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We respond to Comay’s criticism of the use of covariant definitions of the electromagnetic and
mechanical energy-momenta in an analysis of the role of hidden momentum in the total energy-
momentum four vector of a macroscopic body. © 2000 American Association of Physics Teachers.

In his paper,' Comay calls the use in Ref. 2 of covariant
definitions of the ‘‘electromagnetic’” and “*mechanical’’ con-
tributions to the total energy and momentum of a macro-
scopic body ‘‘mistakes.”” He illustrates in detail, using the
examples of a free electromagnetic wave, a charged capaci-
tor, and a current-carrying solenoid inside a charged capaci-
tor, the well-known fact that the energy and momentum of
the electromagnetic field in a system (i.e., the ‘‘electromag-
netic’’ energy—momentum) form a covariant four vector
only when the four divergence of the field's energy—
momentum tensor vanishes. Similarly. he shows that the hid-
den mechanical momentum in his third example, obtained as
the integral of the simultaneous values of the momentum-
density component of the energy-momenmum tensor of the
charged fluid that is the current carrier in the system, does
not transform as the momenwmm part of an energy—
momentum four vector. Here again. the reason for this is that
the four divergence of the fluid’s energy—momentum tensor
can be shown- not to vamsh. Ounly the total energy-
momentum of the system, i.e., the sum of the electromag-
netic and mechanical contributions. is a covariant four vec-
tor. as the four divergence of the total energy—momentum
tensor of a closed system vanishes.’

This is shown also in Ref. 2. where detailed calculations
on the examples of finite exactly solvable systems* illustrate
the fact that only the total energy—momenmm is a covariant
four vector when the standard definitions are used for the
electromagnetic and mechanical contributons. And it is
shown in Ref. 3, without relying on any specific example,
how the noncovariant ‘‘electromagnetic”” and *‘mechanical’”
energy—momenta calculated using the standard energy-
momentum tensors combine to form a covariant four vector
of the total energy—momentum of a macroscopic body that
carries general statiosasy. macroscopic charge and/or current
dxsmbuuons.

The «+ ) loyment of-definitions that separately impose the
relativistic four-vector covariance on the electromagnetic and
nonelectromagnetic (‘‘mechanical’”) energy-momenta has
been pioneered by Rohrlich® as a procedure that needs no
explicit consideration of nonelectromagnetic forces to deal
with the problem of the noncovariance of the energy—
momentum of the electron in classical electron theory. The
use of this procedure has been criticized on numerous occa-
sions by proponents of the standard definitions. as these are
sufficient to produce a covariant total energy—momentum
when the contribution of nonelectromagnetic forces, neces-
sary for the stability of an extended particle. to the energy—
momentum of the classical electron is included. (That has
been shown already by Poincaré,” and the nonelectromag-
netic stresses needed for the stability of an extended charged
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particle are usually called Poincaré stresses.) Comay’s criti
cism is a relapse into yet arother round of that old debate,? in
regard to which it has now been recognized by several
authors® that the point here is not that oaly one of the pro-
cedures of "Rohrlich’s covariant definitions and Poincaré
stresses is a *‘correct’” one while the other is *‘wrong.”” but
that either procedure can be used for the purpose of con-
structing a covariant toral energy—momentum of a system
that has electromagnetic and nonelectromagnetic compo-
nents. The recent third edition of Jackson's classic text on
classical electrodynamics'® has a thorough discussion of the
problem of the electromagnetic mass. Poincaré strasses, and
covariant definitions without expressing any preference for
one of the two procedures over the other.

We reiterate here the point emphasized in Refs. 2 and 5,
namely that the covariant definitions have a formal character
akin to the procedure of the renormalization of mass in quan-
tum electrodynamics, which is carried out in a covariant
fashion separately from any nonelectromagnetic conmibution
to the rest mass of a charged partcle. (In fact. it can be
argued that a mass renormalization with a negative nonelec-
tromagnetic mass is implied also in classical electrodynamics
whenever a cnarged body is assigned a rest mass that is
smaller than the electromagnetic mass due to the body's
charge distribution.) In principle. . the electromagnetic
energy—momentum arising from a macroscopic distribution
of charge and current is measurable separateiy from the
body’s ‘‘mechanical’” energv-momentmum (unlike in the
electron or any other ‘‘elementary’” particle), and the stan-
dard electromagnetic and mechanical energy-momenta
would agree observationally with the covariantly defined
quantities only in one inertial frame of reference. namely the
reference frame in which the standard and covariant defini-
tions coincide. i

The purpose of a covariant-definition procedure for a mac-
roscopic system is that of the comstruction of a covariant
total energy-momentum, and the separately covariant *‘elec-
tromagnetic’’ and ‘‘mechanical’” energy-momenta obtained
in such a procedure serve oaly that purpose. The covariant
definitions of the electromagnetic and mechanical energy-
momenta were used in Ref. 2 not because they are the oaly
*‘correct’’ definitions of such quantities for the systems in
question, but to show how the covariant-definition proce-
dure, along with the Poincaré stresses procedure of the stan-
dard definitions, would consistently take into account the ex-
istence of hidden mechanical momentum.
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