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Despite the great success of Maxwell’s “Dynamical Theory of the Electromagnetic Field”
[1], Lord Kelvin’s view that electromagnetism is a “mechanical” phenomenon' has lingering
advocates. An argument that Kelvin would likely have supported is that the electrostatic
field energy of a system of electrical charges at rest is “mechanical”,? and is to be associated
with the rest energy of the charges.>* In particular, the interaction electrostatic field energy
of an electron with other charges is considered by some people to be part of the “mechanical”
rest energy of the electron.” This has the implication for an electron at rest that if its
interaction field energy is negative and greater in magnitude than mgc? = 511 keV, where
my is the rest mass of an electron in zero electromagnetic field and ¢ is the speed of light
in vacuum, then the rest energy, and rest mass of the electron, is negative. In this case,
the acceleration of an electron in an electric field E would be in the direction of E, rather
than opposite to this as usually holds. If so, electrons (as well as positive ions) would be
accelerated away from the positive electrode of a Van de Graaff generator [19] that is charged
to potential greater than 511 keV, but such accelerated electrons are not observed.®

An earlier discussion of this topic by the author is at [20)].

Kelvin: I never satisfy myself until I can make a mechanical model of a thing. If I can make a
mechanical model I can understand it. As long as I cannot make a mechanical model all the way through I
cannot understand; and that is why I cannot get the electro-magnetic theory (of Maxwell). See p. 603 of [2].

2For a skeptical view of the concepts of potential energy and field energy, see [3].

3This view is an extension of arguments beginning with J.J. Thomson [4] that the “mechanical” mass of
an electron is actually electromagnetic in origin.

4A more Maxwellian view, that the interaction energy exists separate from the “mechanical” energy of
a system (while being part of the rest energy of that system), was illustrated in [5] for a system of two
opposite electrical charges +¢ with fixed separation d, somehow accelerated perpendicular to their line of
centers. The force needed for this acceleration was computed and found to be consistent with the rest mass
of the system being 2mg — ¢%/d, where mq is the rest mass of each particle. However, no claim was made
that the rest mass of each charge was shifted by —¢?/2d.

°The case of an electron in an external electric scalar potential was discussed by Brillouin in [6, 7] (see
also [8, 9]), and that of a permanent magnetic moment in an external magnetic field has been discussed
starting with a brief remark by Frenkel in the final paragraph of [10], then eq. (18-9) of [11], eq. (8'), p. 1837
of [12], eq. (3.17), p. 1621 of [13], Appendix B of [14] (for comments by the author on this paper, see [15]),
p. 15 of [16], p. 4 of [17] (this paper notes on p. 8 that the “mass shift” is not predicted in either the classical
Foldy-Wouthuysen model or in Dirac’s quantum theory of the electron), and p. 64 of [18].

6April 2, 2024. Presumably, such an electron would move away from the electrode until its electric-
interaction energy became less in magnitude than 511 keV, and the rest mass of the electron returned to
being positive. Then, the electron would be attracted to the electrode, until the (negative) interaction energy
became greater in magnitude than 511 keV and the electron was again repelled from the electrode. The
motion of the electron would be an “endless cycle” of repulsion and attraction in the vicinity of the electrode
[8], in a kind of “electrostatic trap” (although emission of electromagnetic radiation during the oscillation
would reduce the energy of the electron leading to its eventual collision with the electrode). Such behavior
has not been observed.
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