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The Aharonov-Bohm Effect:

Topology

The Vector Potential

and

Gauge Transformations 



The Aharonov-Bohm Effect

An electron moving in a region 

where E and B are zero, but A is 

not exhibits physical effects.

Therefore A is real whereas

E and B are not.





The Vector Potential

EM Field Carries Momentum

Vector potential A => Photons



Gauge Transformations

φ determines E

and 

A determines B

But φ and A are not unique

Gauge Transformations produce the different 
choices of φ and A that give the same E and B



Lots of Gauges

Coulomb Gauge
Lorenz Gauge
Axial Gauge

Temporal Gauge
Velocity Gauge
Kirchhoff Gauge
Landau Gauge

Feynman Gauge
t’ Hooft Gauge
Unitary Gauge



Feynman’s Paradox

A paradox is a situation which gives one answer 
when analyzed one way, and a different answer 
when analyzed another way, so that we are left 
in somewhat of a quandary as to actually what 
would happen. Of course, in physics there are 
never any real paradoxes because there is one 
correct answer; at least we believe that nature 
will act in only one way (and that is the right 
way, naturally).  So a paradox in physics is only 
a confusion in our understanding.





Generalized Momentum π
Particle Momentum p

Field Momentum (e/c)A

π = p - (e/c) A

KE =  π2 / 2m

π2 = p2 -2 (e/c) p.A + (e/c)2 A2




































