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Relativistic wave equation or Klein-Gordon equation
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Dirac equation 

• Dirac Equation an Overview:
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Dirac equation
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Visual Comparision:

Dirac vs. Klein-Gordon Equaion 



Graphene 

What is Graphene?

A single layer of 
carbon atoms in a 
hexagonal lattice.

Extraordinary 
properties: High 
electrical conductivity, 
strength, and optical 
transparency.

Relationship 
Between Graphene 
and the Dirac 
Equation

In graphene, electrons 
behave like massless 
Dirac fermions.

The electronic 
structure near the 
Dirac points in 
graphene is described 
by the Dirac equation.



Dirac cons Graphene



Methodology

Deriving the Dirac 
Equation for 
Graphene 

Nanoribbons

Tight-Binding 
Approximation

Constructing the 
Hamiltonian

Calculating the 
Energy 

Spectrum

Calculating 
Linear and 

Nonlinear Optical 
Properties



Equations

✓Dirac equation for 2D  

✓Boundary Conditions and Hamiltonian for 

Zigzag and Armchair Nanoribbons
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Density of state, energy spectrum 



Liner Optical Properties



Non Liner Optical Properties
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