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15.2: Electric and Magnetic Fields and Forces
Electric and magnetic fields manifest themselves observationally by the forces that they cause. These vector quantities are related
to the scalar and vector potentials as follows:

Note that arbitrary scalar and vector constants may be added respectively to  and  without changing either the electric or
magnetic fields, since the latter are functions only of space and time derivatives of the former. This is a simple example of the
concept of gauge invariance in action. We will see later that not just a constant, but any time-independent vector function  ′(

 ) may be added to  with similar null results, as long as  etc. Gauge invariance is an important part of
gauge theory, but a full understanding depends on more sophisticated mathematics than currently at our disposal.

By comparison of equations ( ) and ( ) with the general expression for force in gauge theory, we find that the
electromagnetic force on a particle with charge  is

where  is the velocity of the particle and where we have used equations (15.2) and ( ). For historical reasons this is called the
Lorentz force.
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B ≡( − , − , − ) ( magnetic field )
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= qE +qv ×B  (Lorentz force) 
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