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Abstract

Let G be a connected graph with n vertices and m edges. Let y1, U2 ,..., in be the Eigen
values of distance matrix of G. The distance energy of a graph Ep (G) = f=1| u; |, was
already studied. We now define and investigate the monophonic distance energy as Em
(G) = XM, |u;M|, where wi™, wM..., uM are the eigen values of monophonic distance
matrix of graphs. In this paper we find the monophonic distance energy for join of some
graphs.
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1. Introduction

In this paper we considered simple, connected and undirected graphs. The concept of
energy of a graph was introduced by I. Gutman [2] in the year 1978. Let G be a connected
graph with n vertices and m edges. Let A = (a;;) be the adjacency matrix of the graph.
The eigenvalues 11, A2, ..., An Of A, assumed in non-increasing order, are the eigen values
of the graph G. The energy E(G) of G is defined to be the sum of the absolute values
of the eigen values of G. ie., E(G) = Yi=,|4; |. Also, Distance energy of a graph was
introduced by I. Gutman and others [4] in the year 2008. A. P. Santhakumaran and
others introduced the monophonic number of a graph in 2014 [8]. For any two vertices u
and v in a connected graphG, au — v path is a monophonic path if it contains no chords,
and the monophonic distance dm(u, v) is the length of a longest u — v monophonic path
in G. Based on these we introduce a new concept monophonic distance energy of a graph.
Based on these we introduce a new concept monophonic distance energy of a graph. In
this paper we investigate the monophonic distance energy of K; , + Ky, Knpn + Ky,
Knn + Kppand K, + K 5.

2. Definitions

Definition 2.1. Let G be a connected graph with vertex set vy, vy, ..., va. The monophonic
distance matrix of G is defined &
M=MI[G]= (d.) nxn Whered,, - {dm(”i'”f)' iz

H 40, otherwise
Here dm(vi, vj) is the monophonic distance of vi to vj. The eigen values of Monophonic
distance matrix M (G) are denoted by wi™, u2M ..., un™ and are said to be M-Eigen values
of G and to form the M-spectrum of G, denoted by specm (G). We note that since the
Monophonic distance matrix is symmetric, its eigen values are real and can be ordered as
M < paM < < paM. We can define the monophonic distance energy of a graph as
Em(G) = YiqluM|.

3. Main Results

Definition 3.1. [3] The join G = G, + G, of graphs G, and G, with disjoint point sets V;
and V, and edge sets X; and X, is the graph union G; U G, together with all the edges
joining V; and V,.

Theorem 3.2. For the Star graph K; ,, Ey (K1 + K1) = 5(n — 1) +VIn2 — 2n + 9.

Proof. From the definition of join, the monophonic distance matrix of K, ,, + K; ,, can be
written as
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M(Kl,n) ]n

]n M(Kl,n)
where M (K, ,) be a monophonic distance matrix of K ,,.

We have M (K , + K1) = (dmij)z(n+1)><2(n+1)-
The monophonic distance spectrum Specwm (K1 ,, + K1 ) IS

M(Kl,n + Kl,n) =

(Bn—-1)—-v9n? —2n+9 (Bn—1)++vVm2 -2n+9
-2 -1 > (n—2)
2 .
n—-1) 1 1 1 1
Thus the monophonic distance energy of K, + Ky, is
2(n+1)

Em(Kipn+ Kin) = 2oy luMwhere ™, up™, .. tamany™ are the eigen values of
monophonic distance matrix M (K ,, + K1 ).
Forn > 1,
Em(Kin +Kip) = =21+ |=2] + -+ |-2] + |-1]
Bn—-1)—vIn?2-2n+9
: +1n - 2)|
Bn—-1)+vIn?-2n+9
2

Bn—-1)+vIn2-2n+9
=2QNn-1)+1- +(n—-2)

2
Bn—-1)++vI9n?—-2n+9
+
2
=5n—-1)++9n%2 -2n+09.

Theorem 3.3. For the complete bipartite graph K, ,, and complete graph K,
(bn—7)+V12n2—4n+1 if1<n<4
EylKnn+K,)= .
(K + Kn) { 10(n — 1) ifn =5
Proof. From the definition of join, the monophonic distance matrix of K, ,, + K, can be
written as

+

+

M(Kn,n) ]Zn,n
]n,Zn M(Kn)
where M (K, ,,) be amonophonic distance matrix of K, ,, and M(K;,) be a monophonic distance
matrix of K,,.
We have M (Ky, , + Ky) = (dmij)3n><3n-
The monophonic distance spectrum Specwm (K, ,, + K,) is

» 4 (4n—3)—V12n2 —4n+1 (4n—-3)+VI2nZ—4n+1 2
2 2 1
2n—-1) (n-—-1) 1 1
Thus the monophonic distance energy of K, + K, is

M(Kn,n +Kp) =
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Em(Kpn+Kp) = X38IwMlwhere p ™, u,M, ..., us,™ are the eigen values of
monophonic distance matrix M (K, ,, + K,).
For1<n <4,

Em(Kpn + Kp) = =21+ |=2] 4+ -+ |=2] + |-1] + [-1] + -+ |-1]

(4n—-3)+Vi2nZ—4n+1
2
4n—3)+V12n2 —4n+1
=2(2(n—1)+(n—1)—( ) 5
(4n-3)+Vi2nZ—4n+1
+
2
= (bn—7)++12n2 —4n + 1
Forn > 5,
EM(Knn + Kn) = |=2] + [=2] + -+ |2 + [=1] + [=1] + - + |-1]

(4n—3)—V1i2n2 —4n+1
+ . +

+(n—-2)

+(n—-2)

(4n-3)+Vi2nZ—4n+1
2

Z(Z(n—1)+(n_1)+(4n—3)—\/;2n2_4n+1

+(4n—3)+\/12n2—4n+1
2

N (4n—-3)—V12n2 —4n+1

> +(n—-2)

+

+(n—2)
= 10(n — 1).

Theorem 3.4. For the complete bipartite graph K, ,, ,
25n-2) ifn=1

Ev(Knn + Knn) = {1é(n . 1% i]]:n > 2
Proof. From the definition of join, the monophonic distance matrix of K,, , + K, , can
be written as
M(Kn,n) ]Zn

]Zn M(Kn,n)
where M (K, ) be a monophonic distance matrix of K, ,,
We have M(Kn,n + Kn,n) = (dmij)4n><4n-
The monophonic distance spectrum Specm(K,, ,, + Ky ) IS

( -2 n—=2) (bn-2) >

M(Kn,n + Kn,n) =

4(n—1) 3 1
Thus the monophonic distance energy of K, ,, + K, , is
Em(Kpn + Knn) = Difilw™|where ™, oM, ... 1y are the eigen values of
monophonic distance matrix M (K, , + K, »).
Forn =1,
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Em(Kpn + Knn) = |2+ =2l + -+ |-2]+|n=2]|++|n—2|+|5n—-2| =
2(4n—1)+3(—n+2)+5n—2=8n—-8-3n+6+5n—-2

=10n—-4

= 2(5n - 2)

Forn = 2,

Em(Kpn + Knn) = |2+ -2l + -+ |-2|+|n=2]|++|n—2|+|5n—-2| =
2(4n—-1)+3(n—-2)+5n—2 =8n—-8+3n—6+5n—2

=16n—16

= 16(n — 1).

Theorem 3.5. For the star graph K; ,, and complete graph K,,,
By (Ky + Ky ) = {(Sn —22) +V5nZ + 4 ifn<2,
(3n—-2) ifn=>3
Proof. . From the definition of join, the monophonic distance matrix of K,, + K; ,, can be
written as
M(KTL) ]TL,TL+1
M (K + Kl’n) B Jn+1n M(Kl,n)
where M (K ,,) be a monophonic distance matrix of K; ,, and M(K,,) be a monophonic distance
matrix of K,,.
We have M(Kn + Kl,n) = (dmij)(2n+1)><(2n+1)-
The monophonic distance spectrum Specwm (K, ,, + K,) is

_ _1 (Bn—-2)—-+Vvn2+4 (3n—-2)++V5n2+4
2 2 '
n-1) n 1 1
Thus the monophonic distance energy of K, + K; ,, is
Em(K, + Ky ) = Y2 w™| where w™, u,M, ..., uonii™ are the eigen values of
monophonic distance matrix M (K,, + K; ).

Forn < 2,
Em(Kp + Kipn) = |=21+ =2 + -+ =2 + |[-1] + |-1] + - + |-1]
(3n—2)—+V5n%2+4 (B3n—-2)++V5n%2+4
+ +
2 2
B3n—2)++V5n2+4 (Bn-2)++V5n%2+4
=2(n—-1)+n- +
2 2
=2n—2+n++5n*>+4
= (3n—2) +V5n? + 4.
Forn > 5,
Em(Ky + Kin) = |=2] + =2 + -+ =2 + |1 + |-1] + -+ |-1]
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(B3n—2)++V5n2+4

(3n—2)—+V5n%2+4
+ > +

2
B3n—-2)—+V5n?+4 (Bn-2)++V5n2+4
=2(n-1)+n+ > + >
=2n—-24+n+3n-2
=6n-—4
=2(3n-2)

4. Conclusions

In this paper we discussed the concept of monophonic distance energy and obtained some
results on monophonic distance energy for certain Join graphs. In future we planned to
extend our research for various graph operations.
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