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Specialized literature deals occasionally with potentials for which the rest mass of a particle
is variable. Proper attention should be given in the teaching of special relativity to the
relation between the rest mass and the potential field in all cases. The case of a scalar potential

is considered.

Concerning the rest mass m of a particle we
can always write!

dm/ds=X.(dz*/ds) (with X,=dP./ds), (1)

which in the case of a scalar field, for instance,

gives
dm/ds=X,(dz*/ds)

= (aV/ox®) (dax*/ds) =dV /ds. (2)

The constancy of the rest mass is not therefore
a necessary consequence of special relativity, but
implies an additional assumption concerning the
field of force. Namely,

X, (dz~/ds) =0. (3)

Though this condition is satisfied in the case
of a veetor field?, it is clearly not the case for a
scalar field.

This is worth being stressed in view of the fact
that in most textbooks on relativity,®—® the rest
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mass of a particle is considered to be constant.
Moreover, there is a textbook” with a “proof” of
the impossibility for the rest mass to be potential-
dependent while another textbook uses a constant
rest mass with a scalar potential ®

It should be stressed that we have to distin-
guish between the correct handling of the special
relativity formalism (which in principle does not
impose any a prior: condition on the potential
field except covariance) and the nature of the
fields which may be found by some other theo-
retical or experimental considerations.

However, the importance of this point is not
only formal. The specialized literature has and is
dealing with cases in which the conditien in Eq.
(3) is not fulfiled. The scalar field of the hypo-
thetical scalar meson has been investigated by
Marx and Szamosi,? and Rosen.!® Chevreton!* and
Rosen? have shown that the gravitational field
of general relativity may be decomposed into a
scalar field and a spin-2 field. Sexl® shows that
within & large class of theories of gravitation, the
scalar field is a component which plays an im-
portant role. Dicke* considers the existence of a

He applies a canonical formalism to a scalar potential and
agsumes the rest mass to be constant. The expression ob-
tained for the energy corresponds to that of a vector field.
The formalism lacks covariance, and a correct relation
between the expression of the energy and the nature of the
potential cannot be obtained in this way. However, the
monograph is a very good one. The need for clarifying
the relation between rest mass and potential is the more
evident.
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cosmological scalar field. In nuclear physies all
kinds of covariant interactions are considered ¢
priori to be possible,’ and when in some instances
the scalar interaction is discarded, it is done in
each particular case after the examination of the
experimental evidence and its theoretical impli-
cations.’ It is also to be noted that according to
Kalman!” the vector field is the only one for which
the rest mass is constant; in particular, the rest
mass for a tensor field is potential as well as
velocity-dependent.

We therefore suggest that in the teaching of
special relativity, proper attention should be given
to the relation between the rest mass and the
potential field.

It is instructive in this respect to compare the
expression of the energy (the fourth component
of momentum) in the case of a scalar and a
vector field.

Starting from

dP*/ds= (d/ds) {m(dz=/ds) ]= X=, (4)

we have 1n all cases:

U2 —1,2
Pimmy= [ Xids. with y= (1— ;) . (5)
¢
In the case of a time-independent sealar potential
we have
Xi=—0V/at=0. (6)

Taking Eq. (5) into account we can write
Pl=my=W =const. (7)
The energy of the pariicle s a constant of the motion.
Now, we have from Eq. (2)
m=V-fmq. (8)

{mo being the rest mass in the absence of poten-
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scalar particle. Its Yukawa potential, therefore, cannot be
considered as the fourth component of a vector field.
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tial.) We may therefore write
Pi=W = (my+V)vy=const. 9

Equations (8) and (9) indicate that in the case
of a scalar potential, the potential energy contribules
in toto to the rest mass.

This may be contrasted with the result ob-
tained for a static veetor potential V' whose only
component different from zero is V. In this case
we have's

Pt=W -V (10)

the energy of the particle is not constant.
For the constant total energy we may write

(11)

Equations (9) and (11) suggest that in the scalar
case the potential energy is localized in the frame
of the moving particle, while in the vector case
1t is localized in the frame of the source of the
field.

Taking Eq. (7) into consideration, Eq. (4)
may be rewritten

d dx= d dz*
Xe= — (m’y ﬁ) =my = - (my)vas

W=P-Vi=my-+ V4

ds di ds dt
[with a*= (@2/d)], (12)
or
Xo=yPige, (13)

If we define f*=dP*/dt, we have from Eq. (13)

fe=Piae (with P*=const). (14)

We obtain, therefore, for a scalar field the
Newtonian relation between force and accelera-
tion. However, the coeflicient of proportionality
is the constant total energy which includes the
value of the rest mass, the potential, and the
kinetic energy. Force and acceleraiion are in this
case parallel.
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