
!""#$%&'()"*#+,)"'-).,&'*%'/0)1$,%2'3)$.4%'562'")'72'5889 !"#

$%&'()*+,-*..,/0,*,12*'3&,)%,*4%)0/'5,6+&7('/.(*()7,8/(&%()*+,9)&+:
:;'<;'=>?->@

=%,A%0*#44&+0#&&%'572'BCDE9D6'/$.4F%012'G%04#"H

!/?IJ!KI;' I)' #10%%' L,+A' 4#&&' %"%01H' %M.,N#$%"O%' #"*' L,+A' ,"*.O+,)"%PQ%0,4%"+&' #"*' +)' 1%"%0#$,R%'=%F%0' %$%O+0)*H"#4,O&' +)' S,%$*&' +A%'=%F%00%$#+,N%'#OO%$%0#+,)"'T;!!U;VJW',&'0%Q$#O%*'FH'+A%'#OO%$%0#+,)"'* )S'OA#01%'MT)0'FH'X*< )S'MYU'#$)"%;'IA%'S)0O%'9 )"'#'OA#01%'M'L,+A'#OO%$%0#+,)"'* ,"'#.",S)04'%$%O+0)&+#+,O'Q)+%"+,#$'S,%$*'" ,&'+A%"'1,N%"'FH'9,=,TM"VOWU* Z'C4Y*LA%0%'4Y',&'+A%'4#&&'%M.,N#$%"+')S'+A%'%$%O+0)&+#+,O'%"%01H')S'+A%'OA#01%;

J>?[\>;'<).0' ]+0%' %"' #OO)0*' #N%O' $^_M.,N#$%"O%'4#&&%' _"%01,%2' #N%O' $%&%PQ_0,%"O%&' *`,"*.O+,)"' %+' Q).0' 1_"_0#$,&%0' $^_$%O+0)*H"#4,M.%' *%' =%F%0#.P'OA#4Q&2' $^#OO_$_0#+,)"'0%$#+,N%'*%'=%F%0'T;!!U;VJW'%&+' 0%4Q$#O_%'Q#0$^#OO_$_0#+,)"'* *%'M'T).'Q#0'X*< *%'MYU'&%.$%4%"+;'-#'S)0O%'&.0'."%'OA#01%'M#N%O'$^#OO_$_0#+,)"'* *#"&'."'OA#4Q'.",S)04%'*%'Q)+%"+,%$'_$%O+0)&+#+,M.%'%&+*)""_%'Q#0'9,=,TM"VOWU* Z'C4Y* )a'4Y'%&+'$#'4#&&%'_M.,N#$%"+%'b'$^_"%01,%_$%O+0)&+#+,M.%'*%'$#'OA#01%;

> -/:)0)&:,?&@&',A2&/'B,0/',C'*D)(*()/%
IA%')0,1,"#$'=%F%0'T9E7E2'9EcdU'%$%O+0)*H"#4,O'#OO%$%0#+,)"'S)0O%'9 )"'#OA#01%'M'#+'' L,+A'#"'#OO%$%0#+,)"'* *.%'+)'#'OA#01%'MY'#+''< L,+A'#"'#OO%$%0#C+,)"'*< ,&

(''Z''TMMYVOWU T;!!U;VJe' T9U
LA%0%'; Z' ' X' '< #"*'! Z' * X' *<;' !' ".4F%0' )S' #.+A)0&' TI,&&%0#"*' 9ED52?OA0f*,"1%0'9c5g2'!&&,&'9cEc2'#"*'=%&$%H'9cc9#U'A#N%'#QQ$,%*'+A,&'S)0O%'+)10#N,+#+,)"'FH'0%Q$#O,"1'MMY'FH'XG44Y'+)'*%0,N%'\#OA^&'Q0,"O,Q$%;'h"'Q#0+,CO.$#02' ,S' +A%' *,&+#"+' 4#&&%&' ,"' +A%' .",N%0&%' #0%' +#i%"' +)' F%' %M.,N#$%"+' +)' #

Anna1es Fondation Louis de Brog1ie, Volume 26, no 4, 2001 693

InertialMass of a Charge in a
Uniform Electrostatic Potential Field

J. P. WESLEY

Weiherdammstrasse 24, D-78176 Blumberg, Germany

ABSTRACT. To agree with mass energy equivalence and with induction
experiments and to generalize Weber e1ectrodynamics to fields the Weber
relative acceleration (R-A)R/R2 is replaced by the acceleration a of charge q
(or by 7a' of q') alone. The force F on a charge q with acceleration a in a
uniform electrostatic potential field (I) is then given by F = (qq>/c2)a = -m'a
where m' is the mass equivalent of the electrostatic energy of the charge.

RESUME. Pour étre en accord avec l’equivalence masse energie, avec les
experiences d'induction et pour generaliser 1’e1ectrodynamique de Weber
aux champs, 1’acce1eration relative de Weber (R-A)R/R2 est remp1acee par
1’acce1eration a de q (ou par 721' de q') seulement. La force sur une charge q
avec 1’acce1eration a dans un champ uniforme de potentiel electrostatique est
donnee par F = (qq>/c2)a = -m'a 01) m' est la masse equivalente a l’energie
electrostatique de la charge.

1 Modified Weber Theory for Gravitation

The original Weber (1848, 1893) electrodynamic acceleration force F on a
charge q at r with an acceleration a due to a charge q' at r' with an accelera‑
tion a' is

F : ((161702) (R'AflUR3 (1)

where R : r ‐ r' and A : a ‐ a'. A number of authors (Tisserand 1872,
Schrodinger 1925, Assis 1989, and Wesley 1991a) have applied this force to
gravitation by replacing qq' by ‐Gmm' to derive Mach’s principle. In parti‑
cular, if the distant masses in the universe are taken to be equivalent to a
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distant spherical shell of radius b and of surface mass density 6, then Eq. (1)
yields :

= - (21tGmob/c2)alo’flesinecos2 = - (4nGmob/3c2)a = - m(\v/3c2)a (2)

where w is the gravitational potential chosen negative. This result (2) con‑
firms Mach’s principle that the inertial force ‐ma experienced by a body is a
function of the distant masses in the universe, as given by the potential w.
The applied force F' to overcome the force of inertia, Eq. (2), is the negative
of Eq. (2): so Newton’s second law becomes F' : ‐m(\V/3c2)a : ma, where
the inertial mass would seem to bem : ‐m\V/3c2. Unfortunately, since mu; is
the gravitational potential energy U of the mass m; mass energy equivalence
requires

mtg/c2 = U/c2 = ‐ m (3)

and not ‐3m.
If the relative acceleration in Weber’s original force, Eq. (1), is replaced

simply by a,

(ROA)IUR2 ‐> a (4)

then the distant masses in the universe yield

F = m(\v/c2)a (5)

which satisfies mass energy equivalence.

2 Induction Experiments Verify the Modified Weber Force

It may be shown by a straightforward but lengthy analysis that Weber’s
original force, Eq. (1), yields Faraday’s law of electromagnetic induction for
transformer induction in a rigid closed loop. But for induction in general the
proper empirical law for the force F of induction on a charge q is given by :

‐c2F/q : dA/dt : swat + (v-V)A + (A-V)v (6)
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where A is the magnetic vector potential and where the total time variation as
experienced by the charge q moving with the velocity v in the vector field A
is given by the right side of Eq. (6) (as proved in a theorem by Wesley
(1999)).
Since the magnetic vector potential A is defined in terms of the current

density J,

A : ld3r’J’/R (7)

its time derivative is a function of the acceleration of the source charges,
where the replacement of the relative acceleration in the Weber theory by :

(ROA)R/R2 ‐> ‐ a' (8)

is then implied.

The term 6A/6t in Eq. (6) (as well as Eq. (1)) accounts for Faraday trans‑
former induction. The term (VOV)A yields the Aharonov‐Bohm effect
(Wesley 1998a) aswell as the force that drives the Marinov motor (Wesley
1998b). The two terms (v-V)A + (A-V)V together account for unipolar in‑
duction.

3 The Inert ialMass of an Accelerating Charge in a UniformElecto‑
static Field

The force on acharge q with anaccelerationa at the center inside ahollow
charged metal sphere of radius b is given by the modified Weber force (in‑
volving the accelerationa of the charge q only) as:

F : (q/c2)aldS'o'/r' : (41to'b/c2)a : (q<1>/c2)a (9)

where 6' : q'/41'cb2 is the surface charge density on the sphere and dS' is an
element of surface. Since Eq. (9) gives the force experienced by charge q due
to its acceleration a; the applied force F' in Newton’s second law must have
the opposite sign, F' : ‐ F. Thus, the inertial mass m' of an accelerating
charge q in auniformelectrostatic field from mass energy equivalence is :
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m' : ‐q<1>/c : ‐U/c2 (10)

where U is the potential energy of the charge. Costa de Beauregard (1995)
has also proposed this same relationship (10) between inertial mass m' and
the potential energy U. Assis (1993) prefers the inertial mass implied by
Weber’s original force, Eq. (1), equal to ‐q<1>/3c : ‐ U/3c2 (as given by Eq. (2)
above for the gravitational case, where it does not agree with mass energy
equivalence).

4 The Mikhailov Experiment Measuring the Inert ialMassof an Ele‑
tron in a UniformElectrostatic Field

The Mikhailov (1999) experiment verifies directly the existence of an in‑
ertial mass equivalent to the electrostatic potential energy of a charge,
Eq.(10). He examined electrons moving in a uniform electrostatic potential
field, where the total mass M* of anelectron is givenby :

M* : me+m' (11)

where meis the material mass of the electron. An oscillating neon glow lamp
was placed at the center inside a hollow conducting sphere charged to the
potential V to yield the desired uniform potential energy U : eV. The fre‑
quency of the glow lamp depends upon the net mass M* of the electron.
Varying the electrostatic potential on the conducting sphere from ‐3000 to +
3000 volts he found a linear decrease in the ratio (M* ‐ me)/me : ‐U/c2me : ‑
eV/me, as expected from the theory, Eqs. (10) and (11). For 3000 volts he
found (M* ‐ me)/me : (‐3.0 i 0.3)><10'3. According to the theory this ratio
should have twice this value, or ‐6><10‘3. Costa de Beauregard (1999) has
suggested that perhaps the 1/2 factor found by Mikhailov might be due to an
equipartition of the energy between the charge and the charged sphere.
An alternative independent method for measuring the mass of an electron

in auniform electrostatic field should be undertaken asa check on the theory
and on Mikhailov’s results, and to make it clear whether the inertial mass
equivalent is ‐U/c2, ‐U/3c2, or ‐U/2c2.

5 Discussion
The original Weber theory, that gives Eq. (1) for the acceleration force, is

an action‐at‐a‐distance theory, where action acts presumably directly instan‑
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taneously across any distance. However, if action proceeds with a finite ve‑
locity c, then the Weber theory must be altered to include fields, that transmit
the action. The inertial force ‐ma on a body is experienced instantaneously
upon the application of a force on the body. This inertial force cannot, thus,
be due to an instantaneous action of the distant masses in the universe (as
required by Mach’s principle). Instead the inertial force must arise from the
interaction of the accelerating body with the local gravitational field, that is
produced by the distant masses in the universe over eons of time. This local
gravitational field is a scalar, a constant; so the relative acceleration of the
original Weber theory, that is a fimction of the direction R/R, must be re‑
placedby a, Eq. (4).
Similarly the effect of accelerating sources, as occur in induction, cannot

be given, in general, by the original Weber theory. Instead the relative accel‑
eration must be replacedby the individual acceleration ‐a ' Eq. (8).
It is interesting to note, as pointed out by Costa de Beauregard, that the

value of the local gravitational potential field ‘1’ produced by the distant
masses of the universe is given simply from inertial mass energy equivalence
andMach’s principle (Eq. (3) above) as‘1’ : c2.
Since an inertial mass can be defined in terms of the potential energy; po‑

tentials are physically real. They are not merely mathematical generating
functions for the forces. Potential fields, such as<1), are defined in terms of
the sources; so they are causes. Forces, being defined in terms of potentials,
are merely eflects produced by the potentials.
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