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The Hall effect occurs when a current-carrying substance is placed in a
magnetic field that is perpendicular to the direction of the current. Suppose
we have a wire with a rectangular cross-section that carries current in the
+y direction. A magnetic field pointing in the +x direction is applied to
the wire. From the Lorentz force law, a moving charge in the wire feels a
magnetic force qv × B, so it will be deflected in the ±z direction, where the
sign of the deflection depends on the sign of the charge and the direction of
motion. If the charges are positive and flowing in the +y direction, they are
deflected in the −z direction.
As a result, a charge imbalance is created inside the wire resulting in an
electric field in the z direction. Equilibrium is established when the electric
and magnetic forces balance, and this happens when qE = −qv × B. For
positive charges, this means that E = vB, so if the wire has a thickness t in
the z direction, the potential difference across the wire is Et = vBt.
If the charges are negative, then to produce the same current as above
they would have to be moving in the −y direction. Since the direction of
motion and the sign of the charges are both opposite to the first case, the
negative charges will still be deflected downwards, so the direction of the
induced electric field will be reversed. Thus by measuring the sign of the
potential difference we can tell whether the charge carriers are positive or
negative.
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