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1. Introduction 

e’ e t-cycle:  A  non  back tracking 

walk which starts and ends at the 

The same vertex (edge).  



Examples: 

3= 6-4+1  

Tree graph  Complete graph d=4 regular graph 



The Laplacian and its spectrum 





Isospectral (co-spectral)  graphs 

Non isomorphic graphs whose Laplace (or Adjacency) spectra are the same   

G G’ 

Denote:  

 Center vertex “0” ,  the vertices on the ring i=1,..,N ;  N=2m (even) 

 The number of radial edges in G and in G’  is m and they do not overlap. 

G and G’ are isospectral  



Proof: 



In general: 

Exercise: Construct a non-trivial pair of  graphs with isospectral Laplacians.  



d-regular graphs : 
 
Graphs where all the vertices have the same degree.   
Examples:  
1. Complete graphs 
2. Lattices 
3. d-regular infinite trees. 
                            d-regular graphs are an expanding family. 



 Reminder : For d-regular graphs the spectra of  A  and  L are  

 the same but for a shift by d  and sign change. 



Spectral properties of d-regular graphs 

The spectral density 





h(G) is the expansion  factor explained in the next page 



Exercise:  

Compute the expansion parameter for a  finite tree  which is d-regular but for its canopy.   




