PA P E R 3
!

On the Electrodynamics
of Moving Bodies

It is well known that Maxwell’s electrodynamics—as usually understood at present—when applied to moving bodies,
leads to asymmetries that do not seem to be inherent in the
phenomena. Take, for example, the electrodynamic interaction between a magnet and a conductor. The observable
phenomenon here depends only on the relative motion of
conductor and magnet, whereas the customary view draws a
sharp distinction between the two cases, in which either the
one or the other of the two bodies is in motion. For if the
magnet is in motion and the conductor is at rest, an electric ﬁeld with a deﬁnite energy value results in the vicinity
of the magnet that produces a current wherever parts of the
conductor are located. But if the magnet is at rest while the
conductor is moving, no electric ﬁeld results in the vicinity
of the magnet, but rather an electromotive force in the conductor, to which no energy per se corresponds, but which,
assuming an equality of relative motion in the two cases,
gives rise to electric currents of the same magnitude and
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the same course as those produced by the electric forces in
the former case.
Examples of this sort, together with the unsuccessful attempts to detect a motion of the earth relative to the “light
medium,” lead to the conjecture that not only the phenomena of mechanics but also those of electrodynamics have no
properties that correspond to the concept of absolute rest.
Rather, the same laws of electrodynamics and optics will be
valid1 for all coordinate systems in which the equations of
mechanics hold, as has already been shown for quantities of
the ﬁrst order. We shall raise this conjecture (whose content
will hereafter be called “the principle of relativity”) to the
status of a postulate and shall also introduce another postulate, which is only seemingly incompatible with it, namely
that light always propagates in empty space with a deﬁnite
velocity V that is independent of the state of motion of the
emitting body. These two postulates sufﬁce for the attainment of a simple and consistent electrodynamics of moving
bodies based on Maxwell’s theory for bodies at rest. The introduction of a “light ether” will prove to be superﬂuous,
inasmuch as the view to be developed here will not require
a “space at absolute rest” endowed with special properties,
nor assign a velocity vector to a point of empty space where
electromagnetic processes are taking place.
Like all electrodynamics, the theory to be developed here
is based on the kinematics of a rigid body, since the assertions of any such theory have to do with the relations among
rigid bodies (coordinate systems), clocks, and electromagnetic processes. Insufﬁcient regard for this circumstance is
at the root of the difﬁculties with which the electrodynamics
of moving bodies currently has to contend.
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ELECTRODYNAMICS OF MOVING BODIES

A. Kinematic Part
1. Deﬁnition of Simultaneity
Consider a coordinate system in which Newton’s mechanical
equations are valid. To distinguish this system verbally from
those to be introduced later, and to make our presentation
more precise, we will call it the “rest system.”
If a particle is at rest relative to this coordinate system, its
position relative to the latter can be determined by means
of rigid measuring rods using the methods of Euclidean geometry and expressed in Cartesian coordinates.
If we want to describe the motion of a particle, we give
the values of its coordinates as functions of time. However,
we must keep in mind that a mathematical description of
this kind only has physical meaning if we are already clear
as to what we understand here by “time.” We have to bear
in mind that all our judgments involving time are always
judgments about simultaneous events. If, for example, I say
that “the train arrives here at 7 o’clock,” that means, more
or less, “the pointing of the small hand of my watch to 7 and
the arrival of the train are simultaneous events.”1
It might seem that all difﬁculties involved in the deﬁnition
of “time” could be overcome by my substituting “position of
the small hand of my watch” for “time.” Such a deﬁnition
is indeed sufﬁcient if a time is to be deﬁned exclusively for
the place at which the watch is located; but the deﬁnition
is no longer satisfactory when series of events occurring at
different locations have to be linked temporally, or—what
1

We shall not discuss here the imprecision inherent in the concept
of simultaneity of two events taking place at (approximately) the same
location, which can be removed only by an abstraction.
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