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“This terror then, this darkness of the mind, 
not sunrise with its flaring spokes of light, 
nor glittering arrows of morning can disperse, 
but only Nature’s aspect and her law, 
which teaching us hath this exordium, 
nothing from nothing ever yet was born” 
 
-Lucretius** 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
*,**(from the translation  by William Ellery Leonard,  Of 
The Nature Of Things, E. P. Dutton & Company Inc., 
New York, 1957) 
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Chapter 1: INTRODUCTION 
 
     For years, physicists and engineers have sought to bring 
some kind of order into the apparently diverse physical 
world.  The holy grail of a unified theory of physics has been 
the dream of many, including Einstein and the other early 
20th century giants of physics.  
 
     Yet, primarily as quantum theory developed, the hope of 
achievement of such a unified holy grail seemed to retreat as 
the world appeared to be more complex. This was most 
apparent in the seeming dichotomies between (1) the 
macroscopic world of electromagnetics of Faraday and 
Maxwell, (2) Newtonian and relativistic mechanics, and (3) 
the microscopic worlds of particle physics and quantum 
mechanics.  That led most persons to believe that that all 
three are separate physical phenomena.   
 
      These seeming dichotomies of modern physics lead many 
to the popular idea that one should not even try to make a 
unified logical model of physical phenomena. Rather one 
should depend solely on abstract mathematical models based 
on experimental results.  In short, physics  (according  to that  
philosophy) will always remain a mystery to limited human 
understanding, appealing only to the abstract type of mind 
like that of a theoretical mathematician. 
 
     Alas, this student now confesses (almost five and one half 
decades after his time as a graduate student) that he has 
always harbored a secret suspicion that there may be  logical  
connections between  the  various disciplines  in physics after 
all. He necessarily carefully concealed those suspicions 
during his graduate student days, but the statute of limitations 
for the rescinding of a degree  has  passed  many   decades  
ago  and  his  true  subversive feelings may now be revealed.  
He has always felt that the most productive studies may well 
be  located  in  the boundaries and walls between the physical  
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disciplines, and it would be fascinating to at least seek 
“wormholes” through which to crawl between them.  That 
suspicion was strongly reinforced by his reading of the 
philosophy of the 17th century philosopher Baruch 
(Benedict) Spinoza who was of the opinion that there are 
really no mysteries in the world-they only seem to be such to 
us because of our lack of understanding. 
 
     The question might legitimately be asked why this 
material was not submitted to refereed journals or a more 
conventional book publisher instead of being published in 
this monograph.  First, most (but not all) of it has appeared in 
refereed journals as individual topics over the last two 
decades in the usual form of four or five page articles, 
primarily in the IEEE Transactions On Magnetics and 
Galilean Electrodynamics.   
 
     However, it was felt that all the material gathered 
together, some from this author and some from the work of 
others, made a hopefully coherent story that there probably is 
an overriding electromagnetic influence on all physical 
things.  That view cannot be fully expressed in a series of 
articles, each of only four or five pages, which seems to be 
the limit in most refereed journals.  Rather, it can probably be 
done best in a small book where the individual topics can be 
arranged to support each other.   
 
     One cannot submit a small book such as this to refereed 
journals or conventional book publishers and expect to get 
any serious consideration for very obvious reasons and to no 
fault of the journals, publishers, or the peer review process.  
The  point  of  view  expressed in this book is primarily that 
of the author and perhaps a very few others.  No regular  
commercial book   publisher  could  seriously consider taking  
 



INTRODUCTION 3 
 
the publication on since there obviously would be insufficient 
grounds,   lacking   adequate   peer  review,  to   evaluate  its  
legitimacy, or enough revenue to cover the costs.  For those   
reasons,  the   author  has  decided  to  put  this  small  book 
together, publish it himself, and send  copies to a few friends 
and colleagues with the hope that they will read it and at least 
give the point of view expressed some serious thought.  If 
any of the ideas are good, they will ultimately stand on their 
own merits.  If they are not, no harm is done as they fade into 
obscurity.      
 
     But now let’s cut to the chase. The purpose of this 
discussion is to suggest that there are strong electromagnetic  
threads between mass, mechanical inertia, gravitation, special 
relativity, the atomic structure of matter, particle physics, and 
quantum phenomena.  We will seek to identify those threads, 
some more tenuous than others.  Some of the work may 
seem, at first, to be unrelated. At best, this work will only 
identify threads through infinitesimal wormholes, but the 
reader should at least find some of them interesting.  It is 
naively hoped that in future years other more competent 
persons will expand at least some of the wormholes and turn 
them into broad pathways.   
 
     The  argument that  inertial  phenomena are  basically  
electromagnetic in nature originated  with  this  author as far 
as he is aware.  The novel argument that gravitation is 
probably electromagnetic in nature  was  stimulated  first  by 
research done, and proposals made, by Jaroslav Kopernicky   
of Toronto, Ontario, Canada. The discussion of that subject 
presented here is material worked out between us.  These are 
the issues of Chapters 2 and 3.  Chapter 4 on the structure of 
matter was first stimulated by Kopernicky’s proposals when 
it was inadvertently discovered that they had far more 
reaching  implications  than  just  on  gravity.   Chapter  5 is a  
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short, essentially qualitative discussion of Liapounov stability 
concepts applied to basic particles.  
 
      Chapter 6, Michelson-Morley Revisited, is an attempt to 
show that the null results of their famous experiment is 
exactly what might well have been expected from strictly 
classical electromagnetic theory.  There is reason to believe 
that the Fitzgerald-Lorentz contraction, an ad-hoc idea put 
forth by them in the late 19th century to explain the 
Michelson-Morley null result, instead of just being ad-hoc, 
may have a solid electromagnetic basis. That is believed to be 
true irrespective of whatever else one might think of the 
special theory of relativity (SRT) which is the long accepted 
alternative.  
 
     No claim is made that this little book presents a complete 
closed theory of anything.  There are many loose ends and 
unanswered questions.  Its only purpose is to point out that 
there are many logical links between the various disciplines 
in physics, and those links often seem to have the common 
thread of electromagnetics.  
 
     The book will not be fast or easy reading.  It has been 
attempted to use fundamental principles with which any 
person with a reasonable knowledge of classical 
electromagnetics will be familiar.  Nevertheless, to really 
understand the material herein, one must go through and 
study the detailed equations. That will require a good 
familiarity with partial differential equations.  Without that 
background it would be extremely difficult to go from one 
equation to the next.  
 
     Before starting, however, a disclaimer is in order.  One 
must always realize that all physical theories are models, 
often  mathematical,  to  give  us  mental crutches to describe  
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what we observe by experiment.  Even the lovely concepts of 
electric and magnetic fields are mental crutches to  help  us  
grasp  what we observe experimentally.  Lines of flux really 
exist only in our imagination, even though they are   
extremely  helpful  in  thinking   about   electromagnetic 
phenomena.  Thus all proposals for a grand sweeping theory 
of anything must always be looked upon with a jaundiced eye 
and never ending suspicion.  That is especially true of what is 
presented here. This  author once  had  a  chemist friend who 
was absolutely convinced that the entire universe could be 
described accurately in terms of chemical concepts and 
equations if one just knew how.  It was almost like a religious 
faith for him. This author has the same failing, although he 
prefers  to  describe  the  world  in  electromagnetic  terms as 
initially stimulated by the equations of Faraday and Maxwell 
rather than chemistry.  He hopes the reader will agree that at 
least some of these concepts too are very good mental 
crutches to use in describing the world around us, although 
they probably still are only models of reality, rather than 
reality itself. The final arbiter of the value of any theory is, 
and always will be, experimental  evidence.  Thus, if  the  
readers  cannot accept what is presented here in total, at least 
he or she might find the discussion entertaining. 



Chapter 2: ON THE EQUIVALENCE OF INTERTIAL 
AND ELECTROMAGNETIC FORCES 

     When the classical electromagnetic equations are applied 
to an individual charged particle undergoing acceleration 
caused by an external mechanical force, it can be shown that 
another force opposing the acceleration is 
electromagnetically generated.  

     That force mathematically resembles the classical 
mechanical Newtonian force (Force = mass x acceleration) 
and is independent of the sign of the charge. When one 
considers the typical atom (or molecule) characteristic 
dimension, it can be reasonably shown that atoms or 
molecules (or collections of them) although electrically 
neutral overall, would act as a single unit closely equivalent 
to the sum of the effects of the individual charges making up 
the atom or molecule.    

     Since the analysis is deterministic and is based on 
independent particles rather than on statistical interactions 
between particles, no violence is done to established quantum 
principles or to the kinetics of interactions. These results 
(being strictly mathematical) do not prove, but certainly 
suggest, that classical mechanical inertial forces could at least 
partially (and very likely wholly) be the result of 
electromagnetic influence. (2-1)    

2(a): Newtonian Inertial Forces(2-1) 

 We begin by linearly accelerating a charged particle 
(of small but finite charge, mass, and cross section) from zero 
velocity along the z axis (of a simple cylindrical coordinate 
system) as shown in Figure 2-1. We assume the acceleration 
is  caused  by some sort of external mechanical force,  and  is   
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not   due   to   any   externally   caused   electric  or  magnetic 
field. If it were not for existence of the charged particle being 
accelerated, the region would free of  electric and magnetic 
fields. We wish to first examine the electric and magnetic 
fields (due only to the single particle and its movement) at a 
point in space   The position of the charged 
particle on the z axis at any time t is as  shown in Figure 2-1. 
It should be noted that the symbol φ  is used to represent both 
an angle in cylindrical coordinates and the scalar electric 
potential.  The reason for this dual use in this document is 
that it is a symbol used almost universally in the literature for 
both purposes.  Hopefully the context in which it is used will 
avoid confusion for the reader. 

ρ φ, , .and z

     It is classically accepted, and generally discussed in all 
intermediate level electromagnetics texts, that if we are given  

Point ofPosition of z observationaccelerated

                           

charge at r f, , z
time t

1 2t= ac2

yr
φ

x

                                       Figure 2-1 
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a vector current density distribution  in space and time, the 
vector magnetic potential  at a point of observation  
is given by                    

ι
ρ φ, , ,z t

                                                                (2-1) A i dv
d

o ol= z µ π4

 
where the integration is a volume vector integral throughout 
all space.  d  is  the  distance from the point of observation  to 
the particular current element i d being integrated, and 

is the permeability of free space.   In our case, the only 
current element under consideration is the single particle of 
charge q traveling at a velocity act where ac is the constant of 
acceleration.  For this case the vector magnetic potential at 
the point of observation becomes  

vol

µ o

                      Α Α= =z z                 (2-2) =a a q
d

a qa t
dz

o
z

o cµ ν
π

µ
π4 4

ewhere v is th  velocity of the particle and  equals acceleration 
times time.  is the unit vector in the z direction customarily 
associated with cylindrical coordinate systems.  d  is given by  

az

              d z l= − +b g2 2
1
2

        (2-3) z a tc= + −FHG
I
KJ

L
NMM

O
QPP

2 2
2

1
21

2
ρ ρ

      We actually wish to examine the electric field Ε   created 
at the observation point ρ φ, , z  by the moving charge.  We 
initially consider both the effects of the Coulomb fields and 
those caused by acceleration.  It is widely accepted that such 
a field would be calculated from 
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                                                                (2-4)   E A
t

= −∇ −φ
∂
∂

φ in equation (2-4) is the scalar electric potential and is given 
at the observation  point as     

                                                                        (2-5) φ
πε

=
q

d4 0

where is the permittivity of free space.  Computing   
from (2-3), (2-4), and (2-5), yields                            

Ε = +
−

− −
NMM

a q
d

a
q z l

do
z

o
ρ

ρ
πε πε

µ
4 43 3

O
QPP

qa
d

qa t z l
d

o c o c

π
µ

π4

2 2

3

b g b g
4

  (2-6)                 

Ε
 

ε o

−L

The term arises strictly from the coulomb charge and does 
not have any influence on the accelerating force.  It turns out, 
in fact, that the electric field due to the coulomb charge 
doesn't enter into the matter at all.  What really interests us 
is the electric field in the  direction, because this 
influences the velocity and acceleration.  

aρ

Ε z az

     Let us now assume that at any particular time t, our point 
of observation is chosen such that 

                                                           (2-7) z l a tc= =
1
2

2

In other words we choose the observation point to be in a 
plane parallel to the ρφ  plane, namely at a particular time 
when  the  z  coordinate  of  the  observation  point  (which  is  
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fixed) is the same as the z coordinate of the moving charge.   
The  surviving term of Ε z   in equation (2-6) is  

                                                                  (2-8)                 Ε z
o cq a

d
= −

µ
π

2

4

Now assume that the charge is of small but finite size.  The 
charge experiences a force due to the Ε z  field generated by 
its own acceleration. If a characteristic dimension of the 
charge were approximately d, as a first approximation we 
would guess that the force opposing acceleration is roughly 
of the order of magnitude-- 

        F opposed toacceleration( q q a
dz

o c) = − = −Ε
µ
π

2

4
      (2-9) 

     Note that the force is proportional to acceleration, is in a 
direction opposite to the acceleration, and is independent of 
the charge sign, just as we would expect from Newtonian 
mechanics. Thus any accelerated charge generates an electric 
field opposing its own acceleration, just as in the Newtonian 
inertial force.  The question then becomes--is the generated 
force a significant or insignificant fraction of the Newtonian 
force?  To really answer that question, we must know 
something of the shape of a charge and that is clearly denied 
us.  No one really knows the dimension or shape of an 
electron or even if it has a definable shape. 

     Given what is known about the wave/particle duality of 
the electron, it is probably foolish even to guess at a 
characteristic dimension of an electron or any other charged 
particle.  However, we shall do it anyway. There are a few 
things  that  we  might  consider in such speculation. First, we  
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all generally believe that the mass energy relationship of  
anything  is  

                                                       (2-10) 

In past decades, it was fashionable to determine what was 
called the classical radius of an electron2-2.  If  one  assumes a 
uniform spherically shaped charge, and calculates the total 
energy necessary to assemble such a charge from Coulomb's 
law, then equates that energy to the Einstein relationship of 
equation (2-10), the classical radius turns out to be  2.81774 
x10-15 meters.  Of course such a calculation suffers from 
many obvious flaws, and no one really believes an electron 
looks  like a sphere,  or even has the slightest idea what the 
shape is or even if it has a shape.   However,  it is an 
interesting  dimensional  exercise to put this number in 
equation (2-9), and also put in the known charge of an 
electron (equal to 1.602 x 10-19 Coulombs). Using  8.85 x 
10-12 as the permittivity of free space,  one calculates the 
coefficient of the acceleration term in equation (2-9) as 9.11 
x 10-31  which is the known mass of a free electron in 
kilograms.  Thus  all this does not prove anything except that 
if a characteristic dimension of an electron were on the order 
of 10-15 meters, then the electromagnetic force opposing 
acceleration would be of the same order of magnitude as the 
Newtonian inertial force.  It is not hard to believe that it is, in 
fact, the same force.    

     One must, of course, acknowledge that when the same 
reasoning is applied to a proton, it would be necessary for the 
characteristic dimension to be smaller than that of the 
electron.  We do remember, of course, that the electron and 
proton both have magnetic moments, the latter being much 
smaller  than  the former.  Since the mass of a proton is about  
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1836 times that of an electron but the magnetic moment is 
much smaller, it is not unreasonable to think that the energy 
density of the proton is much higher than that of the electron.  
Obviously no one has ever taken a detailed picture of either 
one (or probably ever will) so that aspect of the issue remains 
unknown for now.  Accounting for the mass of a neutron may 
be a bit difficult since it has no net charge.  However, when a 
neutron is emitted from, say, a U235 nucleus, it’s half life is 
on the order of 20 seconds before it splits into an electron and 
a proton.  This suggests that an isolated neutron separated 
from a nucleus is asymptotically unstable in the Liapounov 
sense, a subject we will discuss in detail later. 

     There is one more point that does support the main thesis. 
It is interesting to note that the individual particles in an 
atom, molecule, or larger structure under uniform 
acceleration might well behave more or less independently in 
this regard while still being held together by whatever other 
forces exist. The characteristic  dimension  of  an  electron  
may  be  on the order of 10-15 meters  whereas atoms seem to 
be of the order of 10-10 and molecules even larger.  Since the 
retarding force effect falls off inversely as the first order of 
distance, the likelihood that individual particles are close 
enough together to noticeably affect each other's inertial mass 
is low.  This is certainly true of the outer electrons and 
perhaps of the nucleus also.  We might expect the greater 
packing density of the nucleus to have a more noticeable 
effect on the mass, but of course that is precisely what we are 
taught to be true in nuclear physics courses. Thus, given the 
dimensions of atoms and the spacing of individual particles 
in those atoms, it is not unreasonable to think that the 
aggregate mass is very close to the sum of the individual 
masses,  and  a  larger  mass  of  any  size  whatever,  charged  
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either plus, minus, or electrically neutral, would behave 
collectively in precisely the same way.  

     Many things are suggested here, and none are proved 
except perhaps one.  Unless there is an error in the author's 
applications  of the electromagnetic field equations, or unless 
the basic electromagnetic concepts are incorrect, it seems 
reasonable to suggest that at least some fraction of the 
classical mechanical inertial forces (and perhaps all of them) 
observed and codified since the time of Isaac Newton may 
well have an electromagnetic origin.   

     It is interesting to note that if we had ignored the first term 
of equation (2-4) and ignored equation (2-5) altogether, we 
would have arrived at precisely the same final results.   This 
leads to the suspicion that static electric fields can be created 
by solely dynamic conditions, a subject which will be 
discussed after the next section on relativity. 

2(b) Relativistic Considerations In Inertial Mass 

          The preceding discussion has not dealt with the 
experimentally proven fact that the equivalent rest mass, at 
least of a charged particle, increases as its velocity 
approaches that of the speed of light.  In the discussion so far, 
it is assumed that the charge size is finite, but very small.  At 
this time it is desirable to be a little more specific.  
Unfortunately, we really have no idea what a charged 
particle, such as an electron, would look like, but we know 
they do have spin, so let’s look again at an accelerated charge 
which, for want of greater knowledge, we will assume is 
ring-like with a total charge r like as shown in Figure 2-2.  
Initially, we will assume that the ring is not spinning, but is 
accelerated  along  the  z  axis  just  as  before.    If   we  again   
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move  the observation point in the z direction up to the level 
of the ring (that is, the z coordinate of the observation point is 
act2/2), and break the ring  up  into  n  equal  segments, then 
the  z component of  the electric field at the observation point 

Charged ring
z

ρ
Of radius   

Velocity
a t= 

Point of c

Obser onvati
  x,y,z 

1 2= a tc2

y

                 
x 

                                    Figure 2-2        

by inspection and in consideration of equation (2-8) is  

                                                           (2-11)   Ε z
c

ii

nqa
n d

=
=
∑µ

π
0

14
1

where di is the distance from the i’th segment of the ring to 
the point of observation.  Remember that Ez in this case is 
still the result of the time derivative of the vector magnetic 
potential only.  It is relatively easy to see that if the 
observation point is placed on the ring itself, the Ez field 
varies inversely as the diameter of the ring, and  therefore  
the  apparent  inertial  mass would also.   That  is  m º 1/r.  
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     A relativistic relationship can now be developed if one 
assumes the ring is spinning at the speed of light as in Figure 
2-3. That is not too big a stretch of imagination since we 
know that electrons and protons can behave as either particles 
or waves.  If the ring is initially not moving along the z axis, 
we can write 

                                     c=wro                                         (2-12) 

 

                                                            

                                  Figure 2-3 

where w is the spin angular velocity and ro is the ring radius 
at rest. Now, if we also accelerate the ring vertically,  we can 
write 

                                                            (2-13) c vz= +( )ωρ 2 2

 

 

x 

zCharged ring of
radius       spinning

y

=
1

2
2a tc

at velocity . c
r Velocity

= a tc

Point of 
observation
x,y,z 
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where vz is the vertical velocity.  If we assume the angular 
velocity does not change, we can combine (2-12) and (2-13) 
to get       

                                                               (2-14) ρ ρ= −o
zv

c
1

2

2

We have already developed the concept that for a charged 
ring of any given charge, mass is inversely proportional to 
the ring radius.  Therefore if mo is the rest mass and m is the 
mass under acceleration, we can write the equation we were 
seeking in the first place.  That is- 

                                                                  (2-15) 

2

2

0

1
c
v

m
m

−

=

This is precisely what happens both theoretically and 
experimentally to charged particles when their velocity 
approaches the speed of light. The concept might even be 
extrapolated to suggest that while nothing can travel faster 
than the speed of light, perhaps nothing can travel at less than 
the speed of light either, at least at the particle level. 

    Equation (2-15) was developed purely from classical 
electromagnetic considerations without reference to the 
special theory of relativity or Lorentz transformations, or 
anything else.  In all honesty, however, it must be mentioned 
that this also has been done by Lewis in a paper which 
appeared early in the 20th century.(2-3)  In that paper he 
assumed that, contrary to the opinion of others, light had both 
mass and momentum although the quantities were very small. 
Then,  by  invoking  the  principles  of  conservation  of both  
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mass and momentum he derived the requirement that energy 
equals mc2. Thereafter, by assuming that mass is not a 
constant but depends upon velocity he derived the expected 
relativistic  relationship of equation (2-15).  He did it without 
invoking any relativistic or electromagnetic principles 
whatever.  Others have developed the same equation using 
other criteria.  All this gives substance to the belief that 
equation (2-15) may really a fundamental law of nature 
regardless of what physical model is used to derive it. 

2(c): The Creation Of Static Electric Fields From Purely 
Dynamic Conditions(2-4) 

As a matter of passing interest, the fact that the final results 
just presented could be arrived at without consideration of the 
potential equation (2-4) suggests that perhaps static electric 
fields may not arise from coulomb charge at all in the way 
usually conventionally presented, but rather might arise from 
acceleration of  electric charge in a special way.  It is at least 
interesting to briefly examine this question.(2-3)                                  

        Well known classical equations which define the 
relationship between charge, potential, and Coulomb 
electrostatic fields are given in  (2-16) and (2-17) where Ε  is 
the electric field in volts per meter, φ  is the scalar electric 
potential in volts, ρ  is the charge density in 
Coulombs/meter3, and  is the permittivity of free space.    ε o

                                                                         (2-16)    E = −∇φ

∇• =ε ρo                                                                     (2-17) Ε
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    It is interesting to note and not generally otherwise known 
that static electric fields can, at least mathematically, be 
derived from the classical electromagnetic equations without 
the foregoing assumption of the existence of Coulomb fields.  
Rather, static electric fields can arise, again at least 
mathematically, solely from the acceleration of charge.  This 
fact will be demonstrated and the potential implications 
discussed. 

     The easiest way to illustrate this possibility is to postulate 
an  electric  current  created  by  a  spinning  ring  of   electric 
charge as shown in Figure 2-4.  Of course we now have a 
dynamic situation in which charge is being accelerated.  We 
must therefore use the full dynamic retarded potential form of 
the electromagnetic field equations.  In this situation, the total 
electric  field, both static and dynamic, is given by equation 
(2-18) whereΑ is the vector magnetic potential and Β  the 
dynamic magnetic field. Α is implicitly related to Β   by 
equation (2-19). 

                                                              (2-18) E A
t

= −∇ −φ
∂
∂

                                                                       (2-19)   Β Α= ∇×

     In equation (2-18) we recognize that the coulomb electric 
fields arise from the potential gradient term.  The second 
term of equation (2-18) involving the vector magnetic 
potential gives rise to electric fields caused by changing 
electric currents which are really only the result of motion 
and acceleration of electric charge.  Thus if we are to show 
that static electric fields can arise from the  motion and 
acceleration of  charge, we must derive them from the second  
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term only.  We will therefore analyze the electric fields from 
our spinning ring of charge at a point of observation x,0,z 
which arise from  equation (2-20). 

                                                                         (2-20) Ε
Α

=−
∂
∂ t

                                    

           point of observation 

                              ,0.z                                                    x                 of ring=q  

                                       

 

 

   

                                        Figure 2-4 

Incremental element  of

   spinning ring segment D

  
 

velocity 
=wr 

Y
ρ

   total charge

Z

X

  
 
    

 q 
 

At any point of observation, the magnetic vector potential 
caused by our spinning  ring of charge is given by equation      
(2-21).                                         

                                                       (2-21) Α( ' ) ( ' )t t dl
d

= zµ
π

ι0

4

where is an element of current on the current loop 
around which we are integrating and d is the distance from 
the observation point to the current element.  d really is a 
function  of  x, y , and z and could be written as d(x,y,z); is  

ι ( ' )t dl

µo
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the permeability of free space. t'= t-d/c  is the retarded  time,   
and  c is the speed of light.   Equations (2-16) through (2-19) 
and equation (2-21) are standard fare in all intermediate level 
electromagnetics textbooks.   

     Normally, for any given current element, the distance d is 
a constant, changing only for  different  elements  of  current. 
In a wire carrying current, the actual velocity of the electron 
charges is extremely low, but of course there actually are 
billions of electrons slowly moving.  In our case, however, 
each current element is really an element of charge moving at 
a high velocity.  Thus  d, rather than being a constant for any 
given current element, now becomes a variable in space and 
retarded time and could be written as d(x,y,z,t').   For reasons 
of simplification and space, we will henceforth write it as 
d(t') where t’=(t-d/c).    

     Referring now to equation (2-21) and Figure (2-4), we can 
see that for an incremental charge traveling around the 
circle with a  vector velocity , the vector magnetic potential 
contribution ∆Α  of that single element of charge can be 
written as.      

∆q
v

                                                                 (2-22) ∆Α
∆

=
µ
π
o q v
d t4 ( ' )

∆q
     Let us now define the position of that incremental element 
of charge  in simple rectangular coordinates  as: 

                                                                    (2-23) x t= ρ ωcos

y t                                                                    (2-24) = ρ ωsin
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where the spinning velocity is v and the component 
velocities of the  incremental charge are then:  

= ρω

                                                              (2-25) v tx = −ρω ωsin

v ty                                                          (2-26) 
The distance d(t-d/c) or d(t’), as we have said, is now an 
implicitly defined variable of space and time which can  be 
written as: 

= ρω ωcos

                   d t x( ' ) = + z x tcos '+ −2 2 2 2ρ ρ ω              (2-27) 

It now follows directly from equation (2-22) that the vector 
magnetic potential components at the point of observation 
x,0,z and due to the single element of charge traveling in the 
ring of Figure 4 are: 

              ∆Α ∆ ∆
x

o xq v
d t

o q t
d t

= = −
µ
π ( ' )

             (2-28)  µ ρω ω
π4 4

sin '
( ' )

               ∆Α
∆ ∆o y o q t

d t
= =y

q v
d t

µ
π ( '

µ ρω ω
π4 4)

cos '
( ' )

               (2-29)                 

     Of immediate interest to us is the x component of the 
electric field.   To obtain it, we take the partial derivative of  
equation (2-28) with respect to  time. 
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 (2-30)                 

By taking the derivative of equation (2-27) and simplifying it 
can be shown that 

O
QP−

L
NM
O
QP

                      ∂
∂
d t

t
( ' )                    (2-31) 

Substituting equation (2-31) into equation (2-30) and 
simplifying gives the final expression for the radial 
component of the electric field created at the point of 
observation x,0,z by the incremental charge    

t

x
c

ω ω

ρω

'
 (2-32)                  

ρω ω
ρω ω

x t

d t x
c

t

sin '

( ' ) sin '
=

+

∆q

∆Ε
∆

x
o q

x d t x t

d t d t t
=

− + +

+L
NM

O
QP

R
S
||

T
||

U
V
||

W
||

µ ρω
π

ρω ρω ω

ω4
2 2

22

2

( ') cos cos '

( ') ( ') sin '

d t( ' )where    is given by equation (2-27). 

To get the total x component of the electric field at the 
observation point x,0,z, we must find the sum of the 
contributions of all the incremental charges traveling around 
the ring.  Assume there are n such incremental charges of 
equal magnitude such that the total charge of the ring divided 
by n equals the incremental charge .  Clearly, the larger n 
becomes, the more accurately the summation approximates 
the continuous spinning ring of charge, Thus the final 
expression for the electric field at the observation point  x,0,z   

∆q
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due to the whole ring is:         

Ε
∆

x n

o

i

n q
x d t

d t
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− +
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2
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V
||

W
||

cos ' cos '

( ') sin '

ω ω ρω ω

ρω ω

2 2
2

  (2-33)  
i i i

i i i

t x t

d t x
c

t

+

+ O
QP

R

       Note that since the system is cylindrically symmetrical, 
the  value  of  Ex is really the value of the radial electric field 
in any direction at a radius equal to x and a height equal to z.   
Still further note that there is also an Ey component of the 
electric field, because of the existence of a y component of 
the vector magnetic potential. There is no z component of 
vector magnetic potential and thus no z component of an 
electric field.  Again because of symmetry, the Ey component 
would be equivalent to a tangential component of the electric 
field anywhere on a circle, or cylinder, of radius x.  At the 
end of this part of the discussion there is a list of all the other 
field expressions derivable in this situation.  They are  
Ex,which we have just derived, as well as  Ey  and  the 
magnetic field components  Bx, By, and Bz. 

      Now if time starts at any arbitrary value, the actual 
calculation of equation (2-33) is just the sum of n numbers, 
the time for each one falling somewhere within the starting 
time and one rotational period thereafter.  The result is the 
number representing the radial electric field at the 
observation point x,0,z.  If we start at some other time, the 
sum of the terms in equation (2-33) gives an identical 
number.  The field at the point of observation does not 
change with time.  Of course, for any given time, and charge 
element, the effect of that element is felt at the point of 
observation sometime later, d/c seconds later to be exact.  
However, since  every  charge element at some time occupies  
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the position of every other charge element, we would get the 
same result if we simply substitute t for t' in the summation 
calculation.   We are therefore forced to the conclusion that 
since the field at any arbitrary observation point does not 
change with time , it is a static electric field that arises strictly 
and only from the continuous dynamic movement of charge.  
Thus the key point is proved, at least mathematically.  

       The interesting nature of this analysis does not stop here 
however.   It is instructive to determine exactly how much 
static electric field emanates from the spinning ring.   If a net 
positive static electric field emanates from the spinning ring,  
then a net positive displacement flux also emanates from the 
ring.  We should be able to determine its value by 
surrounding  the ring with a closed surface and integrating 
the normal displacement flux over that surface.  One 
naturally wonders under what conditions this simple 
application of Gauss's law might yield , the original 
value of the charge of the spinning  ring. 

q n q= ∆

       Referring now to Figure 2-5 it can be seen that we have 
surrounded the  spinning ring with a doubly infinite 
concentric cylinder with a radius larger than that of the 
spinning ring.   We will integrate the radial displacement flux 
emanating from the cylinder.  In other words, we are  
applying Gauss’ law.  Since there is no Ez component, we 
need not worry about the top and bottom.  Further, the Ey 
component contributes nothing since it is tangential to the 
cylinder of integration.   

    Equation (2-33) or an equivalent integral, has no obvious 
closed form and must therefore be evaluated numerically by 
computer.  The procedure is straightforward but it must be 
performed with  great care as we shall shortly see.  One takes  
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an increment  of height    on the cylinder, and multiplies 
that increment by 2π x Ex to get the displacement flux 
emanating from that section of the cylinder.  x is the radius of 
the Gaussian cylinder.  Other segments of the cylinder are 
treated similarly, and the results accumulated until the entire 
cylinder has been integrated.   One must choose a radius for 
the  spinning  ring,  a  radius  for  the cylinder, a value for the 
height of the increment , a velocity for the spinning  ring, 
and a value of n high enough that it simulates a continuous 
ring of charge. While all those choices seem simple, equation 
(2-33) has many subtle characteristics.   

∆z
ε o

∆z

 

                            

Cylinder radius > ρ
Z

infinite 
gaussian∞ 
cylinder 

Y
ρ

spinning
∞ ring of X charge q

                                      Figure 2-5 

       There are, for example, several places where both 
numerator and denominator are zero.  A computerized 
numerical integration must assure that these are handled 
properly and that the integral approximation as n becomes 
very  large  does,  in fact,  converge  (it does).    Further,   the  



THE ELECTROMAGNETIC NATURE OF 26 
THINGS 

 

 

calculation as n becomes large (and it must) involves millions 
of calculations which are small differences of very large 
numbers.  Thus the number of significant figures carried 
must be extremely large.  Finally, we cannot  numerically 
integrate over a doubly infinite cylindrical  surface, so we 
must choose a maximum z value.   As it turns out, this is not 
particularly serious because the emanating field is primarily 
over a very narrow band of the cylinder of integration which 
is concentric with the spinning ring of charge.  If we are 
concerned about the result we get, we simply double the 
height and see if there is any difference.    

     A Mathematica computer program, titled GAUSS.M has 
been written to perform thes calculation of equation (2-33).  
Mathematica is used because this software allows the 
calculation precision to be arbitrarily high. The program 
GAUSS.M is listed at the end of this Chapter.  The program 
will run on any computer that has the supporting software.   

2(d): Results Of Calculations 

     The program GAUSS.M has been run hundreds of times 
for a wide range of parameters, and all the results cannot 
possibly be presented.  However, three basic and interesting 
situations will be given, and the results described for them.    

Situation 1:  The spinning velocity is taken as c, the speed of 
light.   The radius of the cylinder of integration is anywhere 
between two and ten orders of magnitude greater than the 
radius of the spinning ring of charge.  The number of charge 
increments is varied from n=100 to n=200,000.   The  radius 
of the spinning ring of charge is varied from twenty orders of 
magnitude less than one meter to five orders of magnitude 
greater  than  one  meter.   The  number of significant  figures  
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carried in the calculation is never less than 16 and ranges up 
to 200. 

Results:  The results of all variations of situation  1  are  
always  the same.   The  program  always gives the value 
of the charge inside equal to q to at least five significant 
figures.  Even though equation (2-33) was derived without 
consideration of the Coulomb charge, the derivation and 
calculation put it back exactly.  If Gauss' analysis was run 
experimentally, there is no way the experimenter would 
know that there was anything in the cylinder but a 
conventional Coulomb charge. 

Situation 2:  Exactly as situation 1, except that the velocity of 
rotation of the spinning ring is reduced from the speed of 
light,  1.000c, to 0.999c.  

Results:  The results of situation 2 again are completely 
consistent.   The value of "enclosed charge" within the 
Gaussian surface drops many orders of magnitude.  This 
indicates that the existence of the static electric field is 
completely dependent upon the speed of rotation being 
equivalent to the speed of light.  A detailed study of the 
nature of  the  numerator  and  denominator  functions of 
equation  (2-33) show why this is true. 

Situation 3:  Exactly as situation 1, except that the radius of 
the Gaussian cylinder  is varied from just greater than the 
radius of the spinning ring to two orders of magnitude 
greater.  The spinning velocity is again set at  c.  

Results:  The value of the enclosed charge varies from 
several orders of magnitude less than q at the near radius 
to  essentially  equal  to q at the far radius.  Increasing the  
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radius of the Gaussian cylinder above two orders of 
magnitude greater than the spinning ring radius gives no 
further change.  The result remains at the initial value of 
q.  It  thus  appears  that the static radial electric field is a 
far field phenomenon observable to a distant 
(macroscopic) observer, but not to a close in 
(microscopic) observer. 

2(e): Potential Implications 

      First, a disclaimer may be in order.  It must be 
remembered that the only thing proved here is mathematical.   
Having said that, it should also be remembered that the 
results were obtained  from equations that describe many 
other situations in the physical world very well.    

     For situation 1, as stated before, if one could apply 
Gauss's  law experimentally,  he would be unable to tell the 
spinning ring of charge from any other configuration of 
charge.  It would simply appear to him that a charge Q was, 
in fact, inside the closed surface.   Since we know that the 
static electric field arose only from charge acceleration, 
perhaps any charge is simply an internal wave like motion 
with continuous acceleration.  Louis De Broglie would have 
liked such an explanation.  

      It is tempting to postulate that the potential gradient term 
of equation (2-20) is simply a manifestation of internal 
charge motion in the charge structure itself. Thus another 
form of equation (2-4) might simply be: 

                                                          (2-34) Ε
Α Α

= − −
∂
∂

∂
∂

a b

t t
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where  is the vector magnetic potential component created 
by  internal  charge  acceleration and motion within the stable 
charge structure,  Αb on the other hand, could be interpreted 
as   the  vector  magnetic   potential   component   created  by 
whatever acceleration is forced upon the charge by some 
external situation.   The author knows of no macroscopic 
experiment that could tell the difference between the first 
term of equation (2-34) and the first term of equation (2-18)--
the −∇φ  term. 

Αa

     For Situation 2, it is clear that an even infinitesimally 
reduced rotational velocity of the charged ring, the classical 
picture changes radically.   A careful study of the functions 
of equation (2-33)  shows why one could expect the results to 
behave this way, but dissection of the function results in a 
long paper all by itself, and will be left to another time. 

     For Situation 3, it is interesting to note that the radial 
static electric field appears to be very low near the ring, if it 
even exists. Although it is not presented in detail here, fairly 
extensive calculations have shown that the radial electric 
field in the plane of the ring and inside it is essentially non 
existent.   Further, the radial field component builds up as 
one gets farther from the ring in the plane of the ring.  By the 
time one to two hundred ring radii are reached, the 
calculation indicates a fixed value of charge exactly equal to 
the right amount.  It doesn't change thereafter.  Thus the 
enormous internal stress caused by the radial field of a 
conventional classical charge simply doesn't exist in this 
model.   The static radial field, in this model at least, appears 
to be a far field phenomenon.  There are intense tangential 
fields at the ring and elsewhere, but Gauss's law doesn't see 
them, and they do not produce forces that would tend to blow  
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the ring apart.   Actually the total electric field looks like a 
spiral  or  pinwheel  spreading  outward.  Thus the stability of 
an electron or proton, so often a point of question, may not be 
so hard to understand.    

    In other analyses of this type, there is some indication, 
again  at  least  in  this mathematical model, that high inertial 
centripetal forces we would expect to be present from the 
physical model of the spinning ring may not really be 
present.  That is just another aspect of this rather interesting 
mathematical classical electromagnetic game. 

     This model provides a reasonably good reason for a 
charge to also have a magnetic dipole moment.  That 
moment, which is shown in textbooks to be I A for a circular 
ring of electric current, represents the interaction of magnetic 
fields for that ring embedded in an external magnetic field.   I 
is the current in the ring in amperes, and A here is the area of 
the ring in square meters.   However when the charges 
carrying the current travel at the speed of light, as in the 
electric field case, the magnetic fields still produce a 
magnetic dipole moment, but the internal magnetic fields of 
the ring are somewhat altered. 

     One cannot help but note that there is no radiation from 
this ring in it's steady state, simply because all fields 
generated are static fields.  However, if the ring were, for 
some reason to change it's orbital radius over a discrete 
period of time, during that time there would be a burst of 
radiation.  concentric rings of plus and minus charge provide 
an interesting field of study in this model, particularly as one 
looks for stable and unstable modes. 
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     Finally, it is interesting to study combinations of spinning 
rings.  There  are  logical  reasons to believe that if  two rings 
were spinning concentrically, particularly if their radii were 
close to the same value,  they must have opposite spin. 

     One other comment would seem to be in order.  In recent 
decades, it has become respectable to assume that the 
classical electromagnetic  equations can tell us nothing about 
the internal nature of particles, an area reserved for quantum 
theory. They are presumably valuable only in macroscopic or 
statistical situations.  It is another purpose of this discussion 
to suggest that this assumption may be premature. 

2(f):  Equations For Other Field Components 

     Following are the relevant equations for determining the 
other electric field component Ey which arises from the 
second term of Equation (2-4), and the three magnetic field 
components Bx, By, and Bz, which arise from the classic 
electromagnetic equation B xA= ∇ . These additional 
equations are useful in the analyses just mentioned.  These 
are all to be evaluated at the point of observation x,0,z. 
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2(g): Gauss Computer Program (In Mathematica) 
 
 Print["Name of pgm. is GAUSS.M.  It computes displacement\ 
flux over a cylindrical surface surrounding a spinning\ 
charged ring of radius rho and traveling at an outer\ 
 velocity v.  You must set rho, charge q, relative outer\ 
 velocity vr, number of incremental charge samples n, and\ 
the radius of the cylinder of integration x."];\ 
rho=10^-15;\ 
q=1.60200000000000000000000000000000000000000000000000 10^-
19;\ 
vr=1;\ 
n=100;\ 
x=1.00000000000000000000000000000000000000000000000000 10^-
10;\ 
pi=N[Pi,50];\ 
perm=10^-9/(36 pi);\ 
mu=4 pi 10^-7;\ 
c=Sqrt[1/(mu perm)];\ 
v=vr c;\ 
w=v/rho;\ 
qp=q/n;\ 
coef=qp w rho 10^-7;\ 
z=x/(2 n);\ 
dz=x/n;\ 
dt=2 pi rho/(n v);\ 
dtotal=0;Label[mark1];\ 
dtot=0;ext=0;\ 
t=dt/2;\ 
Label[mark2];\ 
ang=v t/rho;\ 
sn=Sin[ang];\ 
cn=Cos[ang];\ 
sn2=Sin[2 ang];\ 
cn2=Cos[2 ang];\ 
d=Sqrt[rho^2+x^2+z^2-2 rho x cn];\ 
numex=(-x rho w/2)+(d^2 w cn)+(x rho w cn2/2);\ 
den=d^2(d + x w rho sn/c);\ 
ex=coef numex/den;\ 
ext=ext+ex;\ 
t=t+dt;\ 
If[t>(n-.25) dt,Goto[mark3],Goto[mark2]];\ 
Label[mark3];\ 
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dtot=4 pi x dz perm ext;\ 
dtotal=dtotal+dtot;\ 
z=z+dz;\ 
Print["z/x=",z/x];\ 
If[z>(20 x/n),Goto[mark4],Goto[mark1]];\ 
Label[mark4];\ 
Print["Program is Gauss"];\ 
Print["retarded total displacement flux =",dtotal];\ 
Print["rho=",rho];\ 
Print["v=",v];\ 
Print["x=",x];\ 
Print["n=",n];\ 
Pr
 

int["z/x=",z/x]; 
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Chapter 3:  THE CASE FOR AN 
ELECTROMAGNETIC BASIS FOR GRAVITY 

 (Based on the Kopernicky Hypothesis) 
 
 3(a):  A Re-examination Of Coulomb’s Law 
 
    The long accepted belief that gravitation is a separate force 
of nature unrelated to electromagnetic phenomena primarily 
arises from calculations based on Coulomb’s law.  That law 
states that the force of attraction between unlike charges of 
equal magnitude equals the force of repulsion between like 
charges also of equal magnitude.   
 
     In 2001, Jaroslav Kopernicky of Toronto, Canada 
suggested (in a paper submitted to Galilean Electrodynamics) 
that if the attractive force, instead of being equal to the 
repulsive force, was very slightly higher, that might account 
for gravitation.  He was led to this suggestion by his 
extensive experimentation over several years of the forces 
between disk magnets which are really dipoles.  Kopernicky 
discovered that the attractive and repulsive forces were very 
slightly different, even though conventional wisdom said 
otherwise, the attractive force being slightly greater.   
 
     Kopernicky also found that as the magnets were 
separated, the difference became harder and harder to detect.  
Dr. Cynthia Kolb Whitney, the editor of Galilean 
Electrodynamics, then asked this author to review the paper 
proposed by Kopernicky. Without going into detail, that 
request finally led to an extensively detailed website 
(sponsored by both Kopernicky and Hughes--
www.electmag.com) devoted mostly to an analysis of the 
implications of Kopernicky’s suggestion.  Only the highlights 
of  that analysis are presented here, but the implication is that  
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gravity indeed could well be an electromagnetic 
phenomenon. At the very least, it was proven that to use 
Coulomb’s law as an argument (that gravity is not 
electromagnetic) is definitely not valid. 
 
     We will subsequently examine the probabilities and 
implications of Kopernicky’s proposal, but before proceeding 
further, it is instructive to briefly re-examine Coulomb’s law, 
and the assumed experiments that led to it.  When the charges 
are of equal magnitude and opposite sign, such as between 
capacitor plates or ball gaps, it is easy to envision simple 
experiments that would show the proper Coulomb 
relationship.  After all, the flux lines go directly from the plus 
to the minus charges.   
 
     When the charges are of equal magnitude and the same 
sign, a defining experiment becomes significantly more 
difficult.  As Kopernicky pointed out, the flux lines from 
both charges must flare out and diffuse to infinity.  When one 
considers that possibility, it becomes clear that there can be 
no nearby conducting material, or even any material with 
permittivity different from either a vacuum or air to keep 
from interfering with the experiment.  There can’t be any air 
either because of stray ions and neutral gas atoms and 
molecules that act like dipoles.    
 
     Thus if one can’t be sure of any experimental method that 
allows no adjacent materials to support the charges, and also 
requires a perfect vacuum, one begins to wonder what kind of 
an experiment Coulomb performed in the late 18th century 
(or could be performed even now) that proved the attractive 
and repulsive forces were exactly equal.  There may be such 
an experiment, but one suspects that Coulomb and the 
contemporary investigators simply assumed they were equal. 
After  all,  it  has  always  made  a  nice  neat  argument  and  
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ultimately fitted well into more advanced electromagnetic 
analyses.  Further, it  is  probable  that no obvious real world 
situation ever arises to refute it since in nature charges of one 
sign only never appear in total isolation.  Nevertheless, that 
assumption may have led us to misunderstand the nature of 
gravity for centuries. 
 
     Thus we are led to a new mathematical investigation of 
Coulomb’s venerable law. Consider two point charges of 
equal absolute magnitude, though not necessarily of the same 
sign, positioned on the x axis at x= + s/2 and x= – s/2. 
Assume there is a doubly infinite y-z plane  at the origin of 
infinitesimal but finite thickness.  The situation is illustrated 
in Figure 3-1. 
 
doubly infinite y-z plane of  
 infinitesimal but finite thickness  Ds 
                                                y                          
                                     
                         
 
                                        s/2        s/2        
                                                                                                
                                                                            x 
                                 q1                        q2         
                                                                                                                          
                                                             
                          z          
                             
                                         Figure 3-1 
 
If the two charges, q1 and q2, are equal and of opposite sign, 
the electric field is everywhere normal to the y-z plane.  If the 
charges are equal and of the same sign, the electric field is 
everywhere  tangential to the plane.  If  the  plane  is assumed  
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to have  an  infinitesimal   but  finite  thickness  ∆ ,   then   
the following integral represents the entire energy contained 
within the plane. 

                              Energy                     (3-1)   dydzEs
2

02
1

∫ ∫
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∞−
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∞−

∆= ε

s∆
s

Since energy is force times distance, dividing that integral by 
 is then the force between the charges.  Since we have 

both multiplied and then divided by the constant ∆ , we 
conclude that for two unlike charges the integral over the 
doubly infinite plane 
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is the attractive force between them, and for two like charges, 
the repulsive force between them is 
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In this case, Etan is the electric field tangential to the plane. 
For Figure 3-1, cylindrical symmetry around the x axis 
allows simplification. We need only to calculate the electric 
field components on the z axis, square them, multiply the 
result by 0ε /2, then multiply by and integrate from 0 
to .  Equations (3-1) and (3-2) then become 
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The attractive force integral for unlike charges (after 
simplification) is 
 

                                                                     (3-6)                      ∫
∞

=
0

6
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Similarly, the repulsive force integral for like charges is 
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                                                                                          (3-8) 
 
    As it happens, both (3-6) and (3-7) can be integrated 
exactly and have precisely the same absolute value as we 
might have expected, namely 

                                                               (3-9)              2
0

2

4 s
qForce
πε

=

 
     At first glance, this result would seem to invalidate 
Kopernicky’s hypothesis.  However, his conjecture perhaps 
should not be rejected quite so easily.  The integrals of 
equations (3-6) and (3-7) are equal only when the upper limit 
of integration is infinite. It  turns out that the central part of 
the y-z plane is the most important area which determines the 
result of equation (3-6) whereas it is the peripheral part of 
that plane that determines the result of equation (3-7).  This 
fact can easily be seen by plotting Ex (for unlike charges) and  
Etan  (for like charges) as a function of distance out on the z 
axis.  When one assigns the electron (or proton) charge to q1 
and q2  (e.g. 1.602 x 10-19 Coulombs) and  a spacing of, say, 1  
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millimeter between them, the field plots are given in figure 3-
2.  The plot with a finite value at z=0 is Ex, and the plot 
starting at 0 for z=0 is Etan.                                                            
                                                      

                0.001 0.002

0.002

0.004

0.006

0.008

0.01

 0.003 0.004 0.005
                                      Figure 3-2                        
 
If we replace the infinity upper limit of equations (3-6) and 
(3-7) with a finite upper limit (which we will call zmax) we 
can obtain exact force expressions as a function of integration 
distance out on the z axis.  When that is done, the result is as 
follows. 
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     Two things can be seen from equations (3-10) and (3-11).  
First, it can be seen that for any finite upper limit of 
integration,  the  repulsive  force  will  always be slightly less  
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than the attractive force because of the -8zmax

2 term in the 
numerator  of  equation  (3-11).  Since the zmax term and not s  
dominates the difference force expression we need to 
examine the force differences much more closely. 
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2 2 2
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     Let us first assume a 1 meter separation for the charges.  
The attractive and repulsive forces are then calculated from 
equations (3-10) and (3-11) as a function of the upper limit of 
integration zmax (which represents how far out on the z axis 
the integration is carried out).  Table 1 gives the ratios of 
Frepul./Fattr. resulting from such calculations for upper limits 
ranging from 10 meters to 1012 meters.  Calculations accurate 
to 50 significant figures were made using a Mathematica 
program.  Numbers beyond 25 significant figures are 
suppressed. In what follows, we will refer to the numbers in 
column 2 of Table 3-1 as the Kopernicky multiplier as we 
analyze multiple systems of charges. 
 
First, note from Table 3-1 that the number of 9’s following 
the decimal point increases by two for every decade increase 
in the upper limit of integration for equations (3-6) and (3-7).  
For example, had we integrated out to 1018 meters, there 
would have been 36 nines to the right of the decimal point for 
the ratio of repulsive to attractive forces.  We shall refer to 
Table 3-1 (as well as 36 nines) later. 

     We will henceforth make an assumption that is standard in 
all textbooks on field theory.  That is that for complex 
systems of multiple plus and minus charges, the total effect 
on any one charge is the linear vector sum of the effect of all 
of  the  rest  of   the   charges   in  the   system.  Whatever  the  
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relationship of the attractive and repulsive forces, equal or 
unequal, that same relationship applies to systems of multiple 
charges. 
 
                            zmax                    ratio of  Frepul./Fattr.  
                                     in meters          (the Kopernicky multiplier)               
                                                    
                             10            0.995024875218905472636815 
                             102           0.999950002499875006249687 
                            103           0.999999500000249999987500 
                            104           0.999999995000000024999999 
                            105           0.999999999950000000002499 
                            106           0.999999999999500000000000 
                            107           0.999999999999995000000000 
                            108           0.999999999999999900000000 
                            109           0.999999999999999999000000 
                           1010

                0.999999999999999999990000 
                           1011          0.999999999999999999999900 
                           1012          0.999999999999999999999999 
             
                                                Table 3-1 

     Now consider two overall electrically neutral bodies, each 
consisting of a plus and a minus charge as in figure 3-3.                          

                                                                                                                                  
    
                                                   

a a
 s

                       

                                -   +          Figure 3-3             -   +   
 
From Coulomb’s law, one can easily show that the force 
between the neutral bodies is 
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    (3-13)             
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If  a <<s,  a series expansion yields 

    f q
s

a
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a
snet = − +
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24
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πε
higher order terms

O
QP...    (3-14) 

The sign convention was chosen such that a negative force is 
attractive. One can see that the attractive force varies 
inversely at least as the 4th power of distance between the 
neutral bodies.  Similar results would have been obtained if 
the positions of the positive and negative forces in one of the 
neutral bodies had been reversed only the net force would 
have been repulsive.  
 
      However, as is well known, gravitational forces vary 
inversely as the second power of distance and are always 
attractive.  Thus it has conventionally been reasoned that 
gravitation could not be an electric (or magnetic) 
phenomenon, based on the Coulomb assumption that 
attractive and repulsive forces are exactly equal.   
 
     As we have already pointed out, there is probably no 
experiment Coulomb or his contemporaries could have 
performed in the late 1700’s (or even now) to prove that the 
two forces were exactly equal.  We shall see that an 
extremely trivial difference in the two forces beyond 
anything one could expect to detect experimentally makes an 
enormous difference in the physical conclusions. 
      
     To begin to understand the implications of Kopernicky’s 
suggestion, let us for the moment assume that if the attractive 
forces  fattr are taken as the norm, then the repulsive forces  
(frepul.) are related to fattr by 
                                      frepul. = k fattr 
 
where k is a number slightly less than 1.  Equation (3-13) for 
the net force (fnet) then becomes 
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and the series expansion, equation (48) becomes 
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                                                                                        (3-16) 
 
Again, a negative force is taken as attractive.  In a real 
situation, a would be the interatomic charge spacing and s is 
the distance separating the neutral bodies, a being orders of 
magnitude less than s.  Thus for all practical purposes, the net 
force is 

                         f q
s

knet ≅ − −
2

0
24

2 2
πε

( )                         (3-17)             

 
     Examination of equation (3-16) shows that if k=1 (that is 
Coulomb’s law is obeyed exactly for both attractive and 
repulsive forces), the net force between the dipoles falls off at 
least as the 4th power of the distance between them.  On the 
other hand, if  k<1, and if a/s (to the first and higher powers) 
is a very small number as it always would be, then equation 
(3-16) shows that the inverse square law required by 
gravitation could be obeyed to a very high degree.  
 
      The real issue is-how much less than 1 must k be such 
that the inverse square law is obeyed to at least three or four 
significant figures?  A Mathematica program, carrying 50 
significant figures entitled kdoubledipole.M has been 
written to solve equation (3-15).  A copy of the program is 
given  at  the  end  of  this chapter.  For any given values of a  
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and s, the program computes the forces from equation (3-15), 
doubles  s and  computes the  force again, then takes the ratio  
of the two forces to check on how well the inverse square law 
is (or is not) obeyed according to the requirements of gravity.  
 
     The following parameters were used.   a= 0.53 x 10-10 
meters in every case.  That number, the first Bohr radius, was 
picked as a typical inter-atomic spacing.  s was arbitrarily 
taken initially as one millimeter (10-3).  Various values of k 
were tried to find the closest number to 1 which still made 
the force obey the inverse square law to at least four 
significant figures.  The results are as follows. 
 
   First, we run the program for k=1 which would be the 
typical Coulomb’s law calculation. In This case the attractive 
force is, for  s=10-3 meters  
                              Force=-3.8928x10-36 Newtons.   
For s=2x10-3 meters the force is  
                              Force =-2.4330 10-37 Newtons.   
The force ratio is  
                              Force ratio=15.9999 or 24. 
This is exactly what we would expect from Coulomb’s law. 
 
     Now, we reduce k below 1, but keep it as close as we 
possibly can to 1 and still get an inverse square law as 
required by gravity. By successive applications of the 
computer program (kdoubledipole.M) we arrive at the 
following result. 
 
For a value of k=0.999999999999 (12-9’s), the attractive 
force for s=10-3 meters is  
                         Force= -4.65828 x  10-34 Newtons. 
 The force for s=2x10-3 is 
                         Force= -1.15731 x 10-34 Newtons. 
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The force ratio is 
                         Force Ratio= 4.0251 (or close to 22.) 
  Various other runs of the program are as follows. 
     For k=0.999999999999999999 (18-9’s), the force ratio is 
15.9943 or close to 24. 
     For k=0.999999999 (9-9’s), the force ratio is 4.0000 or 
essentially 22. 
     For k=0.9999999999999999999999 (22-9’s), the ratio is 
15.9999 or essentially 24. 
 
In general, any decrease of the number of nines below 12-9’s 
makes the system obey the inverse square law even more 
exactly, and any increase above 18-9’s makes the system 
forces vary more exactly as 24.  Thus we see that even for a 
k=0.999999999999, a number seemingly not significantly 
different from 1.0, the dipoles still obey the inverse square 
law.   
 
     If we do a similar analysis except one of the dipoles is 
reversed, for k=1 we get the same result except the force is 
repulsive.  Again, this is what we would expect from 
Coulomb’s law. 
 
     When we decrease k to 0.999999999999, however, we get 
essentially the same force magnitude as before, but the 
direction of the force has reversed and become attractive. 
Thus for k=0.999999999999 or any lesser number, both the 
inverse square law and the force being attractive (the two 
requirements of gravitation) are always satisfied. 
 
     Now suppose we increase the spacing between the neutral 
bodies to 1 meter but leave a the same.  Now for 
k=0.9999999999999999 (16-9’s) we get for s=1meter 
                      Force=5.12871 x 10-44 Newtons 
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and for s=2meters 
                      Force=1.28218 x 10-44 Newtons 
giving a force ratio of  4.000 or 22.              
                           
     Thus as the distance between the neutral bodies increases, 
k can even more closely approach unity and still obey the 
inverse square law and the forces are still always attractive. 
 
3(b): Ordered Charge Structures That Are Electrically 
Neutral 
 
     Since the real world doesn’t consist of isolated dipoles it 
is interesting to postulate a hypothetical electrically neutral 
complex “molecule” and then compute the forces between 
two such molecules that are identical in structure.  Actually, 
models involving 8 (4+ and 4-), 64 (32+ and 32-),  216 (108+ 
and 108-) and 512 (256+ and 256-) charges have been 
studied, representing 23, 43,  63, and 83 structures. Only the 
216 (63) charge model will be discussed since all the models 
give similar results.    
 
     Consider charges arranged in a 6 x 6 x 6 cube. Every + 
charge is immediately adjacent to a - charge and vice verse.  
We will compute the forces between two such cubes.  
                              y 
 
                 +   -   +   -   +   -          -   +   -   +   -   + 
                 -   +   -   +   -   +          +    -  +    -   +   - 
                 +   -   +   -   +   -          -    +   -   +   -   +        
                 -   +   -   +   -   +          +    -  +   -   +   -     x 
                 +   -   +   -   +   -          -    +   -   +   -   + 
                 -   +   -   +   -   +          +   -   +   -   +   - 
                   z             axis of rotation 
                                                d 
                                          
                                             Figure 3-4 
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     Assuming each cube is a rigid structure, the objective is 
now to   calculate   the  horizontal   force  between  the  two  
cubes (molecules) varying the distance d between the centers 
and also the angle with which the second cube is rotated with 
respect to the first.  When the second cube is not rotated, the 
distribution of the charges is opposite between the two cubes 
as in Figure 3-4.   
 
      The geometry of the problem is simple but the 
computation is not. The force between every charge in the 
first cube must be computed for each and every charge in the 
second cube and thus there are 2162 or 46,656 complete force 
calculations.  The first step is to create two computer files, 
called ART216.F and BRT216.F. Each file has 864 numbers 
which are really 216 sets of four numbers each. Each set of  
four numbers is a charge and it’s x, y, and z coordinates.  
Because the many calculations involve infinitesimally small 
differences of large numbers it was necessary to carry 100 
significant figures for each number.  The two files were 
created using a Mathematica program titled KF216.M. The 
charge magnitude is taken as the proton (or electron) charge 
of 1.602 x 10-19 Coulombs and the charge spacing is taken as 
1 nanometer  (10-9 meters).   KF216.M is also given at the 
end of this chapter.  
 
     Once the two files are created, KF216.M then separates 
the cubes by a distance d and calculates the horizontal force 
between them.  It also doubles the distance d and calculates 
the force again, taking the ratio of the two forces to check for 
the inverse power versus distance relationship. Finally it 
rotates the second cube 22½ degrees and does the 
calculations all over again until it reaches 180 degrees 
rotation.  
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     KF216.M gives the option of choosing a number k less 
than or equal to 1.  If k is 1, then forces are computed exactly 
as  they  would  be  calculated  by  Coulombs law.  If k is less  
than 1,  then attractive forces are calculated as in Coulombs 
law but repulsive forces are calculated as if the Coulomb 
forces were multiplied by k, as suggested by Kopernicky.   
Using these programs, we now evaluate Kopernicky’s 
multiplier k in worse case scenarios that still obey the inverse 
square law to at least four significant figures.  As it turns out, 
one can successively apply the program KF216.M to 
determine the numbers as a function of the distance that 
separates the cubes.  One simply increases the number of 9’s 
in Kopernicky’s multiplier (k) while running KF216.M 
sequentially until it is seen that the inverse square law is still 
obeyed to at least four significant figures.   The values are 
given in Table 3-2. 
 
                  distance           Kopernicky’s multiplier on 
               between       repulsive forces to still maintain 
               cubes in      the inverse square law relationship 
                meters        (accurate to 4 significant figures) 
                 10-6               0.9999999999999  (13-9’s)  
                 10-3                          0. (31-9’s) 
                  1                             0. (49-9’s) 
                 103                          0. (67-9’s) 
                 106                          0. (85-9’s) 
                 109                          0. (103-9’s) 
                 1012                        0. (121-9’s) 
 
                                          Table 3-2 
 
When one adds 9-9’s to each of the above figures, the force 
variation switches from d2 to d8 again accurate to 4 
significant figures.  
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      This result is a little startling.  For example what is the 
practical difference between the numbers 1 and 
0.999999999999999999999999999999999999999999999999 
9 ?  Yet they give radically different results for a spacing of, 
say,  1  meter.   The  situation  gets  more  ridiculous  for any  
larger spacing. Thus it seems reasonable to suspect that the 
historical experimenters that formulated Coulomb’s law 
simply assumed attractive and repulsive forces were equal 
without really being able to measure the repulsive forces.   
 
     When k=1, rotation of the second cube causes a cyclic 
variation of the forces between the cubes, going from a 
positive maximum to a negative maximum. When k is less 
than one, rotation essentially doesn’t affect the forces 
between the cubes.  This result is to be expected by studying 
the situation. 
 
3(c); Evaluation Of Kopernicky Multiplier To Agree 
With Gravitational Calculations 
 
     From Table 3-2 we know how many nines can occur in 
the Kopernicky Multiplier and still have the inverse square 
law be obeyed.  However, the calculated force varies widely 
depending on the number of nines in the multiplier.  If we 
examine the idealized “masses” of Figure 3-4 we note that 
each cube has 108 plus and 108 minus charges.  We might 
think of each one as having the mass of 108 hydrogen atoms.  
A hydrogen atom has a mass of 1.67355 x 10-27 kg.  
Multiplying by 108 gives a mass for each cube of 1.80743 x 
10-25 kg.  The universal gravitational constant is G=6.67259 x 
10-11m3kg-1s-2. The calculated gravitational force between 
cubes spaced 1 meter is, then, Gm2/d or 2.17982 x  10-60 
Newtons.     
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      The question is, what is the value of kopernicky’s 
multipler that will give this same force? A modification of 
the program  KF216.M,  titled  K1F216.M, also given at the 
end of this chapter, was devised to answer this question. 
Successive running of the Mathematica program K1F216.M 
(for a cube spacing of 1 meter and trying different values of 
k) reveals that to match the gravitational force of 2.17982 x  
10-60 Newtons requires the following value of k. 
   
  k=0.999999999999999999999999999999999999 (36 nines)  
                                                                                        (3-18) 
 
    When calculations were made for all larger spacings, the 
number turned out to be exactly the same.  For the very close 
spacings, however,  (e.g. 10-3 and 10-6 meters) the number of 
nines required exceeded those required in Table 1 to maintain 
the inverse square law relationship.  This is not really 
surprising when one examines the geometry of close spacing 
by comparing the physical size of the cube to the spacing.  
The inverse square law is premised on the assumption that 
the physical dimensions of the masses (or charges) involved 
are small compared to the distance between them.  A similar 
situation was examined for 8 x 8 x 8 cubes to see if the 
physical size of the cube made any difference.  It did not.  
Precisely the same value of k of equation (3-18) gave the 
correct gravitational force.  Thus the physical size of the 
masses (above a certain value) appears to have no bearing on 
the value of Kopernicky’s multiplier. 
 
     Kopernicky’s research led him to propose that gravity to 
be represented by the difference between the sum of 
attractive (a) forces of two bodies of mass and the sum of 
repulsive (r) forces of the same bodies provided by the total 
energy of the bodies, in favor of attraction:  
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where G is the gravitational force and Qm is the charge 
associated with the mass m.  Because the resulting difference 
represents gravity, it can be written as 
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would represent the Coulomb law for repulsion. In these 
equations, ke is 1/4peo and g is the universal gravitational 
constant (6.67259 x 10-11m3kg-1s-2)  The product of the sums 
leads to many terms involving the product of two masses.  In 
each case, d is the distance between those two masses.   
Note in these equations that the difference between ke  (1/4peo 
=8.992 x 109) and g/c2   (=7.4239 x 10-28) is about 37 orders 
of magnitude.   
 
     It should be noted that the suspicion of a prevailing 
attractive force is not new. Scientists, Sir Arthur Eddington 
included, at the end of the nineteenth century already played 
with this idea, although nobody made an experimental proof 
public.  Further, two scientists, Wilhelm Weber and Friedrich 
Zollner proposed it over a century ago.3-1  They speculated 
that the difference was about 10-35 although they also gave no 
reasons for it.  It is interesting, however, that three different 
estimates from three independent researchers (Kopernicky, 
Weber/Zollner,   and   Hughes,   using   completely  different  
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methods, all arrived at a figure within an order of magnitude 
of  each  other  centered  at  10-36.  Kopernicky’s experiments  
with magnets are apparently the first experimental results that 
supported the suspicions of Eddington and Weber/Zolner. 
 
     The structure of Figure 3-4 is obviously an ordered one 
such  as  one  might  find  in  crystalline material.  One might  
wonder what the results would be if  the structure were non 
ordered, or amorphous, as is the case with most materials.   
 
To examine this question a system of two masses was 
postulated in which the positions and charges were chosen by 
random numbers, the only requirement being that the 
structures were overall electrically neutral.  It was found that 
when Coulomb’s law was strictly applied, the forces between 
the masses fell off as the 4th power of distance just as in the 
pair of dipoles.  However, when a value of k slightly less 
than 1 was used, again the forces fell off as the 2nd power of 
distance as expected.  This system is described in detail, 
along with the quite extensive computer programs used, on 
the website www.electmag.com. 
 
     Kopernicky’s hypothesis yields the same substantial 
results for multiple dipoles, three dimensional crystalline 
structures, and three dimensional amorphous structures.  The 
inverse square law is obeyed to an extremely high accuracy, 
the forces are always attractive for practical dimensions, and 
they are still very small compared to electrostatic forces 
between unlike charges.  
 
      Whether or not the reader believes that that Kopernicky’s 
hypothesis is true, the three main criteria, are all fully met by 
Kopernicky’s suggestion.    
  
    (1) the inverse square law requirement is satisfied  
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 (2) the requirement that gravitational forces are always   
         attractive is satisfied 
   
  (3) the forces are of about the proper magnitude 
 
      We can create a situation having nothing to do with 
gravity where the forces are repulsive for very short 
distances, but as will be seen in the next section on the 
structure  of  matter,  that  fact  actually  adds  to,  rather  than  
detracts from, the credibility of Kopernicky’s hypothesis. In 
conclusion, it appears that gravitation could well be an 
electromagnetic phenomenon although that is not an 
absolutely proved fact from this analysis.  What is definitely 
proved is that Coulomb’s law cannot be validly used as an 
argument that gravity is not electromagnetic in nature as it 
has been in the past.   
 
(3d)  The “Inchworm Experiment” 
  
Finally, an experiment (that has come to be known as the 
"inchworm experiment") can be set up by anyone.  It 
independently confirms Kopernicky’s experimental results 
that attractive forces slightly exceed repulsive forces.  It  
requires an air-core Brooks coil and a ring ceramic magnet 
with similar inner diameters. The Brooks coil is wound of 
#16 wire, has about 200 turns, and an inner diameter about 5 
cm.  The outer diameter is about 10 cm and the coil is about 
5 cm. wide.  The ceramic ring magnet also has a 5 cm inner 
diameter, a 10 cm outer diameter, and is 1 cm. thick.  Both 
the Brooks coil and the ceramic ring magnet are supported 
on a non magnetic support (e.g. a pvc pipe) as shown in 
Figure 3-5.  No magnetic material other than the ceramic 
ring  magnet  should  be  anywhere  around.   The  magnet  is  
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placed about 2 cm. from the Brooks coil.  When a sufficient 
60  Hz  a-c  current  (about 5 amperes)  is passed through the  
Brooks coil, if the attractive and repulsive forces were equal, 
the  magnet  should  simply vibrate and not move.  However,  
what happens is that the pvc pipe can be tilted very slightly 
downward to the right, and the magnet still climbs up to the 
left toward the coil. Actually, the magnet vibration 
overcomes  its  coefficient  of  friction on the pvc pipe, and it  
inches toward the Brooks coil, indicating  that  the  attractive  
force  is  slightly  greater and overcomes the sum of the 
gravitational force and the repulsive force on the magnet to 
the right.   
 
     The experiment requires considerable care. The whole 
system is about 20 cm long.  To make the experiment work, 
it is first necessary to use a precise level to make sure the pvc 
pipe is absolutely level.  Then the left side is raised by 
inserting a very thin sheet of paper underneath so that the 
level shows it is very slightly un-level sloping downward to 
the right.  If one raises the right side a little farther (by 
inserting the thickness of two or three sheets of paper), then 
the gravitational force plus the repulsive force exceeds the 
attractive force and the magnet slides to the right.  Details 
are given on the web site www.electmag.com along with a 
short video of the experiment. 
 
Note: All of these programs are also listed in a separate 
readable file on the website www.electmag.com.  Interested 
readers can download them directly in a form that will run 
directly on Mathematica software.  There is no need to re-
enter them from this file. 
  
 
 
 
 

http://www.electmag.com/
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 Brooks Coil                                Ceramic Ring         
(fixed)                                         Magnet (moveable) 
 
 
                                                                  PVC Support Pipe 
 
 
 
 
 
                   Slip Paper 
                   Under Here      
 
   
  Base Support               Figure 3-5                    Base Support 
 
3(e): Mathematica Computer Programs For Chapter 3 
 
Kdoubledipole.M 
 
Print["Name of pgm. is Kdoubledipole.m.  It computes the 
force between two dipoles spaced a distance s.  The charges 
in each dipole are spaced a distance a.  Pgm computes the 
force by coulombs law using Kopernicky's multiplier for the 
repulsive forces.  It then doubles the spacing and computes 
force again.  It then takes the ratio of the two forces to 
check on whether the inverse square law is obeyed. 50 sig. 
figs."];\ 
q=1.602000000000000000000000000000000000000000000000 10^-19;\ 
s=1.0000000000000000000000000000000000000000000000000;\ 
k=.9999999999999999999;\ 
a=0.530000000000000000000000000000000000000000000000 10^-10;\ 
pi=N[Pi,50];\ 
perm=10^-9/(36 pi);\ 
coef=q^2/(4 pi perm);\ 
f1=coef (-(1/s^2)-(1/(s+2 a)^2)+(2 k/(s+a)^2));\ 
s=2 s;\ 
f2=coef (-(1/s^2)-(1/(s+2 a)^2)+(2 k/(s+a)^2));\ 
ratio=f1/f2;\ 
Print["f1=",f1];\ 
Print["f2=",f2];\ 
Print["ratio=",ratio]; 
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KF216.M 
 
Print["Name of pgm. is KF216.M. It computes the forces 
between two cubes each consisting of 108 plus and 108 minus 
charges interleaved.  The program first creates two files, 
art216.f and brt216,f.  Each file has 864 numbers which are 
216 sets of four numbers each.The first number is the charge 
and is either plus or minus 1.602 x 10-19.  The next three 
numbers are the x,y, and zcoordinates of the charge.  The 
charges are arranged in a 6 x 6 x 6 cubic matrix spaced a  
distance s from each other. The program then displaces the 
second (brt216.f) cube center a distance d1 (or d2=2d1) from 
the first (art216.f) cube center. It then computes the force 
between the cubes (for both d1 and d2) by calculating the 
coulomb forces between each individual charge of cube a and 
each individual charge of cube b. If the two charges are 
dissimilar, their attractive force is calculated as a 
conventional electrostatic force.  If the two charges are 
similar, their repulsive force is multiplied by k which can  
be equal to or less than 1. Forces are calculated for both d1 
and 2d1 and force ratios are calculated. The second cube is  
then rotated by 22 1/2 degrees and forces are calculated 
again until 180 degrees of rotation occur.  At the end of the 
calculation, files art216.f and brt2`6.f are deleted so the 
program can be run again"];\ 
q=1.60200000000000000000000000000000000000000000000000000000\
0000000000000000000000000000000000000000000 10^-19;\ 
v1=2.5000000000000000000000000000000000000000000000000000000\
0000000000000000000000000000000000000000000000;\ 
var=1.000000100000000000000000000000000000000000000000000000\
0000000000000000000000000000000000000000000000;\ 
s=1.00000000000000000000000000000000000000000000000000000000\
0000000000000000000000000000000000000000000000 10^-9;\ 
pi=N[Pi,100];\ 
perm=10^-9/(36 pi);\ 
k=1.00000000000000000000000000000000000000000000000000000000\
0000000000000000000000000000000000000000000000;\ 
d1=1.0000000000000000000000000000000000000000000000000000000\
0000000000000000000000000000000000000000000000 10^-8;\ 
Print["d1=",d1];\ 
Print["k=",k];\ 
qa=q;\ 
qb=-q;\ 
qtota=0;\ 
qtotb=0;\ 
theta=0;\ 
n=0;\ 
xaa=-v1 s;\ 
yaa=-v1 s;\ 
zaa=-v1 s;\ 
xa=xaa;\ 
ya=yaa;\ 
za=zaa;\ 
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Label[mark1];\ 
qtota=qtota+qa;\ 
qtotb=qtotb+qb;\ 
n=n+1;\ 
qa>>>art216.f;\ 
qb>>>brt216.f;\ 
xa>>>art216.f;\ 
xb=xa ct+ya st;\ 
xb>>>brt216.f;\ 
ya>>>art216.f;\ 
yb=ya ct-xa st;\ 
yb>>>brt216.f;\ 
za>>>art216.f;\ 
zb=za;\ 
zb>>>brt216.f;\ 
qa=-qa;\ 
qb=-qb;\ 
ya=ya+s;\ 
by=v1 var s;\ 
If[ya>by,Goto[mark2],Goto[mark1]];\ 
Label[mark2];\ 
qa=-qa;\ 
qb=-qb;\ 
ya=yaa;\ 
za=za+s;\ 
bz=v1 var s;\ 
If[za>bz,Goto[mark3],Goto[mark1]];\ 
Label[mark3];\ 
qa=-qa;\ 
qb=-qb;\ 
ya=yaa;\ 
za=zaa;\ 
xa=xa+s;\ 
bx=v1 var s;\ 
If[xa>bx,Goto[mark4],Goto[mark1]];\ 
Label[mark4];\ 
m=0;\ 
n=0;\ 
d2=2 d1;\ 
ct=Cos[theta];\ 
st=Sin[theta];\ 
fxtot1=0;\ 
fxtot2=0;\ 
ttot1=0;\ 
ttot2=0;\ 
OpenRead["brt216.f"];\ 
Label[mark10];\ 
m=m+1;\ 
If[m>216.1,Goto[mark15],Goto[mark11]];\ 
Label[mark11];\ 
qb=Read["brt216.f"];xb=Read["brt216.f"];yb=Read["brt21
6.f"];zb=Read["brt216.f"];\ 
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OpenRead["art216.f"];\ 
Label[mark12];\ 
n=n+1;\ 
If[n>216.1,Goto[mark14],Goto[mark13]];\ 
Label[mark13];\ 
qa=Read["art216.f"];xa=Read["art216.f"];ya=Read["art216.f"];z
a=Read["art216.f"];\ 
dist1=Sqrt[(d1+xb-xa)^2+(yb-ya)^2+(zb-za)^2];\ 
dist2=Sqrt[(d2+xb-xa)^2+(yb-ya)^2+(zb-za)^2];\ 
distx1=d1+xb-xa;\ 
distx2=d2+xb-xa;\ 
disty=yb-ya;\ 
distz=zb-za;\ 
dcb=Sqrt[xb^2+yb^2+zb^2];\ 
If[(qa qb)<0,Goto[marka],Goto[markb]];\ 
Label[marka];\ 
fx1=(qa qb distx1)/(4 pi perm (dist1)^3);\ 
fx2=(qa qb distx2)/(4 pi perm (dist2)^3);\ 
fy1=(qa qb disty)/(4 pi perm (dist1)^3);\ 
fy2=(qa qb disty)/(4 pi perm (dist2)^3);\ 
fz1=(qa qb distz)/(4 pi perm (dist1)^3);\ 
fz2=(qa qb distz)/(4 pi perm (dist2)^3);\ 
Goto[markc];\ 
Label[markb];\ 
fx1=(k qa qb distx1)/(4 pi perm (dist1)^3);\ 
fx2=(k qa qb distx2)/(4 pi perm (dist2)^3);\ 
fy1=(k qa qb disty)/(4 pi perm (dist1)^3);\ 
fy2=(k qa qb disty)/(4 pi perm (dist2)^3);\ 
fz1=(k qa qb distz)/(4 pi perm (dist1)^3);\ 
fz2=(k qa qb distz)/(4 pi perm (dist2)^3);\ 
Label[markc];\ 
fxtot1=fxtot1+fx1;\ 
fxtot2=fxtot2+fx2;\ 
Goto[mark12];\ 
Label[mark14];\ 
Close["art216.f"];\ 
n=0;\ 
Goto[mark10];\ 
Label[mark15];\ 
Close["brt216.f"];\ 
Print["theta=",theta];\ 
Print["horizontal force 1=",fxtot1];\ 
Print["horizontal force 2=",fxtot2];\ 
fxratio=fxtot1/fxtot2;\ 
Print["horizontal force ratio =",fxratio];\ 
Print[""];\ 
theta=theta+(pi/8);\ 
If[theta>2.01 pi,Goto[mark16],Goto[mark4]];\ 
Label[mark16];\ 
DeleteFile["art216.f"];\ 
DeleteFile["brt216.f"];\ 
Print["k=",k]; 
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K1F216.M 
 
Print["Name of pgm. is K1F216.M. It is similar to KF216.M 
except that d instead of theta is incremented and force 
ratios are not calculated.  The purpose is to study the 
detailed forces between the two cubes using Kopernicky's 
conjecture.If, in each calculation, the two charges are  
dissimilar, their attractive force is calculated as a 
conventional electrostatic force.  If the two charges are 
similar, their repulsive force is multiplied by k<1. k and d1 
are varied as desired"];\ 
q=1.602000000000000000000000000000000000000000000000000000000
000000000000\ 
000000000000000000000000000000 10^-19;\ 
v1=2.50000000000000000000000000000000000000000000000000000000
000000000000000\ 
000000000000000000000000000000;\ 
var=1.0000001000000000000000000000000000000000000000000000000
000000000000000\ 
000000000000000000000000000000;\ 
s=1.000000000000000000000000000000000000000000000000000000000
000000000000000\ 
000000000000000000000000000000 10^-9;\ 
pi=N[Pi,100];\ 
k=1.000000000000000000000000000000000000000000000000000000000
000000000000000\ 
000000000000000000000000000000;\ 
Print["k=",k];\ 
d1=7 10^-9;\ 
qa=q;\ 
qb=-q;\ 
qtota=0;\ 
qtotb=0;\ 
theta=0;\ 
Print["theta=",theta];\ 
Print["s=",s];\ 
n=0;\ 
xaa=-v1 s;\ 
yaa=-v1 s;\ 
zaa=-v1 s;\ 
xa=xaa;\ 
ya=yaa;\ 
za=zaa;\ 
Label[mark1];\ 
qtota=qtota+qa;\ 
qtotb=qtotb+qb;\ 
n=n+1;\ 
qa>>>art216.f;\ 
qb>>>brt216.f;\ 
xa>>>art216.f;\ 
ct=Cos[theta];\ 
st=Sin[theta];\ 



ELECTROMAGNETIC BASIS FOR GRAVITY 61 
 
xb=xa ct+ya st;\ 
xb>>>brt216.f;\ 
ya>>>art216.f;\ 
yb=ya ct-xa st;\ 
yb>>>brt216.f;\ 
za>>>art216.f;\ 
zb=za;\ 
zb>>>brt216.f;\ 
qa=-qa;\ 
qb=-qb;\ 
ya=ya+s;\ 
by=v1 var s;\ 
If[ya>by,Goto[mark2],Goto[mark1]];\ 
Label[mark2];\ 
qa=-qa;\ 
qb=-qb;\ 
ya=yaa;\ 
za=za+s;\ 
bz=v1 var s;\ 
If[za>bz,Goto[mark3],Goto[mark1]];\ 
Label[mark3];\ 
qa=-qa;\ 
qb=-qb;\ 
ya=yaa;\ 
za=zaa;\ 
xa=xa+s;\ 
bx=v1 var s;\ 
If[xa>bx,Goto[mark4],Goto[mark1]];\ 
Label[mark4];\ 
m=0;\ 
n=0;\ 
d2=2 d1;\ 
perm=10^-9/(36 pi);\ 
ct=Cos[theta];\ 
st=Sin[theta];\ 
fxtot1=0;\ 
fxtot2=0;\ 
ttot1=0;\ 
ttot2=0;\ 
OpenRead["brt216.f"];\ 
Label[mark10];\ 
m=m+1;\ 
If[m>216.1,Goto[mark15],Goto[mark11]];\ 
Label[mark11];\ 
qb=Read["brt216.f"];xb=Read["brt216.f"];yb=Read["brt216.f"];z
b=Read["brt216.f"];\ 
OpenRead["art216.f"];\ 
Label[mark12];\ 
n=n+1;\ 
If[n>216.1,Goto[mark14],Goto[mark13]];\ 
Label[mark13];\ 
qa=Read["art216.f"];xa=Read["art216.f"];ya=Read["art216.f"];z
a=Read["art216.f"];\ 
dist1=Sqrt[(d1+xb-xa)^2+(yb-ya)^2+(zb-za)^2];\ 
distx1=d1+xb-xa;\ 
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disty=yb-ya;\ 
distz=zb-za;\ 
dcb=Sqrt[xb^2+yb^2+zb^2];\ 
If[(qa qb)<0,Goto[marka],Goto[markb]];\ 
Label[marka];\ 
fx1=(qa qb distx1)/(4 pi perm (dist1)^3);\ 
fy1=(qa qb disty)/(4 pi perm (dist1)^3);\ 
fz1=(qa qb distz)/(4 pi perm (dist1)^3);\ 
Goto[markc];\ 
Label[markb];\ 
fx1=(k qa qb distx1)/(4 pi perm (dist1)^3);\ 
fy1=(k qa qb disty)/(4 pi perm (dist1)^3);\ 
fz1=(k qa qb distz)/(4 pi perm (dist1)^3);\ 
Label[markc];\ 
fxtot1=fxtot1+fx1;\ 
Goto[mark12];\ 
Label[mark14];\ 
Close["art216.f"];\ 
n=0;\ 
Goto[mark10];\ 
Label[mark15];\ 
Close["brt216.f"];\ 
Print["d1=",d1];\ 
Print["horizontal force 1=",fxtot1];\ 
Print[""];\ 
d1=d1+10^-9;\ 
If[d1>2.2001 10^-8,Goto[mark16],Goto[mark4]];\ 
Label[mark16];\ 
DeleteFile["art216.f"];\ 
DeleteFile["brt216.f"];\ 
Print["theta=",theta];\ 
Print["k=",k]; 
 
3-1 Whittaker, E., A History Of The Theories Of Aether And 
Electricity, Vol.2, Harper & Brothers, New York, 1953, page 
150. 



Chapter 4: KOPERNICKY'S HYPOTHESIS AND THE 
STRUCTURE OF MATTER 

 
4(a): Crystalline Structures 
 
     Kopernicky originally proposed his hypothesis (that 
attractive forces slightly exceeded repulsive forces) as a 
possible explanation for gravity.  However, the implications 
of his hypothesis extend far beyond just the gravitational 
issue.  The molecular structure of matter may well be 
explained by the hypothesis also.   
 
     First, we also know that most elemental atoms (and many 
simple and complex molecules also) when in a reasonably 
pure liquid state, can be zone cooled in such a way that 
ordered crystalline structures form.  This requires that the 
atoms (or molecules) stay close, but not too close, together in 
a particularly ordered way.  That suggests that when they are 
very close they are repulsed from each other, but when they 
move a short distance apart they are then attracted.  In 
between there must be a neutral position in which they are 
neither attracted to, or repulsed from, each other.  They thus 
remain in that position, at least until disturbed by some 
external force.  We also know that crystalline structures have 
resonant frequencies.  When external magnetic or electric 
fields are applied at those frequencies, they vibrate.  If the 
external fields applied are strong enough, they tend to come 
apart. 
 
     All of these characteristics of crystalline structures are 
comfortably explained by Kopernicky’s hypothesis of the 
very slight dominance of attractive over repulsive forces.  To 
illustrate this possibility quantitatively, consider two 
“hypothetical” atoms as illustrated by figure 4-1.  Each atom 
consists of a nucleus of 8 protons  (and as many neutrons as 
anyone  wishes)  surrounded  by  an  “electron shell” of eight  
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evenly spaced electrons.  The radius of  both electron shells 
is arbitrarily taken as 10-10 meters, and the radii of the nuclei 
as much less than 10-10 meters such that the nuclei and 
electrons are all treated as point charges.  Nuclei spacing is d. 
 
                                          
        
                      
 
 
  
                               
                                
                                                      
    
 
                                                                    
                                                 Figure 4-1  
 
     A Mathematica program calculating the horizontal force 
versus distance d  between the “atoms” (as d is varied) was 
written. The program is K8.M and is given at the end of this 
Chapter. 
 
     When force calculations are made according to 
Coulomb’s law (a Kopernicky k multiplier of 1.0), the force 
between atoms is given in the second column of Table 4-1 
and is seen to be repulsive at any value of d.  This would be 
expected (from Coulomb’s law that is) because of the 
orientation of the plus and minus charges.  
  
      However, Kopernicky’s hypothesis changes the 
situation radically.  Assuming a Kopernicky multiplier k 
of 0.9999, the forces versus distance are given in the third 
column of Table 4-1.  Intervals in d are chosen to show 
the key transitions.  The neutral force position is between 
3.7 x 10-9  and  3.8 x 10-9  meters  with  a  shorter   distance  

  d
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giving a repulsive force and a longer distance giving an 
attractive force.  
 
      Thus, if one accepts that Kopernicky’s hypothesis 
might be true, this reversal of forces (leading to an 
asymptotically stable separation distance) might help 
explain how crystalline structures are formed in which 
atoms or molecules (e.g. neutral bundles of charges) are 
held in place and shaped by electromagnetic forces.   
 
 
  d (in meters)      Force in Newtons, k=1   Force in Newtons, k=0.9999 
   
   1.0 x 10-9           8.7266555 x  10-11                +8.5011279 x 10-11                             
   2.0 x 10-9           3.6664131 x  10-11                +3.0365328 x 10-12       
   3.0 x 10-9           5.4558710  x  10-13               +2.5318650 x 10-13  
   3.5 x 10-9           2.6211959  x  10-13               +4.4108859 x 10-14   
   3.6 x 10-9           2.2914302  x  10-13               +2.2557777 x 10-14  
   3.7 x 10-9           2.0102654  x   10-13              +4.9891553 x 10-15  
   3.8 x 10-9           1.7695391  x   10-13               -9.3253822 x 10-15   
   3.9 x 10-9           1.5626198  x   10-13               -2.0971854 x 10-14   
   4.0 x 10-9           1.3840916  x   10-13               -3.0423971 x 10-14  
   4.1 x 10-9           1.2295083  x   10-13               -3.8066350 x 10-14 
   4.2 x 10-9           1.0952028  x  10-13               -4.4212561 x 10-14  
   4.3 x 10-9           9.7813630  x  10-14               -4.9119239 x 10-14  
   4.4 x 10-9           8.7577985  x  10-14               -5.2997181 x 10-14   
   4.5 x 10-9          7.8602009   x  10-14               -5.6020117 x 10-14   
  5.0 x 10-9            4.7294177   x  10-14              -6.2565688 x 10-14 
  5.1 x 10-9           4.2979348   x  10-14               -6.2755048 x 10-14         
  5.2 x 10-9           3.9128640   x  10-14               -6.2708711 x 10-14  
  5.3 x 10-9           3.5684811   x  10-14              -6.2467337 x 10-14    
  5.4 x 10-9           3.2598552   x  10-14              -6.1530917 x 10-14  
  6.0 x 10-9           1.9560308   x  10-14              -5.7609334 x 10-14  
  7.0 x 10-9           9.2411462   x  10-15              -4.7931480 x 10-14 
  
                                  
                                            Table 4-1 
 
    From the nature of the forces, it also can be seen how 
interatomic   or  intermolecular   vibrations  would  occur  
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since the forces exhibit a spring-like characteristic. That 
is, the force changes sign around a stable neutral point.  
Thus the application of resonant external fields (or just 
plain heat) would cause such vibrations. 
 
    Finally, it can be seen that if an atom or molecule is 
sufficiently perturbed (by external fields, or heat) such 
that the forces exceed the peak attractive force, which 
occurs at a spacing d of about 5.3 x 10-9 meters, it would 
then come apart.  That is, if the external perturbation was 
caused by heat, the material would simply melt or if the 
heat were sufficient it would vaporize.  
 
     That other phenomena, including discrete quantum 
phenomena, might be explained by classical methods, 
given the acceptance of Kopernicky’s hypothesis, is also 
an entertaining possibility.  
 
     The value of k was arbitrarily chosen as 0.9999 simply to 
give a number that illustrates the point with characteristic 
atomic or molecular dimensions.  If a slightly lower number 
is chosen for k, the critical values of d increase, and if a 
higher number (closer to 1.0) is chosen, the critical values of 
d decrease. 
 
4(b): Amorphous Structures, Mixtures, And Complex 
Biological Molecules.   
 
          Quite obviously, the same argument can be made 
for the reasons amorphous structures and mixtures, as 
well as crystalline structures, hold together.  Also 
obviously, the same argument would apply for extremely 
complex molecules, including such things as biological, 
RNA and DNA molecules.   
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4(c):  Mathematica Computer Program For Chapter 4 
 
K8.M 
 
Print["Name of pgm. is K8.m. It computes the forces between 
two atoms consisting of a nucleus of 8 protons and 8 outer 
shell electrons. If the two charges are dissimilar, their 
attractive force is calculated as a conventional 
electrostatic force.  If the two charges are similar, their 
repulsive force is multiplied by k<1.  Also, only F1 is 
calculated.  The two files are art9.f and brt9.f, each 
consisting of 27 numbers or 9 sets of three numbers each.  
The first number of each set is the charge, and the next two 
numbers are the x and y coordinates of the charge"];\ 
q=1.60200000000000000000000000000000000000000000000000000000\
0000000000000000000000000000000000000000000000 10^-19;\ 
r=1.00000000000000000000000000000000000000000000000000000000\
0000000000000000000000000000000000000000000000 10^-10;\ 
pi=N[Pi,100];\ 
k=.999900000000000000000000000000000000000000000000000000000\
0000000000000000000000000000000000000000000000;\ 
Print["k=",k];\ 
d1=3 10^-10;\ 
qnuc=8 q;\ 
qelect=-q;\ 
d1=d1+r;\ 
xanuc=0;yanuc=0;zanuc=0;xbnuc=d1;ybnuc=0;zbnuc=0;\ 
qnuc>>>art9.f;\ 
xanuc>>>art9.f;\ 
yanuc>>>art9.f;\ 
qnuc>>>brt9.f;\ 
xbnuc>>>brt9.f;\ 
ybnuc>>>brt9.f;\ 
Label[mark0];\ 
xaelect1=r;\ 
yaelect1=0;\ 
xaelect2=r Cos[pi/4];\ 
yaelect2=r Sin[pi/4];\ 
xaelect3=0;\ 
yaelect3=r;\ 
xaelect4=r Cos[3 pi/4];\ 
yaelect4=r Sin[3 pi/4];\ 
xaelect5=-r;\ 
yaelect5=0;\ 
xaelect6=r Cos[5 pi/4];\ 
yaelect6=r Sin[5 pi/4];\ 
xaelect7=0;\ 
yaelect7=-r;\ 
xaelect8=r Cos[7 pi/4];\ 
yaelect8=r Sin[7 pi/4];\ 
qelect>>>art9.f;\ 
xaelect1>>>art9.f;\ 
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yaelect1>>>art9.f;\ 
qelect>>>art9.f;\ 
xaelect2>>>art9.f;\ 
yaelect2>>>art9.f;\ 
qelect>>>art9.f;\ 
xaelect3>>>art9.f;\ 
yaelect3>>>art9.f;\ 
qelect>>>art9.f;\ 
xaelect4>>>art9.f;\ 
yaelect4>>>art9.f;\ 
qelect>>>art9.f;\ 
xaelect5>>>art9.f;\ 
yaelect5>>>art9.f;\ 
qelect>>>art9.f;\ 
xaelect6>>>art9.f;\ 
yaelect6>>>art9.f;\ 
qelect>>>art9.f;\ 
xaelect7>>>art9.f;\ 
yaelect7>>>art9.f;\ 
qelect>>>art9.f;\ 
xaelect8>>>art9.f;\ 
yaelect8>>>art9.f;\ 
qelect>>>brt9.f;\ 
xaelect1>>>brt9.f;\ 
yaelect1>>>brt9.f;\ 
qelect>>>brt9.f;\ 
xaelect2>>>brt9.f;\ 
yaelect2>>>brt9.f;\ 
qelect>>>brt9.f;\ 
xaelect3>>>brt9.f;\ 
yaelect3>>>brt9.f;\ 
qelect>>>brt9.f;\ 
xaelect4>>>brt9.f;\ 
yaelect4>>>brt9.f;\ 
qelect>>>brt9.f;\ 
xaelect5>>>brt9.f;\ 
yaelect5>>>brt9.f;\ 
qelect>>>brt9.f;\ 
xaelect6>>>brt9.f;\ 
yaelect6>>>brt9.f;\ 
qelect>>>brt9.f;\ 
xaelect7>>>brt9.f;\ 
yaelect7>>>brt9.f;\ 
qelect>>>brt9.f;\ 
xaelect8>>>brt9.f;\ 
yaelect8>>>brt9.f;\ 
perm=10^-9/(36 pi);\ 
Label[mark4];\ 
m=0;\ 
n=0;\ 
fxtot=0;\ 
OpenRead["brt9.f"];\ 
Label[mark10];\ 
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m=m+1;\ 
If[m>9.1,Goto[mark15],Goto[mark11]];\ 
Label[mark11];\ 
qb=Read["brt9.f"];xb=Read["brt9.f"];yb=Read["brt9.f"];\ 
OpenRead["art9.f"];\ 
Label[mark12];\ 
n=n+1;\ 
If[n>9.1,Goto[mark14],Goto[mark13]];\ 
Label[mark13];\ 
qa=Read["art9.f"];xa=Read["art9.f"];ya=Read["art9.f"];\ 
dist1=Sqrt[(d1+xb-xa)^2+(yb-ya)^2];\ 
distx1=d1+xb-xa;\ 
disty=yb-ya;\ 
dcb=Sqrt[xb^2+yb^2];\ 
If[(qa qb)<0,Goto[marka],Goto[markb]];\ 
Label[marka];\ 
fx1=(qa qb distx1)/(4 pi perm (dist1)^3);\ 
Goto[markc];\ 
Label[markb];\ 
fx1=(k qa qb distx1)/(4 pi perm (dist1)^3);\ 
Label[markc];\ 
fxtot=fxtot+fx1;\ 
Goto[mark12];\ 
Label[mark14];\ 
Close["art9.f"];\ 
n=0;\ 
Goto[mark10];\ 
Label[mark15];\ 
Close["brt9.f"];\ 
Print["d1=",d1];\ 
Print["horizontal force=",fxtot];\ 
Print[""];\ 
d1=d1+r;\ 
If[d1>7.0001 10^-9,Goto[mark16],Goto[mark4]];\ 
Label[mark16];\ 
DeleteFile["art9.f"];\ 
DeleteFile["brt9.f"];\ 
Print["k=",k]; 
 
 
 
 



Chapter 5: THE LIAPOUNOV CONCEPT OF 
STABILITY APPLIED TO FUNDAMENTAL 

PARTICLES 
 
     In linear systems, that is systems that can be described by 
linear differential equations, the concept of stability is 
relatively simple.  Either systems decay exponentially to a 
limit point so they are considered stable, or they expand 
exponentially without limit and are considered unstable.  In 
stable linear systems, which in the real world always have 
damping dissipative elements, the situation can be either 
under damped or over damped.  An over damped stable linear 
system simply decays exponentially but monotonically 
towards it’s neutral limit point (but never quite reaches it).  
An under damped but stable linear system decays 
exponentially towards it’s neutral limit point in an oscillatory 
fashion, generally as an exponentially damped sine wave.  It 
never reaches the final limit point either, but it gets arbitrarily 
close.   
 
     An under damped unstable linear system has an amplitude 
that increases exponentially without limit, often in an 
oscillatory fashion. Obviously, any unstable linear system 
eventually must become nonlinear since it can’t really go to 
infinity as predicted by the linear mathematics.  We use 
various mathematical models to describe linear system 
stability such as root locus, Bode plots, Routh Criteria, or 
other techniques all of which depend on finding the roots of 
the linear equations. There are no such things as stable finite 
oscillations in real world linear systems.    
 
     In nonlinear systems (most of the world is nonlinear) the 
concept of stability is a little more complex.  For example, 
finite stable oscillations are quite possible in nonlinear 
systems, or perhaps we should say all stable oscillating 
systems  are  nonlinear.   A  more  comprehensive concept of  
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stability first described by Liapounov is inherent in the 
following statements. 
 
(a) A system is stable if it has a limit point (or a limit cycle) 
such that when perturbed by some external influence it 
eventually returns to that limit point or limit cycle. 
 
(b)  A system is unstable if it has a limit point, limit cycle, or 
other condition such that when perturbed by the slightest 
external influence (such as ever present thermal noise) it does 
not return to its original limit point or limit cycle but drifts 
off to some other condition. 
 
(c)  A system is conditionally stable if it has a limit point (or 
a limit cycle) to which it returns if perturbed in one direction, 
but not if it is perturbed in another direction.  This is often 
called a saddle point. 
 
(d)  Even though a system is stable in the Liapounov sense, if 
it is perturbed with a sufficiently high magnitude, it still may 
not return to its original condition depending on the structure 
of its nonlinearities. 
 
Liapounov stability is a subject on which many sophisticated 
studies have been made.  For a more thorough discussion see 
Andronow & Chaiken, Theory of Oscillations  and the study 
of phase planes and phase space.5-1.  Our only purpose here is 
to introduce the concept so that we may extend it 
electromagnetic particles and other situations in modern 
physics. 
 
     There are several “particles” with which we are all 
familiar that are obviously stable in the Liapounov sense.  A 
photon  is  just  an  electromagnetic  bundle  of  energy which  
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probably consists of transverse electric and magnetic fields 
since it travels at the speed of light (c).  Only waves for 
which the E and H Fields are perpendicular to each other and 
both  are  perpendicular  to  the  direction of travel seem to do 
that.  Apparently a photon can travel for billions of years and 
not become unstable unless it finally hits something. 
 
     Protons and an electrons also seem to be stable particles in 
the Liapounov sense.  Even though they can be isolated, their 
stable condition seems to last indefinitely unless something 
else interacts with them. 
 
     A neutron, on the other hand, is apparently stable only 
when embedded in a nucleus with other protons and 
neutrons.  When a neutron is somehow isolated, it stays 
together for a while, but eventually (in 20 seconds more or 
less) finally breaks up into a proton and an electron.  Thus it 
is obviously made up of charges even though in itself it is 
neutral.  We would say that a neutron is either conditionally 
stable or unstable (take your pick) in the Liapounov sense. 
 
     But now things begin to get very murky.  When  a stable 
proton is perturbed sufficiently (as in a high energy collision 
in a particle accelerator) it appears to break up into quarks.  
Quarks have charge and mass, but the mass of the quarks that 
make up a proton do not add up to the mass of a proton.  
Particle physicists tell us that there are several types of 
quarks.  They are                                                 
   Name   Mass               Charge    
           Up G     0.004           +2/3 
      Down G          0.008      -1/3 
             Charm G         1.5                    +2/3 
             Strange G        0.15                  -1/3 
             Top G              17.6                  +2/3 
            Bottom G         4.7                     -1/3 
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Protons apparently are made up of  two Up G quarks and one 
Down G quark.  The charge of the combination is 2 x (+2/3) - 
(1/3)= +1,  the  charge  on  a  proton.  Apparently a proton 
has some negative charge buried in its interior.  That 
immediately leads us to wonder if the relationship between 
the + and - charge of the quarks is similar to the Kopernicky 
relationship between atoms and molecules.  At any rate, 
when a proton is broken up by the very high energy collision, 
the half life of the component quarks is so short they cannot 
be readily detected but simply go off as electromagnetic 
energy.  That in turn makes one wonder if they aren’t simply 
unstable bundles (in the Liapounov sense) of electromagnetic 
energy.  Finally, the thought inevitably occurs that all 
fundamental particles are perhaps just bundles of 
electromagnetic energy, some stable and some unstable 
(in the Liapounov sense). 
 
References  
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Chapter 6: MICHELSON-MORLEY REVISITED, OR 
CAN THE FITZGERALD-LORENTZ CONTRACTION 

BE REAL? 
 

(An electromagnetic analysis) 
  
    One of the explanations suggested for the null results of 
the Michelson-Morley experiment was put forth 
independently in the late 19th century by both George F. 
Fitzgerald and H. A. Lorentz.6-1.  They made the ad-hoc  and 
unproven proposal that the structure of the Michelson 
interferometer longitudinal arm might shorten in the same 
direction as its motion.  If the contraction is in the same ratio 
as     

                                        1 0
2

2−
v
c

                                   (6-1) 

that would exactly account for the null result of  Michelson-
Morley.  A difficulty with the idea is that one could never 
expect to verify it experimentally because any measuring 
instrument devised to measure the length of the longitudinal 
arm of the Michelson-Morley apparatus would also shrink 
proportionally.  The idea was conceived initially to account 
for the unexpected result of the Michelson-Morley 
experiment which seemed to destroy the old idea of an un-
entrained ether. Since the contraction proposal was ad-hoc,  
the Special Theory of Relativity (SRT) has become the more 
popular explanation with far more drastic implications.   
 
     Nevertheless, it is still very interesting to see if any 
theoretical electromagnetic reason can be devised based on 
the conventional field equations for the Fitzgerald-Lorentz 
contraction, if for no other reason than it is such a intriguing  
idea. One thought that comes to mind is whether or not the 
theory of retarded potentials can shed any light on the 
subject.  To  try  this idea out, we will combine aspects of the  
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linearly moving charge of Chapter 2 with the retarded 
potential concepts used in Chapter 3.   
 
     Let us “re-perform” the Michelson-Morley experiment 
mathematically taking the theory of electromagnetics and 
retarded potentials into account.  We will skip the 
painstaking problems of constructing the complex optical 
system and floating it on a pool of mercury.  Instead, our 
support arms for the mirrors and monochromatic light source 
will be   two   lines   of interspersed  plus charges (open 
circles) and minus charges (black circles). The lines are 
rigidly perpendicular to each other and are moving through 
the cosmos with a uniform velocity v0 along the x axis shown 
in Figure 6-1.  The spacing between charges is “a”.                                    

                               
                                     Figure 6-1                                
 
     In the Michelson-Morley experiment, it was crucial that 
the support arm lengths remained precisely the same when 
the system was rotated.  What we really want to know is if 
that is a reasonable assumption or does the longitudinal arm 
shrink as Fitzgerald and Lorentz independently suggested.   
Alternatively, did the  transverse arm lengthen which would 
create the same effect, or did some of both happen. In the 
Kennedy-Thorndike experiment, the arm lengths were 
unequal, one being very short. Their  results  were  even 
more equivocal than those of The Michelson-Morley 
experiment. These are the questions we will now examine.    

v0

y

x
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     The critical equations we wish to use and brief 
explanations of them will be repeated here.  It will be 
recalled that the electric and magnetic fields due to charges 
and electric currents (which are just moving charges) are  

                                    E
A
t

= −∇ −φ
∂
∂

                            (6-2) 

                                        Β Α= ∇×                                  (6-3) 
Given  a  vector  current  density  distribution ι  in space and 
time, the vector magnetic potential at any observation point is 
 

                                     A
i dv

d
o ol= z µ π4

                    (2-1), (6-4) 

 
where d is the distance to the observation point from any 
element of current being integrated and the integration is 
throughout all space.  Whenever the "electric current" is a 
single moving charge, then the vector magnetic potential 
created by that moving charge is 

                                       A qv
d

=
µ
π

0 0

4
                                 (6-5)               

Note that in this case, unlike that of Chapter 2, the vector 
magnetic potential is determined by a charge moving with 
uniform velocity v0 rather than undergoing acceleration.  The 
electric potential at the point of observation is, as usual,      

                                       φ
πε

=
q

d4 0

                                (6-6) 

     Since we expect that any charge in Figure 6-1 may have 
some effect on those charges immediately around it, it seems 
expedient  to examine the electric and magnetic fields created  
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by any  given  single  charge traveling  at  a  constant velocity 
v0 along the x axis as illustrated in Figure 6-2.  We assume 
the charge passes through the origin at time t=0.  The 
coordinates of the moving charge at any time t are, v0t, 0, 0. 
The coordinates of the observation point are x, y, z.  
 

                                                             
                                   Figure 6-2 
 
     We assume that the E and B  fields created by the moving 
charge will produce electric and magnetic forces on the 
adjacent charges in the normal fashion.  The first step is to 
derive equations for the electric and magnetic fields created 
by the moving charge anywhere in the space around it.  In 
doing so, recognizing that electric and magnetic fields travel 
at a finite velocity c, we  will  substitute  the  customary 
retarded field expression t-d/c for the time t where d is the 
distance from the charge to the observation point.6-2  Then we 
will simplify the expressions just derived to determine the E  
and B  fields at three observation points.  They are 
 

Observation point 1: A distance “a” ahead of the moving 
charge on the x axis.  (Coordinates x= a+v0t, y=0, z=0) 

z 

v0t 

x

y

   charge q

Point of observation x, y, z

v
0
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Observation Point 2: A  distance “a” behind the moving 
charge on the x axis. (Coordinates x= v0t-a, y=0, z=0)  
 
Observation Point 3: A distance “a” directly above the 
moving charge. (Coordinates x= v0t, y=a, z=0) 

 
     Observation points 1 and 2 are, of course, the positions of 
the adjacent charges in the longitudinal arm.  Observation 
point 3 is their location in the transverse arm.  Finally, we 
will apply whatever change we see in E and B  as a function 
of v0 at the observation points to determine the changes of the 
electric and magnetic (Lorentz) forces on the charges there. 
Those field changes will presumably slightly alter the 
spacing between charges. Those spacing changes would 
presumably accumulate along the arms.  That, in turn, would  
slightly alter the arm length which would, in turn alter the 
otherwise expected results of the Michelson-Morley and 
Kennedy-Thorndike experiments. 
 
     We begin the analysis by writing an expression we can 
solve for the distance d between the moving charge and the 
observation point x,y,z at any time t.  Refer again to Figure 6-
2.  In this expression we make the previously mentioned 
substitution for t of t-d/c.  That in turn makes d implicitly 
defined and we must solve for it as a quadratic equation. 

                     d x v t d
c

y z2
0

2
2 2= − −FHG

I
KJ

L
NM

O
QP + +                    (6-7) 

which can be expanded and written as 

d v
c

d v
c

x v t x v t y zo
2 0

2

2
0

0
2 2 21 2 0−

F
HG
I
KJ − −F
HG

I
KJ − − − − =b g b g   (6-8) 

Solving equation (6-8) for d and taking the only possible root 
yields 
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We will need a few partial derivatives of d.  They are- 
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     Now to determine the E field at any point of observation, 
we refer back to equations (6-2), (6-3), (6-4), (6-5), and (6-6).  
a a ax y z, , are the unit vectors in Cartesian coordinates.  
Equations (6-14) and (6-15) are equations (6-2) and (6-3) in 
terms of the necessary potential derivatives  

   E
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For the vector magnetic potential A there is clearly only an 
Ax component because the charge velocity vector has only an 

x component.  To determine the magnetic field B at any point 
of observation we refer back to equation (6-3) and make the 
normal curl expansion.   

                           B xA a A
z

a A
yy

x
z

x= ∇ = −
∂
∂

∂
∂

                 (6-15) 

Again, we need to determine the derivatives required by 
equations (6-14) and (6-15).  We remember that  

                  φ
πε

=
q

d4 0

  and  A a A a qv
dx x x= =

µ
π

0 0

4
        (6-16) 

where ε 0 and µ 0 are respectively the permittivity and 
permeability of free space.  The necessary derivatives for 
equations (6-14) and (6-15) are then- 
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We also need to remember that ε µ0 0
21= /c . Thus µ π0 0

2 4qv /  
can also be written as µ ε πε πε0 0 0

2
0 0

2
0

24 4qv qv c/ /= . 
These results can then be substituted into equations (6-14) 
and (6-15) to get the final values of E and B .  However, it is 
much easier to evaluate d and the derivatives of equations (6-
17) through (6-22) at the three points of observation and then 
substitute them into equations (6-14) and (6-15), taking 
equations (6-9) through (6-13) into account in each case,  The 
results are- 
 
At observation point 1 (a distance of charge spacing a ahead 
of the moving charge on the x axis--coordinates x= a+v0t, 
y=0, z=0)  
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Substituting (6-22), (6-23), and (6-24) into (6-14) yields 
E for observation point 1. 
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0

πε
                  (6-25) 

B at observation point 1 is identically zero because y and z 
are zero. 
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At observation point 2 (a distance of charge spacing a behind 
the moving charge on the x axis--coordinates x= -a+v0t, y=0, 
z=0)  

                         ∂φ
∂ πεx

q
a

v
c

= +LNM
O
QP4

1
0

2
0                            (6-26) 

                       
∂
∂

µ
π

µ ε
πε πε

A
t

qv
a

v
c

qv
a

v
c

qv
a c

v
c

x = − +LNM
O
QP = − +LNM

O
QP = − +LNM

O
QP

0 0
2

2
0 0 0 0

2

0
2

0 0
2

0
2 2

0

4
1

4
1

4
1

                                                                                         (6-27) 
Substituting these into (6-14) yields E  for observation point 
2 

                 E a q
a

v
c

v
cx= − −

L
NM
O
QP

+LNM
O
QP4

1 1
0

2
0

2

2
0

πε
                (6-28)  

As before, B  at observation point 2 is identically zero 
because y and z are zero. 
 
At observation point 3 (a distance of charge spacing a above 
the moving charge, or by symmetry directly below--
coordinates x=v0t, y=a, z=0) 

                             ∂φ
∂ πεx

q
a

v
c

= − L
NM
O
QP4 0

2
0                         (6-29) 

                           
∂ φ
∂ πεy

q
a

v
c

= − −
4

1
0

2
0

2

2                     (6-30) 

         
∂
∂

µ
π

µ ε
πε πε

A
t

qv
a c

qv
a c

q
a

v
c

x = = =
L
NM
O
QP

0 0
3

2
0 0 0

3

0
2

0
2

0
3

34 4 4
       (6-31) 

                          

   
∂
∂

µ
π πε

A
y

qv
a

v
c

qv
a c

v
c

x = − − = − −0 0
2

0
2

2
0

0
2 2

0
2

24
1

4
1      (6-32) 
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Substituting these into (6-14) and (6-15) yields E and B for 
observation point 3-- 

E a q
a

v
c

v
c

a q
a

v
cx y= L

NM
O
QP −
L
NM
O
QP
+ −

4
1

4
1

0
2

0 0
2

2
0

2
0

2

2πε πε
     (6-33) 

        B a
qv
a

v
c

qv
a c

v
cz= − = −

µ
π πε
0 0

2
0

2

2
0

0
2 2

0
2

24
1

4
1        (6-34) 

  
Interpretation of results 
 
     First, if we multiply (6-25), 6-28) and (6-33) by q and take 
absolute values of the result in each case, we have the 
electrostatic force caused by the appropriate E fields  on 
every charge in each direction for all three observation 
points. 
 
     Second, we remember the Lorentz force on a moving 
charge is qv0  x B .  If we multiply (6-34) by qv0  we have the 
force on every charge caused by the B fields although 
obviously that is only applicable to observation point 3 in our 
case.  That force is perpendicular to both the B field and the 
velocity vector v0 and therefore tends to push the charges on 
the transverse axis apart albeit very weakly.  The appropriate 
force equations are as follows. 
 
(a) The electrostatic force pulling each charge on the 
longitudinal axis forward is 

   F pulling each ch e forward a q
a

v
c

v
cf x( arg ) = −

L
NM
O
QP

−LNM
O
QP

2

0
2

0
2

2
0

4
1 1

πε
   (6-37) 

 
It makes no difference whether it is a plus or minus charge.   
The equations were worked out using a plus charge, but if the  
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charge  were  an  electron  instead  of  a  proton, it would 
only change the sign in front of the equation.  The electron 
instead of the proton would still be pulled forward. 
 
(b) The electrostatic force pulling each charge on the 
longitudinal axis back is 

 F pulling each ch e back a q
a

v
c

v
cb x( arg ) =− −

L
NM
O
QP

+LNM
O
QP

2

0
2

0
2

2
0

4
1 1

πε
   (6-38) 

 
(c) The electrostatic force on each charge on the transverse 
axis is   

F Electric ForceTransverseArm a q
a

v
c

v
c

a q
a

v
cE x y( ) = −

L
NM
O
QP
L
NM
O
QP+ −

2

0
2

0
2

2
0

2

0
2

0
2

24
1

4
1

πε πε

                                                                                         (6-39) 
(d) Finally the magnetic force on each charge on the 
transverse arm is 

F Magnetic Force Transverse Arm q
a

v
c

v
cB( ) =

L
NM
O
QP

−
2

0
2

0
2

2
0

2

24
1

πε
    (6-40) 

Note that every force equation, electric and magnetic,  for all 
three observation points have a common factor of 

                                         q
a

2

0
24πε

                                  (6-42) 

If v0=0, all forces reduce to the normal Coulomb forces and 
the magnetic force automatically goes to zero. We therefore 
only need to compare the factors involving v0 to get an idea if 
anything different happens to one arm or the other. 
 
     Refer now to equations (6-37) and (6-38).  The difference 
of the absolute values of these forces is the net force on every 
charge on the longitudinal arm. Since the difference is 
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            F difference q
a

v
c

v
c

( ) = −
L
NM
O
QP
L
NM
O
QP

2

0
2

0
2

2
0

4
1

2
πε

           (6-43) 

 
the net force on any charge on the longitudinal arm is zero 
when v0 is zero.  When v0 is not zero note that the larger 
electric force is the one behind the charge for which the 
equations were developed.  Therefore that  charge tries to 
pull  the  one  behind  it  forward. Similarly it tries to pull the 
one ahead of it back.  Every charge has these forward and 
backward forces on it, the forward force being slightly 
dominant.  Note the 2v0/c factor. We shall shortly evaluate its 
significance. There are no significant magnetic forces on the 
longitudinal arm because B  is everywhere zero.   
 
     On The transverse arm there are three force terms, two 
electric force terms in equation (6-39) and a magnetic force 
term in equation (6-40).   The first term of equation (6-39) 
has a  v0/c  factor, and the magnetic force has a v0

2/c2 factor. 
 
     In this case, the critical equations are (6-39), (6-40), and 
(6-43).  Examination of these equations shows that all the 
terms, except the ay  term in (6-39) have factors of v0/c  or 
v0

2/c2. Presumably, the fastest value of v0 is the speed at 
which we are traveling through the cosmos.  The earth rotates 
at approximately 0.46 km/second and travels around the sun 
at around 30 Km/second. Astronomers tell us the solar 
system is traveling around the Milky Way at 225 km/second 
way which, in turn travels around the Virgo cluster at about 
365 km/second so we will use the highest figure. The value 
of c is taken as about 300,000 km/s.  Thus the first term of 
equation (6-39) as well as equation (6-43) would be about 
three orders of magnitude smaller than the second term of (6-
39), and  the  magnetic   force   of   equation  (6-40)  is  about   
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six  orders  of magnitude lower. We  can  thus  conclude  that  
the  effect of the second term on equation (6-39) dominates 
everything else by about  three orders of magnitude or more. 
The absolute value of this dominant force in the transverse 
arm is then 

                        F a q
a

v
cE y≅ −

4
1

0
2

0
2

2πε
                       (6-44) 

If  v0 is zero, the force is simply the Coulomb force that holds 
the charge in place.  As v0 increases, the force decreases 
according to  

                                          1 0
2

2−
v
c

                               (6-45) 

and presumably the transverse arm would expand by a 
similar factor.   
 
    Thus, when in the Michelson-Morley experiment the 
transverse arm is rotated to become the longitudinal arm, 
it would shrink to it’s normal size, but that is precisely 
the conjecture of the Fitzgerald-Lorentz contraction.  Of 
course the former longitudinal arm would also then 
expand a like amount as it becomes the transverse arm in 
either the Fitzgerald-Lorentz conjecture or in this 
analysis so they should be exactly equivalent to each 
other.  Since Fitzgerald-Lorentz provided a rational 
possible explanation for Michelson-Morley (even though 
it was ad-hoc and theoretically unproven) so might this 
analysis be considered which is not ad-hoc and provides 
some theoretical justification.  
 
Conclusions:  The Fitzgerald-Lorentz contraction is probably 
real. Regardless of whatever else one may or may not believe    
about  the special theory  of  relativity  (SRT),  we  are  led to  
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wonder if the much touted null result of the Michelson-
Morley experiment isn’t exactly what would be expected to 
happen.   This brings into question the explanations of the 
experiments involving clocks that go around the world in 
opposite directions.  Even  though  those clocks are atomic in 
nature, they  do  not  escape  dimensional  changes  as  a 
function of their velocity vector relative to the velocity vector 
of the earth and solar system traveling through the cosmos.  
Other aspects of SRT might well be re-examined, as well as 
the Kennedy-Thorndike and Trouton-Noble experiments.  
 
    Now for the caveats. Admittedly this is a somewhat crude 
analysis of the situation. We have assumed that the fields 
created by a single moving charge will still be created when 
the charges are locked in the lattice structure of a solid 
material.  However, we see no reason to think that would not 
happen.  Also for simplicity we have ignored the effects on 
charges other than the immediately adjacent ones.        
 
     Finally, without explicitly stating it previously, we may 
have inherently assumed that there is a center point that is not 
moving  somewhere in the cosmos ala Isaac Newton.   It is an 
assumption that gives relativists fits.  The author knows that, 
and it probably pegs him as a 19th century anachronism so 
please don’t ask where the center point is or even if there is 
one.-he hasn’t the slightest idea.    
 
6-1Richtmyer, Kennard, and Lauritsen, Introduction To 
Modern Physics, McGraw Hill book Company Inc., 1955, 
pages 55, 56. 
 

6-2Brown, Robert Grover, Sharpe, Robert A, And Hughes, 
William L, Lines, Waves, and Antennas, Ronald Press 1961, 
page 200. 



Chapter 7: EPILOGUE 
 

     It would be erroneous to list hard and fast "conclusions" 
for this monograph because that implies proof for concepts 
that are actually not provable.  We must always fall back on 
that classic caveat that mathematical models are valid or not 
only insofar as they fit repeatable experimental evidence and 
perhaps lead to further useful insights in natural phenomena.   
 
     However, that inertial mass is electromagnetic in nature 
appears plausible. That gravity (given the Kopernicky 
hypothesis) and the structure of matter are really secondary 
effects of electromagnetic phenomena are also plausible.  The 
possibility that static, and therefore non-radiating electric 
fields arise from dynamic conditions of accelerated charges is 
a distinct possibility at least mathematically.  All this leads 
one to wonder about the nature of particle stability and if 
Liapounov stability concepts shouldn’t be re-examined.   
 
     Finally, the possibility that the null result of the 
Michelson-Morley experiment is perfectly reasonable from 
strictly classical electromagnetic concepts should be 
considered. That is because the Fitzgerald-Lorentz 
contraction may be a very real phenomenon based on 
electromagnetic concepts rather than just being ad-hoc (and 
therefore unaccepted) as long thought.  The implications of 
those results may have some radical implications for the long 
accepted special theory of relativity (SRT).  All seem to have 
identifiable strings to the monumental work of Michael 
Faraday and James Clerk Maxwell. 
 
    Thus it is suggested that this expanded electromagnetic 
model (in part modified by the Kopernicky hypothesis) is 
more compatible with much experimental evidence beyond 
currently accepted classical electromagnetics than previously 
suspected.   
.  
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     In pursuing these topics over many decades, the author of 
this monograph often (laughingly) thought of himself as a 
nineteenth century anachronism in physics. Also, the initially 
accidental association with Jaroslav Kopernicky provided a 
marvelous stimulus in the last years. The whole endeavor 
was a delightful journey, hopefully not totally of fantasy, 
providing thousands of hours of wonder and discovery, 
though a bit of the inevitable drudgery too, over the many 
years it was pursued.  No one can ask for more than that. 
 
     Of course, nothing happens in a vacuum.  For better or 
worse, this monograph had many originators.  They have all 
been deceased for many decades but they should be 
acknowledged anyway. Florence Krieger and Earl Prunty 
were math and chemistry teachers  extraordinary in the Rapid 
City, SD high school in the early 1940’s.  They inspired 
hundreds of students to be more than would seem possible.  
Dr. Roy Cook (at the South Dakota School of Mines and 
Technology), and Dr. Ernie Anderson (at Iowa State 
University) made applied mathematics come alive in the real 
world for their grateful students. John Bolton (then editor of 
the Iowa State Engineering Experiment Station Bulletin) 
taught this writer to love history almost as much as science 
and engineering.  Finally Dr. George Town at Iowa State was 
the writer’s major professor and later his first consulting 
partner.  No graduate student ever had a better mentor, no 
junior engineer ever had a better senior partner, and no one 
ever had a friend of greater integrity.  These people are the 
real authors of this little monograph.     




