
SPHERICAL ELECTRONS AND 
THE WHEELER-FEYNMAN TIME-SYMMETRIC THEORY

JAMES CONOR O’BRIEN
ORCID iD 0009-0000-8895-2345

(27/07/24)

Keywords: Wheeler-Feynman time-symmetric  theory  (W.F.T.S.T.),  spherical  electrons, 
electron  electric  dipole  moment  (EDM),  longitudinal  electromagnetic  scalar  potential 
waves,  Wheeler-Feynman electromagnetic  four-vector  potential  time  symmetric  theory 
(W.F.E.M.F.V.P.T.S.T.).

Abstract: 
This  paper  is  a  follow  up  to  previous  work  A  Dynamical  Theory  of  the 

Electromagnetic  Potential [1][2][3][4]  where  I  modelled  fermions  as  longitudinal 
electromagnetic  scalar  potential  waves  travelling  in   accompanied  by  perfectly 
spherical charged and fermions in  labelling this as the W.F.E.M.F.V.P.T.S.T. model. In 
this  present  paper  I’m  going  to  suggest  these  perfectly  spherical  fermions  provide  a 
definitive  test  for  the  W.F.E.M.F.V.P.T.S.T.  model  because  aspherical  electrons  would 
violate a fundamental condition concerning the conservation of phase and energy for the 
W.F.E.M.F.V.P.T.S.T. model thus breaking that model.

§1 W.F.E.M.F.V.P.T.S.T.

First a recap of the W.F.E.M.F.V.P.T.S.T. model and it’s derivation from the Wheeler-
Feynman time-symmetric theory, if you’ve read the previous papers (O’Brien 2018) then 
skip this section.

The electromagnetic  four-vector  potential  is  split  between the  time axis  and the 
spatial axis and leads directly to the Four-momentum ,

(1)

From eqn(1) it can be seen the scalar potential  lies entirely along the axis of time, 
and to quote David Griffiths [5],
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“There is a very peculiar thing about the scalar potential in Coulomb gauge: it is determined by the  

distribution of  charge right  now.  If  I  move an electron in  my laboratory,  the potential  V on the moon  

immediately records this change. That sounds particularly odd in the light of special relativity, which allows 

no message to travel faster than c. The point is that V by itself is not a physically measurable quantity – all 

the man in the Moon can measure is  E, and that involves  A as well. Somehow it is built into the vector 

potential(in the Coulomb gauge) that whereas V instantaneously reflects all changes in , the combination 

 does not; E will change only after sufficient time has elapsed for the “news” to arrive.”

This is the pivotal step in the W.F.E.M.F.V.P.T.S.T. model as the scalar potential is 
longitudinal to the axis of time while Maxwell’s electromagnetic  fields are transverse to 
the axis of time [6].

In contrast to Wheeler and Feynman [7][8] use of fields , it was shown[1] 
the Wheeler-Feynman summation (WFS) can also be written for the four-vector potential 

 by summing over the advanced  and retarded  potentials.

(2)

Note  the   are  here  called  the  extrinsic  or  external  potentials  ,  but  the 

resultant  sum  is  called  the  internal  or  intrinsic  potential  ,  however,  the  external 

magnetic vector potential  does not lie along along the axis of time only the advanced 

and retarded scalar potentials  are summed—so we can drop ,

(3)

In the frame of reference of the resultant particle  is in the Coulomb gauge, and to 
balance Maxwell’s equations we must reintroduce the intrinsic magnetic vector potential 

, as we as the fields ( , ) and the electron current flow  and charge by 

(4)
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 now reappears as , where ;  ; and the 

Lorenz gauge then gives us the electromagnetic wave equations for electrons in J and ,

(5)

All of these fields and potentials are derived from the intrinsic potentials on the surface of  
a spherically charged particle. The speed , is merely Wheeler-Feynman average of the 
advanced and retarded velocities after equating momentums with ,

(6)

Giving us all the quantities necessary for an electron with mass, charge, spin, velocity, and 
is pictured as a locally charged, hollow, perfect sphere covered with fields and potentials.
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In the Coulomb gauge everything is a particle while in the Lorenz gauge everything 
is a wave, and this suggests a charged particle in terms of  in  and a wavefunction in 
terms of  in . Now the use of the four-vector potential formulation becomes clear as 
it also allows us to immediately write a wavefunction for the particle,

(7)

The ½ in eqn (7) appears as a result of splitting the  into two parts along the axis 
of Time the anterograde direction and the retrograde direction in agreement with Wheeler 
and Feynman argument, however, we now include the epoch angles Advanced ( ) and 
Retarded ( ) as,

(8)

Giving a total wavefunction of the WFS as,

(9)

Without loss of generality set the epoch angles equal to the Retarded and Advanced 
potentials of the Wheeler-Feynman free terms.

(10)

Conservation of phase requires the epoch angles  , thereby giving the 
wavefunctions  a  zero  phase  difference,  these  were  labelled  the  interference  terms, 
allowing eqn (2) to be expressed as a wavefunction,

(11)

Adding  the  half-wave  functions  together  drops  the  ½  and  results  in  a  unitary 
wavefunction , thus allowing the WFS to be written in a simpler wavefunctions form,
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(12)

Now we chose some wavefunction identities to conserve energy and phase,

(13)

These identities reduce the WFS to its most elegant form,

(14)

Where,

(15)

This appears as a series of charged empty spheres progressing along the axis of time, 
and despite the apparent complexity of the following diagram the spherical electron model 
behaves in  as an longitudinal electromagnetic wave just as Maxwell’s electromagnetic 
wave evolves as a transverse electromagnetic wave in   (Maxwell  1864)[6] and was 
shown to result in an exact value of the Reduced Compton wavelength for the electron cf. 
[1][2][3][4].

This  was  labelled  as  the  W.F.E.M.F.V.P.T.S.T.,  or  the  Wheeler-Feynman 
Electromagnetic Four-Vector Potential Time Symmetric Theory, and diagrammatically (cf 
next  page)  results  in  a  perfectly  spherical  charged  fermion  in   travelling  as  an 
electromagnetic wavefunction in .
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Legend “electromagnetic wavefunction = blue lines”; “intrinsic scalar potentials = thin 
black lines”; “resultant  intrinsic  E fields = red arrows ";  and "shells  of  adv and ret 
extrinsic potentials = dashed green lines”.

Or more simply,

 
Now we can address the problem of the spherical electron.
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§2 Aspherical Electrons and the W.F.E.M.F.V.P.T.S.T. 

Consider the zero phase difference of the free terms

(16)

If  then the  and  potentials are intrinsically out of phase and the 

Wheeler-Feynman summation is off the mass-shell, but because we are looking for real 
solutions for on mass-shell particles we must exclude the . To do this we note 

that as interference terms are functions of   we only need to show the   and   

potentials are asymmetric because if the extrinsic potentials were asymmetric then their 
WFS would violate the conservation of energy and once more would be off the mass-shell. 
Since the sphericity  of the electron is determined by the  which is proportional to the 
scalar potential,

(17)

We only need note to the electron radius is given by,

(18)

and–after rearranging–we find the scalar potential has a constant value,

(19)

This is  the same for  all  of  its  semi-axes a,b,c  where   and therefore it 
follows the eccentricity of the electron must be zero,

(20)

Since the magnitude of the semi-axes of the  and  potentials are intrinsically 

equal it follows the eccentricity of the advanced and retarded electrons are zero and the 
resultant Wheeler-Feynman summation must yield a perfectly spherical particle, otherwise 
the interference would be non-zero. Therefore electrons must be perfectly spherical.  In 
other words, the zero interference equates to perfectly spherical particles, and this gives a 
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definitive  test  for  the  W.F.E.M.F.V.P.T.S.T.  model,  for  if  electrons  are  shown  to  be 
aspherical the model would fail.

§3 Tests for Spherical Electrons and the Electron Electric Dipole Moment

To demonstrate this we need to consider the experimental results for the Electron 
Electric Dipole Moment EDM ( ). 

The   is  proportional  to  the  asymmetry  of  the  electron,  as  aspherical  electrons 
would exhibit a measurable electron electric dipole moment across their diameter, for if 

 then the interaction energy U would be greater than zero,

(21)

In  recent  experiments[9][10[11]  the  spherical  shape  of  the  electron  has  been 
measured to extraordinary precision by probing the :

“Treating the statistical and systematic errors on equal terms, we can extract an 
upper bound on the size of the EDM, | | <10.5×  e·cm with 90% confidence.” [9]

“Our result, = (−1.3 ±  ± ) ×  e cm, is consistent with
zero and gives an upper bound of | | < 4.1 ×  e cm at 90% confidence.”[10]

“The  result  of  this  second-generation  EDM  measurement  using  ThO  is 

 μrad  .  Using     ≈   78 

 results in ” [11].

It can be seen the this puts the experimental upper limit of the | | < (10.5 × , 4.1 
×  , 4.3 ×  ) e cm, and since the EDM is a measure of the eccentricity of the 
electrons and given its extraordinarily low value which we can take to be near zero this  
implies electrons are perfectly spherical.

These results seem to strongly confirm the validity of the W.F.E.M.F.V.P.T.S.T. and 
should future experiments give a significant eccentricity then the model would be broken, 
and therefore it is predicted electrons are perfectly spherical.
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