 matrix is 
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𝐴𝑑𝐷𝑑(𝐾1,𝑞)

=

[
 
 
 
 
 
 
 
 
 
 
 
 
 
 0 ⌊

3(𝑞 + 1)

2
⌋ ⌊

3(𝑞 + 1)

2
⌋ ⌊

3(𝑞 + 1)

2
⌋ ⋯ ⋯ ⌊

3(𝑞 + 1)

2
⌋ ⌊

3(𝑞 + 1)

2
⌋

⌊
3(𝑞 + 1)

2
⌋ 0 4 4 ⋯ ⋯ 4 4

⌊
3(𝑞 + 1)

2
⌋ 4 0 4 ⋯ ⋯ 4 4

⌊
3(𝑞 + 1)

2
⌋ 4 4 0 ⋯ ⋯ 4 4

⋮ ⋮ ⋮ ⋮ ⋯ ⋯ ⋮ ⋮
⋮ ⋮ ⋮ ⋮ ⋮ ⋱ ⋮ ⋮

⌊
3(𝑞 + 1)

2
⌋ 4 4 4 ⋯ ⋯ 0 4

⌊
3(𝑞 + 1)

2
⌋ 4 4 4 ⋯ ⋯ 4 0 ]

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

On simplification, we get the  characteristic polynomial  

(𝜇 + 4)𝑞−1 (𝜇2 − 4𝜇(𝑞 − 1) − 𝑞 ⌊
3(𝑞 + 1)

2
⌋
2

) 

and the spectrum would be 

  𝑆𝑝𝐴𝑑𝐷𝑑(𝐾1,𝑞) =   [ −4 2(𝑞 − 1) ± √4(𝑞 − 1)2 + 𝑞 ⌊
3(𝑞 + 1)

2
⌋
2

𝑞 − 1 𝑒𝑎𝑐ℎ 1 𝑡𝑖𝑚𝑒

] 

and the 𝐴𝑑𝐷𝑑 energy of 𝐾1,𝑞 is, 𝐸𝐴𝑑𝐷𝑑(𝐾1,𝑞) = 4(𝑞 − 1) + 2√4(𝑞 − 1)2 + 𝑞 ⌊
3(𝑞+1)

2
⌋
2

 

Definition 3.8.   The friendship graph, denoted by 𝐹𝑞
3, is defined as the graph obtained by 

taking 𝑞 copies of the cycle graph 𝐶3 with a vertex in common. 

It is clear that |𝑉(𝐹𝑞
3)| = 2𝑞 + 1 and |𝐸(𝐹𝑞

3)| = 3𝑞 

Theorem 3.9.The spectrum and energy of the friendship graph 𝐹𝑞
3 is 

  𝑆𝑝𝐴𝑑𝐷𝑑(𝐹𝑞
3) = [ −9 −7

16𝑞 − 9 ± √200𝑞3 + 416𝑞2 − 256𝑞 + 81

2
𝑞 − 1 𝑞 𝑒𝑎𝑐ℎ 1 𝑡𝑖𝑚𝑒

] 

and𝐸𝐴𝑑𝐷𝑑(𝐹𝑞
3) = 16𝑞 − 9 + √200𝑞3 + 416𝑞2 − 256𝑞 + 81 

Proof: Consider the friendship graph 𝐹𝑞
3 with vertices set  𝑉′(𝐹𝑞

3) = {𝑣′0, 𝑣′1, 𝑣′2, … , 𝑣′2𝑞} 

where deg(𝑣′0) = 2𝑞  and the eigen values of 𝐴𝑑𝐷𝑑 matrix are 𝜂′ = {𝜂0, 𝜂1, … , 𝜂2𝑞}  

respectively. 
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Then the 𝐴𝑑𝐷𝑑 matrix of  𝐹𝑞
3 is 

𝐴𝑑𝐷𝑑(𝐹𝑞
3)

=

[
 
 
 
 
 
 
 
 

0 2(2𝑞 + 1) + 𝑞 2(2𝑞 + 1) + 𝑞 ⋯ ⋯ ⋯ 2(2𝑞 + 1) + 𝑞 2(2𝑞 + 1) + 𝑞

2(2𝑞 + 1) + 𝑞 0 7 ⋯ ⋯ ⋯ 8 8

2(2𝑞 + 1) + 𝑞 7 0 ⋯ ⋯ ⋯ 8 8

2(2𝑞 + 1) + 𝑞 8 8 ⋯ ⋯ ⋯ 8 8
⋮ ⋮ ⋮ ⋮ ⋯ ⋯ ⋮ ⋮
⋮ ⋮ ⋮ ⋮ ⋮ ⋱ ⋮ ⋮

2(2𝑞 + 1) + 𝑞 8 8 ⋯ ⋯ ⋯ 0 7

2(2𝑞 + 1) + 𝑞 8 8 ⋯ ⋯ ⋯ 7 0 ]
 
 
 
 
 
 
 
 

 

 

The characteristic polynomial becomes 

(𝜂 + 9)𝑞−1(𝜂 + 7)𝑞(𝜂2 − (16𝑞 − 9)𝜂 − 2𝑞(5𝑞 + 2)2) 

(𝜂 + 9)𝑞−1(𝜂 + 7)𝑞 (𝜂 − (
16𝑞 − 9 ± √200𝑞3 + 416𝑞2 − 256𝑞 + 81

2
)) 

Hence, the spectrum  

  𝑆𝑝𝐴𝑑𝐷𝑑(𝐹𝑞
3) = [ −9 −7

16𝑞 − 9 ± √200𝑞3 + 416𝑞2 − 256𝑞 + 81

2
𝑞 − 1 𝑞 𝑒𝑎𝑐ℎ 1 𝑡𝑖𝑚𝑒

] 

and  𝐸𝐴𝑑𝐷𝑑(𝐹𝑞
3) = 16𝑞 − 9 + √200𝑞3 + 416𝑞2 − 256𝑞 + 81 

4. CONCLUSION 

Throughout the various fields of chemistry, biology and computer science, there are 

numerous applications of Average Degree  𝐷𝑑 Distance energy of a graph. Thus, the study of 

Average Degree  𝐷𝑑 Distance energy remains an active and productive area of research, with 

implications that go far beyond the domain of graph theory in terms of its applications. In 

future, we extend this Average degree 𝐷𝑑 Distance energy to many graphs.  
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