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The Aharanov-Bohm effect demonstrates that electrons can exhibit wave properties.  By requiring electrons to flow on either side of a loop and using a perpendicular magnetic field to affect their paths, we can make one path be longer than the other by ½ of an electron DeBroglie wavelength.  If this occurs we would see the electrical resistance of the loop increase, as a manifestation of the destructive interference in the electron waves.  This language is the language of the semi-classical approach to quantum phenomena.  The effect is more completely explained with quantum mechanics, in which the vector potential associated with the magnetic field causes a phase shift in the electron wave function.  The phase shifts in opposite directions for the two paths, and the total phase shift is proportional to the magnetic flux through the loop.  To explore the effect we have drilled holes with a diameter of 6 microns in a double-layered thin film of bismuth and gold.  The experiment must be performed at low temperature in order to create an electron mean free path that is comparable to the length of the path around the hole.  For 6 micron holes, this path length is around 9.4 microns.  For our sample, the mean free path was found to be considerably smaller than 9.4 microns, and we were unable to detect any interference as a result of our magnetic field.
