
Why is it that the canonical momentum for the position vector   

becomes     
 

 
  when there is an electromagnetic vector potential   ?  

For a formal discussion, I'd refer you to field theory books such as 

Landau and Lifshiftz, "The classical theory of fields, page 45."  

However, in this note, what I like to do is two things.  First, I will show 

an intuitive example in which we can see why the canonical 

momentum must be     
 

 
  .  Second, I will show explicitly that if the 

non-relativistic Hamiltonian is written correctly with the above fact 

then the correct EM force equation results.    

(1) For the first part, we consider the case of no electrostatic potential.  

Here is the example problem.

Here is the solution to this problem.
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(2) For the second part, the Hamiltonian is written as (see e.g. Landau 

and Lifshiftz, "The classical theory of fields," page 46).

  
 

  
    

 

 
   

 

   

   
 

 
           

  

   
    

                                   

    
 

 
       

 

 
    

 

 
    

 

 
       

 
 

 
       

 

 
          

  

   
     

         
 

 
    

 

 
       

 

 
           

 
 

 
       

 

 
   

  
   

  
     

The equation of motion:

     
 

 
       

 

 
   

which is, of course, the correct equation of motion.
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