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Abstract:

We describe a simple apparatus to quantitatively demonstrate forces produced by a magnetic field on a current-carrying wire segment.  The apparatus is based on an inexpensive digital scale with a least count of 0.01 gram, sufficiently sensitive to measure the forces produced on a small wire element.  The apparatus can be used to explicitly demonstrate the dependence of the magnetic force on the cross product between the vector current element and the magnetic field, yielding a force proportional to the sine of the angle between them.  Students can also verify that the magnetic force is proportional to the current in the wire and explicitly verify the right hand rule for the vector cross product of the current element and the magnetic field.
Description
This is an exceptionally simple apparatus to construct.  A small table is constructed from a commercial plastic cutting board and 1” Lucite rod support legs.  Two banana binding posts are mounted to the side of this small support table.  The wire segment is then attached to the binding posts.  The two high field magnets are separated with foam board spacers, producing an approximately uniform magnetic field of ~0.2 T between the poles.  The magnet rests on a pedestal (small plastic cup) to keep the fringe fields away from the digital scale.  The pedestal is in turn attached to a simple cardstock compass rose and pointer assembly which measures the angle between the wire segment and the magnetic field in the magnet gap.  Photos of the apparatus appear below:
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