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term will be indistinguishable from V, in all its effects on
the behavior of the wave function. Adding a term in this
way really corresponds to introducing a four-vector whose
space components vanish in the particular Lorentz frame
used. On the other hand if we introduce a term proportional
to V, in such a way that it transforms like the Lagrangian,
which is a scalar invariant, it can just as reasonably be
called 'a potential energy as can a term added to the
Hamiltonian; and the scalar so introduced will differ in
its effects from a nonscalar such as the term in V.. Accord-
ingly, for a particle subject to both an electrostatic force
and a nonelectric force we write

clpo—Ve/c+(a-p)+B(mc+Va/O)lw=0.  (2)

The various relativistic quantities® which can be formed
from the Dirac matrices offer only these two possibilities
for introducing quantities which may reasonably be re-
garded as potential energies, and which have a suitable
effect on the behavior of ¢ in the lowest order in v/c.

If in (2) we introduce the usual convenient notations,

S NS O, NP N

where the ¢’s and 1 are two-rowed matrices and x, ¢ are
two-component functions, we get .

c{(potmec—Ve/c+Vr/c)x+(0-p)o} =
c{(po—mc—Ve/c—Va/c)o+ (- p)x} =

On carrying out the elimination of the “‘small components’’
x in the usual way,? we obtain an equation for ¢ of the form
(cpo—me?—H) =0, valid to order (v/c)?, with

H=p/2m+ VetV
+{(B/4mc) (@ - [(p/me) Xgrad (Ve—Va) D}
+ { @ /4mc) ((p/mc) -grad (V.—TV,))}.  (5)

Thus, although V, and V, appear in the same way in the
lowest order in v/c, they appear with opposite signs in the
spin-orbit terms of the first bracket, in agreement with our
expectations from Inglis’ argument about the Thomas
effect. They also oppose each other in the second bracket,
in terms of a type first discussed by Darwin.®

The introduction of a scalar potential energy added to
the proper energy corresponds closely to Nordstrém's
special-relativistic theory of gravitation.® Since the forces
in nuclei are surely not gravitational, the fact that astro-
nomical observation decides for general relativity and
against Nordstrom’s gravitational theory does not impair
the-interest of this way of discussing the action of non-
electric forces.
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Mutual Reactions of Metals and Salts

When a metal is heated in contact with a salt one or more
of the following phenomena may take place: (1) solution of
the metal in the salt; (2) dissociation of the molecules of the
salt; (3) diffusion of the dissociated metallic atoms of the
salt into the metal; (4) formation of chemical compounds of
liberated metalloids with the metal.

We shall describe an experiment made with a copper bar
heated in cadmium chloride. At a temperature below the
melting point of CdCl; the copper dissolves in the salt,
which becomes colored (reddish) after about one hour of
heating. At a temperature above the melting point of
CdCl, copper dissolves rapidly in the liquid CdCl; and after
cooling the faces of the crystals of the salt are covered
with a thin sheet of metallic copper alloyed with cadmium
(thickness of a few microns).

In this experiment dissociation of CdCl; and formation
of chemical compounds with copper take place. The
reaction is:

a1Cu+aszCh(ﬁBlCuCI+62CuC12+63Cd.

The values of « and 8 depend upon the temperature. The
heat evolved in the reaction (U,) has a negative value.
Consequently from the van’t Hoff law (8/gR,/0T = U,/RT?)
the value of the equilibrium constant (R,) of the mass
action law decreases when the temperature rises

C*1(Cu) - C22(CdCl,)
CPL(CuCl) - CP(CuCly) - CF(Cd)’

R,=

where the C’s are the concentrations of the reacting sub-
stances and their products. This law shows that the concen-
trations of the products of the reaction increase with the
temperature. Hence a rapid lowering of the temperature of
the reacting bodies causes metallic copper to be separated
out of the salt. This phenomenon is only possible in the
exothermic reactions (thermit). The liberated metals:
cadmium and copper are dissolved in the melted salt. The
concentration of dissolved metals is greater in the liquid
than in the solid state of CdCl, and so on crystallization of
that salt the metal excluded from the salt during the
solidification is deposited on the faces of the crystals.

Analogous phenomena occur also in the case of metals
(copper) heated in an atmosphere of vapors of subliming
chlorides such as NiCl,; and CdCl;.! The metals of the dis-
sociated chlorides diffuse into the copper. This phenomenon
is analogous to the phenomenon of diffusion of two metals
in contact. (A theory of this phenomenon by Mr. ]J.
Cichocki is to be published in the Journal de physique.)

Copper heated in MgCl, for 24 hours at a temperature
of 640°C contains after the heating 3 atoms per hundred of
magnesium. The metal liberated in these reactions is
deposited on the copper and on the walls of the vessel and
form porous deposits or metallic crystals.
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