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Suppose that the charge of a slow electron (or proton) varies as ¢ = e(l + kv?/c?), where |k|<1 and v
is the velocity of the moving charge. A strict limit on k| may be inferred from the observed neutrality of
atoms. In particular this neutrality persists despite the moderately fast speeds of the protons in light nuclei.
Using King’s data on the neutrality of He and D,, we determine that |k| < 8 X 107'°. This limit represents

a factor of 250 improvement from a previous result.

Recently, Bartlett and Ward' have examined the
hypothesis that the charge of a moving proton (or
electron) is not constant but rather varies as

q=e(l+kv?/c?). (1)

Here v is the velocity of the moving charge and 2
is a small constant. Various experiments that
could set a limit on 2 were investigated. The most
stringent limit was imposed by the observed
neutrality of atoms. Specifically, an experiment
of King? has shown that the charges of both mole-
cular hydrogen and atomic helium are less than
10"%e.

Both He and H, are bound systems of two elec-
trons. Since the motion of the electrons is quite
different in the two systems, Bartlett and Ward
concluded that |k| <2 X107 for electrons bound
by Coulombic forces.

In this addendum we wish to show that a better
limit on &k may be set by considering the differing
motion of the protons in light nuclei. This super-
iority arises because the Fermi motion of the
- protons in light nuclei is faster than the orbital
motion of electrons in light atoms. Applying Eq.
(1) to the case of a general atom, we have

Q(atom)=ZAg,+Ng, + Zke ¢ (0%, —V%,4) . (2)

Here UZM and vzm are the mean square speed of
protons and electrons in the atom, respectively;
Agq, is a possible small difference between the
static charge of the proton and that of the electron,;
and ¢, is a possible small neutron charge.
Evidently the possibility that either &g, or ¢,#0
makes it impossible to set a stringent limit on %
from the observed neutrality of a single atom.
However, by finding several atoms to be neutral,
one can eliminate the possibility of a nonzero
neutron charge or proton-electron charge differ~

20

ence. Particularly convenient is a comparison of
the charge of the helium atom with that of the
deuterium molecule. Both He and D, are bound
systems consisting of two electrons, two protons,
and two neutrons. Thus the difference between the
charges of these two systems is independent of
Aq, Or g,.

Furthermore, for both these systems v%,, <v%,.
Applying Eq. (1) to both He and D, and solving for
k, we then have

Q(He) -Q(D,)

k= 2e(v® )y, - V%p)c?

3)

King has made sensitive measurements of both
@ (He) and @ (D,) using the gas-efflux technique. In
this method the charge inside a metallic container
of gas is monitored as the contents are exhausted.
The charge is thus measured by Gauss’s law, a
method most compatible with Purcell’s definition
of a moving charge.® King* finds

Q(He) = (=0.7+4.7) X 10"%%
and
[Q(D,)| <3x107%.

Since the helium nucleus is much more tightly
bound than is the deuterium nucleus, one would
expect that v%,,,>v%. These velocities may be
estimated from the uncertainty principle. If the
uncertainty in the momentum of the proton is Ap
and the uncertainty in its position is Ay, then Ap
=%/Ax. Identifying Ap with mo and Ax with the
radius of the nucleus », we have

VPR IR/ mr? @)

where m is the mass of the proton. Evaluating
this expression for the mean square velocity of
the proton in the helium nucleus ( =1.64 fm) and

578



20 NEW LIMIT ON INDEPENDENCE OF CHARGE AND VELOCITY 579

in the deuteron ( =2.095 fm) gives v%/¢*=0.016
and 0.010, respectively.® Substituting these values
into Eq. (3) we find a crude limit for k:

2 <3%x107%°/2(0.016 - 0.010)=2.5x 1078,

To obtain a better estimate of »? (and hence of
k), we have evaluated the expectation value of the
kinetic energy for the proton relative to the resi-
dual core of either nucleus. The proton-core wave
function is assumed to be of the Hulthén form:

_[2a8(a+B)]? e — &7

o) =y e (5)

where a=0.86 fm™ and 8=0.93 fm™* for a proton
in the He nucleus. Similarly, a=0.23 and 8=1.61
for a proton in the deuterium nucleus. These
values are determined by simultaneously requiring
the correct long-range form of the wave function
and the correct rms charge radius (see, e.g.,
Ref. 6).

The operator for kinetic energy is T = —(#%/2u)V?,
where u is the reduced mass of the proton-core
system. Thus

_—h2 20B(a+ B)
D=3 ~B-ar
X f” (e-ar - e-Br)(aze-ar - Bze-ar) dr . (6)

The integral may be evaluated explicitly, giving
(after some cancellation)

_RF*oB
(T) = T (7)

Now {T) is the sum of the expectation value of the
kinetic energy of the proton (T,) and that of the
residual core (T,). Thus

n2ap

2m,

(T, =(T) =(T,) =;ﬁ—,<T> - 8)

Finally the velocity of the proton is given by
niap

v%/c? = (2/m,c*KT,) = e

)
Thus for each of the two protons in the helium
nucleus we have v%,;,/c*=0.036, whereas, for the
protons in the deuterium nucleus »%;,/c?=0.017.
Substituting these values into Eq. (3) we find that

" k<3X107%°/2(0.036 - 0.017) =8 X 10~1%¢,

This limit is a factor of 250 more stringent
than that obtained in Ref. 1. It should be empha-
sized, however, that this limit applies only to
protons bound by strong forces in the nucleus. It
is conceivable that in this binding a renormaliza-
tion of charge can occur which would cancel the
effect of a v?/c? term.
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