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Abstract. Tbe invariance of tbe eledromagnetic field tensor is used I!I.S a
necessary and sufficient condition fol' constructing tbe gauge tran!lformations
in Eledrodynamics,
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\Vhen dealing with gauge transforrnations in Electrodynamies sorne text books, as
those of Panof.ki and Phillip. (1961) and Kompaneyet. (1978), indicate that the
allowed forrn of sueh transforrnations is found by inspeetión, whereas other authors
like Reitz, Milford and Chri.ty (1980), Laudau and Lif.hitz (1962) and Sommerfeld
(1952) sirnply establish the transforrnations and then show they are consistent with
the invariance of the fields or, equivalently, with the electrornagnetie field tensor.
There exists a third group of authors, like Jackson (1975) and Marion and Heald
(1980) who correctly analyze the transformation for the vector potential and then
guess the corresponding transforrnation for the sealar potentiaL

Since the uniqueness of such type of transformation is never mentioncd, the
question about the existence of another type often arises. It can be rigorously
shown, that the invariance of the elcctromagnetic field tensor

(1)

under a gauge transformation is a necessary and sufficient eondition to determine
its general form,

To prove this statement we first note that equation (1) is linear in the 4-
potential and henee the transformation must be of the type

(2)

where the 4-vector ZIJ is, so far, arbitrary.
\Vhen the new electromagnetic field tensor F~v is computed with the help of

equation (2) one gets

F~v = avA~ - aIJA~

= 0vAv - 0vAv + 0vZv - °vZv
= F .... + ii ..Z .. - o..Z ••

(3)
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and, in arder to make the fieId tensor invariant under the transformation (2) we
must have

(4 )

This equation is the express ion of the components of curl Z in four dimensions
and, sincc it vanishes, the 4-vector Zjl must, therefore, be the 4-gradient of an
arbitrary scalar fundion f, that is

(5)

Hence, the gauge transformations which leave F~v invariant are, from (2) and (5)

or, in non-covariant notation

I 1af1>=1>---
e at

A' = A + \1f

and these are the only anes.
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Resumen. Se utiliza la invariancia del tensor electromagnético como condición
necesaria y suficiente para construir las transformacionE's de norma de la elec-
trodinn.mica.


