
Relativistic Electron Theory 
 
Dirac Equation 
Relativistic equation: 

     
Define the condition for the equation above: 

     
Form a differential equation that makes the first-order differentiation in time: 

 Usually Matrix 

   
Operate on the conjugate operator from the left hand side: 

  
The following conditions for  are then obtained through the comparison of the 
equation above and the equation . 

    

To satisfy the condition,  should be 4 × 4 matrix, and  is the vector in 
four-dimention. ( from now on,  represents Pauli matrix) 

   

  

  probability:  
 

  electric current density:  



Free electron: 

  

Free electron in electromagnetic field  

   

Where ,      

 

Central force field 
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