
Journal of the Physical Society of Japan
Vol .  62,  No. 5,  May,  1993, pp.  1418-1422

$1. Weber'sElectrodynamics

In this paper we propose an experiment to
test directly Weber's electrodynamics. Before
we discuss this experiment we will present
briefly Weber's theory and the reasons why it
has been chosen as the basis on which to pro-
pose this new experiment.

According to Weber's electrodynamicsr-8)
the force exerted by q, otr q' is given by

p:?'Q. '+(r-  :* i ) ,  ( l )^  
4 n e o  r ' \ ^  2 c 2  c L /

where so:8.85 x lg-t '  Flm is the vacuum per-
missivity, r- lrr-rzl  is the distance between
the charges, i-(r,-r) lr  is the unit vector
point ing from ezto Qr, i :dr ldt is the relat ive
radial velocity between the charges, i- d'rl
dt2 is their relative radial acceleration, and c is
the ratio between electromagnetic and elec-
trostatic units of charge, which was found ex-
perimentally to have the same value as the ve-
locity of l ight in vacuum (c:3 x 108 m/s).

This force complies with Newton's third law
in the strong form. Due to this fact Weber's
electrodynamics is compatible with the princi-
ples of conservation of linear and angular
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momentum. Moreover, this force can be der-
ived from a velocity dependent potential
energy given by U: et ez(l  -  i2 I  2c\ f  4neor.
The force is obtained in the usual way by
F- -? dUldr. Due to this fact Weber's elec-
trodynamics is also compatible with the princi-
ple of conservation of energy. The force can
also be derived from a Lagrangian function
given by L: 7- S, where 7' is the kinetic
energy of the two charges with masses mr and
t / t2  (T:  mrul  I  2*  mzaS l  Z)  and S:  q,  q ,
Q + i 'z l2r ')  I  4nÊ,or, as has been shown by
Weber himself (note the sign change from U
t o  S ) .

Historically Weber arrived at this expres-
sion in order to derive from a single formula
Coulomb's force and Ampère's force between
current elements, which can be expressed in
modern vectorial notation as

d2 F: -# r ,  r , ; Iz@t,.dtz)

-3( ì -  d t ) ( Ì .  d t ) | . (2)

In this expression dz F is the force exerted
by the neutral current element Iz dlz on It dlr,
and i lo:4n x l0-7 kg m C-2 is the vacuum
permeabil ity.

One of the reasons for the renewed interest
in Weber's electrodynamics recently is con-
nected with the fact that Ampère's force can
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We calculate utilizing Weber's law the force on a moving charge exerted by a sta-
tionary charged spherical shell surrounding it. We obtain a net force different from
zero which is proportional to the acceleration of the test particle relative to the spheri-
cal shell. This result can be interpreted by saying that the inertial mass of a test parti-
cle should change if it is placed inside a charged spherical shell. We conclude that this
modification in the inertial mass is proportional to the electrostatic potential of the
charged spherical shell and to the electric charge of the test particle. Then we present
some possible experiments which could be performed to test this prediction.
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be derived from Weber's theory. In order to
understand this fact we need to remember that
the only expression which appears in the tex-
tbooks nowadays for the force between cur-
rent elements is Grassmann's force (1845),
which can be written as

I  P"  I ' d l ' x  ì f
d l F : I t d h x d B z : I r d h x l - j ,  I' l 4 n r ' I

I to I t Iz
:  -  .  ,  Í (d l t .  d lz)  ?-  (dh. ì )d lz l .  (3)

+ n  r -

In this expression d2 F is the force exerted by
the current element Izdlz on 1r dh and dBzis
the magnetic field according to Biot-Savart's
law.

It is a known fact that the force of a closed
circuit on a current element of another circuit
is the same according to both expressions, (2)
and (3). So for two or more closed circuits we
can not distinguish them. On the other hand if
we calculate the force on part of a closed cir-
cuit due to the remaining circuit it is not yet
completely clear if the two expressions agree
with one another. In the last ten years many ex-
perimentse-r3) have been performed with a sin-
gle circuit trying to distinguish in the laborato-
ry the two expressions. Although most of
these experiments favour Ampère's force
against Grassmann's force, this is stil l an open
subject r4-r7) and more research is desirable be-
fore a definitive conclusion can be drawn.

Although we do not find Ampère's force in
most textbooks, but only Grassmann's force,
it should be remarked that J. C. Maxwell
knew both force laws, eqs. (2) and (3), and
preferred Ampère's force to Grassmann's
one. For instance, in his major and last work,
A Treatise of Electricity and Magnetism, after
presenting Grassmann's force (ref. 4, Yol.2,
article 526, p. 174) and two other force laws of
his own, Maxwell made the following compari-
son of these force laws and that of Ampère,
eq. (2): "Of these four different assumptions
that of Ampère is undoubtedty the best, since
it is the only one which makes the forces on
the two elements not only equal and opposite
but in the straight line which joins them."
(ref . 4, Yol. 2, article 527, p. 174).

Weber suceeded in deriving not only Gauss
and Ampère's laws from his expression of the

force between two charges, but also Faraday's
law of induction (1831). We wil l  not present
here the details of this derivation, as it can be
found in Maxwell's Treatise.o)

When Weber derived eq. (2) from his force
law, eq. (l), he assumed Fechner's hypothesis,
namely, that in an usual metallic current the
positive and negative charges move in oppo-
site directions with the same velocity. But re-
cently we showed that based only on the neu-
trality of the current elements and on Weber's
force we can stil l derive Ampère's force, eq.
(2), even when the positive ions are fixed in the
lattice and only the electrons move generating
the current.rs) This overcame the first criticism
of Weber's theory.

The second reason for the neglect of
Weber's electrodynamics during the first half
of this century was Helmholtz criticism of
Weber's theory.a're)According to him Weber's
law could lead to a "negative mass behav-
iour" of the charges in some situations involv-
ing high potentials. A particular consequence
of this behaviour would be charges moving at
a velocity higher than the light velocity, which
has never been observed. The first to over-
come Helmholtz criticism has been Phipps20-2t)
which proposed a generalization of Weber's
potential energy, namely:

Qt Qz f-- i"
U p : ,  l l -  ,

4 n e " 7  t  c '

- Q r Q z  ( r - "  - i 4  -  \

4 n e o r \ t - z d - 8 . ' -  )  
( 4 )

This potential reduces to Weber's expression
for low velocities. As it is free of the negative
mass behaviour it overcame Helmholtz's criti-
cism of Weber's theory. Two aspects must be
observed. The first one is that Phipps' solution
is a very recent one, indicating a renewed in-
terest in Weber's theory. The second and most
important one is that it indicates clearly what
were the limitations of Weber's model,
namely, that it should be valid only until the
second order in u f c, inclusive.

The third kind of criticism which has been
made against Weber's theory is the fact that it
is an action-at-a-distance law, like Newton's
law of gravity. Two things must be remarked
here. The first one is that Moon and Spencer22)
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introduced the retarded time (t-rlc instead
of r) in Weber's force, and so overcoming this
limitation. And recently Wesley6'7) developed
the same kind of idea, but introducing the
retarded time in Weber's potentials and fields,
instead of directly in the force law. With these
two approaches the stigma of being an action-
at-a-distance theory is not valid anymore.

The second aspect to be remarked on this
respect is that although Weber's theory is
simultaneous and instantaneous, the first to
derive the wave equation for the propagation
of an electric disturbance (a pulse of voltage
or current, for instance) in a metallic circuit
were Weber and Kirchhoff, in 1856 and 1857.
They were the first to obtain the correct equa-
tions of the transmission line theory. Both
worked with Weber's action-at-a-distance the-
ory coupled with the law of conservation of
charges. For a detailed discussion of all these
facts see ref. 23-27 and 5, Vol. 2, pp. 523-535.

Apart from these questions of electrodynam-
ics, there are many important and new results
which appeared recently dealing with a We-
ber's force applied to gravitation.2s-30) We will
not go into the details here but the main idea is
that a generalization of Newton's law of gravi-
tation with terms similar to the generalization
of Coulomb's law proposed by Weber yields
Mach's principle (the inertial forces like ma,
the centrifugal and Coriolis forces, being due
to a gravitational interaction of any body with
the distant universe), the equivalence principle
(a derivation of the proportionality between
inertial and gravitational masses) and the
precession of the perihelion of the planets.
Sokol'skii and Sadovnikov have also dis-
cussed the fact that a Weber's force law for
gravitation models the delay in the propaga-
tion of interactions despite being an action-at-
a-distance theory.3r)

Despite all these positives remarks regarding
Weber's law we have shown that it is only an
approximation valid up to second order in u I
c, inclusive.32'33) This means that Weber's elec-
trodynamics should not be applied without
modifications to particles moving near the
light velocity. In the next section we will ana-
lyse a possible experiment to be performed in
this regime of low velocities in order to test an
essential property of Weber's force, namely,

the fact that it depends on the acceleration of
the test charge.

$2. Changing the Inertial Mass of a Charged
Particle

We now calculate with Weber's force, €Q.
(l), the force on a charge q exerted by a sur-
rounding hollow spherical shell of radius R
and char ge Q uniformly distributed over its
surface. We perform the integration following
similar procedures utilized in related prob-

lems.2e'33)We suppose the spherical shell to be
at rest and without rotation in the laboratory.
When q is anywhere inside the shell and has
any velocity this yields:

, - -  Q Q  
, =  o : !  o .  ( 5 )'  s  

l } n e o c 2 R '  3 c 2 -

In this expression a is the acceleration of q rela-
tive to the center of the spherical shell, and

ó:Ql4neoR is the electrostatic potential any-
where inside the shell, supposing the potential
to be zero at infinity. When a particle of iner-
tial mass m and charge q is interacting with N
other bodies (with the Earth, with a magnet,
with a current-carrying wire, with a spring,
etc.) we obtain, util izing Newton's second law
of motion (valid for u'rr t') and observing
that now the charged shell is also exerting a
force on q:

N

I  r , :  (m-rf l*)a,  (6)

where n i, ti. force exerted by the body i on
q ,  a n d  r / t * : q Q l l 2 n ê o c 2 R - q ó 1 3 c 2  i s  w h a t

we call the Weber's inertial mass for this geo-

metry. This shows that we can interpret the
result saying that the inertial mass of the test
charge should change when it is inside a

charged spherical shell.
In order to observe such an effect it is neces-

sary to have an accelerated test charge. So we
need to have a resultant force on it due to the

other N bodies different from zero.
From eq. (6) many interesting results can be

drawn. If q and Q have the same (opposite)

sign then the effect of the charged spherical
shell is equivalent to a decrease (ihcrease) in
the inertial mass of the particle. An important
feature of this model is that the change in the
inertial mass of the test particle is independent
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of its velocity. This is a new result not pre-

dicted in other theories. Essentially the value

of Weber's inertial mass is proportional to the

electrostatic potential of the shell.
An order of magnitude for this effect can be

easily obtained. The maximum electric field be-
fore the corona discharge in atmospheric air is

typically 3 x l0ó V/m (the breakdown value).34)
The electric field just outside the charged
spher ical  shel l  is  g iven by E:Ql4ne"R2. In
order to have an effect equivalent of doubling
the inertial mass of an electron, the radius of

the shell charged positively having this l imit-
ing breakdown field would be approximately
0.5 m. The potential of the shell in this case
would be 1.5 MV. This shows that i t  would be
feasible to test the existence of this effect in the
laboratory.

In order to perform the experiment the shell
should be made of a dielectric material (such

as glass). If i t is made of metal the test charge
when accelerated may induce currents in the
shell. Beyond decreasing the energy of the test
charge, this effect would disturb the analysis
of the experiment.

A possible experiment is to evacuate the
sphere (or at least to let it with a low pressure)

so that an electron can move through it. The
source of electrons can be a heated filament or
a radium source. The experiment would be to
measure the Larmor radius described by these
electrons when they pass near a permanent
magnet. According to eq. (6) the iadius of the
orbit for an electron should be given by
(supposing a uniform magnetic f leld) r-
l ( m - m * ) u f  e B  |  ,  w h e r e  m - 9 . 1  x  l 0 - - 3 '  k g ,  u
is the electron velocity, - e its charge, and B is
the magnetic f ield generated by the magnet.
We suggest that this experiment should be per-
formed with two variations: with the perma-
nent magnet inside and outside the sphere.
This care must be taken because the value of B
can change from one situation to another (if
the inertial mass of the electrons which con-
stitute the magnet change due to the effect
which is being discussed here, their spin can
also change). The trajectory of the electron
beam can be seen and measured if the charged
spherical shell is made of glass and filled with
a low pressure gas that can be ionized by the
beam.

The same experiment could also be per-

formed analysing the Larmor radius of mov-

ing electrons being accelerated by a permanent

magnet outside a charged capacitor.32'33) As we

remarked in these works, the geometry of the
problem is also relevant for this effect.

In principle photons should not change
their  f requency v or mass m, ( f f iy-hvlc ' ,

where ft is Planck's constant) due to an effect
similar to what is being discussed here because
they have no net charge. According to eq. (6)

the charged shell will not exert any force on
them. The same can be said of photons mov-

ing inside or outside a charged capacitor.32'33)
Experiments agree with this prediction.

Kennedy and Thorndike analysed photons

moving through points varying by 5 x 104 V

and did not find any effect.3s)
Any other experiment involving a charged

particle being accelerated in regions of varia-
ble electrostatic potential can be uti l ized to
test this important aspect of Weber's elec-
trodynamics. The relevant feature is that the
effect under consideration (the outcome of the
experiment) must involve the inertial mass of
the charged particle.
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