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DISCUSSION ON MOTIONAL ELECTROMOTIVE FORCE

LI Zhibing
(Shenzhen Campus of Sun Yat-sen University, Shenzhen, Guangdong 518107)
Abstract Faraday’s law of electromotive force describes two different phenomena: (1) chan-
ging magnetic flux through a surface induces an electromotive force in the boundary circuit of
the surface; (2) a wire moving in a magnetic field is exerted a motional electromotive force. It
is known that the fundamental principles supporting both phenomena are the Maxwell equa-
tions and the Lorentz formula for the electromagnetic force. However, there are different
statements explaining the latter phenomenon. This paper will discuss the motional electromo-
tive force from the viewpoint of constraint on charge trajectory. A charge moving in a prede-
termined trajectory is exerted a constraint force generally. When the trajectory is time-depe-
dent, the magnetic field extends the constraint force to do work on the charge and leads to the
motional electromotive force. It is convenient to describe the energy of charge moving in a pre-
determined trajectory by electromotive force, as it can avoid the constraint force which is usu-
ally unknown. However, strictly speaking, this description is only valid in quasi-static proces-
ses. A general concept of the electromotive force for arbitrary processes may be defined, but

the generalization is not unique. Here we define the electromotive force as the work done to a
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positive unit charge when the charge moves along the trajectory instantly. This definition is

valid for induced and motional electromotive forces of wires of arbitrary time-depending

shape, whatever close or open.
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