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Ivan Gutman, a theoretical Chemist, studied 
π-electron bonds using simple graphs. 

He created adjacency matrices 
corresponding to these graphs, and found 
that the sum of the absolute values of the 
eigenvalues of these matrices, was exactly 
equal to the energy of the respective 
system. 



   Example: 

  Graph G           Adjacency Matrix       Eigenvalues              Energy 

In 1978, Gutman defined Graph Energy as: 

       

Graph Energy 

λ 1 = 3 

λ 2  = -1 

λ 3  = -1 

λ 4 = -1 

E(G)= 

|3|+|-1|+|-1+|-1| 

                 = 6 

* Where  λi  represent the            
eigenvalues of the adjacency 

matrix of the graph, G * 



We generalize Gutman’s idea of graph energy to 
apply to any arbitrary matrix (not just adjacency 
matrices with 0,1 entries). 

*where µ represents the mean 
of the eigenvalues of M 

I =  E(I) =  





A =  B= A+B = 



Lidskii’s Theorem:  Let A,B be n x n symmetric matrices, and let    
    
   α1 > α2 . . . > αn  
   β1 > β2 . . . > βn  
   γ1 > γ2  . . . > γn  

Be the eigenvalues of  A, B, and A+B respectively. Then for given 
indices 1 < i1 < . . .< ik < n   we have: 



The Lp norm, defined below, is a way of measuring distance: 

And the L∞ norm := 

 Using this, we will define the p-energy of an nxn matrix as:  

where λk are the eigenvalues of M and µ is the mean of the eigenvalues. 



    = 



Unanswered Questions: 
  What are the relationships between the p-energies for 
various p for the Laplacian matrix and the normalized 
Laplacian matrix of a simple graph? 

 For a matrix, M, with {0,1} entries, how does E(M) vary 
with rank(M)?  

 Can we find the maximum energy of a graph on n 
vertices? Why is this not the complete graph for n > 7? 


