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Abstract. Euclid’s rigorous axiomatic method of deriving
theorems/theories is reviewed as well as Newton’s less rigorous empirical
scientific method. Then the method of Maxwell is introduced showing a
partial combination of the axiomatic and empirical scientific methods.
Finally the union of the axiomatic and empirical scientific method is
perfected to obtain an improved version of the electrodynamic force law
capable of replacing the original electric force law and magnetic force law.
The inclusion of the finite size of charged particles plus the conservation
of energy and Newton’s 3" Law as embedded in Lenz’s Law appear to be
capable of enhancing the electrodynamic force law and the equations of
electrodynamics such that there is no longer a role for Einstein’s Special
Relativity Theory in electrodynamics.

Introduction.  The first significant development in Natural
Philosophy was recorded by the ancient Greeks. Euclid, in the
process of developing geometry, defined the axiomatic method of
proofs to be used in logically establishing theorems in geometry.
To the extent that the postulates chosen were valid, the logically
developed theorems would be valid with good certainty. The
ancient Greeks, like Plato and Aristotle, were so impressed that
they put the slogan over the door of their academies of natural
philosophy “Let No One Ignorant of Geometry Enter Here”. The
modern world has also been impressed by Euclid to the extent that
his book Elements (of Geometry) has been published in more

languages and editions than any other natural philosophy or

Lo . . . 1 Euclid
scientific book in the history of the world. Euclid’s approach Geek mathematician

worked well in mathematics, but in physics and other areas of of the third century
Natural Philosophy, the ancient Greek natural philosophers were B.C.
not able to guess the appropriate axioms or postulates.

When Isaac Newton published his Principia, he stated that he intended to illustrate a new
way of doing natural philosophy that overcomes some of the limitations of the axiomatic
method. This method is now called the empirical scientific method. The goal of
Newton’s method was to find empirically the forces of nature.
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And therefore our present work sets forth mathematical principles of
natural philosophy. For the whole difficulty of philosophy seems to be to
find the forces of nature from the phenomena of motions and then to
demonstrate the other phenomena from these forces... For many things
lead me to have a suspicion that all phenomena may depend on certain
forces by which the particles of bodies, by causes yet unknown, either are
impelled toward one another and cohere in regular figures, or are repelled
from one another and recede. Since these forces are unknown,
philosophers have hitherto made trial of nature in vain. But I hope that the
principles set down here will shed some light on either this mode of
philosophizing or some truer one [1].

Newton claims that in the past natural philosophers tried to understand nature in vain,
because they did not use an empirical approach based on experimentation. The empirical
approach is more effective in discovering the causes and effects of nature. As a result he
argues that the empirical approach is a more secure path toward truth in natural
philosophy. The problem of the ancient Greek philosophers is that they could not guess
the relevant propositions for natural philosophy upon which to apply logic to derive the
theorems or theories of natural philosophy outside of geometry and mathematics. These
need to be discovered by experiment.

This approach does not lead to all truth at once, as Newton himself recognized with
regard to his study of gravity. He never claimed to understand the causes and nature of
inertia and gravity, even though he could define the Force of Inertia and the Universal
Law of Gravitation as shown below.

F, =m;a Force of Inertia

Mg M2 . ;
Fo=G Rz Universal Force of Gravity
12

When Newton was asked what ‘m; = inertial mass’ was, he replied that inertial mass was
a measure of some characteristic of matter that caused the force of inertia and that inertial
mass increased as the amount of matter increased. When Newton was asked what ‘mg =
gravitational mass’ was, he replied that gravitational mass was a measure of some
characteristic of matter that caused the force of gravity between bodies of matter and
increased as the amount of matter increased. When the experimental inertial and
gravitational masses were found to be equal in magnitude for the same body, Newton
realized that instead of the force of inertia and the force of gravity being different
fundamental forces, they might have a common cause. As the quote from the Principia
below shows, Newton did not know the cause of the force of gravity.

I have not as yet been able to deduce from phenomena the reason for these
properties of gravity, and I do not feign hypotheses. For whatever is not
deduced from the phenomena must be called a hypothesis; and
hypotheses, whether metaphysical or physical, or based on occult
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qualities, or mechanical, have no place in experimental philosophy. In this
experimental philosophy, propositions are deduced from the phenomena
and are made general by induction [2].

Later Newton softened his renunciation of hypotheses by adding “unless as conjectures or
questions proposed to be examined by experiments” [3]. He had come to realize that
hypotheses could be used to predict additional phenomena which could be examined by
experiments and serve as a check on the veracity of the hypothesis.

Newton’s approach was evaluated by his critic Christiaan Huygens, the foremost figure
in science at the time, in his Discourse on the Cause of Gravity.

One finds in this subject a kind of demonstration which does not carry
with it so high a degree of certainty as that employed in geometry; and
which differs distinctly from the method employed by geometers in that
they prove their propositions by well-established and incontrovertible
principles, while here principles are tested by the inferences which are
derivable from them. The nature of the subject permits no other treatment.
It is possible, however, in this way to establish a probability which is little
short of certainty. This is the case when the consequences of the assumed
principles are in perfect accord with the observed phenomena, and
especially when these verifications are numerous; but above all when one
employs the hypothesis to predict new phenomena and finds his
expectations realized [4].

Here the test of hypotheses is to use them to predict new phenomena which can be tested
empirically.

Newton took a very practical approach to forces. He assumed the total force on a body
was due to the sum of the individual forces of the particles making up that body.

For it is reasonable that forces directed toward bodies depend on the
nature and the quantity of matter of such bodies, as happens in the case of
magnetic bodies. And whenever cases of this sort occur, the attractions of
the bodies must be reckoned by assigning proper forces to their individual
particles and then taking the sums of these forces [5, Scholium at the end
of Book I, Section II].

Newton also realized that mathematics is a tool to enable an analysis of forces, to help
identify the causes of forces and to argue more securely.

Mathematics requires an investigation of those quantities of forces and
their proportions that follow from any conditions that may be supposed.
Then, coming down to physics, these proportions must be compared with
the phenomena, so that that it may be found out which conditions of forces
apply to each kind of attracting bodies. And then, finally, it will be
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possible to argue more securely concerning the physical species, physical
causes, and physical properties of these forces [6].

In the mechanical philosophy of Newton’s time all forces had to be contact forces due to
causality. According to Descartes [7] the mechanical philosophy could only allow
contact forces between physical bodies, if there were some sort of medium or aether to
convey the force between the bodies. Newton realized, however, that no hypothetical
contact mechanism seems even imaginable to effect “attractive” forces among particles
of matter generally. In the face of criticism from Huygens and others, Newton claimed
that he is employing mathematically formulated theory in physics in a new way in which
forces are treated abstractly, independently of physical cause or contact mechanism. In
other words the two functions could be performed separately with progress being made
on the one when no progress could be made on the other.

The first type of proposition in Newton’s Principia is a mathematical proposition that
links parameters in rules characterizing forces to parameters of motion. As one can
easily see, measurement is very important to the methodology of the Principia. Newton
recognized that measurement invariably involves theoretical assumptions, and thus must
remain provisional. Since measurement in physics involves physical procedures and
assumptions, science must include within itself its own empirically revisable theory of
measurement. The second type of proposition in the Principia consists of combinations
that contrast different conditions of force in terms of different conditions of motion.

By contrast, an examination of the mathematical theories of Galileo and Hyugens shows
that the propositions that they were pursuing were ones that made a distinctive empirical
prediction that provided an answer to some practical question, or explained some known
phenomena. Newton in the Principia was not so interested in conjecturing hypotheses
and then testing the implications of those hypotheses, but rather to use mathematics to
provide a basis for specifying experiments and observations by which the empirical world
can provide answers to questions.

Mathematics requires an investigation of those quantities of forces and
their proportions that follow from any conditions that may be supposed.
Then, coming down to physics, these proportions must be compared with
the phenomena, so that it may be found out which conditions of forces
apply to each kind of attracting bodies [8].

In Definition 8 for force at the beginning of the Principia Newton says “this concept is
purely mathematical, for I am not considering the physical causes and sites of forces”.
Thus we could say that Newton differed from his predecessors in that he treated forces
from a mathematical point of view instead of the physical. From the mathematical point
of view any unbalanced force acting on a body is a quantity with magnitude and
direction. In Book 1 Newton considers centripetal forces with a direction specified
toward a center and the magnitude taken to vary as a function of distance from that
center. In Book 2 Newton considers resistive forces with the direction specified opposite
to the direction of motion and the magnitude varying as a function of velocity.
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In Book 3 Newton considers gravitational forces and resistive forces arising from the
inertia of the fluid from the physical point of view. Newton requires five conditions to be
met for a component of a mathematically characterized force to be considered a physical
force as follows:

1. The direction of the force must be determined by some material body other than
the one it is acting on.

2. All aspects of the force’s magnitude must be given by a general law such that the
action and reaction forces are always the same magnitude but in opposite
direction.

3. Some of the physical quantities in a force law must pertain to the other body in a
way that determines the direction of the force.

4. The force law must hold for some forces that are indisputably real.

5. [If the force acts on a macroscopic body, then it must be composed of forces acting
on the microphysical parts of that body.

Notably absent from this list is anything about the mechanism or process effecting the
force. Adherents of the “mechanical philosophy” such as Descartes and Huygens would
have required not only a mechanism causing the force, but also a contact mechanism for
delivering the force. Newton believed that progress could be made in determining the
properties of the force mathematically even though not all aspects of the force were
known, such as its cause and the mechanism by which it was delivered.

Newton was not the first to conclude that the forces between real bodies in the universe
are very complex. He believed that an investigation of the microstructural forces within
bodies was key to understanding the macro forces between bodies. This program is
described in detail in the unpublished portion of the Preface to the Principia as given
below:

I therefore propose the inquiry whether or not there be many forces of this
kind, never yet perceived, by which the particles of bodies agitate one
another and coalesce into various structures. For if Nature be simple and
pretty conformable to herself, causes will operate in the same kind of way
in all phenomena, so that the motions of smaller bodies depend upon
certain smaller forces just as the motions of larger bodies are ruled by the
greater force of gravity. It remains therefore that we enquire by means of
fitting experiments whether there are forces of this kind in nature, and then
what are their properties, quantities, and effects. For if all natural motions
of great or small bodies can be explained through such forces, nothing
more will remain than to inquire the causes of gravity, magnetic attraction,
and the other forces [9].

Although Newton was somewhat vague in his writings about how to make the transition
from mathematically characterized forces to physically characterized forces, he did
realize the potential of the microscopic forces for this purpose. Of course, he did specify
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the use of predictions of new or additional phenomena as a way of checking force laws.
Here the process is to address the complexity of real forces in a sequence of successive
approximations. Each force approximation is based upon certain idealizations with
systematic deviations from it being used to improve the next version of the force law.
Before Newton the small residual discrepancies between idealized theory and the real
world were dismissed as being of no practical importance. After Newton every
systematic deviation from current theory automatically has the status of a pressing
unsolved problem.

Newton views these successive approximations for forces as exact. His fourth Rule for
Natural Philosophy says:

In experimental philosophy, propositions gathered from phenomena by
induction should be considered either exact or very nearly true
notwithstanding any contrary hypotheses, until yet other phenomena make
such propositions either more exact or liable to exceptions. This rule
should be followed so that arguments based on induction may not be
nullified by hypotheses [10].

Attempting to proceed in successive approximations in this way involves restrictions on
how second-order phenomena are to be marshaled as evidence. In the case of orbital
motions in the solar system, any systematic discrepancy from the idealized theoretical
motions had to be identified with a specific physical force—if not a gravitational force,
then one governed by some other generic force law. However, not just any kind of force
was permissible. Newton’s first Rule for Natural Philosophy “no more causes ... should
be admitted than are both true and sufficient to explain their phenomena”, has the effect
of confining the number and type of forces to no more than the experimental data clearly
demands. Requiring the force laws to be deduced from phenomena is a way of meeting
this Rule. This approach is an attempt to limit risk in developing force theories as much
as possible to just “inductive generalization”. For example this restriction would
preclude inventing unobservable forces due to dark matter and dark energy to “save” the
Theory of General Relativity.

Newton acknowledged the risk of inductive generalization in his famous methodological
passage in the Opticks, in the discussion of the methods of “analysis and synthesis” in the
next to last paragraph of the final Query, which was added in 1706:

The Analysis consists in making Experiments and Observations, and in
drawing general Conclusions from them by Induction, and admitting of no
Objections against the Conclusions, but such as are taken from
Experiments, or other certain Truths. For Hypotheses are not to be
regarded in experimental Philosophy. And although the arguing from
Experiments and Observations by Induction be no Demonstration of
general Conclusions; yet it is the best way of arguing which the Nature of
Things admits of, and may be looked upon as so much the stronger, by
how much the Induction is more general. And if no Exception occur from
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Phenomena, the Conclusion may be pronounced generally. But if at any
time afterwards any Exception shall occur from Experiments, it may then
begin to be pronounced with such Exceptions as occur. By this way of
Analysis we may proceed from Compounds to Ingredients and from
Motions to the Forces producing them; and in general, from Effects to
their Causes, and from particular Causes to the more general ones, till the
Argument end[s] in the most general [11].

Newton’s arguments for a universal force of gravity and a universal force of inertia
illustrated his new empirical approach to natural philosophy and physics in general. This
new approach was based on a generic mathematical theory, the contrast between
mathematical and physical points of view, the roles of deduced theory and idealizations
in ongoing research, and the insistence on pushing theory far beyond its original
experimental domain.

Newton’s empirical approach to science was quite successful in his time in answering
many questions in natural philosophy. In the area of electric and magnetic phenomena
later investigators used Newton’s approach to make significant progress in defining
empirical mathematical laws. Ampere defined his circuital law relating magnetic fields
to electric currents that produce them in 1826. Faraday defined his law of
electromagnetic induction in 1831. Lenz defined his law for non-conservative electric
fields in 1834. Gauss defined his law for electric fields and magnetism in 1835.

In 1861 Maxwell developed a theory of electrodynamics in the axiomatic fashion using
fundamental axioms based on Gauss’s empirical laws for electric and magnetic fields,
plus a modified version of Ampere’s empirical circuital law that included the
displacement current in capacitors and dielectric materials, plus Faraday’s empirical
electromagnetic induction law plus Galilean relativity. This version of electrodynamics
is defined in terms of Maxwell’s set of differential equations. Maxwell also defined in
1861 a form of the Lorentz force law, which was later published by Lorentz in 1892. The
Lorentz electrodynamic force law replaced the separate electric and magnetic force laws
when combined with Maxwell’s equations.

Maxwell’s equations, the Lorentz force law, and Galilean relativity defined
electrodynamics for the next 150 years. However, Maxwell’s approach to
electrodynamics was based upon the well-known approximation or idealization known as
the point particle approximation. (See equation 1 where the second term on the right is
not zero for finite size particles, but Maxwell dropped it). Also Maxwell’s approach did
not support Newton’s 3™ Law and conservation of energy for magnetic fields.

- 4m 1_ (V- J@Et 4m
Point Particle Idealization V x B(#,t) = T](F, t) + Evjﬁd%, = T](?' ) (D

In 1851 the Fizeau experiment was performed. The original analysis of this experiment
appeared to indicate that Galilean relativity was inadequate to explain the results. That
same year Hertz and Hallwachs [12] discovered that ultraviolet light incident upon
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crystalline metallic sodium (Na) surfaces caused ejections of negatively charged particles
later identified as electrons.

In 1905 Einstein published his Nobel Prize winning paper “On a Heuristic Viewpoint
Concerning the Production and Transformation of Light” [13] in which he suggested
the existence of discrete quanta of light now called photons. Later experiments [14]
found that the photoelectric effect using ultraviolet light was significantly reduced on the
same metals if they had an amorphous structure versus a crystalline structure (see Figure
1 below). These experiments seemed to suggest that light does not exist as discrete
quanta, but as waves. The crystalline lattice serves as an antenna array to receive
sufficient energy from the waves to eject an electron from an atom. If the antenna is too
small, as in the case of amorphous metals, the photoelectric effect did not occur or occurs
much more weakly at the same wavelength as shown in the graph of Figure 1.
Conversely if the wavelength of the light is too long for the size of the antenna, little
energy is absorbed.
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Figure 1 Absorption of light on Optical Antenna Array [14]

Also in 1905 Einstein published his Special Theory of Relativity [15] that appeared to
offer a satisfactory explanation of the Fizeau experiment. According to the Theory of
Special Relativity it is necessary to correct Maxwell’s Equations for the effects of the
finite velocity ¢ of light. This correction was not based on the discovery of a new force,
as Newton required, but on the hypothesis that light is a particle (photon) and that the
speed of light is finite and independent of the motion of the source. This correction was
made to Maxwell’s equations resulting in a relativistic covariant formulation of
electrodynamics (see equations 2-5). Equation (5) suggests that mass might be an
electrodynamic quantity.
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Then in 1912 Ewald and in 1915 Oseen [16] discovered the extinction effect. According
to the extinction effect light has a very short path length in media, even a man-made
vacuum, before it is absorbed on an atom and re-emitted. After re-emission the source
has the velocity of the moving absorbing medium. First Fox [17] in 1962 and then
Renshaw [18] in 1996 showed that taking into account the extinction effect caused the
data in the Fizeau experiment to support Galilean relativity perfectly and was in strong
disagreement with Special Relativity Theory as shown in Figure 2.
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Figure 2 Fizeau Experiment Data Corrected for Extinction Effect [18]

With the advent of accelerators and scattering experiments the size and shape of
elementary particles were measured. Elementary particles were not point particles.
However, the relativistic equations (2-5) for the fields of charged particles moving near
the speed of light were confirmed in accelerator experiments.
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Figure 3 Electron Scattering Data for Proton and Neutron
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According to Cullwick [19] and the experiments of Hooper [20] the fields of a moving
charge remain “attached” to the moving charge. (See Figure 4 with iron filings showing
the fields attached to a magnet). They are modified by the feedback effect according to
Lenz’s Law and Mach’s Principle. Note that the retarded field method for moving
charges pretends that the fields are no longer “attached” to the charged particle, but travel
through some medium independent of the originating charged particle’s motion and the
resistance of the rest of the universe as expressed by Lenz’s Law and Mach’s Principle.
The notion of retarded fields is not applicable for contact forces but only “action-at-a-
distance” type forces. For a charged particle moving at constant velocity there is no
radiation or retardation effects. Thus the retarded field methodology is inconsistent with
experimental data and causality requiring contact forces.

Figure 4 Iron Filings Showing Pattern of
Magnetic Fields Attached to a Magnet

In 1977 Dr. Thomas Barnes of the Physics Department of the University of Texas at El
Paso made the first attempt [21] to see what could be done to correct Maxwell’s
Equations for these approximations. Dr. Charles Lucas Jr. of Common Sense Science
perfected the approach of Barnes [22]. In his papers Lucas removed the point particle
approximation and added Lenz’s law which supported Newton’s 3 Law and
conservation of energy for magnetic fields to obtain a new and improved axiomatically
derived electrodynamic force law. The Lorentz Force Law was derived as a consequence
of the Galilean transformation. The resulting equations for the electric and magnetic
fields (see equations 2-4) in the new force law were identical in the limit of constant
velocity to the relativistic covariant Maxwell field equations that had been confirmed in
particle accelerator experiments [23 p. 555 and 24 p. 560]. Thus there were no longer
any significant electrodynamic experiments uniquely supporting Special Relativity
Theory.

According to Newton’s empirical scientific method with his Rules for Natural
Philosophy, the simpler explanation for the relativistic type velocity field effects being
due to finite size effects combined with Lenz’s Law supporting conservation of energy
for magnetic fields and Newton’s 3™ Law, was preferred over having a second additional
theory of relativity. Furthermore the problems that Special Relativity Theory had with
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the Fizeau experiment and the photo-electric experiment were solved. There was now no
role for Special Relativity Theory in electrodynamics. Since relativity theory was
presented as a universal theory by Einstein, it appears to be invalid everywhere if it is
invalid in any one area, such as electrodynamics.

By defining an electrodynamic potential for the electrodynamic force for constant
velocity, Lucas was able to extend the electrodynamic force to include acceleration a
effects [18] (see equations 6-8). Thus he was able to predict radiation directly from the
electrodynamic force law which was not possible to do directly from the relativistic
covariant version of the electrodynamic force law, because Maxwell’s electrodynamics
did not conserve energy for magnetic fields. Thus for Maxwell’s electrodynamics and
the covariant version of electrodynamics built upon it one can not legitimately define a
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Assuming that the charge in a finite-size elementary particle flows in closed loops [25-
27], then the average work done on the particle by the electrodynamic force in emitting
radiation is the negative of the power integrated over one period from t; to 1,

T2 T2 T2 222 T2 2 4= Py
= . uyq-a f uoq dv dv
Fpaq - vdt = —Pdt = — —dt = — —..—dt 9
Ll Rad "V ftl f, 6mc ., 6mc dt dt ®

Notice that we can integrate the above expression by parts. If we assume that there is
periodicity in the charged particle structure, the boundary term in the integral by parts
disappears to give
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Thus we can identify the experimentally confirmed radiation reaction force [24, p. 748]
as

= _Myq°dd
Rad = 6mc dt

(11)

Albert Einstein said in his Nobel Prize award address:

A theory is the more impressive the greater the simplicity of its premises,
the more different kinds of things it relates, and the more extended is its
area of applicability [28].

Thus Einstein would be the first to discard his theory of Special Relativity in favor of an
improved electrodynamics.

Conclusion. Maxwell’s axiomatic method for obtaining “Maxwell’s Equations of
Electrodynamics” by using the empirical electric and magnetic laws of Gauss, Ampere,
and Faraday as the axioms or postulates has been improved by removing the point
particle approximation and adding Lenz’s Law as an additional axiom to support
conservation of energy and Newton’s 3" Law for magnetic phenomena. This improved
version of electrodynamics gives rise to the so-called “relativistic effects” in
electrodynamics due to finite-size particle effects, conservation of energy, and Newton’s
3" Law. Following Newton’s rule that no more causes of natural things are to be allowed
than such as are both true and sufficient to explain the experimental data, we are forced to
reject Einstein’s Theory of Special Relativity. Also we are to reject it, because it is not in
agreement with the Fizeau experiment and the photoelectric experiment. Furthermore,
this improved version of electrodynamics is able to describe radiation and radiation
reaction directly which the covariant version of electrodynamics fails to do properly,
because of the inherent limitation of constant velocity in Einstein’s Special Relativity
Theory and Maxwell’s electrodynamics.
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