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A novel measurement of the Lorentz force with vortical dipole flows

Abstract

A rectangular container is filled with two layers of different concentrations of salt
water, and a sheet of plotting paper is placed underneath the container where it cannot

get wet.

The flow of salt ions in the container is forced electromagnetically by electrical
currents and a magnetic field. This creates a horizontal flow known as the vortex dipole.
A power supply connected by two copper plates, which are placed on the sides of the
container, creates the electrical current. A rare earth magnet is placed above the surface
of the salt water, which produces a magnetic field. The interaction of the magnetic field
with the electrical current results in a horizontal Lorentz force on the ions of the salt
water in the direction perpendicular to the electrical current of salt ions. This localized

force generates a vortex dipole.

The vortex dipole created by the Lorentz force is visualized and recorded by using
a dye and a digital video camera placed above the container. Using camera software,
individual frames of the vortex dipole displacement and its time can be measured. By
plotting the displacement of the vortex dipole, which is characterized by time
dependencies, we can obtain the momentum flux of the vortex dipole. We can measure
the Lorentz force of salt ions by using the momentum flux of the vortex dipole and the

top layer of the salt water that is in the container.

The apparatus required for the experiment is inexpensive and easy to construct.
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