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Abstract  

A study on Spectrum of Regular graphs and Line 

graphs” is prepared after a deep study on certain concepts 

of Graph Theory. Due to the importance of properties of 

regular graphs and line graphs discussion is done. For 

example, if a graph is regular, then the eigen values of its 

adjacency matrix are bounded in absolute value by the 

degree of the graph. In case of a line graph there is a 

strong lower bound for the eigen values. We mainly 

concentrate on the spectrum of regular and line graphs. 

The Study on Spectrum of Regular and Line graphs deals 

with explanation, Properties and definitions of graph with 

few examples and problems. 

Keywords— Monetary Policy, Stock Prices, Bank 

Index, Caar. 

I. INTRODUCTION  

Graph Theory 

Configurations of vertices and connection occur 

in a great diversity of applications. They may 

represent physical networks, such as electrical 

circuits, roadways or organic molecules. Any they are 

used in representing less tangible interactions as 

might occur in ecosystems, sociological relationships, 

databases or in the flow of control in a computer 

program. 

Formally, such configurations are modeled by 

combinational structures called graphs, Consisting of 

two sets called vertices and edges and an incidence 

relation between them. The 

Vertices and Edges may have additional 

attributes, such as color or weight, or anything else 

useful  to a model. 

Graph models tend to fall into handful of 

categories. For instance, the network of one-way 

streets Of a city requires a model in which each edge 

is assigned a direction; two atoms in an organic  

Molecule may have more than one bond between 

them; and a computer program is likely to have Loop 

structures. These examples require graphs with 

directions on their edges, with multiple connections 

between vertices, or with connections from a vertex 

to itself.  

In the past, these different types of graphs were 

often regarded as separate entities, each with its own 

set of definitions and properties. We have adopted a 

unified approach by introducing these various graphs 

at once. This allows us to establish properties that are 

shared by classes of graphs without having to repeat 

arguments. Moreover, this broader perspective has a 

bonus: it inspires computer representations that lead 

to design of fully reusable software for applications 

 



Impact Factor.1.14:          Mayas Publication [ISSN: 2395-5929] UGC Jr. No. : 45308:         Paper ID: 13170819 
 

          Emperor International Journal of Finance and Management Research [EIJFMR] Page 104 

 

Definition: Graph 

A graph G consists of a pair (V (G);E(G)),where 

V (G) is a non-empty finite set whose elements are 

called vertices and E(G) is a set of unordered pairs of 

distinct elements of V (G). The elements of E(G) are 

called edges. 

Example 

 

Definition 

A vertex u joined to itself by an edge is called a 

loop. 

Example 

 

 In this graph vertex 1 is joined to itself. 

Definition 

Two vertices which are joined by an edge are said 

to be neighbours or adjacent. 

Adjacency Matrices 

Definition 

Let G be a graph with n vertices and m edges. The 

adjacency matrix of G is the n × n matrix A, whose 

entries aij are given by 

 1, if vi and vj are adjacent; aij =   0, otherwise. 

Example 

 

0 1  1  0 

1 0  0  1 

The adjacency matrix of G is A =  1  0  0  0 

0 1  0  0 

Definition 

The eigenvalues of a graph are the roots 

of the characteristics polynomial. 

Remark 

The eigenvalues are real because the 

adjacency matrices is symmetric. 

Definition Adjacency of a matrix 

The spectrum of a graph G is the set of numbers 

which are eigenvalues of the adjacency matrix A of G 

together with their multiplicities as eigenvalues of A. 

If the distinct eigenvalues are λ0, λ1, λ2,…,  λs – 1  

and their multiplicities are m(λ0), m(λ1),…, m(λs – 

1) then 

 

Spectrum of Different Types of Graphs 
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The Spectrum of Regular Graphs and Line 

Graphs 

Introduction 

The Set of graph eigen values of the adjacency 

matrix is called the spectrum of the graph. 

In this chapter we discuss graphs which possess 

some kinds of combinatorial regularity, and whose 

spectra, in consequence, have distinctive feathers. A 

graph is said to be regular of degree k if each of its 

vertices has degree k. This is the most obvious kind 

of combinatorial regularity, and it has interesting 

consequence. 

Spectrum of Some Types of Circulate Graph 

Complete Graphs 

Monetary policy refers to the use of instruments 

under the control of the Central bank to regulate the 

availability, cost and use of money and credit.  The 

monetary authority typically the central bank of a 

country is vested with the responsibility of 

conducting monetary policy.   

Monetary policy is the process of a government 

central bank or monetary authority of a country uses 

to control (i) the supply of money, (ii) availability of 

money, and (iii) cost of money or rate of interest to 

attain a set of objectives oriented towards the growth 

and stability of the economy. Monetary theory 

provides insight into how to craft optimal monetary 

policy. 

 

 

Circuit A simple circuit on n-vertices Cn is a 

connected graph with n-vertices x0, x2,…, xn each of 

which has degree 2, with xi adjacent to xi+1 for i = 1, 

2, 3,…,n-1 and xn adjacent to x1. 
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The adjacency matrix is A= 

 

Clearly the adjacency matrix of C5 is circulant 

matrix.  

 C5 is circulant graph. 

The eigenvalues of C5 are 

 

 

Definition  Line graph 

A line graph L(G) of a graph G is constructed by 

taking the edges of G as vertices of L(G), and joining 

two vertices in L(G) whenever the corresponding 

edges in G have a common vertex. 

 

 

 

Example 

 

Suppose that G has n vertices labeled {v1, 

v2,…,vn} and m edges {e1, e2,.., em}. 

Define an n × m matrix X = X(G) are follows, 

 Lemma 

Suppose that G has n vertices v1, v2,…, vn 

and m edges e1, e2,…,em and X is the incident matrix. 

Let A denote the adjacency matrix of G and AL the 

adjacency matrix of L(G) then 

(1) X
t
X = AL + 2Im. 

(2) if G is regular of degree k, then XX
t
 = A 

+ kIn. 

Proof. Given that G be a graph with n 

vertices v1, v2,…, vn and m edges e1, e2,…, 

em and X be the incident matrix. 

1. We have 

 

It follows that (XtX)ij is the number of vertices vl 

of G which are incident with both the edges ei and ej . 

By definition of L(G) and AL, Hence XtX = AL + 

2Im. 

2. Similarly we proved the result. 
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Proposition 

If λ is an eigenvalue of a line graph L(G) then λ 

Proof. The matrix XtX is positive-semidefinite, since 

for each vector z We have ztXtXz = ||Xz||2  0 Thus 

the eigenvalues of XtX are non-negative. 

 But AL = XtX - 2Im. 

Hence the eigenvalues of AL are not less than -2.  λ 

Example 

 

The adjacency matrix of L(G) is AL = 

 

The characteristic polynomial of AL is |λI - AL| = 0. 

 

All the eigenvalues are  2. 

The condition that all eigen values of a graph be 

not less -2 is a restrictive one, but it is not sufficient 

to characterize line graphs. For, each hyperoctahedral 

graph Hs satisfies the condition, but these graph are 

not line graphs. 

If G is a regular graph of degree k, its line graph 

L(G) is regular of degrre 2k – 2 . 

Theorem: 

If G is a regular graph of degree k with n vertices 

and m = ½ nk edges, then χ(L(G), λ) = (λ + 2)m-

nχ(G,λ + 2 - k). 

Proof.  

We shall use the notation and result of above 

Lemma . Let us define two partitioned matrices with 

n + m rows and columns as follows. 

 

Thus, 

 

 

The Complement of a Regular Graph 

Let G be a regular connected graph with degree k 

and n vertices, and let Gc denote its complement. 

then (λ+k+1)χ(Gc;λ)=(- 1)n(λ – n + k+1)χ(G; – λ – 1 

). 

 Petersen`s Graph 

The Complement of the line graph of K5 is 

known as Petersen`s graph. 

Example 

Let s = 3 then 3 disjoint edges from K6. H3 is the 

complete multipartite graph 
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K2,2,,2.   

 

Hyperoctahedral Graph 

The graph Hs may be constructed by removing s 

disjoint edges from K2s. Hs is the complete 

multipartite graph K2,2,…,2 

Example 

Let s = 3 then 3 disjoint edges from K6. H3 is the 

complete multipartite graph K2,2,,2.   

 

The adjacency matrix of K6 is 

 

Clearly the adjacency matrix of K6 is circulant 

matrix. K6 is circulant graph. 

 

In General, 

The first row of the adjacency matrix of Hs is [a1, 

a2,…, a2s], where each entry is 1, except for a1 and 

as+1 which is zero. 

It follows that the eigenvalues of Hs are λ0 = 2s – 

2, λr = - 1 = wrs(1 r  2s-1) where w2s = 1 and w  0. 

 

Regular graphs whose least eigenvalue is -2 

A = 

 

The regular graph whose least eigenvalue is -2 

and they are neither line graphs nor hyperoctahedral 

graphs. By above example, the adjacency matrix of G 
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The characteristic polynomial of A is 

λ10 – 15 λ8 + 75λ6 – 24λ5 – 165λ4 + 120λ3 + 

120λ2 – 160λ + 48 = 0 

The eigenvalues of G are λ = 3, –2, –2, –2, –2, 1, 

1, 1, 1, 1 Hence the Petersen`s graph has least 

eigenvalue is –2. 

But petersen`s graph is neither line graph or 

Hyperoctaherdal graph 

II. CONCLUSION 

 A study on Spectrum of Regular graphs and 

Line graphs” is prepared after a deep study on certain 

concepts of Graph Theory. Due to the importance of 

Spectrum of matrices a brief discussion is done. 

• The first chapter covers basic definition, 

properties, some results,and examples. 

• The second chapter covers the eigenvaluesof 

an adjacency matrix which are very important 

concepts due to the applications in the mathematical 

and sciences fields. 

• The third chapter deals with the spectrum of 

regular and line gaphs and few applicatons of it on 

other graphs.   
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