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1 QUANTUM ISSUES
This section discusses issues associated with the quantum model and has to be considered
as a prerequisite review of a model that all subsequent wave models must presumably
‘aspire’ to correct in some way. In this context, Website-3 is primarily a review of 5
different wave models and while this website supports the general idea of a wave model,
see Wave Structure of Everything, most of the models reviewed appear to have problems
that could not be resolved. However, while this website highlights its limited authority to
be critical of any model, including mainstream models, it is allowed to raise questions and
challenge assumptions within all models. In this respect, the reviews of accepted science,
i.e. relativity, quantum and cosmology, all raise doubts about the completeness of all
these models, especially quantum theory – see ‘A Flawed Perspective?’ and ‘Quantum
Addendum’ by way of initial summaries. Therefore, this section discussion might be
described as a counterpoint to the wave models reviewed, where some of the details of
the accepted quantum model might also be questioned.
So, what problems and issues might be raised against the quantum model?
First, it seems that quantum theory has a number of potential issues, both in terms of its science and philosophy, as it has
become increasingly dependent on mathematical abstraction. As such, many now question quantum theory on the
grounds that it no longer presents a causal model of physical reality. However, any review of quantum theory needs to
consider the timeline of its developments over the course of the 20th century. In this context, we might separate
developments into two distinct parts, where Part-1 starts with a presentation of a paper related to blackbody radiation by
Max Planck in December 1900, while the start of Part-2 is anchored to the testing of the first atomic bomb in July 1945.
However, over the timeline of the 20th century, many new ideas and concepts have been forwarded to explain the
apparent ‘weirdness’ being ‘observed’ in the quantum domain and, over time, many simply came to accept that quantum
objects only exist materially when observed. However, this idea created a philosophical schism in science, which might be
described in terms of epistemological knowledge versus ontological causality. While still debated, often as a matter of
philosophical preference, many have argued that quantum theory has failed to
provide adequate causal mechanisms to explain the true nature of physical reality
and that the quantum model has simply become over reliant on mathematical
assumptions rather than physical understanding.
So, how might we judge quantum theory?
We might start by using the diagram right as a basic guide to reflect how science
should be a cyclic process, which proceeds from observation to some initial
conclusions. While these initial conclusions might well be representative of the
facts, as initially know, this methodology must continue to question the certainty of
any conclusion in subsequent cycles. Unfortunately, this is one ‘fact’ that is often forgotten, such that speculative hypothesis
can, over time, become established theory and eventually be accepted as proven fact. In this respect, the goal of this review
is simply to continue the process of questioning whether all that we assume to be proven facts are actually true; especially
when facts are not necessarily supported by empirical verification. Therefore, it is argued that the abstraction of
mathematical logic, in isolation, is not a replacement for a more fundamental understanding rooted in causal mechanisms.
Note: This review fully accepts mathematical models are a fundamentally important part of the scientific method,
but with the caveat that they do not replace empirical verification. Likewise, there is nothing wrong with proceeding
to accumulate epistemological knowledge, but again with a caveat that this knowledge has to be complemented
with an understanding of ontological causality.
As such, much of this review is only an attempt to summarise some of the concerns as to when and where facts may simply
be assumptions, at least, in the sense that they have not really been proven or explained. For quantum theory often
appears to be predicated on the assumption that the predictive power of mathematical probability is sufficient to establish
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facts. While, at one level, the accuracy of any probability calculated cannot be dismissed, as it suggests a link to some form
of quantum causality, doubt must remain if it cannot explain why. For example, simply knowing that system [A] has some
predetermined probability of transitioning to state [B] only constitutes limited knowledge, if it cannot explain why. Today,
many references to quantum theory appear to only be discussing epistemological knowledge, primarily based on
mathematical models, predicated on multiple assumptions. In many instances, these references simply accept
epistemological knowledge as fact, while in reality many of these descriptive models are only supported by limited
empirical evidence with little discussion of any physical causal mechanisms. In the absence of causal understanding, the
foundations of quantum theory often resorted to philosophical interpretations to explain some of its ‘quantum weirdness’.
Note: While not necessarily within the scope of this review, it might be suggested that science like any other
collective endeavour has become increasingly susceptible to a prevailing consensus – see the ‘Idea of Consensus’ for
wider discussion. However, what might be seen as more controversial is the suggestion that many scientists often
recognise the dangers to their careers if they are seen to be challenging the prevailing consensus.
If there is any truth in the note above, it is possible that many of the assumptions of quantum theory have simply gone
unchallenged and, as a result, these assumptions have been elevated to facts to be passed onto the next generation
without further questioning. Today, the quantum model represents over 100 years of scientific development, such that it is
now an established mainstream model, which is then assumed to underpin many other branches of science. Therefore,
some understanding of the history of development is necessary because it may shed some light on earlier assumptions,
now assumed to be fact, which possibly require further questioning.
1.1

Historical Framework

The development of science has a long history that is beyond the scope of this discussion, although previous sections of
website-1 tried to outline the foundation principles in terms of the following discussions: mathematics, classical physics,
particle physics, wave mechanics and electromagnetism. However, the main development of classical physics is often
anchored to the publication of Newton’s work called the Philosophiæ Naturalis Principia Mathematica in 1687. Broadly,
this work established the basic Laws of Motion and the Universal Law of Gravitation, which are still in general use to this
day. Newton also did ground-breaking work in mathematics, optics and his corpuscular theory of light.
Note: The corpuscular theory of light was possibly first outlined in the work of Descartes (1637), where he described
light in terms of small discrete particles called ‘corpuscles’, i.e. little particles, which travel in a straight line with a
finite velocity that possess ‘impetus’. Later, in 1672, Newton would forward his more detailed ‘corpuscular’ theory
of light, although it was in-turn challenged by Huygens wave theory published in 1678. Later, in 1803, Thomas
Young performed the first double-slit experiments, which appeared to confirm the wave nature of light in
contradiction to Newton’s theory. In 1852, Michael Faraday described a magnetic field as a physical object that
helped explain action-at-a-distance, which Newton laws had not addressed. Finally, in 1865, Maxwell’s equations
helped formulate and unify electricity and magnetism, broadly in terms of an EM wave model.
However, the results of the Michelson-Morley experiment, in 1887, started to question some of the assumptions of the
classical model, which later open the door to Einstein’s relativity and quantum theory. However, the quantum model also
requires some understanding of its own historical timeline of developments set against various philosophical assumptions.
In terms of the transition from classical physics to quantum theory, we might cite four issues that were perceived to be
problematic in the context of classical physics, i.e. Blackbody Radiation, Photoelectric Effect, Quantized Atomic Orbits and
Wave-Particle Duality. These issues were, over the course of the early part of the 20th century, considered within an
expanding quantum model, initially defined by Heisenberg Matrix Mechanics, Schrodinger Wave Mechanics, Klein-Gordon
Equation and Dirac’s Equation. The mathematics of quantum theory also needs to be considered in terms of incrementing
developments, which were initially anchored to the classical mechanics of Lagrange and Hamilton. However, from these
beginnings, a distinct mathematical notation would be developed to explain wave functions using quantum operators,
eigenfunctions and eigenvalues. Within this initial framework of developments, the following issues were being theorised.
Quantum Mechanics, Uncertainty Principle, Double-Slit Experiment, Quantum Superposition, Quantum Wave
Interpretation, Wave Function Collapse, Copenhagen Interpretation, Quantum Entanglement.
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However, within the process of trying to resolve the issues listed above, the next stage of development continued to
expand on the earlier mathematical abstractions as listed below.
Quantum Semantics, Natural Units , Quantum Postulates, Quantum Operators, Bra-Kets and Matrices,
Quantum States, Probability and Quantum States, Probability and Bra-ket Notation, Abstract Vector Space,
Vector-State Space, Coherence States, Quantum Fields, Lagrangians and Hamiltonians,
Relativistic Lagrangian and Hamiltonian Densities, Lagrangian Field Theory
Within this outline, we might see the trend by which theoretical physics started to become increasingly dependent on
abstract constructs to the point where many would come to believe that only mathematics was capable of providing the
most fundamental description of reality. This position might be illustrated in the first chapter of Roger Penrose’s book ‘The
Road to Reality’, published in 2004, where he provides the following diagram to illustrate a perception of reality in terms of
a threefold relationship:
“Plato made it clear that the mathematical propositions, the things that could be
regarded as unassailably true, referred not to actual physical objects like the
approximate squares, triangles, circles, spheres, and cubes that might be
constructed from markers in the sand or from wood or stone, but to certain
idealized entities. He envisaged that these ideal entities inhabited a different
world, distinct from the physical world. Today, we might refer to this world as the
Platonic world of mathematical forms”
While the philosophy of this position might apply equally to other wave models, where the idea of physical substance
disappears into what might be described as the abstraction of wave mechanics, a number of important caveats have to be
taken into consideration with respect to quantum theory, which we might table as a question.
What is the real issue of concern with this form of abstraction?
It is recognised that these opening remarks might appear to be critical of mathematics in terms of its abstraction, but this is
not the primary concern. For mathematics is clearly essential in formulating any understanding of fundamental physics, but
with two caveats previously introduced. First, any model needs to be physically verified and, second, supported by an
explanation of its causal mechanisms. If we return to the more philosophical ideas that developed within the early days of
quantum mechanics, many are described as ‘interpretations’, as listed below with links to the main ideas.
Ensemble: 1926, Pilot Wave: 1927, Copenhagen: 1927, von Neumann: 1932,
Quantum logic: 1936, Bohm: 1952, Many-worlds: 1957, Time-symmetric: 1964,
Stochastic: 1966, Many-minds: 1970, Consistent histories: 1984, Objective
collapse: 1986, Transactional: 1986, Gravitational: 1994, Relational: 1994
So, what might be said about all these interpretations?
First, we might highlight a similar situation with all the wave models reviewed, where
none may yet provide an accurate description of some fundamental reality. For like
quantum theory, many simply proceed on speculative assumptions that could not be
verified. So, while accepting that speculative assumptions are a legitimate part of the
scientific method, the uncertainty surrounding the nature of any speculative assumption
should not be forgotten. As Einstein himself once pointed out:
Concepts that have proven useful in ordering things can easily attain an authority over us such that we forget their
worldly origin and take them as immutably truths. They are then rubber-stamped as a ‘sine-qua-non of thinking’
and an ‘a priori given’. Such errors often make the road of scientific progress impassable for a long time.
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However, despite the concerns raised above, the transition away from classical physics also needs to be put into some
perspective. This transition was essentially based on the perception of the growing limitations of classical physics to explain
the observations emerging from the quantum domain. However, we should possibly start by simply outlining the scope of
classical physics as it includes three centuries of development prior to the 20th century, although for the purposes of this
introduction, we might simplify the scope in terms of just two broad topics:
•

Classical Mechanics: inclusive of the kinematic motion of macroscopic objects.

•

Classical Electromagnetism: covering Maxwell’s equations unifying earlier concepts.

As outlined above, while both Lagrange and Hamilton were part of the timeline of classical mechanics, their formulations
were being used to reinterpret Newton's original laws of motion. Likewise, Maxwell’s equations (1864) were seen as a
unification of earlier electric and magnetic laws previously formulated by Coulomb (1736-1806), Gauss (1777-1855),
Ampere (1775-1836) and Faraday (1791-1867). However, Maxwell’s original theory required a frame of reference for EM
waves to propagate with the speed of light [c], which had been questioned by the
Michelson-Morley experiment, in 1887, and then apparently rejected by Einstein’s
relativity, in 1904, although both might also be questioned in terms of a number of
caveats – see Historical Context for more details.
So, what assumptions did quantum theory start to question?
Classically, kinematics was essentially limited to objects that could be defined in
terms of both position and momentum without any conceptual ambiguity of
accuracy. However, the increasing ability to do experimental measurements on
‘objects’ on the quantum scale started to suggest that the very act of measuring a quantum quantity could affect either its
position or momentum. Later, the general idea of measurements interacting with a quantum object was expanded into the
measurement problem and while initially explained in terms of a wave function collapse, it is now often summarised simply
in terms of the Heisenberg uncertainty principle.
Note: While quantum theory makes reference to a wave function, it is often restricted to an epistemological
description, such that the wave function is not ‘real’ and therefore has no physical existence. For, Max Born
forwarded the idea of a mathematical probability density function, which bypassed the need for a causal
description of a wave. In contrast, an ontological description requires the wave function to have some form of
physical existence that is independent of any observer – see Schrodinger Issues.
From a classical wave model perspective, wave velocity [c] is an attribute of the wave media, but where kinetic velocity [v]
of a ‘wave packet’ may vary in the velocity range [v=0..c]. In this context, a degree of ‘uncertainty’ might be expected in its
exact location due to the spatial distribution of its wave structure. It might also be highlighted that Heisenberg did not
actually describe his principle in terms of uncertainty, but rather as an indeterminacy as outlined below.
Note: The term ‘uncertainty principle’ is an inaccurate translation of Heisenberg’s description, as he actually
described the issue in terms of ‘indeterminacy’ rather than ‘uncertainty’. In this context, Heisenberg argued that all
system observables, at the quantum level, simply have no definite value and, as such, there is no uncertainty, just an
inability to assign an exact value of position [x] and momentum [p], when approaching the quantum scale.
However, from a quantum perspective, the wave function does not necessarily have any 'physicality', which is often one of
the hardest aspects of quantum theory to understand, as it appears to suggest that physical causality need only be
explained in terms of a mathematical function, which contradicts the assumptions of classical physics.
Note: At this stage, we are only trying to outline the perceived limitations of the classical model, which led to a
growing perception that physical reality had a discrete nature, rather than continuous.
The discrete nature of reality was, in part, recognised by Planck in his formulation of blackbody radiation in 1900, although
Kirchhoff's law of thermal radiation in 1859 had already established the basic form of the function that describes a
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blackbody radiator. Along this classical timeline, reference might also be made to the contribution made by Boltzmann, in
1877, to statistical mechanics and its explanation of classical thermodynamics. Later, in 1896, Wien would measure the
energy spectrum of a blackbody as a function of the frequency of the radiation produced.
Note: Within this timeline of classical developments, an issue described as the ‘ultraviolet catastrophe’ was not
understood, but suggested that a blackbody in thermal equilibrium will emit radiation in all frequency ranges and
emit evermore energy as frequency increases.
Without wishing to undermine Planck’s initial contribution to quantum theory, by his own admission, he did not really
understand the significance of quantization associated with blackbody radiation. In fact, nobody at that time realized the
importance of what Planck had done and his work was widely seen as just a clever fix, which provided the right answer
according to experimental results. However, this situation would start to change, when in 1905, Einstein released his paper
on the photoelectric effect. Again, initial ideas forwarded to explain this phenomenon were developed within the
framework of 19th century classical physics, where in 1887, Hertz had discovered a basic photoelectric effect when he
shone UV light on metallic electrodes. By 1902, it had been discovered that the energy of an ejected electron was
independent of the incoming light intensity and linearly dependent on its frequency. Then, in 1905, Einstein proposed that
the UV light was behaving like a concentrated particle and transferring energy to the electrons in discrete ‘packets of
energy’, only later called ‘photons’. Later, photon energy [E=hf] was defined only in terms of the Planck constant [h] and
frequency [f]. While rejected by quantum theory, a wave model might question the simplicity of the Planck energy
equation [E=hf], as it assumes that energy must have an associated wave amplitude [A 2] and frequency [f2], see Wave
Media for details. In [1], we see an equation suggesting a somewhat different explanation, where the first expression, i.e.
[kA2], is associated with Hooke’s law.
[1]

(

)


1  2
1
EP = kA2  mf 2 A2 =  kg
 m = ( h ) f = ( joules * s ) = joules
s
s2 


Note: In [1], we might see how the Planck constant [h] could obscure the need for any wave amplitude [A 2] or the
second component of frequency [f]. It might also be highlighted that the equation [E=hf] appears to provide no
causal explanation of how energy [E] propagates or why it is a function of only frequency.
However, within the concepts of blackbody radiation and the photoelectric effect was the suggestion of some form of
quantization, which in present-day quantum theory can be described in somewhat abstract terms – see quantization and
then the description of the first and second quantization. However, while the issue of quantization in Planck’s formulation
of a blackbody radiator is not always obvious, it might be considered in terms of the Bohr’s model of an atom and the initial
idea of Atomic Energy Levels. For, within Bohr’s initial model, the electron orbital around the atomic nucleus was assumed
to require an integral wavelength [λ], such that electron energy transitions within the atom, associated with the absorption
or emission of photons, had to be quantized within the energy formulation [E=hf=hc/λ].
Note: Again, from a causal perspective, energy quantization appears linked to a wave mechanism, where energy as
a scalar quantity needs a causal mechanism to propagate through space as a function of time. As a generalisation,
waves are associated with integer wavelengths [λ]. As such, the quantization of energy might be explained, as per
[1] above, if the perception of a continuous frequency [f] range is replaced by discrete or integer wavelengths
[λ=c/f]. It might also be noted that the concept of mass [kg] can be replaced by energy [E=mc2], such that energy [J]
replaces mass [kg] as a fundamental unit.
However, the original Bohr model of an atom still provided a somewhat classical view of an electron orbiting the nucleus,
analogous to planets orbiting the Sun, which was subsequently rejected as the electron would radiate energy due to its
angular acceleration – see Atomic Orbitals for updated version of this model. However, understanding the exact causal
mechanism that explains the stability of electron orbitals around the nucleus can often appear ambiguous, where the
following example appears to make little reference to any causal mechanisms.
The electrons in an atom are attracted to the protons in the nucleus by the electromagnetic force. This force binds
the electrons inside an electrostatic potential well surrounding the smaller nucleus. The closer an electron is to the
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nucleus, the greater the attractive force, such that electrons bound near the centre of the potential well require
more energy to escape. Electrons, like other particles, have properties of both a particle and a wave, such that an
‘electron cloud’ is a region inside the potential well where each electron forms a type of three-dimensional standing
wave, which does not move relative to the nucleus. However, this behaviour is described in terms of a mathematical
function, which only defines the probability of finding an electron at a particular location.
Without questioning every aspect of this description, it might be noted that it first describes an electron as a 3D standing
wave, but then assumes that an abstract wave function can defined the probability of finding an electron, presumably as a
point-particle, at a specific location. Today, quantum mechanics has developed into the Quantum Field Theory (QFT), which
is assumed to underpin the foundation of what might be called the standard model of physics. This model is the theoretical
framework in which all known particles and interactions are described, with the exception of gravity. However, QFT also
includes three distinct sub-developments, i.e. Quantum Electro-Dynamics (QED), Quantum Chromo-Dynamics (QCD) and
Electro-Weak Theory (EWT), which while sometimes making references to the idea of waves, typically includes the caveat
of a wave-particle duality.
But what evidence supports the idea of a wave-particle duality?
For the moment this question is simply tabled for further consideration in the next section, which outlines a number of
fundamental issues within the quantum model, i.e. duality, atomic structure and probability. However, within the limited
scope of this section, the discussions only outline some of the issues, not the solution. As indicated, the duality issue
centres on why nature needs two fundamental mechanism, which then has knock-on implications on the atomic model,
where causality is discussed in terms of probability.
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1.2

Model Issues

We might start with the argument that quantum theory has to be a simplified model of the most fundamental workings of
the universe. It is also a model predicated on multiple assumptions, where probability alone might suggest that all
assumptions cannot be correct. Within this general outline, we might also recognise the scope and complexity of the sum
total of all models within multiple branches of science, which are also interconnected by many assumptions. However,
many of these assumptions are considered to be within the purview of a particular branch of science, such that they are
often simply accepted by other branches of scientific research. Of course, it might be recognised that this issue is also one
of human nature, as few like their work to be challenged or undermined. We might characterise this situation using a
quote by Leo Tolstoy:
I know that most men, including those at ease with problems of the greatest complexity, can seldom accept even
the simplest and most obvious truth if it be such as would oblige them to admit the falsity of conclusions which they
have delighted in explaining to colleagues, which they have proudly taught to others, and which they have woven,
thread by thread, into the fabric of their lives.
While physicists and mathematicians clearly have an advantage in their own field of specialisation, they can still be
constrained by pre-conceived assumptions of the past, which have simply become accepted as fact. In the context of the
quantum model, there are potentially multiple assumptions that are now simply accepted as facts, even though they can
lead to physical contradictions, such that any verification process might have to be questioned. In this context, we might
start with the ‘duality issue’ that forwards the idea that quantum reality has a wave-particle duality, which from a physical
perspective appears to contradict our basic understanding of ‘how things should work’. Of course, it is accepted that this is
hardly a rigorous starting point and we might recognise that models may simply use different semantics to help describe
how an assumption leads to an initial conclusion. Even so, the idea that the fundamental workings of the universe actually
require a duality of different causal mechanisms has to be questioned. However, to be clear from the outset, this position
does not reject the idea that an EM wave may have particle-like characteristics, in the form of photons, only that the
inference should not necessarily be interpreted as a need for a duality of causal mechanisms. Likewise, the idea that
particles have wave-like characteristics has to consider what is actually being inferred by the semantics of a particle, such
that we might table a question.
What is the ‘substance’ of a fundamental particle like the electron?
Science already suggests that physical mass [kg] is a manifestation of energy, i.e. [E=mc 2]. However, while Einstein’s energy
equation is possibly the most recognised equation in science, the inference of reversing this equation, i.e. [m=E/c2], is
rarely discussed because it questions the rationale of quantifying energy in units of mass [kg] as shown in [1].
[1]

Energy ( Joules ) = mass *

metres2
second

2

=

kg.m2
2

s

 mass [kg] =

J.s2
m2

While [1] might not appear unreasonable when considering what we believe to be ‘particles’, the idea of quantifying the
energy of radiation in terms of mass is obviously questionable, when it is accepted that this form of energy has no rest
mass. However, the purpose of [1] is not simply to highlight a preference in semantics, if an argument is to be made that
mass [kg] cannot be a fundamental unit. Again, the inference leads to the next question.
If energy, not mass, is fundamental, how does it propagate within the universe?
Generally, it is accepted that energy is a scalar quantity, such that we need to identify a physical causal mechanism by
which energy can move from [A] to [B]. While often clouded in ambiguous semantics, the quantum model often alludes to
some sort of wave mechanism by which potential energy might propagate through space as a function of time. However,
as suggested, the nature of a quantum wave is often described in ambiguous terms, where the amplitude of the wave
function only reflects the probability of finding a particle. As such, we might recognise that this form of circular logic is
being compounded by the idea that a wave-particle duality actually exists, such that it is not simply an issue of semantic
preference. However, from a historical perspective, we might understand that it was natural for the development of the
9
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atomic model to use the semantics of particles, rather than waves, as earlier ideas were rooted in chemistry, rather than
physics, where particles were actually seen to be tangible. At the start of the 20th century, science was only just beginning
to gain some additional understanding of the atomic structure. In 1904, JJ Thompson discovered the electron, which he
described as a ‘corpuscle’, which was positioned within his ‘plum pudding’ model of an atom, where electrons existed
within a spherical cloud of positive charge without any nucleus. Later, in 1911, Rutherford determined by scattering
experiments that an atom mostly consisted of empty space, where a central positive nucleus was surrounded by negative
electrons, but offered no causal explanation for the electron orbits. Then, in 1913, Bohr forwarded a model of a hydrogen
atom, where the electron ‘orbited’ the nucleus analogous to a planetary system, but failed to explain why an electron
subject to angular acceleration did not lose energy and collapse into the nucleus. Finally, within the early development of
quantum mechanics, the idea of atomic orbitals suggested that an electron might be more wave-like, such that
quantisation might be explained in terms of an integer wavelength within the orbital.
Note: Today, the particle model has grown to define an increasing number of particles, i.e. 200+; although most
interactions are now described using only 17 fundamental particles, i.e. 6 types of quarks, 6 types of leptons, 4 types
of force-carrying bosons and a Higgs boson. However, all matter particles also have an anti-matter counterpart, e.g.
the electron counterpart is called a positron, where the fundamental forces are also described as boson particles.
Today, quantum field theory underpins the particle model, but with the assumption that every particle exists as an
excitation within its own quantum field. We might get an idea of the speculative ambiguity that surrounds the quantum
model by citing a 2019 quote by Paul Sutter.
In our best conception of the subatomic world using the Standard Model, what we think of as particles aren’t
actually very important. Instead, there are fields. These fields permeate and soak up all of space and time. There is
one field for each kind of particle. So, there’s a field for electrons, a field for photons, and so on and so on. What you
think of as particles are really local little vibrations in their particular fields. And when particles interact, it’s really
the vibrations in the fields that are doing a very complicated dance.
In fairness, this quote was probably never intended to be seen as a causal explanation, but even so, might we not have to
seriously question the ‘probability’ of this model, not least, in terms of Occum’s Razor.
1.2.1

Duality Issues

The work of Max Planck, Albert Einstein, Louis de Broglie, Arthur Compton, Niels Bohr, and many others, appears to have
established the idea that all particles exhibit a wave nature and vice versa. In 1938, Einstein wrote:
It seems as though we must sometimes use one theory and sometimes another, while at other times we may use
either. We are faced with a new kind of difficulty. We have two contradictory pictures of reality; separately neither
of them fully explains the phenomena of light, but together they do.
Let us start with the idea that ‘light’ can be described in two ways, as an
electromagnetic wave or as a particle-like photon, where it might be
assumed that the former is supported by Maxwell’s electromagnetic theory
and the latter by Quantum Electro-Dynamics. However, we might wish to
consider the basic causal mechanisms that explains the propagation of light
under each model.
•

Within a wave model, we might assume that the wave has a frequency
[f], which in a non-dispersive media propagates with normalised
velocity [c=1], such that the wavelength can be determined by [λ=c/f]. Generally, there are accepted mechanisms that
explain how waves can be reflected, diffracted, refracted and form superposition interference patterns. Typically, the
energy of a wave is proportional to its amplitude. However, today, electromagnetic waves are usually described as a
self-propagating structure of alternating electric and magnetic fields, which are sourced by a charge particle
10
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undergoing acceleration, which might be visualised in terms of an oscillating electron. However, the duality issue also
considers whether an electron has a standing wave structure, such that within an atomic orbital it might explain why
electrons do not radiate EM waves.
•

Within a particle model, a photon has a frequency [f=E/h], but no obvious wavelength structure, such that it is simply
stated to have a velocity [c]. While photons have no known rest mass, they are assumed to have momentum
[p=E/c=hf/c] from which a somewhat contrived notion of wavelength is often characterised in terms of the Compton
wavelength [λ=h/p]. However, given the implied particle-like nature of photons, it is often difficult to explain how the
wave concept of reflection, diffraction, refraction and superposition interference patterns are supported, although
reflection might be considered in terms of collision kinetics. However, photons are also described as the particle
carrier of the electromagnetic force, but carry no electric charge. The momentum description of a photon, as often
used in quantum field theory, is usually defined by a wave function, which collapses when measured.

While the classical electromagnetic model forwards an explanation how EM waves propagate away from an accelerated
charge, e.g. electron, there are a number of interesting caveats when it comes to re-interpreting EM waves in terms of
photons. For example, without detailing why, it might be stated that special relativity does not allow a free electron to
either absorb or emit the energy associated with a photon because energy and momentum cannot be simultaneously
conserved. As indicated, an electron as a particle bound within an atom would be subject to an angular acceleration, but
does not emit EM waves. However, an electron transition between atomic orbitals can either absorb or emit a photon of
energy, but where these transitions are often assumed to take zero time, such that the issue of causality is often ignored.
At this point, it might be argued that the idea of a wave-particle duality is not only conceptually difficult to understand, but
leads us to question why the fundamental laws of nature require two different mechanisms. For example, the velocity of
light [c] in a vacuum can be reduced when passing through a transparent medium, such as water or glass. However, while
there is empirical agreement on this revised speed, the actual causal mechanism by which the velocity is changed differs in
the wave and particle model.
•

Within the EM model, the propagation of the EM wave is assumed to be slowed within a material due to the
disturbance caused by the wave's own electrical field as it propagates pass charged particles within the material on
route. Typically, these particles will be electrons rather than protons due to the large difference in mass-energy and
this effect is often equated to the electric susceptibility of the medium. By a similar argument, the magnetic field of
the EM wave also creates a disturbance proportional to the magnetic susceptibility of the medium. So, as the
electromagnetic fields oscillate within the EM wave, charge particles in the material also resonate at the same
frequency. As such, there is a superposition of different oscillating fields with the same frequency, but not necessarily
with the same phase. As a consequence, a resulting superposition wave may have the same frequency, but a shorter
wavelength, which results in a slower phase velocity [vp=fλ].

•

Within the photon model, a photon always travels at [c], but can be delayed due to collisions i.e. absorption and
emission, within the atoms of the material. In these terms, it is assumed that the idea of a photon slowing down due
to the refractive index of the material must be a statistical average of the time for [n] photons to pass through the
material.

On review, these descriptions appear to have little in common in terms of a causal description. However, a quantum
physicist might argue that the EM model should only be seen as an approximation, analogous to Newtonian physics in
respect to relativity. However, on an empirical basis, any certainty in the quantum model might still be questioned on the
grounds that no photon has ever been detected in transit and has no proven structure. Of course, from the perspective of
epistemological knowledge, as opposed to ontological causality, it might be argued that we can ignore the issue of a
photon in transit and simply interpret the phenomena at the point of transmission and detection. Of course, the
ontological argument is that this approach simply ignores the key issue of the causal mechanism, i.e. how does energy get
from [A] to [B]. While this discussion cannot resolve the duality issue, it might consider some of the experimental evidence
that led to the idea of duality.
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So, what evidence should be considered in respect to a wave-particle duality?
At this point, we might consider a number of historical experiments that may have influenced the wave-particle debate.
For example, the effect of Bragg diffraction was first observed in 1913 in which X-rays were scattered within a crystalline
structure. This form of diffraction was explained in terms of EM waves, where the wavelength is comparable to the atomic
spacings in the crystal structure, which then create an interference pattern. When the scattered waves interfere
constructively, they remain in phase since the difference between the path lengths of the two waves is equal to an integer
multiple of the wavelength. The effect of constructive or destructive interference intensifies because of the cumulative
effect of reflections in successive planes within the crystalline lattice. When considered as an EM wave, the path of the
X-rays is diffracted, as per visible light, through a diffraction grating. At a more detailed level, it was assumed that the
X-rays, as EM waves, would cause an ‘acceleration’ effect in some of the orbital electrons. Of course, if an electron is only a
standing wave of integer wavelength within its atomic orbital, we might then have to question the causal nature of this
‘acceleration’ on the basis that it actually seems to imply some form of collision between waveforms. However, an
alternative perspective was forwarded based on later experiments, in the 1920’s, related to Compton Scattering. Again,
this experiment can be performed with X-rays, initially assumed to be EM waves, where classical electromagnetism
predicted that the wavelength of the X-rays scattered by electrons should remain equal to the incoming wavelength [λI].
However, experimental evidence suggested that the scattered outgoing wavelength [λO] was longer and implied a loss of
energy in the ‘collision’. While we might, again, question the nature of this ‘collision’, it was interpreted as being analogous
to an elastic collision between two particles, where energy and momentum have to be conserved. In this interpretation,
the energy lost by the X-ray was transfer to the electron. Of course, if the electron is a standing wave of integer wavelength
around the nucleus, we might question the causal mechanism by which energy and momentum are transferred from the
X-ray to the electron.
So, is duality weighted towards a wave or a particle?
At this point, we might start to see a certain ambiguity in the duality description, which can then lead to further issues,
when weighted towards either a wave or a particle. In the cases above, the interpretation depended on whether we
described the X-ray as either an EM wave or photon particle. However, in 1927, De Broglie suggested that electrons also
have wave attributes - see deBroglie wavelength and matter wave discussions for more details. However, within the duality
model, quantum theory still considers the idea of an electron as a mathematically abstract point-particle. In many ways,
the idea of electron diffraction essentially parallels the previous descriptions of the Bragg and Compton scattering by
assuming the electron to be a wave, similar to an X-ray. We might then consider the experimental evidence of electron
interference in terms of an updated version of Young’s original double-slit experiment, where light is replaced by electrons.
Note: While the notion of ‘quantum weirdness’ is often attributed to this experiment, it possibly only applies when
we assume the electron is a particle. In this case, a single electron can only pass through one slit, irrespective of
whether both slits are open or not, such that an interference pattern cannot be explained. So, if the experiment
proceeds on the assumption that only one electron particle is being fired at a time, such that it can only pass
through one of the two slits, the appearance of an interference pattern, based on statistical distribution, does
indeed appear ‘weird’. However, if the electron is actually some form of a wave, the interference pattern may still
have a causal explanation linked to a wave interpretation.
In 1926, Stern and Gerlach performed an experiment, which involved sending a beam of neutral silver atoms through a
powerful magnetic field, but where the field strength varied along its axis. Based on classical assumptions, if these
‘particles’ were spinning, the distribution of the angular momentum vector should be random and continuous, such that
each particle should be deflected by a different amount. To their surprise, the particles were only deflected up or down by
a specific amount. To explain the observations, these binary deflections were interpreted in terms of the particles
possessing a form of intrinsic angular momentum, often referred to as quantum spin.
Note: The intrinsic angular momentum of a particle, or quantum spin, is distinct from a classical description of
angular momentum. For particles having quantum spin, the state of the particle is assumed to be determined by its
wave function, the outcome of which defines the probability of its half-integer spin orientation.
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While the complexity of quantum spin is beyond the scope of this initial outline, some general comments might be made.
The idea of classical spin is difficult to explain physically, either in terms of a point-particle or some standing wave
structure. So, in classical electromagnetism, a rotating charged particle is assumed to have a physical radius, such that it
might be modelled as a spinning magnetic dipole, where its magnetic moment might be both measured and calculated.
However, it would appear that this model is also making assumptions about the physical structure of an electron that
cannot be supported. Clearly, if neither the classical or quantum models really understand the physical structure of an
electron, then both descriptions may have to be questioned in more detail in later sections of the review.
Note: While speculative, if we assume that an electron cannot be a physical particle, then we might consider the
alternative suggestion of a wave structure, where the idea of quantum spin might also have to be reinterpreted in
terms of causal wave mechanics. For example, a standing wave structure oscillates between its nodes and
antinodes, as a function of time, such that spin, as a physical rotation has to be rejected as in the quantum model.
However, it might be possible that spin could be reinterpreted as a changing phase rotation within the standing
wave structure – see Gabriel LaFreniere’s webpage ‘The Electron’ for a speculative alternative. Another alternative
is provided by the OST model, where an electron is assumed to have physical angular momentum analogous to a
vortex in a superfluid.
While this discussion is not forwarded as an authoritative rejection of the idea of a wave-particle duality, it has attempted
to highlight some of the issues, which are both conceptual and practical. However, at this stage, we are still outlining the
scope of the quantum model, where in 1927, deBroglie forwarded an idea that reversed the mathematical assumptions
underpinning the definition of the Compton wavelength in order to derive the deBroglie wavelength. In the former, it is
suggested that a photon of light can be described as particle-like, while the latter suggests that a particle can be described
as wave-like.
Note: While these descriptions might be seen to support the idea of a wave-particle duality, it might also be
described as a fundamental misunderstanding. If we assume that the fundamental laws are not schizophrenic, then
only one approach can be close to being right. To be clear, the bias of this review prefers some sort of wave model
based on the assumption that a particle is simply a manifestation of an energy-density and a wave is the most
practical causal mechanism by which energy might propagate through space as a function of time.
Based on the note above, we might start by re-arranging the Compton wavelength equation, as shown in [1], which makes
reference to both Planck’s energy equation [E=hf] and Einstein’s energy equation [E=mc 2].
[1]

C =

hf
h
h
E
m=
= C =
 E = mc2
mc
c C
c2
c2

However, while [1] might appear to support a transform between the Planck and Einstein formulations of energy [E], some
further considerations of the energy–momentum relationship, linked to relativity, is also necessary.
[2]

E = mc 2 =  m0 c 2 =

m0 c 2

v2 
1 −


c 2 


 E 2 = m02c 4 + p2c 2

In [2], we see the clarification that mass [m] actually has two energy components related to rest mass [m0] and momentum
[p]. In order to be compliant with relativity, a photon cannot have any rest mass and while the quantum model provides no
clear description of the structure of a photon as a wave, [2] suggests it cannot be a ‘particle’ in any normal sense, if it has
no rest mass. While the derivation of deBroglie wavelength [λD] follows a similar logic to [1], it clearly starts from the
perspective of a particle that can transition to a wave-like description as outlined in [3].
[3]
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In the first section of [3], we see the wavelength quantified in terms of [h/p], which reduces to the Planck equation [E=hf],
where no rest mass can be implied. However, a different consideration is required by the deBroglie wavelength, where
energy is assumed to correspond to the kinetic energy of its rest mass [m0], ignoring any relativistic effect when [v<<c].
While there is some empirical evidence that the deBroglie wavelength exists, there is little to no agreement of the actual
wave structure of a particle like the electron.
Note: As previously outlined, the quantum model suggests that an electron may exist in the form of a standing
wave, when associated with an atomic orbital, as it may provide a causal explanation of quantisation.
While deBroglie’s suggestion of a particle wavelength did lead to a number of matter wave theories, starting with
deBroglie’s own Pilot wave model in 1927, it was later superseded in the 1950’s by the deBroglie-Bohm theory, although
neither was accepted within mainstream quantum theory. For, in the intervening years, quantum theory had adopted the
assumption that the wave function, as originally defined by the Schrödinger wave equation, only reflected the probability
density of finding a particle at a point in space-time without any obvious reference to causality.
Note: While this discussion will not repeat all the details of the time-dependent evolution of a matter wave or the
idea of the wave function collapse, which can be reviewed via the links, the assumption that the probability density
function must be dispersive, such that the probability of locating the particle extends over all space, has always
been questioned as a causal reality. For those interested, the development of Dirac’s equation along with a basic
interpretation of its mathematical abstractions can be reviewed via the links provided.
However, as has been touched upon in the earlier framework discussions, while there are multiple interpretations of the
quantum model, many are still rooted in the philosophical assumptions of pre-war quantum mechanics, especially the
Copenhagen Interpretation. This interpretation seems to be based on Bohr's complementarity principle, which he described
in the following terms, albeit slightly paraphrased:
"Complementarity implies the impossibility of any sharp separation between the behaviour of atomic objects and
the interaction with the measuring instruments which serve to define the conditions under which the phenomena
appear. As a result, evidence obtained under different experimental conditions cannot be comprehended within a
single picture, but must be regarded as complementary in the sense that only the totality of the phenomena
exhausts the possible information about the objects."
In the context of pre-war quantum mechanics, the ambiguity of both the Copenhagen interpretation and the
complementarity principle might be understood, as there was simply no other explanation at that time. Whether that is
the case today is clearly being questioned, as earlier models appear not to offer up any hope of a causal explanation and
might therefore be closer to an unverifiable dogma than science. This said, this position cannot dismiss all characterisation
of quantum weirdness based on its own limited assumptions.
1.2.2

Atomic Issues

So far, the review framework has attempted to provide a broad outline of the transition from classical physics to quantum
theory, based on what has been described as philosophical assumptions. At the end of the Review Framework, the issue of
wave-particle duality was raised and then expanded in the discussion entitled Duality Issues, which suggested that most of
the issues linked to the idea of a particle might be better resolved by a wave model of some description. Today, based on
the reviews in website-3, it is unclear that a definitive wave model exists, although aspects of quantum theory also allude
to wave-like structures, albeit with some important caveats. Therefore, this discussion will attempt to outline the
development of the atomic model transitioning from the initial Bohr model toward the modern quantum model.
Note: At this point, references will be made to earlier historic discussions of the Atomic Model, Bohr Model and
Energy Levels, which were anchored in classical physics, although the idea of quantisation was introduced based on
integer wavelength orbitals.
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As a generalisation, one of the main differences between the Bohr model and the later quantum model is that the former
initially assumed electrons to be particles with mass and size to which the idea of angular momentum could be assigned.
However, in the quantum model, an electron has the ambiguity of the wave-particle duality, but still often linked to a
mathematical description of a point-particle. As outlined, the initial Bohr model assumed that an electron might physically
orbit the atomic nucleus, such that energy might be calculated for
each orbital radius. This idea was then supported, in the limited case
of a hydrogen atom, by observation of the line spectra, as shown
right, resulting from the transitions between different electron orbits.
Note: However, over time, it was shown that the Bohr model
had limitations in that it could not explain the Zeeman effect
or the Stark effect and failed to explain the atomic spectra of
larger atoms.
As such, we might understand that there was a need for a better
model, which might help explain the observations of larger and more
complex atoms. However, this model was not without its own set of
issues in terms of complexity and mathematical abstractions. As
already outlined, quantum theory assumes an electron has a particle-wave duality, such that it is impossible to locate the
exact position of the electron due to the uncertainty principle. Of course, if the electron ‘particle’ is actually a waveform,
then we might question the very idea of an ‘exact position’ given that energy would be distributed across a spatial
wavelength. However, the quantum model proceeds on the basis of probability to locate an electron within the revised
concept of an atomic orbital. Again, we might question why the quantum model persists with the idea that an electron has
an exact position within a probability orbital, although possibly required by the description of a point-particle also
maintained by the quantum model. Putting aside these reservations, the orbitals are described in terms of different 3D
structural shapes for each energy level, where the electron is ‘quantified’ in terms of four quantum numbers.
•
•
•
•

Principle quantum number [n]
Azimuthal quantum number [l]
Magnetic quantum number [mi]
Spin quantum number [m]

The principle quantum number is an abstraction of the electron distance from the nucleus and its energy level. The angular
azimuthal quantum number relates to the quantum angular operator and the shape of the orbital, where the angular
operator encompasses the quantum abstraction of orbital angular momentum, spin angular momentum and total angular
momentum, which do not directly map to the description of the wave-particle duality or the mathematical model as a
point-particle. The magnetic quantum number describes the orientation of sub-orbital shells, while the spin quantum
number was initially linked to a physical spinning, as proposed by Uhlenbeck and Goudsmit, which the quantum model
then rejected. Again, the development of the quantum model possibly needs to be put into some historic perspective.
Note: In 1924, Louis de Broglie proposed that all particles had a wavelength [λD=h/mv], which closely mapped the
formulation of the Compton wavelength [λC=h/mc], but where velocity [c] is replaced by [v]. While these early
formulations led to the wider description of matter waves, a physical description of an electron wave was never
agreed. There is also an issue that matter waves were assumed to exist in a ‘dispersive’ media – see Wave
Dispersion, Schrodinger’s Wave Mechanics and Quantum Wave Interpretation for details.
However, while the idea of matter waves and wave-particle duality have been central to the development of the quantum
model, the physical wave structure of a particle like the electron is rarely discussed. Rather, an epistemological approach
was adopted, such that physical structures and causal mechanisms are replaced by mathematical abstractions, i.e. symbols
and metaphors. This leads to a philosophical questioning of the scientific method, e.g.
What does it mean to say an electron behaves like a particle and a wave?
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As outlined, the original Bohr model assumed that electrons were particles, not waves, such that they could have a precise
position within an atomic orbit. However, the growing acceptance of deBroglie's idea that particles had wave-like
properties along with Schrödinger’s wave mechanics would become the basis of a revised quantum model. In this context,
it was recognised that the discrete energy levels associated with orbitals within an atom might be explained in terms of
some standing wave structure.
Note: In terms of an electron, some integer wavelength of an assumed standing wave structure defined the spatial
circumference of the atomic orbital. As such, an electron could not be a point-particle, but rather a waveform that
could also maintain its position in space while oscillating with some frequency [f] in time[t].
We might simply characterise this standing wave model using the diagrams below, where left we see the constructive
interference implied by an integer wavelength around the orbital, while right we see the destructive effects. How this idea
maps to the 3D diagrams of the orbital shapes below might be questioned.

While the quantum model might cite the uncertainty principle, as the reason why it is impossible to know the position of an
electron, it would also seem that this ambiguity might be inherent in the standing wave model, where the electron energy
is distributed over its entire wavelength, while also oscillating as a function of time. However, the value of the wave
function [ψ] at a given point in space-time [x,y,z,t] is assumed to only be a probability amplitude, where the wave function
is often presented in the form of a complex functions containing [j=√-1], such that this amplitude is assumed to have no
physical reality. However, while the square of the amplitude [ψ2] would remove the complex component, which a
mechanical wave assumes to be proportional to energy [E], quantum theory only considers this value in terms of a
probability density. Within this definition, the probability density quantifies the probability of finding a particle, like the
electron within a given volume, such as an atomic orbital. In the diagram below left, we see the probability distributions for
the [1s,2s,3s] orbitals, but where the shape of the orbital in 3D space is expanded to include the [s,p,d,f] electron shells in
the diagram right.

Note: We might now see another ambiguity associated with the idea of a wave-particle duality, if the wave function
amplitude only reflects the probability of finding an electron in a given location. However, this location of the
particle is then subject to a further abstraction as a point-particle. In contrast, the standing wave model would
interpret the amplitude [A2] to be proportional to the energy [E] at any given point, while the totality of the electron
is defined by energy within the entire spatial wavelength, oscillating with frequency [f]. In this context, the electron
does not exist at a point within the orbital, but rather it is the orbital. While to be detailed later – see Particle Issues,
the shape of higher energy orbitals must also reflect the superposition of multiple electron waveforms.
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The final issue that we might highlight within this outline of the quantum model of an atom is the description of electron
spin. Originally, in 1922, Stern and Gerlach hypothesised that electrons behaved like tiny bar magnets, each with a north
and south pole. To test this theory, they fired a beam of silver atoms between the poles of a permanent magnet with a
stronger north pole than south pole. According to classical physics, the orientation of a dipole in an external magnetic field
should determine the direction in which the beam gets deflected. Since a bar magnet can have a range of orientations
relative to the external magnetic field, they expected to see atoms being deflected by different amounts, which would
result in a distribution spread, while the actual results showed a binary alignment to either the north or south poles. The
quantum interpretation of this result suggested that quantum particles, e.g. electrons, could only exhibit one of two
possible orientations, which could not be explained using classical physics. As such, it seemed that the spin associated with
a quantum particle is also quantised into either a spin-up or spin-down state. As a consequence of the electron spin, it was
later assumed that a maximum of only two electrons could occupy any given orbital, where each must have opposite spin
as described in terms of the Pauli exclusion principle.
Note: While we will not pursue the details of the quantum model at this stage, we might highlight the issue of the
wave-particle duality within the wider atomic model. While a particle of physical size might support the idea of spin
and angular momentum, these concepts are meaningless when the electron is reduced to a point-particle. However,
these concepts also appear problematic if the electron is modelled as a standing wave, although the OST model of a
rotar might be another possible solution.
Again, it will be restated that the particle model has now grown to define an increasing number of particles, i.e. 200+;
although most interactions can be described using only 17 fundamental particles, i.e. 6 types of quarks, 6 types of leptons,
plus 4 types of force-carrying bosons and a Higgs boson. In addition, all matter particles also have an anti-matter
counterpart, e.g. the electron counterpart is called a positron, where the fundamental forces are also described as boson
particles – see Physics beyond the Standard Model for wider issues.
1.2.3

Probability Issues

It seems appropriate to complete this initial outline of some of the issues affecting the quantum model with a brief
discussion of probability, both as an experimental outcome and as a mathematical abstraction. In this context, much of the
quantum model is orientated towards predicting the probability of an outcome of a measurement. However, while
experimental results suggest this model must be telling us something about what happens in the quantum realm, it does
not always explain how. Of course, we might recognise that statistical probability is also used in classical models, see
statistical mechanics, where in some dynamics systems, the numbers of interactions is simply too large and too complex to
describe individually. However, there appears to be an important divergence within the various interpretations associated
with the quantum model, when little is said to physically explain the quantum phenomena that result in these probabilistic
outcomes. As a result, it is often simply assumed that the nature of the quantum universe is fundamentally random,
although we will put aside this probability perspective and table a question for further consideration.
Is the quantum model complete?
Even if the reader rejects all the concerns in this review, there are still the recognised discrepancies between the quantum
and relativity models, which has prevented the creation of a unified theory. One might assume that such discrepancies
would, at least, raise doubts about the completeness of either model and possibly both. Likewise, the semantic confusion
of a wave-particle duality is also seen as problematic, especially in the absence of any coherent causality mechanism, which
might explain the true nature of particles within the quantum model. There is evidence assumed to have disproved the
idea of ‘hidden variables’, based on Bell’s theorem, it then leads to unresolved issues to be later discussed under the
heading of ‘entanglement’. However, it might be recognised that the quantum model proceeds on its own set of
assumptions, which in many cases cannot be empirically verified, where many remain obscured in mathematical
complexity, such that the issues are rarely discussed. However, let us attempt to anchor the issue of probability to the next
question.
Is reality random or deterministic?
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Clearly, the debate has to move beyond the idea of a determinism once characterised in terms of the clockwork universe.
However, it has long been known that essentially deterministic systems can produce what appear to be random outcomes.
We might attempt to illustrate the basic idea with a one-stage pendulum, shown left in the following diagram, where the
trajectory of the mass is completely deterministic. However, by simply extending the concept to a two-stage pendulum,
shown right-below, the resulting trajectory appears to be completely random.

Note: While this discussion will not pursue the details underpinning a two-stage pendulum, it appears that by simply
increasing the degree of freedom, it can completely change the probability of an outcome. However, the essence of
this change is completely dependent on the initial state of the two-stage pendulum, no matter how small.
Therefore, we might possibly draw some parallels with quantum systems, where any form of measurement may
disturb the ‘coherence’ of the initial state and therefore affect the final state.
In the context of this simplification, we might consider the perception of random quantum outcomes as possibly being
analogous to the two-stage pendulum in that we cannot control the initial state of any quantum system. If this is the case,
it might require us to question the epistemological position that quantum reality can only be described in terms of a
probability outcome. Without necessarily pushing the pendulum analogy too far, without ontological understanding of the
causal mechanisms underpinning the one and two-stage pendulums, it is uncertain whether measurements would
necessarily infer understanding. Of course, this position does not reject the importance of measurement within a
verification process, only that in isolation of causal understanding, theories may proceed in the wrong direction. While this
outline will not consider the actual complexity of Bra-kets notation, it might attempt a brief outline. First, by way of
introduction, Dirac created a formalism, which is now referred to as the Dirac or bra-ket notation, where what is initially
known is put into a ket |x>.
Note: For example, |p> might express that a particle has momentum [p], where a more explicit form |p=2>
identifies the momentum, while the position of a particle might take the form |x=1.23>. As such, the form |ψ> is
simply an abstraction as to what is known about a system, also referred to as the initial state vector.
In contrast, the <bra| notation represents the ‘final state’, e.g. <x=0.25| could define the probability amplitude that a
particle, initially in state [Ψ>, will be found at position <x=0.25|. The absolute square of the probability amplitude
<x=0.25|Ψ>2 is then interpreted as the probability density that a particle initially in state |Ψ> will be found at <x=0.25|.
Therefore, the bra-ket pair might be seen to represent the result of an experiment characterised in terms of a two-step
process:
•

one that establishes the initial state |ket>

•

one that establishes the final state <bra|.

For example, the form of <Φ|Ψ> might be described as representing the ‘probability amplitude’ of state [Ψ] transiting to
state [Ф]. Despite the inference of the quantum notation, we might first consider a classical variable [s], which is known to
only have two outcomes, i.e. [s1=1] and [s2=−1]. However, despite this binary nature, it is possible to average multiple
results, such that the probability outcome is a function of time [t], e.g. p n(t). In this context, the average value would not
necessarily be binary, although the sum of the probabilities must conform to [1].
[1]

p1 (t ) + p2 (t ) = 1
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If so, we might define the average value of [s] as follows:
[2]

s = s1 p1 (t ) + s2 p2 (t )

So, although [s] can only assume one of two values, i.e. [s1=1] and [s2=−1], the average value can change as a probability
function of time [t], such that the average value of [s] may appear random. Based on the constraints placed on the binary
values of [s], the probability [p] must be real and non-negative. By analogy, we might represent the initial state |ψ> by a ket
and the final state <Ф| by the bra. As such <Φ|Ψ> represents the influence of the initial state [Ψ] on the final state [Ф],
which is reflected in the ‘probability amplitude’ that a system in state [ψ] will be subsequently found in state [Ф], where
this probability amplitude must be real and positive. However, in the wider context of quantum theory, the initial and final
states maybe complex functions, e.g. of the form [a±ib], although <Φ|Ψ> must still be real. We will only characterise this
process in [3] rather than attempting to explain it in any more detail.
[3]

if  = a + ib then  = a − ib

  = a2 + b2 and results in real number

In practice, |ψ> and <Ф| can also represent more complex vector quantities in 3D space [xyz] plus time [t]. As such, the
state of the system, at some time [t], is often defined in terms of 6 numbers, which correspond to the position coordinates
[q1, q2, q3] and momentum coordinates [p1, p2, p3] associated with the Hamiltonian [H] shown in [4].

[4]

H =

(p

2
1

+ p22 + p22
2m

) + U (q

1

+ q2 + q3 )

Again, while this discussion will not pursue the details, reference might be made to Heisenberg’s Matrix Mechanics and the
Dirac equation to gain some further insight as to how vector quantities and matrices developed within the quantum model.
So, for the purpose of this discussion, [5] is simply illustrative of the vector and matrix forms associated with the bra-ket
notation.

[5]

 =

1
2

;

 = 1 2 where  | = 11 + 2 2 = p1 + p2

At the start of this outline discussion reference was made to a classical variable [s], which has only two discrete values, but
where probability might produce an aggregated average. As such, discrete values are not necessarily unique to quantum
physics and we might start to see how the use of the bra-ket notation along with complex numbers, vectors and matrices
has possibly led to increasing mathematical abstraction within the quantum model, which now appears to take precedence
over causal physics. Finally, while also beyond the scope of this discussion, reference might also be made to what was once
considered classical logic, which some have argued needs to be replaced by quantum logic, although it is unclear whether
this helps resolve physical facts from possible mathematical fiction. Based on the outlines in this introductory section,
subsequent discussions will now focus on more causal issues.
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1.3

Causality Issues

The previous section of this review has attempted to provide an initial outline of some of the broad issues associated with
the quantum model. This section will now try to consider some further causal issues associated with this model, which
have arisen over the last 100 years. Again, while recognizing that the entirety of the
quantum model is beyond the scope of this review, it will attempt to highlight some
possible issues of concern. We might start with a basic characterisation of some of these
issues:
•

The quantum model is predicated on many mathematical abstractions.

•

The model often lacks a coherent explanation of its causal mechanisms.

•

Many explanations appear to rest on epistemological assumptions.

•

Many assumptions extend beyond the ability of science to empirically verify.

The issue of the wave-particle duality was cited as a primary example of an assumption, which leads to causal
contradictions. This situation can then be compounded when descriptions simply switch between the semantics of
particles and waves, such that causality is lost in mathematical abstraction and multiple assumptions, which cannot be
verify. Many times, it seems the unexplained is simply avoided by citing ‘quantum weirdness’, such that this assumption is
now sufficient for science to stop looking for better models and answers. As already outlined, it might be argued that the
historic development of the quantum model was first anchored to the Bohr model of the atom, forwarded in 1913.
However, this model was quickly questioned as it did not account for a growing number of observations, such as the fine
structure spectra of hydrogen. Equally, Bohr's model had initially suggested that that there could only be one electron per
orbital, while in 1925 Pauli proposed a limit of two. However, Pauli’s resolution of this problem required the idea of
quantum spin to be associated with an electron particle, as it moved within its orbital, although the nature of both ‘spin’
and ‘orbit’ are both questionable as physical concepts. Later, in 1926, Dirac’s equation suggested a ‘remedy’ to the
non-relativistic nature of the Schrödinger equation in the form of the missing spin quantum number.
Note: Based on Pauli’s Exclusion Principle, two electrons can only occupy a single orbital if they have different spin.
As such, the spin quantum number was assumed to provide two possible values [] to differentiate the electrons in
the same orbital.
However, Dirac’s equation was not without its own set of issues, not only in terms of the requirement for negative energy
states and the idea of virtual particles in quantum electrodynamics, which did not explain the anomaly of the Lamb shift or
the magnetic moment of the electron. Dirac also tried to solve the issue as to why a bound electron does not emit radiation
according to Maxwell’s equations by imposing the constraint of relativistic invariance.
Note: Within the Bohr model, an electron had an orbital velocity, such that it also has angular acceleration. If so, it
was initially assumed that the electron should emit EM radiation, i.e. lose energy, and collapse into the nucleus.
While this was obviously not the case, explaining why a bound electron did not emit EM radiation, as predicted by
Maxwell’s equations, proved to be problematic within the particle concept. Of course, if the electron is described in
terms of some form of standing wave structure with a wavelength defined by its orbital position, we then might
question whether a bound electron has any velocity, such that Maxwell’s equations might only be applied to free
electrons. However, we might also question how two electrons with opposite ‘spin’ within a single orbital are
explained by a wave model.
So, to recap with the benefit of hindsight, the Schrödinger equation originally only provided a limited solution for the Bohr
hydrogen atom and only referenced three quantum numbers, not four. Later, it was recognised that this solution did not
account for a relativistic frame of reference. It also failed to predict the Lamb shift or the fine spectral structures or explain
why bound electrons do not radiate energy. As such, there was an ever-growing conflict between predictions and
observations, especially associated with larger atoms. Equally, the time-dependent solution of Schrodinger’s equation
leads to the idea of a dispersive function in which different frequency components ‘propagate’ at different velocities, at
least within the confines of its mathematical abstraction, such that the wave function disperses spatially and only unifies as
a ‘particle’ based on the assumption of a ‘wave function collapse’. Within this wave-particle duality description, an electron
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can be effectively everywhere at some instance in time, while having no volume, but then able to collapse back into a point
particle in zero time. As such, we might see the progression from Bohr’s original model towards increasing abstraction,
which is decoupled from any obvious causality, i.e. we have a mathematical model not a physical description.
Note: It might also be highlighted that beyond a one-electron atom, the equations of the quantum model can still
only be solved using approximation methods. For, in more complex configurations, the Schrödinger equation takes a
differential form for which there is no analytical solution. Therefore, mathematical methods are used to
approximate solutions of the eigenvalues using the variational method and perturbation theory.
However, some argue that these methods cannot be physically tested and often appear inconsistent with physical laws,
such that we might justify the description of these methods as only approximations. So, in many cases, the success of the
quantum model appears to required non-physical assumptions, e.g. probability wave functions or the renormalization of
infinities, which even after decades of development have not been explained in terms of causality and only served to
expand the assumptions underpinning a mathematical model, which often has little to say about physical reality.
Note: The behaviour of free electrons in superfluid helium might also question the quantum interpretation of the
wavefunction as it suggests that the wave function does have a physical position, not a dispersed distribution, such
that we might also question the need for the wave function collapse.
In the context of this outline, we might possibly understand why so many continue to question some aspects of the
quantum model, because its foundations often appear to conflict with physical laws and suggest only probability
outcomes. From the epistemological perspective of the Copenhagen interpretation, any speculation about the physical
reality of an electron or photon, when not being observed must remain speculation. So, within the concept of the quantum
model, it may only seek to correlate probability outcomes with experimental observation without necessarily providing any
causal mechanisms. Of course, free from the need to explain how or why a quantum probability outcome occurs also gives
it the freedom to simply justify its mathematical assumptions on the same basis that Ptolemy’s solar model made
positional predictions of the planets on an entirely false assumption of physical reality. For, if a model is decoupled from
physical causality, it is also able to speculate on all manner of things, which might be described as ‘unobservable’, such as
virtual particles, multiple dimensions, the nature of charge and spin, along with many other esoteric speculations, such as
worm holes, spooky action at a distance, infinities, faster than light signalling and even parallel universes.
Note: Today, after 100 years of research and development, quantum theory still persists with the semantics of a
wave-particle duality. In addition, there remain unresolved measurement issues associated with decoherence, wave
function collapse, nonlocality, uncertainty and even the reality of what exists between the initial and final quantum
state. In this context, the following discussions simply question whether all of the issues raised against the quantum
model can be answered based on the claim of epistemological knowledge without providing the necessary
explanation of ontological causality. It might also be suggested that such issues cannot be resolved by a show of
hands to signify a preference of some scientific consensus.
1.3.1

Interactions Issues

From a basic causal perspective, all action requires an understanding of energy and forces. In terms of classical physics, this
discussion would have been entitled: ‘Force Issues’, but within the context of the quantum model, they are described as
interactions. However, both the classical and quantum models both consider four fundamental forces, or interactions,
based on gravity and electromagnetism plus nuclear interactions classified as weak and strong, as characterised below,
although the concept of gravity is not fully integrated into the quantum model.
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More as a matter of semantic preference, this discussion will generally use the idea of a force because the concept can be
quantified in terms of MKS units, as expressed in [1]. However, before discussing these equations, we might ask whether
energy is more ‘fundamental’ than a force and suggest that a difference in field potential between two points in space has
to be a prerequisite requirement for a force to exist. If so, there must be a link between a force and energy from which a
force [F], as defined in [1], might be quantified in terms of either an electrostatic [Fe] or gravitational [Fg] force as a
function of distance [r].
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We might consider [1] as the force around a single ‘particle’ associated with its charge or mass. In this context, there is an
inference that this potential field must independently exist around [q1] or [m1], although it needs to be highlighted that this
force can only be measured by a unit charge [q2] or mass [m2]. For completeness, we might show how the expression in [1]
is translated into the potential energy [U] within either the electric or gravitational fields, as shown in [2].
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Again, if we return to the idea that a force requires a potential energy difference [dU] between two point in space, or a
field, we then need to question the fundamental nature of the potential energy between [q1] and [q2] or [m1] and [m2]. If it
is argued that the concept of mass [kg] cannot be a fundamental unit, but rather a manifestation of an energy-density, we
also have to question the nature of charge [Coulombs] as a fundamental unit of the quantum model.
But what about the other two nuclear forces, weak and strong?
While this discussion will not pursue the details of the weak and strong nuclear forces, it would seem that some of the
fundamental causal issues being considered in terms of gravity and electric forces must also be applied to all forces,
irrespective of whether we rename them as interactions. However, by way of brief outline, the weak force is linked to the
process of radioactive decay, while the strong force is assumed to bind protons and neutrons within the nucleus. These
forces were not known until the 20th century and, as such, the classical perspective was essentially limited to the concepts
of gravity and electromagnetism. While, from a comparative perspective, the force of gravity is very weak, when compared
to the other forces, it was generally assumed to be the only one that could scale beyond the microscopic universe and, as
such, this relatively weak force becomes the only significant force at work within the macroscopic cosmos.
Note: Generally, it is assumed that most of the matter in the universe is electrical neutral, because atoms generally
have an equal number of positive protons and negative electron. However, in recent years, an alternative
perspective that we might label as the Plasma Model has suggested that electric fields play a major role in the
cosmological model.
So, having now simply introduce the scope of the four fundamental forces, or interactions, we shall return to the issues
surrounding equation [1]. Let us initially accept the assumption that the concept of a mass particle does not exist at the
quantum scale, such that it has to be replaced by some form of energy-density structure. While we do not really know the
details of this structure, both the quantum model and most wave models consider the existence of some form of wave
structure, which empirical experiments support in terms of both frequency [f] and wavelength [λ] measurements.
Note: Based on the outline above, it is assumed that a particle does not have physical mass [kg], only its equivalence
in terms of an energy-density. Based on a reversal of Einstein’s energy equation [m=E/c 2], we have way of possibly
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correlating mass to energy, which can also be extended within some form of wave model to explain the measure of
both frequency and wavelength plus why quantisation of energy is observed in certain experiments.
However, what is not obvious in many of these models is how the concept of charge would come into existence and be an
attribute of an isolated wave-particle structure, which in fundamental terms only appears to explain potential energy
oscillating as a function of time. This said, we might have already suggested one possibility, i.e.
All forces are a result of a potential energy difference between two points in space, or a field.
Of course, within the scope of this review, we are seeking to discover whether there are any causal mechanisms, which
might both support and explain the idea above. Therefore, this discussion will initially outline some basic ideas forwarded
by the MMW model, the OST model and the EWT model. While it is highlighted that each wave model reviewed in
website-3 might be said to forward various causal explanations, they all differ considerably in their details. We will start
with the Matter is Made of Waves (MMW) model and make reference to a webpage called Active and Reactive Mass, which
provides a speculative causal explanation of mass, as a wave structure, and why it is subject to relativistic effects. The
diagram below reflects a particle wave-centre in motion, where this waveform is subject to a Doppler effect in the forward
and backward directions, when in motion. This motion can also be subject to relativistic effects when the velocity [v] of the
wave-centre approaches the speed of light [c]. While the link allows the reader to review the material themselves, a few
paraphrased extracts will be used to outline some ideas.
Action and reaction forces can be unequal when subject to a
Doppler effect. The Doppler effect on wavelength is defined by
(1+β) and (1-β) in the backward and forward directions
respectively. The combination of the active [a] and reactive [r]
mass-energy equals the relativistic mass-energy [γm=a+r] and
supports the idea that matter is made of waves.
In the model above, we might consider the mass of a wave-particle to exist in two hemispheres in 3D space, where the
forward active mass-energy [a] is greater than the backward reactive mass-energy [r], when the velocity [v] is greater than
zero. We might simply attempt to visualise the ‘interactive forces’ that might be created by various combinations of
wave-particles with different phase relationships – see Phase Shift for more details. In the first animation below, we see
the net energy-density between the two wave-centres is lower than the surrounding energy-density, such that this
configuration might be seen as illustrative of an attractive force.

In the next animation, we see the opposite effect, where the energy-density between the two wave-centres is higher than
the surrounding energy-density, such that this configuration might be seen as illustrative of a repulsive attractive force.

While these animations are only being presented as a speculative causal mechanism, it is interesting that such waveforms
constructed from only oscillating potential energy might help explain both attractive and repulsive forces.
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Note: Of course, it needs to be highlighted that while this model might form the basis of any fundamental force, or
interaction, the MMW model never really expanded all the necessary details - see Electrostatic Fields, Gravity,
Quarks and Protons for some further speculative ideas.
Next, we might attempt to briefly outline some of the ideas of the Energy Wave Theory (EWT) Model, which while sharing
some similar concepts with the MMW and WSM models, it provides a somewhat different explanation as cited below.
Energy travels in waves but can change in form when subject to constructive or destructive interference. The
primary wave types that experience this traveling wave interference are longitudinal and transverse waves that
cause the electric and magnetic fields. The force of gravity is a result of lower longitudinal wave amplitude between
particles as a result of a conservation of energy from spin. The strong force is a result of particles spinning at
standing wave nodes, but in all cases, the motion of a particle is always toward a position of minimal displacement.
i.e. wave amplitude, which is the cause of all forces.
This model has only been subject to a limited review, as per the link above, but the interested reader may use the following
link: What is a Force? to review the details on the EWT website. However, the limited review has initially questioned many
of the explanations forwarded by the EWT model, where the following description of charge is not really understood – see
link What is Charge? for details.
Charge is traveling longitudinal wave energy. Mass and charge are related and can be simplified to a single energy
equation. However, to relate mass and charge, the units of coulombs are explained as a wave amplitude measured
in metres. If one assumes a substance in the vacuum of space has a physical property of kilograms, and moves as
waves, then mass and charge can be described as their motion. In the EWT model, this substance is referred to as
the aether and its components as granules, where mass is standing longitudinal wave energy and charge is
traveling longitudinal wave energy over distance, i.e. a force.
While these wave models are not really the focus of this section of discussion, some reference will still be made to the Only
Spacetime (OST) model, which has also only been subjected to limited review. However, the author of this model has
produced a publication called The Universe is only Spacetime, where the following paraphrased extract is taken from page
4-21, such that it might provide an initial indication of the ideas being pursued.
It is claimed that there is only one fundamental force, which is repulsive. The obvious question is then: how can
attractive forces such as gravity, the strong force or the electromagnetic force be the result of a single force that is
only repulsive? By way of an initial explanation, the vacuum fluctuations have energy density equal to the Planck
energy density. From the equivalence of energy density and pressure, it follows that vacuum fluctuations are
capable of exerting a maximum pressure equal to Planck pressure of 10113 N/m2. For example, a proton has a known
radius of about 10‐15 m, where its volume combined with the proton’s energy implies that a proton has an energy
density of about 1034 J/m3. This energy density implies that the waves forming a proton generate an internal
pressure of about 1034 N/m2. Stated another way, an isolated proton is stabilized by the spacetime field exerting a
repulsive force on all sides of the proton. If the proton comes near an electron, the proton experiences what we
consider to be a force of electrostatic attraction. It will be shown that this is actually an unbalanced repulsive force.
The vacuum pressure required to stabilize a proton is unbalanced by the distortion of the spacetime field caused by
the electron’s electric field. This results in what appears to be a force of attraction. In this model there are no
exchange particles that somehow achieve attraction. All action at a distance is ultimately traceable to a localized
imbalance in the vacuum pressure. There are also no attractive forces. There is only an unbalanced repulsive force.
i.e. an unbalanced pressure, exerted on fundamental particles by the dipole waves that are the vacuum fluctuations
of the spacetime field.
While it is clear that possibly none of the wave models reviewed may be correct, they do, at least, try to forward a causal
mechanism that might help explain how energy underpins all the fundamental forces. Whether this can be said for the
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overarching quantum field model might be questioned, if semantic descriptions appear vague and are overly dependent on
mathematical abstraction. While this may appear to be biased opening assessment, we might use the following answer
posted on a Q&A forum as an example.
Q: What is a quantum field and how does it interact with matter?
A: Quantum fields are a theoretical generalization of classical fields. The two classical fields are electromagnetic
and gravitational fields. One way to think about the process of quantization is that we first reformulate the classical
field equations using mathematical operators that replace some numerical, but then, we ‘solve’ the resulting
operator-valued equations, including solutions that do not appear in the classical theory, and make the assertion
that these solutions accurately describe Nature, including all the observed quantum behaviour that contradicts the
classical theory. It is recognised that these solutions may appear ‘nonsensical’ to common intuition, but are
considered to be a valid mathematical model of reality.
This statement is predicated on an assertion that the quantum model ‘accurately describes Nature’. While this review will
question the accuracy of this assumption in terms of the issues to be discussed, it is not attempting to refute all the insights
provided by this model, only the certainty of its scope. Within the broad remit of the quantum field model, quantum
electrodynamics is considered to be one of the most fundamental elements of the particle interaction model, based on
electrons and photons. As a generalization, QED is said to describe the dynamics of electrically charged particles interacting
by means of an exchange of photons. Mathematically, QED is described in terms of the complexity of a perturbation theory
within an electromagnetic quantum vacuum, however, given that this theory is an approximation method, we might
question the implied certainty in the next quote.
In particle physics, quantum electrodynamics (QED) is the relativistic quantum field theory of electrodynamics. In
essence, it describes how light and matter interact and is the first theory where full agreement between quantum
mechanics and special relativity is achieved. QED mathematically describes all phenomena involving electrically
charged particles interacting by means of exchange of photons and represents the quantum counterpart of classical
electromagnetism giving a complete account of matter and light interaction.
Despite the certainty that ‘QED mathematically describes all phenomena involving electrically
charged particles’, the reader is invited to search the internet for a causal description that provides
an alternative to any of the wave models outlined. Usually, mainstream models will simply describe
electric charge as a conserved property of a subatomic particle, e.g. electrons and protons, as
though this is sufficient causal rationale of electromagnetic interaction. On this basis, descriptions
proceed to explain that an electric charge may be positive or negative, or possibly neutral in its
absence, where ‘like’ charges repel and ‘unlike’ charges attract. Of course, there are far more
complex descriptions, as cited in the next quote, but it is unclear whether most readers will be any
the wiser about causality.
A charge is any generator of a continuous symmetry of the physical system, where Noether's theorem implies the
existence of a conserved current. The thing that ‘flows’ in the current is the ‘charge’, which is the generator of the
local symmetry group and referred to as the Noether charge. The electric charge is the generator of the U(1)
symmetry of electromagnetism, where the conserved current is the electric current. In the case of local, dynamical
symmetries, associated with every charge is a gauge field and when quantized, the gauge field becomes a gauge
boson, where a charge radiates a gauge field. The gauge field of electromagnetism is the electromagnetic field and
the gauge boson is the photon.
While the interested reader might wish to follow the links in the description above, it is unclear that they will find anything
that might be considered to be a causal mechanism that explains electric charge. Therefore, we might focus on the concept
of ‘electric charge’ because it is an idea that has a relatively long history, which in many ways still rests on the assumption
that charge, i.e. the coulomb, is a fundamental unit of measure and an attribute of a particle. Why this is so, might be
explained in the following paraphrased quote.
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The reason for this lack of progress is that QED has never been interested in causal mechanics, preferring to focus
on probabilities. To explain the force between the electron and proton, the standard model now makes use of
‘messenger photons’ that act as force-carriers, which are then explained in terms of virtual particles. Such concepts
allow the standard model to infer a force with no energy transfer, since the mediating particles are virtual, i.e. they
have no mass equivalence, the energy and forces are also virtual.
So, by the use of virtual particles, the standard model attempts to explain the concept of a force, and therefore physical
motion, with little reference to energy, such that kinematics can proceed without causality. In 1900, physicist Lord Kelvin
declared that ‘there is nothing new to discover in physics, all that remains is to more accurately measure its quantities’ and,
in many ways, it appears that the quantum model may be repeating such hubris. However, the nature of these discussions
is not to propose solutions, simply to highlight that issues still remain that require causal explanation, which extend beyond
mathematical abstraction.
1.3.2

Field Issues

From a historical perspective, we might consider the concept of a field as one
initially rooted in classical physics, which over time developed to include
present-day assumptions about quantum fields. However, we will start with the
basic idea that a field simply defines some ‘quantity’ at a point in space-time
[xyz,t] and, as such, might be considered purely in terms of a mathematical
model. However, we might also consider whether fields offer up a more
plausible model in contrast to point-like particles, which appear to exist with no
obvious attachment to other particles or the space between them. While the
concept of a field is often attributed to Faraday, reference might first be made
to a letter by Newton in which he attempts to explain one of the key ideas in
his work, the Principia, first published 1687, as per the next quote.
It is inconceivable that inanimate matter should, without the mediation of something else, which is not material,
operate upon and affect other matter without mutual contact…that gravity should be innate, inherent, and
essential to matter, so that one body may act upon another at a distance through a vacuum, without the mediation
of anything else, by and through which their action and force may be conveyed from one to another, is to me so
great an absurdity that I believe no man who has in philosophical matters a competent faculty of thinking can ever
fall into it.
However, by the 19th century, the classical model had developed from Newton’s essentially conceptual idea of action at a
distance, which lacked any causal explanation, to encompass Faraday’s idea of a field. In 1849, Faraday coined the word
‘field’ in order to explain the nature of electric and magnetic lines of force, which he then offered up as a causal explanation
of a force without direct contact. However, it was possibly Maxwell who extended Faraday’s idea of a field in an attempt to
explain how energy and momentum might be propagated through the field by reference to a wave media. In this context,
Maxwell introduced the idea of field dynamics by suggesting a finite transmission time for actions to be propagated based
on the speed of light [c]. However, while this model suggested that space itself could be a media of wave propagation, it
was subsequently questioned by the negative results of the Michelson-Morley experiment and later rejected by Einstein’s
theory of relativity. Within the backdrop of 19th century physics, the general consensus at the start of the 20th century was
that matter could still be described within a particle model, based on the assumption that the atom was both indivisible
and indestructible. While Einstein’s energy equation [E=mc2] in 1904 alluded to a more ethereal structure of matter, the
later development of quantum mechanics may have been initially perceived as simply another ‘upgrade’ of earlier classical
mechanics, such that the semantics of a particle persisted. Later, the development of Schrodinger’s equation would start to
question the reality of a particle, as its formulation was essentially based on wave mechanics. However, Schrodinger’s
original idea of a wave equation was then re-interpreted by Max Born as the probability amplitude of finding a ‘particle’ at
some point in space-time, while the Copenhagen Interpretation of 1927 possibly obscured physical causality even further
by endorsing the idea of a wave-particle duality.
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So, how did the quantum model come to change the idea of a field?
In some respects, the basic idea of a field remained unchanged, although the nature of what is represented at some point
in the field became increasingly complex and subject to much mathematical abstraction. For example, a quantum field will
often be defined as a set of operators, i.e. a mathematical function, at each point in spacetime. In this context, Faraday’s
original idea of field lines of force was reinterpreted in terms of quantum electrodynamics (QED), which required the idea
of quantised energy to be integrated within the overall umbrella of quantum field theory (QFT). Today, the idea of a
quantum field considers the idea of a symmetry, where a ‘quantity’ must remain unchanged under some mathematical
transformation, where invariance and conservation laws are assumed to place constraints on any theory. However, despite
the suggestion of a ‘constraint’ being placed on theory, mathematical models have led to a proliferation of many types of
quantum fields, where the following table only introduces some without any attempt to explain what may amount to as
many as 268 different fields depending on the degrees of freedom (dof) being assumed.
Complex
scalars
Two
Component
spinors

Massless
complex
vectors

Higgs doublet: 4 dof.
Right-handed electron: 3 flavours, 4 dof.
Right-handed up quarks: 3 flavours, colour-triplet, 12 dof.
Right-handed down quarks: 3 flavours, colour-triplet, 12 dof
Left-handed lepton doublet: 3 flavours, SU(2)-doublet, 8 dof
Left-handed quark doublet: 3 flavours, color-triplet, SU(2)-doublet, 36 dof
U(1) Y gauge boson: singlet, 4 dof
SU(2) gauge boson: SU(2)-triplet, 12 dof
Gluon: colour-octet, 32 dof

However, we might attempt to rationalise this apparent complexity to just 25 fields associated with the particles outlined in
the bullet list below, although this list ignores the possibility that all particles have a corresponding anti-particle, which may
also require their own fields.
•
1 Higgs boson
•

3 charged leptons: electron, muon and tau.

•

3 neutral leptons: the neutrinos corresponding to electron, muon and tau

•

6 quarks: up, down, charm, strange, bottom and top

•

1 photon

•

3 electroweak massive bosons: Z and W±

•

8 gluons

The first issue that might be raised is simply whether all, or any, of these fields have any reality that helps explain physical
causality at work in the universe. In this context, quantum field theory often proceeds on the semantics that all matter
particles are ‘excitations’ in one of the many quantum fields outlined. In fact, we might extend this abstraction a little
further as quantum field theory asserts these fields actually define the universe, which can be equated to a wave function
superposition of all possible values. We might use a quote by Don Lincoln to underlined the direction of thinking.
In our best conception of the subatomic world using the Standard Model, what we think of as particles aren’t
actually very important. Instead, there are fields. These fields permeate and soak up all of space and time. There is
one field for each kind of particle. So, there’s a field for electrons, a field for photons, and so on and so on. What you
think of as particles are really local little vibrations in their particular fields. And when particles interact by, say,
bouncing off of each other, it’s really the vibrations in the fields that are doing a very complicated dance.
While it might be accepted that such a description may have only been intended as a generalisation, it possibly represents
the mindset driving the quantum model, where the discussion of any causal mechanisms can be side-stepped in terms of
vague semantics and further compounded by the abstraction of mathematical models. For, as described, all subatomic
particles are just localized ‘vibrations’ within the myriad of quantum fields outlined. Likewise, these quantum fields can
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interact with one another, such that the idea of a classical force is replaced, while the creation and destruction of particles
is explained as the energy associated with a ‘vibration’ or ‘excitation’ moving from one field type to another.
Note: Within a framework that often appears detached from physical reality, mathematics was allowed to
introduce infinities, singularities, multiple dimensions and even multiple parallel universes. While it is difficult to
refute the authority of 100 years of scientific research, the idea that the physical universe needs so many different
quantum fields appears to run contrary to the guiding principle of Occum’s Razor.
So, having simply introduce the potential scope of the fields within the quantum model, we might now return to firmer
ground and table a more basic question.
What purpose is served by a field model?
Conceptually, even a classical field can be extended to encompass the entirety of the space-time universe, although in
practical terms, the strength of the field is often subject to an inverse square law. In this respect, even a classical field
model can extend beyond the limits of verification and lead to infinities as distance from the field source approaches zero.
Therefore, we might first consider some classical examples, e.g. electrostatic and gravitational field, and table a question.
Do these classical fields have any tangible existence?
We might first consider this question from the perspective of an electrostatic field around a charge [Q], where each point
in the field is associated with an electrostatic force [F], a vector quantity having both magnitude and direction. This force
was first quantified by Coulomb, in 1785, as shown in [1].
[1]

Force F =

KeQq
r2

 Potential U =  F.dr =

KQ
r

To clarify, the field of force around [Q], as defined by [1], exists when measured as an effect on a test charge [q]. However,
as also shown in [1], this field can be quantified as an electrostatic potential [U], a scalar quantity without direction, which
must also coexist at all points in space around [Q]. As such, we might perceive a degree of abstraction, if two apparently
different quantities, one a vector and the other a scalar, can coexist at the same
point in space-time. Of course, we might realise that force is simply a manifestation
of the potential energy difference between [Q] and point [r]. We might also
highlight that while the concept of charge [Q] is assumed to be a property of a
single particle, its physical reality is only perceived as potential energy within the
field that exists between two, or more, charged particles.
So, is the reality of this field being questioned?
Let us consider this question in terms of another, somewhat contrived example of
two masses [M,m] between which exists an attractive force, e.g. gravitation. These
masses are positioned within the vacuum of space at locations [A,B] and separated by a distance that implies a measurable
delay in anything propagating between [A, B] due to the finite speed [c]. We might replicate the form of [1] for gravitation
in [2].
[2]

Force F =

GMm
r2

 Potential U =  F .dr =

GM
r

For the purposes of this discussion, we shall orientate the gravitational field around [M] and consider mass [m] analogous
to the test charge [q] that help measure the field strength at distance [r]. Within this conceptual configuration, we will
assume the position of [M] to be initially fixed, such that we might calculate the gravitational field strength around [M].
However, let us assumed that the position of [M] at [A] can be shifted to [A’] and back again by some unexplained means
allowed within this type of thought experiment.
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How does the movement of [M] affect the field?
First, if [M] simply shifts between [A] and [A’] and back again, we might assume that the end-state returns to the initial
state. However, we have to also assume that the potential energy [U] at every point in the field changes during this
process, where the time taken is defined as [Δt], i.e. the time taken for [M] to move to [A’] and back again. Of course, the
time [t] for the change in potential energy [U] to propagate to [m], positioned at [B] at some arbitrary distance [r], will be a
function of the propagation velocity [c], i.e. [t=r/c].
But, how is this change in potential energy moving through the field?
From the perspective of [M], potential energy of its gravitation field returns it initial state after time [Δt]. Based on [2], we
might assume that a gravitational potential with respect to [M] exists at all points in the field. However, if we then assume
that the propagation time [t] is greater than [Δt], then we are led to the idea that some aspect of the potential energy is
still propagating through the field between [A] and [B] with velocity [c], yet to arrive at [B].
Note: The similarity of this example might be considered in terms of the creation of an EM wave, see EM wave
discussion, if the mass [M] was subject to oscillation, i.e. acceleration.
So, does this change in energy only exist in the field, essentially independent of [M]?
Within the constraints of this contrived example, we might assume that some aspect of the kinematics associated with
potential energy relative to [M] now exists within the field, i.e. independent of [M], which has already returned to [A]. If so,
this description would appear to suggest that the field has some form of physical reality in the sense that it is capable of
transporting potential energy in space and time. As such, classical physics often utilises the idea of a field in order to
explain the interaction between particles in terms of action at a distance. Therefore, field theory might be described as the
dynamics of fields, i.e. its value as a function of space and time, which typically encompasses the ideas associated with the
Lagrangian [L] or the Hamiltonian [H] of a field, which may have many degrees of freedom. As such, it might be accepted
that an aspect of either a gravitational or electrostatic field must exist as a separate entity. We might use a quote by
Richard Feynman, although we may have to question how a single particle, in isolation, creates an electrostatic field.
"The fact that the electromagnetic field can possess momentum and energy makes it very real... a
particle makes a field, and a field acts on another particle, and the field has such familiar properties as
energy content and momentum, just as particles can have".
As such, field theory encompasses the dynamics of a field, i.e. how it changes with time and why. If so, we have to question
the causal nature of such fields that allow energy and momentum to be propagated independently of physical mass.
However, as outlined, the development of Quantum Field Theory (QFT), rooted to the work of Dirac in the 1920’s, but then
developed in the post-war era to include the idea of renormalized quantum electrodynamics (QED). As a broad
generalisation, QFT naturally tries to describe both radiation and particles within its field model, such that we might
assume it would completely redefine the description of the ‘standard particle model’.
Note: While we will not pursue this issue, at this point, QFT argues that at the most fundamental level of reality,
particles only exist as quanta in matter fields, plural not singular, while forces are also quanta, but now defined in
terms of force carriers within one of many boson fields.
So, under the QFT umbrella, quantum electrodynamics was a re-formulation of classical electromagnetism, which includes
quantization of radiation into discrete quanta, i.e. photons. However, later discussions will question whether the
quantisation of a photon within an atomic orbital is fundamentally different to the generation of the EM waves emitted by
an oscillating charge, where the latter offers up no obvious causal mechanism to support quantisation.
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1.3.3

Particle Issues

It seems appropriate to start this discussion with a basic question: what is a particle? However, any initial attempt to find
an answer to what seems to be a fairly basic question may only lead to a somewhat circular definition, e.g. a particle is
matter, matter is physical substance, particles have rest mass and substance must occupy space. If we ignore the ambiguity
of the idea of ‘physical substance’, we might focus on the concept of rest mass [m=kg] associated with sub-atomic particles
as described within the development of the classical model of the atom. Today, the form, shown below, might still be the
most common type of image presented of an atom.

However, as early as 1904, Einstein’s energy equation [E=mc2] suggested that mass might be a form of energy. As such, we
might forward a relatively uncontroversial idea that this mass-energy must have some form of ‘substance’, which occupies
‘space’ and forward the following definition.
A particle is an energy-density within a localised volume of space.
We might attempt some form of comparative measure of the energy-density of an electron compared with the average
energy-density of the universe [8.53*10-10J/m3], as assumed by the cosmological model – see Cosmic Calculator for details.
We might then initially estimate the energy-density of an electron based on classical assumptions about its mass [me] and
radius [re], although both are probably wrong by orders of magnitude.
[1]

me =9.1*10-31kg  Ee = me c 2 = 1.01*10-47 J;
re = 2.82 *10−15 m; Ve = 9.39*10−44 m3 ;  e = 1.08*10−04 J/m3

On the basis of [1], the electron energy-density would be 126,362 times greater than the average energy-density of the
universe, but if the electron radius was revised to have a far smaller value, in the range of 10-18m, then the previous figure
would be some 20-billion times larger. However, irrespective of the actual figure, a fundamental particle like the electron
represents a potentially huge energy-density differential within the universe. This review has also questioned the particle
model on the basis that it offers up no structural description of the energy-density or causal explanation of motion.
However, despite the apparent issues outlined, we might still follow the development of the classical model into the
quantum model, which is still often described as the particle model. Historically within classical physics, measurements
invariably related to objects that had meaning on the macroscopic scale of human experience, such that the concept of
‘physical substance’ was not really questioned. Of course, by the beginning of the 20th century, the development of an
atomic model was beginning to include evermore details about the sub-atomic structures within an atom, which was once
considered to be indivisible.
Note: Today, it is estimated that the 'substance' or 'mass' of an atom, as a percentage of its volume is essentially
negligible, such that an atom might be described as 99.9999999999999% empty space. Therefore, it might also be
highlighted that the scale of the Bohr model is always misrepresented in any diagram. For example, if an electron
was sized at 1 unit, then the proton nucleus might be estimated at 1836 units on this comparative scale. However,
possibly the more interesting comparison is that the electron would be positioned in an orbital some 10,000 units
from the proton.
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Of course, today, we might recognise an additional complexity, if we assume the components of the nucleus, i.e. protons
and neutrons, are composite structures made of yet another conceptual particle called a quark, which are also separated
by space. Therefore, we might reasonably question whether all this empty space serves some physical purpose? Today,
many introductions to the atomic model might start with the development of the periodic table, which was based on the
observations of the chemical properties of the known elements. In this context, the idea of the periodic table has a fairly
long history of incremental developments. However, in the modern form of the periodic table, the basic elements are now
identified by their atomic number, which corresponds to the number of protons in the atom. In a neutrally charged atom,
the protons are matched by an equal number of electrons, where the definition of atomic weight and the atomic mass are
outlined below.
Note: Atomic mass is the mass of an atom and relates to both the number of protons and neutrons in an atom, such
that each isotope of an atom will have its own atomic mass, where electrons are essentially ignored because of the
relatively small mass. In contrast, the atomic weight is the mass of an atom averaged over all its isotopes.
From the perspective of chemistry, an atom might be described as a collective structure of sub-atomic particles that form
the basis of all chemical reactions, where the key to understanding the properties of a particular atomic element lies within
the electron structure. In 1911, before the development of quantum theory, the Rutherford model of the atom proposed
that the outer electrons of an atom might explain the interaction between atoms and the formation of chemical bonds.
Later, in 1916, Gilbert Lewis, a physical chemist, forwarded the idea of electron valence and its role in chemical bonding –
see covalent bonds and ionic bonds for more details.
Note: In 1916, Lewis also forwarded the model of a Cubical Atom, which was later assumed obsoleted by the
quantum model. However, some readers might wish to reviewed Gabriel LaFreniere’s wave model of an atom,
which also leads to a cubic structure, although for possibly very different reasons to those assumed by Lewis.
Along the timeline being outlined, we might reference Bohr’s model of the atom, despite its known limitations, as the start
of a transition between the classical particle model towards the quantum model, which included the idea of a
wave-particle duality. In this context, the quantum model supports the idea of an electron, possibly as both a point-particle
and as a waveform, within a revised model of atomic orbitals. So, within the semantics of the quantum model, the
description of these orbitals may first make reference to some form of standing wave structure surrounding the nucleus of
the atom in order to explain quantisation in terms of an integer wavelength within an orbital. However, the quantum
model also explains these orbitals in terms of the mathematical probability of locating the electron, as a point-particle,
within a specific orbital. The atomic orbital model also introduces a set of quantum numbers, i.e. principle number [n],
azimuthal number [l], magnetic number [mi] and spin number [m]. The principle number identifies the energy level of the
electron orbital, where [n=1] corresponds to the energy level closest to the nucleus. However, within this model, a
visualisation of the atomic orbitals is presented below, which for historical reasons also describes the shape of the orbital
sub-structure, denoted by letters, i.e. s,p,d,f.
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So, how does the quantum model explain the orbital sub-structures in terms of the quantum numbers?
We might start by highlighting that while the following description might be considered logical, it does not necessarily
provide a causal explanation, i.e. how and why. For it might be highlighted that the shapes suggested in the diagram above
are not really physical as they only represent a probability region in which an electron, as a point-particle concept, might
be found. However, we shall begin by trying to quantify how the quantum numbers relate to one another in terms of the
atomic orbitals, as illustrated in the previous diagram. First, a clarification is possibly necessary, the principle number [n]
identifies the orbital, as defined by the original Bohr model, which was subsequently extended to include the idea of
sub-orbitals often described as ‘sub-shells’, e.g. [s,p,d,f..], as shown in the table below.
n
1
2
3
4

l (0..n-1)
0
0,1
0,1,2
0,1,2,3

subshells
s
s,p
s,p,d
s,p,d,f

ml (-l..+l)
0
-1, 0,+1
-2,-1, 0,+1,+2
-3,-2,-1, 0,+1<+2,+3

number
1
3
5
7

ms





In the table, we see the basic relationship between the azimuthal number [l=n-1] and the magnetic number [mi=-l..+l] and
the principle number [n], where the spin quantum number [ms] only has two values, i.e. spin up or down []. However,
the build-up of subshells is outlined in a little more detail in the following table limited to just the first 2 principle [n=1,2]
orbits, where each subshell can only support 2 electrons, as required by the Pauli Exclusion Principle.
n
1

orbital
s
s

#
1
1

p

3

2

sub-orbitals
l=0, ml=0, ms=
l=0, ml=0, ms=
l=1, ml=-1, ms=
l=1, ml= 0, ms=
l=1, ml=+1, ms=

electrons
2
2
2
2
2

electrons
2
2
6

electrons
2

8

So, when [n=1], we only have one subshell [s], which is limited to 2 electrons (). When [n=2], the value of [l] can be [0,1],
which leads to 3 values [ml=-1, 0,+1], so when [n=2], there is a single [s] subshell with 2 electrons plus 3 [p] subshells, each
with 2 electrons, accounting for 6 electrons within the overall [p] subshell and a total of 8 in the [n=2] orbital. However,
having outlined the basic principles by which electrons fit into this model, it might be realised that this method can quickly
become a bit tedious, such that we might wish to use some simplified formulations, as shown in [2].

[2]

number of subshells = 2n − 1
electrons / subshell = 2 (2n − 1)
electrons / atom = 2n2

Using [2], we might show the number of subshells associated with each orbital defined by the principal number [n] and the
number of electrons in each subshell plus the maximum number of electrons within an atom.
n
1
2
3
4

Subshell
s
p
d
f

2n-1
1
3
5
7

2(2n-1)
2
6
10
14

2n2
2
8
18
32

While it is a reasonable assumption that electrons will fill-up the lowest energy orbitals first, i.e. starting with [n=1], in
practice, some of the subshell energy levels overlap. So, while these details are not the focus of this review, reference
might be made to the Aufbau Principle, which explains the energy ordering of the electrons within the subshells. So, having
briefly outlined some of the basic principles used to described the various atomic orbitals and subshells, we might now
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show the periodic table, where the subshells have been coloured coded. Again, while all the details associated with the
periodic table are not the focus of this discussion, it might be highlighted that the atomic number at the top of each
element square corresponds to the number of protons, and electrons, in a charge-neutral atom.

So far, this discussion has only attempted to outline some of the historic developments, which were initially anchored to a
classical understanding of the particle model, but which over the course of the 20th century developed into the atomic
orbital model, as outlined. However, while this model might be described as generally compatible with later quantum field
theory, its description often appears confused by the semantics of a wave-particle duality and lacks details of the causal
mechanisms that create and maintain this model. As a consequence, many textbooks, even when related to the quantum
model, still describe the ‘workings’ of an atom in terms of a particle model, as illustrated by the carbon atom right. Within
this diagram, we see the idea of a central nucleus comprised of positive protons and neutral neutrons surrounded by
orbiting negative electrons.
Note: It is recognised that the use of this type of depiction of the atom is possibly
only trying to avoid the inherent complexity of the quantum model. However, it
might be suggested that the quantum model simply does not make sense to many
people in terms of its use of particle-wave semantics. As such, many descriptions
may simply default to the particle description, where orbitals still appear to imply
rotational orbits, while providing no indication of the physical scale between the
nucleus and electron orbitals, as previously outlined.
While not trying to dismiss the insights provided by the quantum model, we still have to question whether the references
to ‘conceptual principles’ is simply a means to side-step the issue of causality, while relying on mathematical abstraction to
justify its conclusions. As outlined, we might see how the quantum numbers might be useful, although it is not always
obvious whether these numbers are supported by empirical observation or are simply the assumptions of the quantum
model. At this point, we may have simply returned to the issue of epistemological knowledge versus ontological causality.
Of course, in terms of the totality of post-war developments, it might be argued that the quantum model has provided an
explanation of not only the principles underpinning the periodic table, but the ever-expanding model of particle physics.
However, doubts over the ambiguity created by the wave-particle duality remains – see the Particle Model for more details
of the diagram below.
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Today, the particle model has grown to define over 200 different particles, although the existence of many are only
transitory in high-energy collision experiments. In more general terms, most of the particle model can be defined in terms
of 17 fundamental particles, i.e. 6 types of quarks, 6 types of leptons, plus 4 types of force-carrying bosons and a Higgs
boson. However, all matter particles have an anti-matter counterpart, e.g. the electron counterpart is called a positron.

The semantics of particles can appear particularly confusing, when gauge bosons are described as particles, which are
assumed to act as ‘force carriers’. In the previous diagram, we see a hierarchical model that makes reference to various
quantum models, but where everything appears to be defined in terms of particles to the point that even a classical force
has to be described as an interaction mediated by the force carrier bosons, shown top right. In this model, there is a
specific type of force-carrier associated with each of the four fundamental forces of nature, but now described in terms of
interactions. For example, the strong interaction is described as a ‘mechanism’ that binds the quark substructure of both
protons and neutrons, but where any causal mechanism can quickly be lost within the abstraction of Quantum Field Theory
and a sub-field known as Quantum ChromoDynamics.
Note: Experiments indicate that a neutron will decay into a positive proton and a negative electron plus an
anti-neutrino. Clearly, this suggests that a neutron has a substructure, although we might question whether another
sub-particle, i.e. the quark, is really providing a causal description or simply another abstraction.
While only alluding to the full complexity of the particle model, we might try to further simplify the scope in the earlier
diagrams to those basic particles that make-up atoms, i.e. protons, neutrons and electrons. In the simplified table below,
we see that an electron is classed as a ‘lepton’ that has no known particle sub-structure, but where the ‘hadron’ class is
first divided into protons and neutrons and sub-divided into up/down quarks.
Fermions
Hadrons
Proton Neutron
Electron
Quarks
Up
Down
Leptons

We might add some detail to this particle model of an atom, i.e. protons, neutrons and electrons, in terms of the estimated
energy-mass of each particle, but shown in Mev for numeric simplicity, although often considered in terms of mass [kg].
Particle

Symbol

Quarks

Charge
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proton

p

uud

+1

938.272

Stable

neutron

n

udd

0

939.565

8.881*102

electron

e−

n/a

−1

0.511

Stable

Where 1 MeV = 1.782662E-30 kg = 1.602176565e-13 joules

As illustrated in the table above, an electron has no quark substructure, such that the notation [u,d] only applies to the
proton having 2 up-quarks and 1 down-quark and the neutron assumed to have 1 up-quark and 2 down-quarks. While
there are 6 types of quarks, the following table is simplified to show only the up-down quarks required by an atom.
Name

Symbol

MeV/c2

Charge

Decay
u→d+W+

?

d→u+W-

~900s

Up

u

1.7 to 3.3

+2⁄3

Down

d

4.1 to 5.8

−1⁄3

Lifetime

The ‘charge’ figures shown for the quarks represent the fractional electron charge [e], which results in a net positive
charge for the proton, i.e. [uud], and the neutral charge of the neutron. While we might initially question how the charge
combination achieves a stable configuration, there is another ‘force’, i.e. strong nuclear, that is assumed to override any
repulsion associated with the electrostatic charge – see Quark Interactions for more details. Having introduced this detail,
we might now realise that the neutron decay model referenced above actually corresponds to a quark decay model.
[3]

Hadron Model :

n 

p+ + e − +  e

Quark Model : udd  uud + e − +  e

In the second table above, we see the additional information related to the neutron decay process in terms of the decay of
a down quark with an estimated lifetime. The [W] boson is associated with the ‘weak force’ and is often described in terms
of virtual bosons, which only exist within the time frame allowed by the uncertainty principle. The decay time for proton
decay, via [u→d+W+] process is theoretically estimated to be in excess of 1032 years, which being longer than the age of the
universe might be ignored. However, a free neutron decay is in the order of 15 minutes.
Note: What was originally described as the weak force was first proposed by Enrico Fermi, in 1933, also referred to
as beta decay, where a neutron decays into a proton and an electron. However, later in 1964, the idea of beta decay
was developed into the Electro-Weak Theory, although its mathematical abstractions are beyond the scope of this
discussion.
Finally, the last two force carriers in this particle model relate to the photon, as described by Quantum Electrodynamics,
and the speculative graviton, as described by Quantum Gravity. However, as already outlined, there is considerable
speculation about the physical nature of a photon, other than its energy being quantified by Planck’s equation [E=hf].
Note: At this time, quantum gravity has to be described as a hypothesis, which is in the process of trying to unify
general relativity and quantum theory. This theory, if realised, would need to provide a model of spacetime, possibly
at the Planck scale, where the gravitational field would also be quantized. However, any empirical testing of
quantum gravity must be considered questionable, such that any progress may only be based on the assumptions of
yet more mathematical abstraction.
While this outline has tried to provide a basic description of the atomic structure and the various sub-structures within the
particle model, little has been said about the actual structure of a particle. If we concede that a particle cannot be a
ball-bearing like object without structure, we might first consider the quantum description, where a particle is considered
to be an ‘excitation’ or ‘ripple’ within one of the quantum fields associated with each particle type. However, the use of
such semantics does not necessarily provide an explanation of the causal mechanisms, which allow an energy-density to
propagate in space as a function of time. Despite the quantum model describing a ‘particle as a ripple in a quantum field’, it
also appears to support the general idea that an electron must have some form of wave structure in order to explain the
quantisation of the wavelength within an atomic orbital.
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Note: If an electron has some form of wave structure, this structure must also be used to explain the characteristics
of rest mass and charge within gravitational and electrostatic fields, while also being able to propagate through
space with a velocity range [v=0..c], such that it can also have the attribute of kinetic energy.
While this discussion will not speculate further on the potential nature of any wave structure, partly because it is not really
supported by the quantum model, we know that the relativistic energy equation in [4] tells us something about the
rest-mass energy and kinetic energy that can be associated with the particle concept.
[4]

E = mc 2 =  m0 c 2 =

m0 c 2

v2 
1 −


c 2 


 E 2 = m02c 4 + p2c 2

Based on [4], it is not unreasonable to suggest that whatever structure underpins the concept of a particle, it must reflect a
stable energy configuration in the form of the rest energy [E=m0c2] when velocity [v=0] plus the kinetic energy [m0v2] when
in motion with velocity [v<<c], which might also be described in terms of the particle momentum [p=m0v]. While realising
that this discussion has been little more than a brief outline of the particle model, it has questioned how the quantum
model, with its description of a probability wave functions provides any further clarity of the causality at work in the
quantum realm. However, we might simply try to highlight an overall issue of concern in terms of the following quote
attributed to George Box.
All models are wrong. Some models are useful.
By accepting that all models are a simplification, often predicated on unproven assumptions, we might recognise that
factual certainty has to remain open to questioning. In this respect, the most obvious assumption of the particle model is
that it only requires particles to explain the fundamental workings of the universe. Again, if particles with mass [kg] do not
exist, other than as an energy-density, then some other fundamental description is required to explain how this
energy-density is structured.
1.3.4

Photon Issues

We might start this discussion with another basic question: what is a photon? However, in this case, the answers can be
even more ambiguous than those provided for a particle, as the concept of rest-mass is not an option. Therefore, we might
return to the idea of an energy-density confined within some volume of space. However, this description is not helped by
Planck’s energy equation [E=hf] as it gives no hint of any containment volume or causal mechanism of propagation.
Therefore, we might initially make reference to two very different descriptions provided by Maxwell’s electromagnetic
theory and Quantum Electro-Dynamics (QED), where the former is essentially a wave model and the latter a particle model.
However, while the quantum model supports the description of QED, it still appears to accept the validity of Maxwell’s
equations, at least, in part. However, before discussing some of the potential issues associated with QED, some reference
might be made to the Photoelectric Effect, which quantum theory would cite as evidence that cannot be explained by
classical electromagnetism, i.e. a wave model. While this discussion will not attempt to explain all the issues, it might
initially try to summarise those issues pertinent to the photoelectric effect..
•

Increasing the intensity of the light increases the number of ejected electrons.

•

The kinetic energy of the electron is not a function of light intensity.

•

Light below a given frequency ejects no electrons.

•

Light above a given frequency ejects electrons, irrespective of intensity.

•

The ejection speed of electrons is a function of frequency.

We will first define intensity as energy per time per area, e.g. [W/m2]. So, within the standard model, a single photon
within some minimal collective intensity can eject an electron provided it individually has enough energy [E=hf].
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Note: A question might simply be tabled in order to consider whether an EM wave produced by an oscillating charge
is fundamentally different from a photon produced within a quantized atomic transition. The former is a continuous
wave, while the latter might be described as a time-limited pulse of energy. If so, it might explain why the concept
of an EM wave might be problematic, in respect to the photoelectric effect, and why a photon as a pulse of energy is
not subject to intensity.
While it can be argued that a photon is particle-like, there is no description of its structure or how it propagates. While this
discussion will not replicate the details outlined in the ‘Historic Framework’, some brief reference might be made to
Einstein’s 1904 paper that established the basic ideas of the photoelectric effect. Only later, in 1926, did G. N. Lewis coined
the word ‘photon’, although his description conflicted with Einstein’s earlier work. While Lewis was a physical chemist, not
a physicist like Bohr, he knew that Bohr’s model of the atom could not explain the idea of ‘valency’ as understood in
chemistry.
Note: The idea of a ‘complementarity principle’ was part of Bohr’s 1927 Copenhagen Interpretation. However, with
the hindsight of history, many now recognise that many of the original assumptions were primarily theoretical and,
in some instances, essentially philosophical in scope. However, in 1932, Fermi published a paper entitled ‘The
Quantum Theory of Radiation’ that was the fore-runner of what is now called Quantum Electrodynamics, although
both concepts are based on the 1927 work of Dirac.
Today, despite some of the reservations implied in the outline of historic developments, most references invariably assume
that you can either model light as an electromagnetic wave or as a stream of photons, but not both at the same time. So,
let us start by making some reference to Maxwell’s electromagnetic wave equations, which suggested that light had to be a
wave. In the 1962 version of the 700-page book by Lorrain and Corson entitled ‘Electromagnetic Field and Waves’ only two
brief references are made to the idea of a photon, p.224 and p.546. Of course, it might rightly be pointed out that this is
primarily a classical treatment of EM waves, although published 58 years after Einstein’s paper and 30 years after Fermi’s
paper, such that we might have thought some of the details of a photon might have been outlined. Naturally, we might
expect a more detailed explanation of a photon in a 2010 book entitled Quantum Field Theory by Mandl and Shaw.
However, while there are more references to the word ‘photon’ in the index, most only describe the photon in terms of
Feynman diagrams or abstract mathematics with little attempt to discuss any causal mechanism. In many cases, any review
of the development of quantum theory tends to focus on replicating earlier assumptions or mathematics, as in the case of
Fermi’s paper in respect to Dirac’s original work.
Note: It is possibly important to highlight that Feynman diagrams should not be interpreted literally, as they do not
represent the kinematics of events in space-time. As such, they imply nothing about how a particle, or photon, gets
from one point to another in space or time. They do not imply that the particles are moving with fixed speeds. They
do not imply that the particles, or photons, move in straight or curved lines. The representation of a photon as a
wavy-line does not imply that it is more wave-like than an electron within the QED model.
So, what is a photon?
Let us anchor what we believe we know about a photon to Planck’s energy equation [E=hf] and the assumption that a
photon always has velocity [c] in vacuum, as shown in [1].
[1]

E = hf =

hc



; if c = f 

However, as to be covered later in the ‘Time and Energy Issues’ discussion, it is possible that Planck’s constant [h] is
obscuring some wave-like attributes, as simply illustrated in [2] below.
[2]

EP = ( h) f = ( J.s )

 Js2   m2 
 E 
1
2
2
= (  ) V ( fA) = 
V ( fA ) = 

 = Joules
2 
 m2   s2 
s
c V 
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In [2], we relate the energy back to an amplitude [A] and frequency [f], where [ρ] represents the energy-density that exists
within some volume [V] defined by the photon structure. In 1922, Compton published his findings of scattering
experiments involving ‘photon’ collisions with electrons, although his work also predated Lewis coining the term photon in
1926. The Compton Effect led to the definition of the Compton wavelength and while often associated with a particle, like
the electron, it always defines the wavelength of a photon, not the particle, which can be directly derived from Planck’s
energy equation, as shown in [3].
[3]

E = hf =

hc



= mK c2  C =

hc
mk c2

=

h
h
=
mk c p

Without going into the details, the idea of a kinetic mass [mK] in [3], we possibly need to reiterate the assumption that
photons have no rest mass [m0]. This assumption needs to be explained in terms of the energy–momentum relationship of
relativity, such that we might justify the idea of kinetic mass [mK] as shown in [4].
[4]

2

E = mc2 =  m0c2 =  m0c2  E 2 = m02c 4 + p2c2 == m02c 4 + ( mK v ) c2

In the case of a photon, the energy equation reduces to [E=pc], where [p=mKc], which might be seen as confirmation of [3].
While this review has questioned the idea of mass [kg] as a fundamental unit of energy [E], we might use these units of
energy [E] and momentum [p] to simply illustrate that they are both related to the kinematics of velocity [v=c].
[5]

E=

kg.m2
s2

;

p=

kg.m E
;
=v =c
s
p

However, it needs to be highlighted that [c] is not necessarily a function of [E/p], but rather the constraint that a
propagation media would put on [c]. Of course, anybody trying to determine the nature of a photon will not necessarily
believe that equations [1] through [5] is all that can be said about photons from a causal perspective and, in some respects,
they are right, because much has been written about photons. For those wishing to pursue the details, the easiest way to
become more familiar with the arguments of Quantum Electrodynamics is possibly to read Richard Feynman’s book ‘The
Strange Theory of Light and Matter’. However, while this is an excellent starting point and one followed in an earlier
discussion entitled ‘Feynman’s Model of QED’, it is a model that does not necessarily explain causal reality, which Feynman
possibly recognised in the following quote.
You will have to brace yourselves for this, not because it is difficult to understand, but because it is absolutely
ridiculous: All we do is draw little arrows on a piece of paper, that’s all!
As it is beyond the scope of this discussion to pursue the details of QED, we will now focus on the issue of the emission
spectrum associated with an electron transition and the energy difference between two atomic orbitals, which can be
equated to a photon of a specific frequency [f].

Note: For the purposes of this discussion, we will revert to the simplified Bohr model of a hydrogen atom consisting
of a positive nucleus around which an electron might exist in a number of different energy-level orbitals. Each
orbital has a specific energy level, which corresponds to the electrostatic potential.
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Within this simplified model, a hydrogen atom has a composite structure in which an electron can make a transition
between different energy levels by emitting or absorbing a photon. However, the photon energy must be equal to the
quantised potential energy difference between the two levels before and after the electron transition.

On the left, we see a transition from [E 2] to a lower level [E1] that results in the emission of a photon with energy [E=hf],
while on the right, we see a transition from [E 1] to a higher level [E2] that requires the absorption of a photon with energy
[E=hf]. Again, we might generalise this energy relationship, as in [6].
[6]

E = hf =

hc



;

where c = f 

However, referencing the diagrams above, we might attempt to quantify the energy associated with a transition between
orbitals in electron-volts, as shown in [7], where 13.6eV is the energy of ground state [n=1] orbital of the hydrogen atom.
[7]


1
1
E = E2 − E1 = 13.6 
−
 n 2
n
( 2 )2
 ( 1)


 eV ;



1eV = 1.602*10−19 Joules

Based on the previous outline, along with the diagrams above, is the suggestion that a photon is a quantum of energy,
often described as more particle-like than wave-like. However, previous discussions have also outlined that a particle, like
the electron, may be better described as wave-like, which exists with some circumference of the orbital. Within this model,
an electron has an integer wavelength [λ], such that it might explain the quantised energy associated with any atomic
transition. Therefore, at this point, we might try to consider a causal mechanism by which a photon is both absorbed and
emitted within an electron transition, which starts with a question.
How might an electron physically transition between atomic levels?
Before indulging in any further speculation, it might be outlined that the emission spectrum of atomic hydrogen is divided
into a number of spectral series, with wavelengths that can be derived from [7], as characterised in the diagram below.
Based on this diagram and the original assumptions of the simplified Bohr model, the electron was often described in
terms of a particle, even though the quantisation of energy in each orbital was explained in terms of an integer
wavelength. Therefore, we might table another question.
What, if anything passes between the space between orbitals?
As a particle, we might reasonably assume that the electron would have
to physically transit the space between the orbitals. However, if we
proceed on the assumption that the electron has a wave structure
without introducing the ambiguity of the wave-particle duality issue, we
might pursue the details of just one of the transitions within the Lyman
series, e.g. [n=6] to [n=1].

[8]



1
1 
E = E1 − E6 = 13.6 
−
= 13.22eV = 2.12*10-18 Joules
2
 12
6
(
)
(
)


E = hf  f =

E
c
= 3.20 *1015 Hz  = = 93.8nm
h
f
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In [8], we see confirmation of the wavelength of the energy released when an electron transitions between the [n=6] and
[n=1] orbitals. However, we might also establish the energy-wave characteristics of the electron orbitals, as per [9].

[9]


1
E1 = 13.6 
 12
( )


 = 13.6eV = 2.18*10-18 Joules; f=3.29*1015;  = 91.2nm




1
E6 = 13.6 
 62
( )


 = 0.38eV = 6.05*10-20 Joules; f=9.13*1013;  = 32, 800nm



If we now attempt to consider the transition process in causal terms, it might be suggested that the electron wave
structure must undergo a positional shift associated with [n6] to [n1], but without necessarily transitioning the space
between the orbitals. For example, we might assume that a standing wave structure associated with an electron in one
energy level becomes unstable and simply reforms in another orbital with a revised wavelength.
Note: In this speculative model, the entire atom is an energy-wave construct, where the idea of a particle like the
electron might be described as a component quasi-stable resonance within the overall atomic energy wave-field
structure. As such, an electron transition involving the absorption or emission of a photon is a reconfiguration of the
energy within the atom as a whole in order to restore a more stable configuration.
However, there is another issue that appears to be rarely discussed, for we might recognise that any causal mechanism
associated with this orbital transition must take some finite amount of time. So, as originally shown in [1], the energy [E] of
a photon is defined by its frequency [f], which in-turn allows its wavelength [λ] to be calculated as a function of the velocity
[λ=c/f]. However, if a photon has the attribute of a wavelength [λ], then it also defines some spatial distance in which any
electric and magnetic field vectors would oscillate through a full cycle. As such, it defines a linear distance [x] between two
points, where the [E] and [B] vectors would return to the same value. Again, based on the propagation velocity [c], we can
define the cycle time [t] associated with the frequency [f] of oscillation.
[10]

c = f =

1

x

 =
=
t =
t
t
t
c

However, we might assume that this process involves an internal transition starting with a wavelength [λ=32,800nm]
within the [n6] orbital to the wavelength [λ=91.2nm] in the [n1] orbital and the associated change in energy [ΔE=13.22ev].
As outlined, this change in energy requires the emission of a ‘photon’ to maintain the energy conservation within the atom,
although it might be suggested that the energy associated with the photon might not be an actual wave, but possibly more
like an energy pulse with a spatial length and time duration. Based on [10], we might consider the minimal requirements of
a photon, as a pulse of energy, having a spatial length of just one half-wavelength.
[11] E = E − E = 13.22eV ;  = 46.9nm; time = 1 = 6.26 *10−16 sec
1
6
2

f0.5

Clearly, the inference in [11] is speculative and might only represent some ‘minimal value’, which depends on the electron
transition in question and potentially many other details that this discussion is simply ignoring. However, if we pursue this
speculation, it might lead to the idea that a photon and an EM wave are not an example of a wave-particle duality, but
rather two entirely different physical processes. However, historically, it was assumed that the energy emitted from atoms
had to have the attributes of an EM wave, i.e. electric [E] and magnetic [B] fields. As such, these fields were assumed to
conform to Maxwell’s equations, where the wave also had the attributes of frequency [f] and velocity [c]. However, if a
photon is described as a quantised unit of energy emitted during an electron orbital transition within an atom, its length
[x=c.Δt] must be defined as a function of the speed of light [c] and therefore this transition must take some finite time [Δt].
This said, this outline has not really addressed the next question.
What is the shape and form of a photon?
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We might consider 3 possibilities based on the assumption of finite length and time, as simply illustrated right. In the first
form, left, we might assume that the Planck equation [E=hf] could infer a sequence of oscillations of unknow duration,
although any estimate of time [Δt] would help determine the number of oscillations possible at a given frequency. While
not supported by the assumptions underpinning [1], a photon might be considered as a sequence of EM field oscillations,
again shown left, although we might question how many. Of course, this sequence would still have to be localised by time
[Δt], where its total energy would also be proportional to both the frequency [f] and some pulse amplitude [A2], although it
is unclear how this structure could be explained in terms of the simplicity of [E=hf]. While, the complexity associated with
the waveform, shown centre, will not be pursued, some reference might be made to the idea of a Fourier series of
superposition waves of multiple frequencies, which might then localise the structure of a wave packet. However, while
such an approach might make sense from a mathematical perspective, we might question it as a physical solution for an
orbital transition associated with a single frequency associated with quantised wavelength. Finally, we might consider
whether the uncertainty principle, as it relates to the energy [ΔE] shown in [12], could provide support for the assumption
in [11].
[12] E.t = h  A2 t
2

Based on [12], it might be argued that this relationship could define the shortest time [Δt] associated with the photon energy
and support the half wavelength assumption. If so, then we might have to consider the idea that a photon is actually a
wave-pulse, which would appear to be different from an EM wave and might not even contain the [E] and [B] field
components. However, this wave-pulse model of a photon is not without its own problems.
What determines the direction of the wave-pulse and why does it not disperse?
First, we might simply assume that the direction a photon leaves the atom is essentially random, although the issue as to
why this pulse would not disperse in all directions appears more problematic. Normally, the Schrodinger equation assumes
the wave function will spatially disperse as a function of time, whether this is actually the case might be questioned – see
Schrodinger Issues for details.
Note: While this discussion will not pursue the idea, the OST model addresses the problem of dispersion by
assuming that electrons and photons are structures with quantized angular momentum that are confined within
spacetime, similar in fashion to vortices in a superfluid. However, more generally, wave models often proceed on
the assumption that 1) space is a media for wave propagation, 2) waves transport energy, 3) energy is the
substance of all particles and 4) energy differentials cause action – see Wave Model Considerations for more details.
However, it is unclear that such a model would explain why a photon energy does not disperse in 3D space, while
the MMW model forwards a more radical proposal to explain ‘The Light’.
While there are undoubtedly many unresolved issues within all the wave models, some possibly fatal, they have an
attraction because of the principle of Occum’s Razor, i.e. all things being equal, the simplest explanation is the most likely.
While this is not a law of the universe, it is one the universe may, at least, consider. Whether the universe really needs all
the quantum fields outlined has been questioned, see Field Issues for details. Therefore, in terms of Occum’s Razor, the
idea that the energy only exists in the form potential and kinetic energy, which propagates as waves has appeal. However,
the following note might provide a more mainstream description, although not one that can be easily understood.
Note: For anybody wishing to understand the current state of play in describing a photon within quantum field
theory (QFT), then reference might be made to a 75-page paper entitled ‘Solutions of the Maxwell equations and
photon wave functions’ but summarised as follows: ‘A single photon is described quantum mechanically by the
Maxwell equations, where the solutions are taken to be complex. The Maxwell equations can be written in the form
of the matrix Dirac equation, where the Pauli two-component matrices, corresponding to half-spin electrons, are
replaced by analogous three-component matrices, corresponding to 1-spin photons. Since the Dirac equation and
corresponding Maxwell equation are fully relativistic, there is no problem with the mass of the photon being zero, as
there would be for a Schrodinger-like equation’.
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1.3.5

EM-Wave Issues

Having discussed some of the issues surrounding the concept of a photon, we might now consider the idea of an
electromagnetic wave, such that we need to make reference to Maxwell’s theory of electromagnetism. However, as the link
can be used by way of a more detailed explanation of the following differential equations, they are simply reproduced for
general reference.
[1]

(1)

(2 )

.E = 0;

(3)

.B = 0;

xE = −

B
;
t

(4 )

xB = 0 0

E
1 E
=
t c 2 t

The actual derivation of the wave propagation velocity [c] is further detailed in a discussion entitled EM Wave Propagation,
which follows a similar derivation to that discussed for a classical wave and expanded under Schrodinger Issues. The
implication of the fourth equation in [1] above is shown in [2] below. However, the form of this equation is also
representative of a classical wave equation, where amplitude [A] can simply be replaced by the electric [E] or magnetic [B]
field strength associated with electromagnetism.
[2]

2 A
x

2

= 0 0

2 A
t

2



2 A
t

2

= c2

2 A
x

2

;

where [c] =

1

0 0

=

E
B

However, the electromagnetic wave model and the photon model are often entwined within the ambiguity of the
wave-particle duality assumption. In this respect, the last discussion entitled ‘Photon Issues’ also made reference to
Maxwell’s equation of electromagnetism, although the focus was more on trying to explain how a photon might be
described as a quantum of energy [E=hf] associated with an electron transition from one atomic orbital to another, where
a photon is either absorbed or emitted. However, the duality of photons and EM waves means that they both span the
same frequency spectrum, i.e. radio waves, visible light, X-rays through to γ-rays. This said, it is often difficult to find a
description of a photon, as a particle-like quantum of energy, which is consistent with its description as an EM wave.
Note: While this ambiguity is often characterised in terms of the wave-particle duality, we might question the reality
of this assumption. As a wave, Maxwell's equations describe a wave structure with alternating electric and
magnetic fields, which explains how the wave propagates, in-phase, at the speed of light [c]. While a photon must
also move at the speed of light [c], this particle-like model appears to provide no obvious causal mechanism for its
velocity, other than referencing back to Maxwell’s equations. Likewise, this particle-like model is assumed to have
no rest mass, only energy [E=hf] that oscillates with a frequency [f].
As outlined, photons are described as quantised packets of energy that cannot be divided, but where this energy is still
often rationalised in terms of an oscillating electric field. However, outside of the quantum restrictions imposed by atomic
orbitals, the frequency of an EM wave is directly correlated to the frequency of an oscillating charge. In this respect, there
appears to be no obvious causal explanation of quantisation in the following table, if viewed from the wave perspective.
Lower Range

Upper Range

Spectrum

f

λ=c/f

E=hf

f

λ=c/f

E=hf

Radio

1.00E+03

3.00E+05

6.63E-31

1.00E+09

3.00E-01

6.63E-25

Microwaves

1.00E+09

3.00E-01

6.63E-25

1.00E+12

3.00E-04

6.63E-22

Infrared

1.00E+12

3.00E-04

6.63E-22

4.00E+14

7.49E-07

2.65E-19

Visible Light

4.00E+14

7.49E-07

2.65E-19

8.00E+14

3.75E-07

5.30E-19

Ultraviolet

8.00E+14

3.75E-07

5.30E-19

3.00E+17

9.99E-10

1.99E-16

X-Rays

3.00E+17

9.99E-10

1.99E-16

1.00E+20

3.00E-12

6.63E-14

Gamma Rays

1.00E+20

3.00E-12

6.63E-14

1.00E+23

3.00E-15

6.63E-11
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Note: While energy [E=hf] has been used, Planck constant [h] may only be seen as a conversion factor between
energy and frequency. For there is nothing in the table that restricts the granularity of frequency [f] across the
entire EM spectrum. While we might speculate some minimal wavelength [λP] equated to the Planck length
[LP=1.62E-35], which would correspond to a frequency [fP=1.85E+43] and energy [E= 1.23E+10], there is nothing in
the empirical universe that appears to come close to these values.
So, when quantified in terms of Maxwell's equations, the propagation velocity [c] is explain in terms of an interaction of
the in-phase orthogonal [EY] and [BZ] fields, which then drives propagation along the x-axis. However, this discussion
questions whether quantised photons linked to atomic orbital transitions are different from EM waves produced by an
oscillating charge. For example, blackbody radiation is a process by which a material is heated and can cause atoms to
transition between orbitals, such that quantised photons might be both emitted and absorbed. It might also be recognised
that the process of spontaneous emission linked to random orbital decays to a lower energy state might also emit a
quantised photon. Likewise, stimulated emission is another process triggered by an incoming photon of a specific
frequency, which can cause an electron to transition to a lower energy orbital, but where the new photon has the same
phase, frequency, polarization and direction. Finally, we might cite nuclear decay as yet another process, where the atomic
nucleus splits requiring corresponding changes to the electron orbital leading to photon emission.
Note: As outlined, there are many potential processes that may create quantised photons, when explained in terms
of atomic orbital transitions. However, the assumption that a quantised photon must contain oscillating
electromagnetic fields might be questioned.
Let us return to the formulation of the electromagnetic force, as defined in terms of the Lorentz force, such that it is the
sum of two orthogonal component vectors: electric [qE] and magnetic [q·vxB]. In the case of the magnetic component, the
velocity of the charge in motion is [v], not [c], and depends on the relativistic frame of reference – see Relativistic
Electrodynamics for more details. Of course, if velocity [v] depends on the frame of reference, the reality of the magnetic
force might be questioned in another inertial frame, where [v=0]. It might also be highlighted that the magnetic force is
often neglected, because its magnitude [B=E/c] is 108 times smaller than the electric field force, although this assumption
might be questioned in terms of the Gaussian unit – see Propagation Issues for more details.
So, how is an EM wave different from the photon emission process?
Let us start with an EM model based on the diagram right, which represents an
oscillating charge, which is undergoing acceleration being driven by some external
alternating potential.
Note: The external potential is important because, the charge particle itself
cannot be the source of the energy of the EM wave that is being radiated away
into space.
In this respect, we might immediately perceive a difference in the photon and EM models. As described, only an
accelerating charged particle produces a radiating EM wave, where the frequency of the EM wave is equal to the frequency
of oscillation of the charge - see Electromagnetic Energy and Electromagnetic Radiation for more details. While this
discussion will not replicate earlier details, the equation in [3] below shows the basis of the Larmor formula in terms of the
energy of the radial and transverse components caused by the oscillating charge.

[3]

Radial Energy [ER ] =

q
4 0 r

Transverse Energy [ET ] =

2



1
r2

qa sin 
4 0 rc2



1
r

In [3], we see two components of energy as different functions of distance [r], which
is explained in terms of the ‘near and far fields’, where only the far-field is significant
at greater distances and becomes the source for EM radiation. Based on the sine function in the more significant
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transverse component, we might realise that no far field energy is radiated along the vertical axis, as illustrated in the
diagram above. However, if the transverse energy equation for multiple oscillating charges is integrated over an expanding
spherical shell, geometry requires the distribution of energy to be subject to the inverse square law. If we now reproduce
part of the earlier spectrum table, we might realise that [E=hf] is simply the energy assigned to a photon, such that we
might want some comparative measure derived from [3]. If we equate [q] to the charge of an electron [e] and radius to the
wavelength [λ=c/f] at source, then we might estimate the required acceleration [a] at [r=λ] that matches the energy [E=hf],
as shown in the last column.
Spectrum

f

λ=c/f

E=hf

e/4πε0c2

a/r=λ

Radio

1.00E+03

3.00E+05

6.63E-31

1.01E-14

2.18E-22

Microwaves

1.00E+09

3.00E-01

6.63E-25

1.01E-14

2.18E-10

Infrared

1.00E+12

3.00E-04

6.63E-22

1.01E-14

2.18E-04

Visible Light

4.00E+14

7.49E-07

2.65E-19

1.01E-14

3.49E+01

Ultraviolet

8.00E+14

3.75E-07

5.30E-19

1.01E-14

1.39E+02

X-Rays

3.00E+17

9.99E-10

1.99E-16

1.01E-14

1.96E+07

Gamma Rays

1.00E+20

3.00E-12

6.63E-14

1.01E-14

2.18E+12

Note: While this table is a little contrived, it might question whether EM waves or photons can be used to explain
the entire spectrum. For there may be some practical limit to the physical oscillation of a charge particle, while we
also might question a radio photon wave-pulse with a half-wavelength in excess of 150km.
While the frequency of visible light appears very high, it can be produced in hot objects like a light bulb filament. In this
context, EM radiation might be produced by the thermal motion of charged particles. However, care might be needed in
simply assuming that this model is describing EM radiation, if the process by which a material is heated is actually causing
atoms to transition between orbitals, such that quantised photons are both emitted and absorbed, as per blackbody
radiation, which might then be used to explain the photoelectric effect.
How do oscillating charged particles radiate EM energy?
Before considering this question, we might try to generalise how a charged particle affects the electric and magnetic fields,
when linked to a free electron outside the confinement of atomic orbitals, and when they are not.
1.

A static charged particle produces a static electric field, as illustrated in the diagram below in terms of the field lines
between opposite and equal charges. These electric fields can exert a force on other charged particles, i.e.
action-at-a-distance, through the field. In this respect, the electric field appears to have some physical reality,
although we might question whether it is better described in terms of potential energy.

2.

A charged particle with constant velocity [v] will disturb an electrostatic field as shown below left, essentially because
the initial motion equates to an acceleration. However, while this disturbance will radiate outwards at the speed of
light [c], there is no subsequent wave-like motion. The velocity [v] also produces a magnetic field that can exert a
force on other moving charges, as shown right. The force on the charge is always perpendicular to the direction of
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their velocity and therefore only changes the direction of the velocity, not the speed – see An Overview of EM Fields
for more details.

3.

Only an accelerating charged particle produces an electromagnetic wave, which according to Maxwell’s equations
consist of an alternating electric and magnetic field propagating with the speed of light [c=fλ] in vacuum. If the
frequency of oscillation is [f], then the resulting EM wave also has a frequency of [f] – see Electromagnetic Energy and
Electromagnetic Radiation for more details.

While it is difficult to visualise directly from the Larmor equations in [3], the transverse energy [ET] must change if the
charge [q] is oscillating. If we visualise this oscillation along the vertical axis being driven by some external sine wave field,
then the electric [E] and magnetic [B] fields along a radial path defined by distance [r] will also oscillate as illustrated in the
animation above. The oval shapes, in light grey, reflects the donut shape of the EM field previously illustrated, while in
practice, the amplitude of waves would be subject to an inverse square law as the energy wavefront is ‘diluted’ over the
area of an ever-increasing spherical surface.
Note: Within a photon model, the inverse square law would be explained in terms of the photon density passing
through an area at distance [r]. While many of the spectrum series, associated with atomic emissions, are in the
visible spectra, nuclear shell transitions can emit high-energy gamma rays, while nuclear spin transitions can emit
low-energy radio waves. As such, the photon model may be applicable across the entire emission spectrum.
Despite the note above, the models illustrated suggest that a stationary charge particle creates an electrostatic field, which
an oscillating charge disturbs and causes oscillating EM energy to propagate outwards. However, we appear to be
describing two distinct mechanisms, where a photon has a quantised structure linked to the orbital transition, which may
result in a finite wave-pulse, while the EM wave mechanism has no obvious quantisation mechanism.
So, what contradiction might arise from these two possible models?
We might consider the apparently conflicting explanations of how the velocity of light [c] in a vacuum can be reduced
when passing through a transparent medium, such as water or glass. For while there is empirical agreement on this revised
speed, the actual causal explanation as to why the velocity is changed differs in these models.
•

Within the EM model, the propagation of the EM wave is assumed to be slowed within a material due to the
disturbance caused by the wave's own electrical field as it propagates pass charged particles within the material on
route. Typically, these particles will be electrons rather than protons due to the large difference in mass-energy and
this effect is often equated to the electric susceptibility of the medium. By a similar argument, the magnetic field of
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the EM wave also creates a disturbance proportional to the magnetic susceptibility of the medium. So, as the
electromagnetic fields oscillate within the EM wave itself, charged ‘particles’ in the material also resonate at the same
frequency. As such, there is a superposition of different oscillating fields with the same frequency, but not necessarily
with the same phase. As a consequence, a resulting superposition wave may have the same frequency, but a shorter
wavelength, which results in a slower phase velocity [vp=fλ].
•

Within the photon model, a photon always travels at [c], but can be delayed due to collisions i.e. absorption and
emission, within the atoms of the material. In these terms, it is assumed that the idea of a photon slowing down due
to the refractive index of the material must be a statistical average of the time for [n] photons to pass through the
material.

Clearly, these descriptions appear to have little in common in terms of a causal description. If quantum theory argues that
only the photon model exists in the quantum domain, then the EM model might only be seen as an approximation,
analogous to Newtonian physics in respect to relativity. However, it has been suggested that both models may exist and
describe two different causal mechanisms. If so, the certainty in the quantum model in terms of wave-particle duality
assumption may require further scrutiny, especially as a photon has never been detected in transit and has no proven
structure. Finally, we might table one last question within this discussion.
Is energy always quantised?
In terms of the atomic transition model, the answer would appear to be yes, but only because the electron wavelength in
the orbital is assumed to be quantised. In the case of an oscillating charge, there is no obvious reason why the emitted EM
radiation would be quantised as its frequency is known to equate to the frequency [f] of the charge in oscillation. However,
at this point, we have possibly exhausted the questioning that can be generally pursued.
1.3.6

Schrodinger Issues

Following on from the idea of the wave-particle duality, another ambiguity centres on whether a wave function is only
describing a probability function, not a real wave. For the modern interpretation of Schrodinger’s wave equation only
considers the amplitude of a quantum wave function to be a probability amplitude, such that it has no obvious physical
reality in the quantum model. Therefore, this discussion wants to consider the physical reality of an electron, which if not a
particle, possibly requires some form of standing wave structure in order to remain stationary in space. As indicated, this
discussion will first attempt to explain the Schrodinger’s time-dependent equation, as shown in [1], by detailing a
derivation and its assumptions, after which, the discussion will then question
whether all the assumptions can be true.
Note: There are two Schrodinger equations, i.e. time-dependent and
time-independent, where the latter results in a stationary state, such that
the probability density is independent of time. Correspondingly,
time-dependent equation results in non-stationary states where probability
densities are not constant and vary with time.
In [1], we see the Schrodinger’s time-dependent equation in its possibly most abstracted form. While this equation might
convey meaning to a quantum physicist or mathematician, it is possibly meaningless to most, such that further explanation
is required.
[1]

E  (t ) = H  (t ) = i


 (t )
t

While the |ket> notation has been embedded into the form of [1], this is not really necessary. It might also be clarified that
[E] relates to total energy [ET] of the system and therefore equates to a Hamiltonian [H] function.
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Note: However, this discussion will attempt to demystify some of the mathematical abstraction in [1], such that we
will initially replace the symbol [ψ] with the symbol [A]. In a classical wave equation, [A] is normally used because it
reflects the amplitude of a wave as a function of time [t]. However, in the context of quantum theory, this amplitude
is only considered to be a probability amplitude [ψ].
So, while we might now understand the equivalence of the first two terms in [1], i.e. energy [E] and the Hamiltonian [H],
the connection to the third term is not obvious or how [1] is even related to a wave equation. While much of the derivation
to follow was developed in an earlier discussion – see Schrodinger’s Wave Mechanics, some aspects of the derivation will
now be questioned further. However, we will start by anchoring the derivation to a 1D wave equation, as shown in [2].
[2]

2 A
t

2

= v2

2 A
x

2

2

= (f  )

2 A
x

2

 2  2 A
2
= 
; where  = 2 f ; k =

  2  x2




All the forms in [2] are equivalent and describe a 1-dimensional wave propagating in the spatial direction [x] as a function
of time [t], where the velocity [v] of the wave is shown in two forms, i.e. [v=fλ =ω/κ]. However, the form of [2] is derived
from another more basic wave equation shown in [3].
[3]

x

A = A0 Sin2  ft   = A0 Sin (t   x ) = A0e i(t  x)



While we will adopt the use of [ω,κ] for convenience, the derivatives with respect to time [t] and distance [x] in [4] and [5]
also show the trigonometric and exponential forms for completeness, starting with the time [t] derivatives in [4]. It might
also be highlighted that the [±] symbol is applied to [κ] as it reflects the direction of the wave in space [x], as such [ω] is
always positive and we will simply assume a positive value of [κ] in the derivation.
[4]

A = A0 Sin (t   x )   = e i(t  x )
dA

=   A0 Cos (t   x )  
= i e i(t  x ) = i
dt
t
d2 A
dt

2

= 2  A0 Sin (t   x )  = 2 A



2
t 2

= ( i ) e i(t  x )= 2
2

The process in [4] is repeated in [5] for the space [x] derivative.

[5]

A = A0 Sin (t   x )   = e i(t  x )
dA

=   A0 Cos (t   x )  
= ( ik ) e i(t  x ) = i
dx
x
d2 A
dx

2

=  2  A0 Sin (t   x )  =  2 A



2
x 2

2

= ( ik ) e i(t   x ) =  2

It can be seen that both [4] and [5] lead to a definition of [A] for both [x] and [t] that can be equated to each other, which
leads back to [2], as shown in [6].
[6]

 1  d2 A  1  d2 A
A =
=


  2  dx2
 2  dt 2



d2 A
dt

2

 2  d2 A
d2 A
=
= v2

  2  dx2
dx2



( )

However, while the derivatives leading to [6] suggests that [2] conforms to basic wave mechanics, it does not necessarily
explain the connection with [1]. This requires us to follow the idea that the relationship between [ω] and [κ] can be based
on deBroglie’s wave equation, where energy is defined in terms of kinetic energy [E K] and a non-relativistic velocity [v],
such that it can be equated to a ‘particle’.
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 =

[7]

h
h
h
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=
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=    =
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E = hf =  =
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=
=
2
2m
2m


E
2 
  = =
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Note: Later, we will question whether a dispersive relationship between [ω] and [κ2], as used in the following stages
of the derivation, is consistent with the reality of a particle.
We will now use the symbol [ψ] and highlight that Schrodinger used Dirac’s idea to equate the 1st differential with respect
to time [t], in [4], with the 2nd differential with respect to distance [x], in [5], so that the dispersive relationship [ω→κ2]
shown in [7] could be developed.

[8]


2
= i and
=  2
t
x 2
 1  
 = 
 i  t

 1  2
=  
  2  x 2

If we now substitute for [ω=E/ħ] and [κ=p/ħ] from [7] we get:

[9]

2

  2
  
 = 
=  
 iE  t
 p  x2

At this point, there is a little mathematical ‘trick’ that can be applied to [9] based on the fact than the reciprocal of [1/i]
equals [-i], while also substituting [p2=2mE], based on [7].
[10]

 i    2  2
 − E  t =  2  2


 p  x

 i    2  2
=


 E  t  2mE  x2

 −

As such, we can cancel [E] from both side and reverse the order of the terms, such that the right-hand side is now similar to
[1], although there is still some further explaining required for the term on the left of [11].
[11]

−

2

2

2m x2

= i


t

In essence, [11] is the basis of Schrodinger’s time-dependent wave equation for a free particle, limited to one-dimension.
However, this equation does not account for the particle moving in a potential energy field, which we might now introduce
in terms of the Hamilton [H], which reflects the total energy [E T] of a system as the sum of its kinetic [E K] and potential [EP]
energy as shown in [12].
2
2 2
[12] E = H = E + E =  p  + E =  k
T
K
P
P
 2m 
 2m





 + EP



Again, we have substituted for kinetic energy [EK] based on [7], which [13] below rearranges in terms of [k]:
[13] k 2 =  2m  ( E − E )
 2  T
P




We can now substitute for [κ2] into the spatial wave equation derived in [5].
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[14] 2 = k2 =  2m  E − E
 2 ( T
P)  
2
x



2  2
 p2
 
= EK = 

 2m  x2
 2m











In [14] we see the equivalence of kinetic energy [E K=ET-EP] equated to an expression using the second derivative of
[∂2ψ/∂x2]. We can now use this kinetic energy expression as part of the total energy equation, as shown in [15], which is
essentially equivalent to the Schrodinger equation in [1].
[15]

ET ( ) = EK ( ) + EP ( ) =

2

2

2m x2

+ EP ( ) = i


= E
t

It might be realised that the probability amplitudes (ψ), shown in brackets in [15], are not really necessary for they are not
variables in any physical sense. We might also question why the derivation is seemingly based on a physical wave equation,
as per [2] and [3]. Likewise, the derivatives in [4] and [5] confirm the form of [2] in [6], where in a physical wave equation,
amplitude [A] is considered more appropriate than the symbol [ψ]. For [A] represents a physical displacement of the wave
media through which the wave is propagating with velocity [v].
Note: At this point, we might also question how the Schrodinger wave equation can be apply to a ‘wave-particle’
like an electron that can have zero velocity, if based on the same propagating wave logic shown in [2]. See quantum
explanation discussed below in terms of a wave packet.
We might initially consider the idea of some form of standing wave resulting from a superposition of waves propagating
through a region of space, although the stability of this structure may be questionable – see Matter is Made of Waves for
more details. However, as previously highlighted, the reason that Schrodinger wanted to equate the first derivative [∂ψ/∂t]
with respect to time [t] to the second derivative [∂2ψ/∂x2] with respect to distance [x] was because of the dispersive
assumption between [ω] and [κ2], as shown in [7].
Note: The Schrodinger wave equation assumed that the basic behaviour of the wave function is dispersive, which
then requires a ‘wave function collapse’ to localise the dispersed wave function to a point-particle. However, today,
more than half of the modern ‘interpretations’ of quantum theory deny the collapse of the wave function.
Therefore, it might be suggested that the wave function collapse was little more than a philosophical assumption
required to support the Copenhagen Interpretation, when first established in 1927.
Despite the note above, the quantum model still supports the idea of a mathematically abstract probability amplitude [ψ].
It then argues that the Schrodinger equation only defines the probability of finding a particle, although it seems strange
that the derivation can be based on physical wave mechanics. However, in terms of quantum semantics, the Schrodinger
wave function of a particle can be a construct of component probability waves with different frequencies [ω], where
phases and amplitudes only interfere constructively over a small region of space and destructively elsewhere, such that the
result is a localised wave packet. However, these component wave functions infer a physical property, i.e. frequency, such
that they ‘propagate’ with different velocities through a dispersive ‘quantum field’, which may be as abstract as the
probability amplitude.
So, what evidence is cited to support the dispersive assumption?
Generally the dispersion idea appears to be linked to deBroglie’s matter waves, which when in motion with velocity [v]
have a deBroglie wavelength. However, deBroglie’s model parallels the logic described by the Compton Effect, which led to
the definition of the Compton wavelength often associated with a particle like the electron. However, this wavelength is
not really connected to the particle, as it is the wavelength of a photon whose wave-energy [E=hf] has the same
mass-energy [E=mc2] of the particle in collision with the photon. If we ignore relativistic effects, the derivation of the
Compton wavelength [λC] is shown in [16], where [mK] only reflects the idea of an equivalent kinetic mass for a photon
defined by [mK =pc].
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[16]

EK = hf =

hc



= mK c 2  C =

hc
mk c 2

=
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h
h
p 

= p=
= C    =

mk c p
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Note: A photon without rest mass only has kinetic energy [E=pc=(m Kc)c=mKc2]. However, in [16], the mass [mK] can
be replaced by the rest mass [m0] of a particle, e.g. electron, even though the wavelength [λC] has nothing to do
with the particle. It might also be realised that because [E=hf] infers a wave frequency, it also implies a wavelength
[λ=c/f], where the propagation velocity [c] might be assumed to be a property of the wave media or quantum field.
We might now consider how aspects of deBroglie’s logic in [17] parallels the logic in [16], except that total energy [E=mc 2]
is replaced by the kinetic energy [E K] of the particle, if we ignore relativistic effects and the factor of 2 – see Matter of
Energy for more details.
[17]

EK =

mv2
v
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h
h
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= hf = h  D =
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mv p
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While we might question whether [17] is really telling us anything about the wave structure of a particle, we end up with
the same definition of [κ=p/ħ], where the dispersive relationship between [ω] and [κ] is shown in [18].
2
2
[18] E = hf =  = mv = p =
K
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2 2



2m
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Note: In order to be consistent with the Schrodinger equation, the factor of 2 in the kinetic equation is now retained.
Also, unlike the form in [16], the velocity [v] can be zero, such that any wave-like properties might disappear, when
the deBroglie wavelength goes to infinity.
Despite the inference above, we might question the idea that any wave structure associate with a particle can simply
disappear as energy would be lost, but this is an issue for another discussion. For, at this point, we might consider an
alternative to [18], which then leads to the suggestion that matter-waves might be non-dispersive.
[19] EK = hf =  = mv2 = ( mv ) v = pv = ( k ) v   = ( k ) v and v = 
k
To be honest, it is not clear why [18] and [19] suggest a different relationship between [ω] and [κ] as the units of all the
variables substituted appear to be consistent at all stages. However, we might consider the inference in [19] to be more
consistent with physical reality in that it directly leads to the wave-particle velocity [v]. If the non-dispersive solution in [19]
is used, then [8] would be based on the second derivatives, as now shown in [20].
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Again, in [20], the same logic has been used to defined the kinetic energy [E K] as used in [19]. So, on the basis of [20], the
wave equation simply affirms that any wave structure associated with the particle must propagate with the same velocity
[v] of the particle. While this appears to make obvious causal sense, it is unclear that any of the equations have helped
clarify the actual wave structure of a particle like the electron. However, it is possible that the quantum description of a
wave packet, as outlined above, might be still be applicable, but with one important caveat, the wave is real.
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1.3.7

Propagation Issues

The last couple of discussions have focused on the issue of causality in respect
to how, and possibly why, energy propagates through the universe. As a broad
generalisation, a wave is an understood mechanism which can dissipate a
localised excess energy, such that the wave media can return to a point of
equilibrium associated with the lowest energy state possible for the system. We
might attempt to initially visualise this model as being similar to the effect of dropping a pebble into a pond, where the
initial central displacement is dissipated through a series of expanding 2D surface waves, which needs to be translated into
a more complex 3D model. While it is a general assumption that energy is proportional to the square of the wave
amplitude [A2], this is not always true. For there is a point, where the wave has zero amplitude, although within the
confines of the wave model being described, we might realise that the wave amplitude [A], only reflects potential energy.
However, when the amplitude is zero, this coincides with the maximum, and equivalent, amount of kinetic energy [mv2]
associated with the point in the wave media in motion. In a lossless wave system, the total wave system always has a
constant amount of energy, although when distributed across an expanding 3D surface, energy at any given point will be
subject to the inverse square law. While this model might serve as an interesting analogy, we still need to question
whether it viable as a causal mechanism.
How might energy actually propagate within a physical 3D universe?
Of course, in practice, the idea of energy is complicated by a multitude of different descriptions, e.g. rest-mass, thermal,
mechanical, electrical, electrostatic, magnetic, electromagnetic, gravitational, chemical, radiation, nuclear, ionization,
chromo-dynamic etc. However, we might have to question whether any of these forms is truly reflective of energy at the
most fundamental level of the universe. In this respect, it might be argued that some potential offset from a point of
equilibrium is not an unreasonable starting assumption, which if taking place within a wave packet of some description
might be equated to kinetic energy.
So, what model might better explain causality?
We might attempt to differentiate the causal probability of a particle model based on its ability to explain how energy [E] is
physically propagated from [A] to [B]. Without being too rigorous, the particle model might first be considered in terms of
Newton’s first law, where an object either remains at rest or continues to move at a constant velocity [v], unless acted
upon by a force. However, as argued elsewhere, the particle model also depends on the idea of a physical reality
associated with rest mass [kg], which is clearly problematic in terms of a photon or EM wave, where neither have rest
mass. While supporting the idea that a field can contain energy, it has been argued that it does not provide any mechanism
that explains how energy physically propagates through the field. As outlined, we might consider a wave model, where
energy can be propagated based on known wave mechanisms, although it is far from clear that these mechanisms can
simply be assumed to work in the quantum domain.
Note: Most wave models are invariably described in terms of mathematically abstracted formulation of perfect
sinusoidal waves, restricted to one or two dimensions, propagating through a supportive wave media. In contrast,
the physical universe, as described by the quantum model, is apparently a seething and chaotic field of energy. If so,
we might question how any wave could propagate through this model, although there is considerable empirical
evidence that waves of various description do so, possibly because wave-particle wavelength may be 20 orders of
magnitude greater than the quantum Planck scale.
Therefore, in the case of an EM wave, we possibly need to be more specific as to how the electric and magnetic field
components propagate with velocity [c] in a given direction. As the details can be referenced in EM Propagation and EM
Energy, this discussion will only present some of the key arguments based on Maxwell’s 3rd and 4th equations shown in [1].
[1]

(3)
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B
;
t
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+
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In [1], we see only the time-dependent Maxwell equations in the form of the cross products in [xyz] space, which can be
expanded based on the following generic formulation shown in [2].
[2]

Ay
 A
A =  z −
 y
z


  Ax Az   AY
Ax 
−
−
 + 
+

x   x
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  z

However, an EM plane wave solution can simplify the 3D form implied in [1] and [2] by proceeding on the basis that [E] and
[B] fields are perpendicular to each other in just one dimension, as suggested in [3].
[3]

E X = 0;

EY = E;

EZ = 0;

BX = 0;

BY = 0;

BZ = B;

We can now solve for the [E] and [B] fields based on the assumptions in [3] starting with the electric field [E].
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We can now do the same for the magnetic field [B].

[5]
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Substituting the solutions in [4] and [5] back into [1] we get [6]
[6]
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EY
B
=− Z;
x
t
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Bz
E
= 0 0
x
t

Based on [6], we see that any value of [E] or [B] depends on only [x] and [t]. However, we might pursue a 2nd derivative
solution of [6], as shown in [7], based on Maxwell’s 3rd and 4th equations shown in [1].
2E
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If we reverse the order in [7], we arrive at something that has the form of a wave equation, as shown in [8], along with a
similar result for the magnetic field [B].
[8]
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So, based on the equations in [6] and [8], we see a change [d/dt] in [E] or [B] drives the change [d/dx] and vice versa, such
that it might be described as self-propagating, such that it might avoid the issues of a chaotic quantum media. However,
we will first consider an alternative solution that is rooted in wave physics, where the change in the [E] or [B] field strength
is based on a sine wave function, as shown in [9].
[9]

EY = E sin (t   x ) ;

BZ = B sin (t   x )

Based on [9], we need to determine the 1st derivatives in-line with Maxwell’s 3rd equation, as per [7]:
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[10]

EY
= kEc os (t   x ) ;
x

BZ
= −B cos (t   x )
t

However, based on [6], we know the expressions in [10] are equal, as shown in [11], where the cosine functions cancel.
[11] EY = − BZ ;  Ec os (t   x ) = B cos (t   x )   E = B
x

t

Again, we are led towards an expression of velocity [v], not only in terms of [ω,κ], but also in terms of [E,B] as shown in
[12], where the value of [c] is also shown in terms of the permittivity [ε0] and permeability [μ0] constants, as required by
Maxwell’s equations in the SI system.
[12]  E = B  E = ( ) = 2 f    = f  = v =  c = 1
( )  2 

B ( )
00









So, is it more logical to describe light-energy as an EM wave or as a photon?
Let us assume that the laws of nature do not require a duality. If so, what might we say about ‘light’ as observed from our
own sun, and the stars beyond, which suggest an ability to transport energy through the near vacuum of space and over
vast distances.
Note: This observational model requires the sun to radiate energy in all directions, such that energy is subject to an
inverse square law with distance. In order to address the inverse square law, a wave model must decrease the E-M
field strength as a function of radial distance [r] or the photon model must reduce its number density aligned to the
inverse relationship.
Based on Maxwell’s equations, which we might assume is essentially a wave model, the electric and magnetic fields
propagate in-phase, such that there is a point in time and space, where these fields are both zero. However, in a
self-propagating model, without a physical media, there is no obvious equivalent mechanism where the potential energy
associated with the wave amplitude [E] or [B] is converted into kinetic energy within the structure of the propagating
media. Therefore, we might question the implications of the relationship [E/B=c], which remains constant at all values
except when [E=B=0]. As indicated, within the basic wave model, total energy is conserved within the conversion between
potential and kinetic energy, although still subject to the inverse square law at
any given point. In the classical model of an EM wave, energy is often described
as propagating outwards from a source charge oscillating under acceleration in
space, as illustrated in the diagram. However, this model requires some
clarifications as outlined in the note below.
Note: In practice, man-made sources of EM waves are produced in
oscillating dipole antenna, where an alternating voltage can make
millions of charged particles within the length of the antenna,
analogous to the red line in the diagram, oscillate in synchronisation. As such, the strength of the electric [E] and
magnetic [B] reflects the sum total of charged particles undergoing acceleration, not just one in isolation. In this
context, it might be recognised that the antenna is amplifying the energy of the aggregated EM wave being
produced, which in-turn is a function of the electrical power being used to generated the alternating voltage at a
specific frequency.
As outlined in the note above, the EM wave energy is proportional to the electric field driving the oscillation of the charges,
not the individual charges in isolation. Likewise, the rate of oscillation is also driven by the frequency of the alternating
voltage, such that it defines the frequency of the EM radiation being emitted. However, as previously discussed, see EM
Wave Issues for details, it is unclear how this continuous model fits with the energy quanta model of a photon
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Note: It is highlighted that the EM model appears to be very different from the model of a photon produced by an
orbital transition within an atom. For this process appears to define a finite transit time, such that a photon might
be better modelled as a wave-pulse. Likewise, the photon is assumed to be a quantised unit of energy, as the
electron orbital is quantised to the orbital circumference aligning to an integer wavelength. In contrast, the EM
model in the diagram provides no causal explanation of energy quantisation, if the oscillation frequency of the
charge has no obvious quantisation restrictions - see Photon Issues for more details.
So, what are Maxwell’s time-dependent equations really telling us?
Let us consider the units of the electric [E] and magnetic [B] fields along with permittivity [ε0] and permeability [μ0]
constants, as required by the SI system:
[13] E = kg.m 1 ;
2
s

C

B=

kg 1
;
s C

0 =

C 2 s2
kg.m3

;

0 =

kg.m
C2

At face value, these SI units do not seem to convey anything meaningful, which we might associate with the propagation of
energy within an EM wave. However, we might consider another form of [13] related to Gaussian units as shown in [14].
2

2 2
[14]  E 2 = C s  kg.m  = kg ;
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In order to justify the squaring of [E 2] and [B2], it might be highlighted that the energy of a classical wave corresponds to
the square of its amplitude [A2], such that [14] might suggest that [E] and [B] do indeed correspond to the amplitudes
within the EM wave. If we pursue this idea, then the units of the composite terms [ε0E2] and [B2/μ0] equate to the units of
an energy-density. If course, if we were to drop the SI requirement for [ε0] and [μ0], then we might recognise that [E] and
[B] have the same units in the Gaussian system and the original equations in [6] might be shown in a more symmetrical
form, as per [15].
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It seems curious that by simply changing the units by which the electric [E] and magnetic [B] fields are defined, we get a
different perspective of these quantities and the necessity for the constants [ε0] and [μ0] used normalise the equations in SI
units. However, we might extend this ambiguity to the question of energy in general, i.e. what is it? At one level, we accept
that macroscopic objects have energy by virtue of the rest-mass and kinetic energy linked to the concept of mass and
velocity plus potential energy based on a position within a field, such as gravitation. However, such concepts are not so
tangible when it comes to radiation, which has no rest-mass, but still retains the concept of kinetic energy linked to
momentum, which if translated into kinetic mass might allow radiation to also be affected by a potential energy field. In
the context of [14], we appear to have a format where the electric [E] and magnetic [B] field strengths have the units of an
energy-density, such that we might table another question.
What is energy-density?
At first, we might attempt to answer this question in terms of the energy contained within some defined volume, which in
terms of a mass-particle might be equated to some physical radius. Of course, this certainty has to be questioned in the
quantum model, if the substance of mass [kg] is also questioned in preference of some form of energy-density, which
possibly takes the form of the anecdotal description of ‘a ripple in a quantum field’. However, as this discussion has
attempted to highlight, energy as a scalar quantity needs a causal mechanism to explain its propagation through space as a
function of time. In this respect, the idea of an EM wave, at least, provides an empirically tested model for wave
propagation, which appears absent in the description of a photon being a particle. We might characterise some of the
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ambiguity surrounding the causal mechanisms associated with the photon concept in the following question and answer
exchange taken from an on-line forum.
Question: How can light travel forever and why don’t photons lose energy and stop?
Answer: This is two questions in one. Addressing the first part, the term ‘forever’ is a relativistic term, where
humans only ‘sense’ forever because their lifetimes are finite. Not so with photons, which travel at the speed of light
[c], where relativity in the form of time dilation, at the speed of light, causes time to stop. So, a photon does not
travel forever because photons do not experience the passage of time. Regarding the second part, photons are
packets of quantised energy defined by its frequency [E=hf]. It would be erroneous to consider a photon having
kinetic energy, which is a mechanical form of energy. Photons have quantum energy, which is exchanged in an
‘all-or-nothing’ process.
While the answer submitted by a professor of physics has been heavily edited, it is not clear that the unedited version
provides any useful insight to causality. We might therefore consider another description, this time in terms of
electromagnetic waves by somebody holding a Master’s degree in science offering on-line tuition.
Electromagnetic waves propagate energy forward, but do not use a medium. This is why light can reach Earth from
the Sun. If electromagnetic waves were mechanical, there would be no light, heat or life on Earth!
Clearly, this description is making indirect reference to the idea that EM waves self-propagate and therefore have no
requirement for a wave propagation media. While it is understandable that such a statement would be forwarded in this
type of on-line forum, there is no attempt to question whether EM waves are the preferred explanation of energy transfer
rather than photons. Of course, if the description of a photon is adopted, the statement does not address how photons
propagate with velocity [c] unless we turn to the ambiguity in the first answer. The equation in [16] simply quantifies, as a
point of reference, how much energy is received on Earth from the Sun per square metre as a normalised average.
[16]

W
2

m

=

6.33 *107 * Sun ' s surface area
2

4 * ( Earth orbit )

=

6.33 *107 * 6.09 *1018
2

4 * (149.6 *109 )

= 1.372 *103 W / m2

While not directly pertinent to this discussion, [16] shows the conformance to the inverse square law of radiated energy
being distributed over a spherical surface, defined by 4πr2, where [r] is the radius of Earth’s average orbital distance from
the Sun. However, what is not made clear in [16] is the make-up of the energy, as considerable energy is emitted by the
Sun as charged particles – see Solar Wind for details. In essence, the flow of charged particle would constitute an electric
current, which we might assume would create both electric and magnetic fields in space. Of course, if these particles were
subject to an acceleration, we might assume that some form of EM wave might be the result.
Note: One of the issues this discussion is trying to highlight is the apparent multitude of different ways energy is said
to exist. For example, we quantify energy in terms of rest-mass, thermal, mechanical, electrical, electrostatic,
magnetic, electromagnetic, gravitational, chemical, radiation, nuclear, ionization etc. However, while speculative,
the general principle of Occum’s Razor might question whether all these different forms are simply manifestations
of the potential and kinetic energy being propagated by different wave structure, where the question of a
propagation media is left as an open issue.
1.3.8

Time and Energy Issues

In practice, there are many ideas about the nature of time, for example, is it absolute or relative, discrete or continuous,
reversible or irreversible. Even within the development of the quantum model, different ideas about time have been
proposed. Originally, in quantum mechanics, position [x] was considered as an operator, while time [t] was only treated as
a variable, although this asymmetry was later considered to be problematic in terms of special relativity. Therefore, in
Quantum Field Theory, position [x] and time [t] were both defined as variables, while the quantum field was described in
terms of an operator. While the initial idea of time in quantum mechanics was possibly ambiguous, the development of the
Planck scale led to the suggestion that time might also be discrete, although it did not initially affect the ‘arrow of time’.
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However, later, within the development of quantum field theory, the idea of time was subject to further speculation based
on the conceptual nature of virtual particles, described as transient quantum fluctuations. One such speculative idea was
the Transactional interpretation, which possibly makes so many untestable assumptions that this review will not even try to
summarise the details.
Note: In a broad context, classical thermodynamics generally proceeds on the idea that time is irreversible in the
sense that a closed system will always decay towards its lowest energy equilibrium state. However, whether any
system in the universe, including itself, is truly closed may be debated, especially at the quantum level.
In a somewhat contradictory position to classical thermodynamics, classical physics did not necessarily prohibit the
reversing of time as its equations of motion were essentially reversible, at least in concept. However, this fact does not
necessarily lead to the conclusion that time itself is reversible as one is simply a mathematical abstraction, while the arrow
of time might be seen as a physical reality. However, at the start of the 20th century, Herman Minkowski proposed that
space-time could be merged into 4D spacetime on the basis of special relativity. Again, this review might question whether
this was only another mathematical abstraction for none of the ideas, briefly outlined, appear to provide any causal
explanation of time, although one is suggested below.
Note: Within the context of a wave-like model of everything, time [t] might be seen as the reciprocal of wave
frequency [f=1/t], while the measure of space [x] is defined by wavelength [λ=x]. If, at the quantum level, everything
has a wave-like nature, then the granularity of time might correspond to the highest frequency [fP] in the quantum
universe. Likewise, on the assumption that these waves are subject to a finite propagation limit, e.g. [c], at least in
the present era, then the granularity of space would correspond to the shortest wavelength related to the highest
frequency, i.e. [λP=c/fP], where the suffix [P] denotes the Planck scale.
Again, we might need to continue questioning assumptions that appear speculative in the absence of any empirical
evidence. In this context, we might recognise that science has offered up many descriptions of energy, which classical
physics quantified in terms of mass [kg]. As a broad generalisation, total energy [E T] is a combination of potential [E P] and
kinetic [EK] energy, where rest mass may only be a manifestation of both dependent on velocity. As indicated, energy is
quantified in terms of mass [kg] irrespective of whether discussing a potential field, kinetic motion or a body at rest [E 0].
However, mass units of energy also apply to radiation [E R], where no rest mass exists, as illustrated in [1].

[1]

ET = EP + EK + E0 =

kg.m2
s2

= ER

It might be useful to further illustrate some of the different formulations of energy, where mass [kg] might first have some
logical meaning in terms of classical particle physics. However, the idea of mass becomes increasingly ambiguous in the
quantum model, if the substance of the particle is only a manifestation of energy-density associated with a waveform,
especially in the context of radiation energy.
[2]

EP =

GMm
r

2

; EK =

mv2
; E0 = mc2; ER = hf
2

But, how might we explain energy without mass?
We might initially consider this question in terms of radiation energy, although it is unclear that [E R=hf] provides any causal
explanation of how this energy propagates with velocity [c], other than as defined by electromagnetic theory. However,
without being too specific about details, the potential energy [EP] of a wave, at any single point in space and time, might be
modelled in terms of Hooke’s law, as simply represented in [3].
[3]

EP =

kA2
2
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For the purposes of this discussion, we might equate [A] to the displacement amplitude, where [k] is assumed to be a
constant of that which is being displaced, e.g. coiled spring or quantum field. If so, we might recognise that amplitude [A]
has to change as a function of time [t] and frequency [f], possibly as described in [4].
[4]

A

A (t ) = A0 cos  ft  



So, how might we equate [3] and [4] with a photon of energy?
Although we have no knowledge of the structure of a photon, we might assume that the energy inferred by [E=hf] has
some space-time granularity, i.e. it is a quantum of energy, such that it does not exist at a single point in space, as per [3]. If
so, any practical measure of this quanta of energy has to be an aggregation of A(t) within a volume [V] of space, subject to
time. While we do not necessarily understand the exact details of the energy-density [ρ] within this quanta, we might
assume an average energy-density and volume [ρV]. However, while this outline might appear to be describing a photon
quanta being particle-like, few would reject that it has wave-like properties, such that frequency [f] and amplitude [A]
might have to be factored into the expression of this quanta of energy. As such, we might consider the implication of the
equation in [5].
[5]

2

EP = V ( fA ) =

2

kg.m2
1 
m3  m  =
= Joules
s 
m
s2
kg

3

However, at this point, we would like to avoid defining energy in terms of mass [kg], such that we might seek to convert
mass [kg] into units of energy [Joules] by reversing Einstein’s equation [m=E/c 2], such that the units of energy-density [ρ]
become Joules/volume, as shown in [6].
[6]

 s2   m2 
 J 
2
2
EP = V ( fA) = 
V ( fA) =  J

 = Joules
2 
 m2   s2 
c V 




Note: It possibly needs to be highlighted that [A] represents an offset from a point of equilibrium, where potential
energy is zero. While this oscillatory motion infers an internal exchange of energy between potential and kinetic
forms, the variables [A] and [f] only reflect the potential of a point in space, which [ρV] aggregates within some
finite volume. As such, [6] does not reflect the kinetic energy of the potential energy moving through space with
velocity [v], which will be considered later in this discussion.
So, let us continue with the speculative idea that energy, whether as a particle or photon, has some form of wave
structure, such that we might question whether Planck’s constant [h] is ‘hiding’ some of the wave-like parameters, which
appears to be missing in Planck’s energy equation [E=hf] by referencing [6].
[7]

EP = ( h) f = ( J.s )

1
2
= V ( fA) = Joules
s

At this point, we have simply highlighted a possible wave inference in [7], such that Planck’s constant [h] might be defined
as shown in [8].
[8]

(

2

h = Joules* seconds = V ( fA)

) * s = VfA

2

As indicated earlier, [7] is only quantifying the potential energy within the energy quanta without making any reference to
kinetic energy. Again, we might reference the idea of kinetic momentum [p], which we might consider based on the
assumptions of relativity. However, if we start with Einstein’s energy equation [E=mc2], we might recognise that the scope
of mass [m] has not been fully defined. For the purposes of this discussion, we might define two distinct types of mass
related to the rest mass [m0] when [v=0] and a kinetic mass [mK] when [v→c], which can be used to clarify Einstein’s energy
relationship, as shown in [9]
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[9]

m = mk =

m0

v2 
1 −


c2 


m0 c 2

 E = mK c 2 =


v2 
1 −


c2 


Based on [9], we might rearrange as shown in [10].
[10]



(m c ) = (m c ) 1 − vc
0

2

2

K

2

2
2


 = mK c2



(

) − (m c )
2

K

2

2

 v2 


 c2 



If we make reference back to [9], we see the revised form of Einstein’s equation [E=mKc2], where [mK=m0] only when
velocity [v] is equal to zero. As such, we can rearrange [10], as shown in [11] to restore the equality to energy [E] and
quantify one of the terms as equivalent to momentum [p].
[11]

(

E 2 = m0c2

)

2

2

(

+ ( mK vc ) = m0c2

)

2

2

+ ( pc )

We can now apply [11] to a photon with zero rest mass where [v=c], such that energy [E] reduces to [pc], Alternatively, in
the case of a stationary particle when [v=0], [11] reduces to rest mass energy [E=m0c2], such that the full form of [11] only
applies to a particle with velocity [v]. So, returning to the issue of a photon, we might revise the form of [11] based on the
energy assumption in [7].
[12]

2

E = pc  p =

V ( fA)
E
hf
=
=
c
c
c

Based on [12], we might see that photon momentum may still retain some wave-like characteristics, if the energy
component [E] is equated to the expression in [7] leading to [12]. While the logic leading to [12] is far from rigorous, it is
simply suggesting that energy of a photon may still be dependent on physical variables, i.e. energy-density [ρ] within
volume [V] plus frequency [f] and amplitude [A]. However, even if we try to quantify the photon as a wave-pulse, where
the known frequency [f=c/λ] might equate to the half-wavelength, there are still too many unknowns to quantified all the
parameters in [12]. However, the main purpose of this exercise was to simply demonstrate the ‘possibility’ that some of
the abstractions surrounding energy [E] and time [t] might be explained, and linked to causal mechanisms, if reference is
made to wave-like variables. However, we might now reflect on the uncertainty of both position [x] and time [t], which
then leads to uncertainty in both momentum [ρ] and energy [E].
[13] p = h  p = h  p.x  h


x

In [13], we see the basic form assumed to support the uncertainty principle, although at this stage, it is simply suggesting
that any uncertainty in position [x] must imply an uncertainty in momentum [ρ]. However, if position [x] is actually
associated with a distributed wavelength [λ], we might question why we would ever expect certainty in position [x]. We
might now use [13] to make a similar argument with respect to energy [E] and time [t], as shown in [14].
[14]

E == pc = hf =

h
h
 E = p.c =
 E.t  h
t
t

However, it is unclear why there should be any inherent uncertainty in time [t], if linked to frequency [f]. Of course, if
uncertainty exists in momentum [p] based on the uncertainty in position [x] due to its dependency on wavelength [λ], it
might still imply an indirect uncertainty in energy [E=pc] for the photon example discussed.
Note: For those interested in pursuing more details on the issues simply outlined in this discussion, reference might
be made to a paper entitled: On Time in Quantum Physics.
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1.4

Structural Issues

Research into the fundamental nature of the subatomic domain, as described by the standard particle model, now dates
back over 100 years. During this time, science has raised many questions, which it has not necessarily been able to answer
with certainty, such that much of our current understanding rests on assumptions and speculative models. One of these
models is illustrated below and identifies the main particle types and groupings.

However, while the current standard model identifies many particles within this hierarchical structure, this review has
questioned the reality of all particles at the most fundamental level of existence based on a lack of causality. Of course, by
the same token, it has to be accepted that this review has only been tabling questions, which it also has not answered,
such that the list in the note below is simply an attempt to summarise the nature of some of these questions.
What is the fundamental nature of matter? What exists in an electron orbital of an atom? How can the electron be
both a particle and a wave? Why do atomic orbital probability clouds have specific shapes? Why do atomic
elements follow the periodic sequence? How can particles spontaneously appear in space? Why do so many
particles appear in collision experiments?
However, before considering such issues, we possibly need to question whether the institutions of science also operate
within a structural hierarchy, which favours and maintains certain preconceived ideas. Today, this type of structural
hierarchy encompasses multiple fields of specialisation, where the assumptions in one field of science are generally
respected, i.e. not questioned. Within this structural framework of acceptance, it might be argued that the word ‘quantum’
has come to be used as a required prefix to earlier classical concepts, e.g. quantum fields, quantum particles, quantum
photons and quantum waves etc., but without necessarily providing any further insight of physical causality. Today, there
are new branches of science that now require the prefix of the word ‘quantum’, e.g. quantum gravity, quantum computing
and quantum chemistry.
Note: Despite the prefix, it is often unclear what assumptions of the quantum model are actually being incorporated
into many of these subjects. Of course, if the quantum model is simply assumed to be the most fundamental
description of the workings of the universe, then it is possibly understandable that many will simply reference this
model on the assumption that it must represent proven science.
However, might we question what aspect of quantum chemistry is being causally explained by the quantum field model, if
many descriptions only appear to make vague references to the idea of a wave-particle duality, quantisation of energy
levels or the concept of quantum spin. If so, it is not clear that quantum chemistry has actually replaced the more
traditional forms of chemistry, only revised some of its assumptions. Again, we might question whether the structural
divisions in modern science really allow different branches of science to question the assumptions of another field of
specialisation. Politeness aside, is it unreasonable for a chemist to question how the Schrödinger equation actually helps
explain the structure of large molecules and, if not, might we inquire whether chemistry has simply developed as an
applied science supported by its own empirical verification processes, while the quantum model pursues its own
theoretical development, often on the basis of mathematical abstraction that extends beyond verification.
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Note: While the idea of some form of wave-particle duality is often considered to be proven fact, it is known to lead
to problematic contradictions, especially as the quantum model itself often appears to reject the idea of either a
particle or wave as commonly understood.
From a logical perspective, it has been argued that the idea of any particle, let alone a point-particle, must ultimately be
considered in terms of some form of energy-density, which is an idea generally compatible with both relativity and
quantum theory. However, such a fundamental concept requires a causal mechanism to explain how this energy moves in
space as a function of time. For while we have considered two distinct forms of energy, as described in terms of
photon-radiation and fermion-particles, both have been questioned in the perceived absence of a causal propagation
mechanism.
Note: The issue of electron–positron annihilation might be cited as a description of a collision, which not only results
in the annihilation of the rest mass of the electron and positron, but also creates two energy equivalent photons
without rest mass. Before the collision, the electron is assumed to have negatively charged mass, while the positron
has positively charged mass. After the collision, the resulting system of two photons is said to have conserved
charge, such that the net charge before and after remains zero, although the principle of conservation does not
explain how the particle charge disappeared or why it existed in the first place. Likewise, within this process, all
rest-mass is assumed to have been converted into energy, such that we might again question whether mass [kg]
can be considered as a fundamental unit of energy. A similar, but opposite process is called pair production.
On reflection, we might realise the description of ‘annihilation’ in the note above is not in one in which anything is really
annihilated, but rather one of energy conversion into a different structural form. From this perspective we might consider
how two charged mass particles become two massless uncharged photon-waves within the process described as
‘annihilation’, while another allows one photon wave to become two particles in a process called ‘pair production’. While
we might simply assume that all are different forms of energy-density, causality requires a physical mechanism, such that
possibly different wave mechanisms might be considered. In the case of a photon, without rest mass, it is able to
propagate at the speed of light [c], while a particle would require an alternative wave structure, such that its propagation
velocity [v] can be in the velocity range [0..c]. So, while speculative, it is suggested that the ambiguity surrounding the idea
of a wave-particle duality might be rationalised in terms of some form of wave structure, which is not necessarily
incompatible with the quantum model, as a similar idea has been used to provide a physical rationale for quantisation
linked to the integer wavelength assumptions in atomic orbitals. Finally, while the idea of a wave-particle duality is often
mentioned in many introductory discussions of quantum mechanics, it seems to be rarely mentioned in more advance
references. However, these references often abandon the need for a physical description of either particles or waves,
where the former is abstracted to a point-particle, while the latter becomes the abstracted wave function that only
represents probability. As such, we might now turn our attention towards some more fundamental issues.
1.4.1

Fundamental Issues

In the previous introduction to this section, some reference was made not only
to the structural assumptions that underpin the various models of science, but
the fact that different fields of science often have their own set of assumptions.
However, we possibly need to recognise that different fields of science may
operate at different scales of objectivity, such that it is often argued that the
assumptions of quantum field theory must take primacy as it is currently
assumed to represent the most fundamental model of reality and, as such, its
assumptions have to be accepted by all. However, any discussion of
fundamental issues possibly needs to start with a more basic question:
Do we really have a causal description of the most fundamental workings of the universe?
However, before attempting to address this question, some clarification of what is inferred by the phrase ‘fundamental
workings’ is possibly necessary. From a classical perspective, it was assumed that the laws of physics could be described
using just 4 basic quantities, i.e. length [x], time [t], mass [m] and charge [e]. While all of these quantities have been
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referenced in the previous discussions, it has been argued that mass [m], as associated with particles, cannot be a
fundamental unit and should be replaced by energy [E]. So, rather than starting with the type of wide sweeping question
tabled above, we possibly need to start with a series of questions more related to the basic units used to build our models.
What is energy?
Of course, having forwarded the idea that energy might be a fundamental quantity, we are forced to think about the
question above in a little more detail. We might start by accepting the definition of energy as a scalar quantity, such that it
has magnitude, but no direction. However, an energy differential between two points in space, as per a field description,
can define a force, which is a vector quantity having both magnitude and direction. This then leads to the next question.
Is energy more ‘fundamental’ than a force?
While this might be seen as a somewhat ‘chicken and egg’ question, it might be argued that a difference in potential
energy is a prerequisite requirement for a force to exist. If so, we might move immediately to another question.
How does an energy differential come to exist between two points?
In many ways, this question must be key to any model that seeks to explain the fundamental workings of the universe,
because it requires a causal mechanism by which energy can propagate and why differences in potential energy come into
existence. In this context, we might table one last question in this initial sequence, which seeks to consider what quantities
are actually fundamental to the workings of the universe rather than those quantities originally assumed to be necessary
by classical science.
How does the universe ‘understand’ the concept of length [x] and time [t]?
This might appear to be a strange question because we might rightly question whether the universe ‘understands’ anything
in a cognitive sense. However, while science obviously does perceive the need for length [x] and time [t], as necessary
measures to separate two points in the universe, it is unclear whether these concepts are actually required by the universe
itself.
So, what fundamental mechanism might help address the questions above?
While much of website-3 is a discussion of different wave models that make various arguments that energy can only be
propagated by known wave mechanics, it will be highlighted that the exact nature of the waveforms required to explain all
the observations of science is not really known or understood. Therefore, the following assumption is only being tabled as
a speculative structural framework that may serve as a point of basic reference in the following discussions.
It is known that a wave can propagate energy. Without specifying how, the propagation velocity within a vacuum
will be defined by velocity [c], such that it is consistent with empirical observations. The energy transported by the
wave is assumed to be proportional to both the wave amplitude [A] and frequency [f], as explained by known wave
mechanics, although the actual nature of the wave amplitude is not specified at this stage. At the most
fundamental level of the universe, any measure of time [t] might be equated to the wave frequency [f], which must
be explained in terms of some source in oscillation. What this source is and why it is oscillating is not specified. On
the assumption that wavelength [λ=c/f] is a function of the propagation velocity [c] and frequency [f], the idea of a
spatial wavelength [λ] might be equated to a measure of distance.
As this is only a speculative starting point, it must also be challenged. Of course, if the basic wave idea is rejected then an
alternative description of causality is required that extends beyond semantic ambiguity and mathematical abstraction.
Therefore, we might now consider some of the quantum concepts previously reviewed and consider whether any might
provide a causal explanation at the fundamental level of quantum reality.
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1.4.2

Concept Issues

Within the Causal Issues section, an attempt was made to outline some of the perceived issues associated with the
quantum model in respect to four basic concepts, i.e. fields, particles, photons and EM waves. However, the previous
discussion in this section attempted to highlight some questions about the physical quantities associated with the
fundamental units of physics on which science has built so many of its structural concepts. However, within the context of
the quantum model, previous discussions have raised issues against the concepts described in terms of fields, particles,
photons and EM waves. For the purposes of this discussion, we might simply summarise these concepts as follows.
•

Fields: As described, a field defines some quantity at each point in space-time. However, while this quantity may only
represent an abstract mathematical function, it can also represent a measure of some physical quantity, such as
energy. However, the concept of a field does not necessarily explain how a physical quantity, like energy, actually
propagates through the field and therefore lacks a definitive description of a causal mechanism.

•

Particles: If the idea of mass is rejected as a fundamental unit, then it might be argued that a particle is simply a useful
model to which we might attach some measure of energy in different forms, i.e. rest, kinetic and potential. However,
if you remove the concept of mass [kg] from all the laws of motion, no causal mechanism remains.

•

Photons: If we accept the idea of a photon as particle-like, it might be rejected for similar reasons linked to the particle
concept in general. However, if we equate the idea of a photon to an electron orbital transition, it provides a useful
explanation as to why the energy [E=hf], without mass, can be described as a quantised unit and exist as a wave-pulse
of finite duration, which represents energy in motion such that it also possesses momentum. However, this concept
does not appear to provide any compelling causal argument that explains how this wave-pulse propagates.

•

EM Waves: As described, an EM wave is assumed to only be associated with an oscillating charged particle undergoing
acceleration. While often described in terms of a sinusoidal wave function linked to Maxwell’s equations, we might
question whether this type of waveform exists outside any man-made environments. For example, charged particles
on the surface of the Sun might be undergoing acceleration, but possibly in a way better described as chaotic rather
than sinusoidal. Given that the quantum model favours the photon model, at least, as interpreted by quantum
electrodynamic (QED), it is unclear that an EM wave can be considered as a fundamental causal model for all energy
propagation.

We appear to be rejecting all concepts on the basis that none, in isolation, describe a fundamental causal mechanism.
Therefore, we have to ask what other mechanism, if any, might be considered, such that we might return to the basic
structural idea of a wave packet, which was introduced under the heading Schrodinger Issues. However, at this point, we
might simply consider the general structure of a wave function, as it relates to a physical wave, but not necessarily a
quantum wave.
[1]

x

i t  kx )
A ( x, t ) = A0 cos  ft   = A0 cos (t  kx ) = A0e (



All the forms in [1] are essentially equivalent, such that each may be used based on preference. However, it is suggested
that abstraction increases from left to right by first replacing the physical attributes of a wave, i.e. frequency [f] and
wavelength [λ], with the more abstract concept of angular frequency [ω] and wave number [k], ignoring the [2π] constant.
In the process of converting to the exponential form, we appear to then mask the idea that a wave is associated with a
sinusoidal change of amplitude [A] by introducing the notation [i] associated with complex numbers – see Euler’s Theorem,
which is simply summarised in [2] below.
[2]

 

i x
i x
e ( ) = cos ( x ) + i.sin ( x )  cos ( x ) = Re e ( )
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Comparing [1] and [2], we see the wave equation in [1], which is first described in terms of a cosine function can only be
equated to the real part {Re} of the exponential function in [2]. However, it might be more meaningful if we could better
visualise what is being expressed in [2].

In the middle diagram above, we see the combined result of [2], where only the cosine component on the left is
propagating outwards in space [x] and time [t] with a velocity [v=x/t].
But how might we interpret the imaginary wave?
One of the properties of a matter wave, as represented by the ‘corkscrew’
waveform above, is that when it encounters another matter wave, i.e.
another corkscrew, the complex values of the two wave components add
according to the rules of vector addition. Again, we might simply attempt to
visualise the process, as shown in the animation right, where two waves,
blue and green, are propagating in opposite directions, such that they are
constantly changing their relative phase to produce the superposition in red.
In the complex form, addition means that the real parts of the wave
functions and the imaginary parts of the wave function can be added separately, which then represents the real and
imaginary parts of the resultant wave function, i.e. the superposition wave. While the introduction of the complex form
might seem to be a bit of an unnecessary complication, it is apparently a key concept for understanding a vast array of
wave interference phenomena, which are dependent on the phase angle [Φ] between two waves.
Note: Another way of visualising the complex form is to think of amplitude [A 0] being a variable function rather than
the initial wave amplitude. However, despite such a clarification we might still question whether the complex
exponential form is primarily a matter of mathematical convenience rather than a necessity in order to described
the reality of a physical wave? Of course, if a quantum wave is neither real or physical, then the question may not
apply.
Within the quantum model, the nature of a particle is often considered at some arbitrary time [t], such that a quantum
delta [δ] function is used to localised its position within a degree of uncertainty.
[3]

 ( x ) =  3 ( x − x ')

Within the quantum context of [3], the expression is said to represent the eigenstate of a position operator with the
eigenvalue [x′]. However, the nature of [x, x’] only becomes a localised position when subject to a wave-function collapse
associated with some form of measurement. If so, only when the wave function collapses does it reduce to a point-particle
with definitive position. However, in the case of a single measurement, the point-particle would immediately start to revert
to a time-dependent wave function and begin to disperse, presumably in a quantum field, if not physical space. Even so,
we might conceptually approximate the quantum model to the classical model by assuming that the particle position can
be re-established by multiple measurements separated by a small-time interval [dt]. In this case, the abstraction of the
quantum wave function collapse might be approximated to a classical particle with a known trajectory and, more
importantly, observed in a cloud chamber.
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Note: Based on this outline, it might be suggested that a point-particle is simply a convenient simplification that is
helpful in terms of the mathematics, but only exists in the form of an abstracted wave function within the quantum
model. However, the problem with this model is that the wave function itself has no obvious physical reality beyond
representing some form of positional probability, while a point-particle appears physically meaningless.
While it is recognised that this discussion is only a simple summary of far more complex concepts, it still appears to raise
legitimate questions concerning the structural framework of assumptions in which the quantum model has been
developed. Within this model, the idea of a wave-particle duality still appears to be accepted as one of its central axioms.
While it can be argued that this concept is simply used as a semantically convenient way to bridge understanding between
different branches of science, which operate at different scales, over time such assumptions can become accepted fact. For
example, the idea of a particle model is a long-standing idea in chemistry, such that the sub-structures of an atoms are still
considered in terms of particles, i.e. protons, neutrons and electrons, possibly because they are ideas that are more readily
visualised. On the other hand, it is clear that the concept of a particle, even in the abstract form of a point, becomes
increasingly problematic, if used to explain causality. However, within the structural confines of the quantum model, there
appears to be a reluctance to use the word ‘wave’, possibly because it might be seen to be too closely associated with
classical physics, such that any causal mechanism is only inferred as a wave-like motion, but then explained in terms of a
mathematical ‘perturbation’ or descriptive ‘ripple’ in any one of many quantum fields.
Note: Again, it is recognised that the concept of a wave-particle duality has a long history within the development of
the quantum model itself and therefore has simply become embedded in many of its more philosophical positions,
e.g. the Copenhagen interpretation.
In the historical context suggested, the use of the word ‘wave’ and ‘particle’ may often be retained to simply explain how
the quantum model now underpins earlier classical models predicated on such concepts. However, despite the possible
semantic rationale of this duality description, it has been argued that physical particles cannot exist at the fundamental
level of reality, as explained by the quantum model. If so, then the idea of particle mass [kg] has to be questioned and
possibly replaced by energy [E=mc2] as a fundamental unit. It might also be argued that the idea of a particle can also cause
problems in electromagnetic theory, where the concept of charge is usually seen as an attribute of a particle, e.g. proton or
electron, whereas in a wave model it might be seen to be an attribute of a distributed field of force in which the ‘charged
particle’ itself is only a waveform.
Note: One of the reasons for placing this review in website-3, which primarily considers wave models, is to highlight
that while the quantum model is still perceived to have issues that need to be resolved, this is equally true of all the
wave models reviewed. One of the common issues raised against most of the wave models is the assumption that
the superposition of sinusoidal waves can explain the apparent stability of particles propagating through the
chaotic energy fluctuations of a quantum wave media. However, the chaotic nature of the quantum universe is
possibly another assumption that we need to question, if it suggests that the probability of the structural order, we
now empirically observe in the macroscopic universe should be close to zero.
However, if we are to pursue the idea that energy is some form of wave energy-density confined within a volume, a causal
mechanism is required to explain why this energy does not simply dissipate into the wave media, which is also problematic
for the photon wave-pulse model. While speculative, the OST model forwards an idea that the angular momentum
possessed by particles and photons is confined by spacetime, modelled as a superfluid, which is known to isolate angular
momentum into vortex structures. Of course, it needs to be highlighted that the review of the OST model suggested it
might also have multiple issues yet to be explained from a causal perspective.
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1.4.3

Hierarchical Issues

While many of the previous discussions have rejected the idea of the particle model as providing a causal explanation of
the workings of the universe, the concept of particles is nevertheless useful. For, while we might eventually need to
consider a particle as an energy-density within some given volume, it is clear that
equating this description to the mass of a particle, where its radius implies the volume is
simply more convenient. However, despite all the particles in the standard model, we
might immediately reduce this complexity to those particles that underpin the basic
model of an atom, as shown right, i.e. proton, neutron and electron. However, having
introduced this simplification, we need to consider the issue previously discussed in
terms of the neutron decay model, which in-turn references the quark decay model, as
shown in [1].
[1]

Hadron Model :

n 

p+ + e − +  e

Quark Model : udd  uud + e − +  e

For the purposes of this discussion, let us assume that a neutron is not a fundamental particle, but simply a composite
structure, i.e. proton, electron and antineutrino. Of course, we might also realise that [1] is also suggesting that the proton
is also a composite structure, but in terms of a hierarchy model, we might first table the following question.
What is a neutrino?
As the link provides more detail, it will simply be stated that a neutrino is a fermion, such that it is considered to be an
elementary particle, which is charge neutral and where its mass is so small, its velocity can approach the speed of light [c].
However, this description as a particle is so vague that it is questionable whether a neutrino can ever have zero velocity,
such we might have to question whether it has a standing wave structure often proposed for the electron. As the neutrino
is considered to be the fundamental particle wave-centre of the EWT model, this discussion will not attempt to replicate its
details.
What is a quark?
Again, the link provides standard details, such that this discussion might only consider the nature of a quark specifically in
terms of a proton, which we have assumed forms part of the structural hierarchy within a neutron. However, quarks are
never found in isolation outside of the proton particle description.
Note: There are models, such as the structured atom model that describe the structural hierarchy within an atom in
terms of only protons and electrons. Within this model, the proton is considered to be a solid particle, with positive
charge, while the electron is described in terms of a field, or wave, that bind the physical protons. However, it is
unclear whether this model is more orientated toward explaining the structural density within the atomic nucleus
and, if so, does not necessarily address the more fundamental causal issues under review.
What is an electron?
Let us start with a general description of an electron and the role it plays in so many physical phenomena, such as
electricity, magnetism, chemistry and thermal conductivity plus electromagnetic and weak interactions. Within this general
description, an electron is assumed to have the property of charge, such that it is surrounded by an electric field, and if the
electron has a velocity [v] relative to an observer, it is assumed to generate a magnetic field. The presence of an
electromagnetic field can also affect the motion of another charged electron according to the Lorentz force law and can
radiate EM waves when undergoing accelerated oscillation. However, some mention of the role of ‘valence electrons’
within the atomic structure might also be outlined, which are electrons positioned in the outer shell surrounding an atomic
nucleus and play an important role in the chemical properties of an atom.
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In the diagram right, the valency of the sodium (Na) atom is [+1], while the chlorine (Cl) atom is [-1]. This configuration is
the basis of an ionic bond, where one atom (Na) effectively loses an electron, while the other atom (Cl) gains an electron,
such that the charge neutrality of the original atoms is converted to either a negative or positive ion. As such, this type of
bond is based on charge attraction, although the composite molecule remains charge neutral. While we will not pursue the
description of valence electrons in any details, we might table a
structural question.
How can a valence electron only have a probability location within an
atom?
From the original perspective of an electron being in a rotational orbit
around the nucleus, an ionic bond would appear problematic. However,
if the electrons were considered as some form of standing wave within its own sub-shell, then we might consider the idea
that an electron within an atomic structure may have no relative velocity, but rather one where energy-density has a
relatively stable position, which is subject to the rotation of the atom relative to another atom.
But what about the wave model for a free electron?
Within the context of website-3, the idea of a physical particle with mass is replaced by the idea of some form of wave
structure, although the review of these different wave models has also raised unresolved issues. However, again, we might
question whether the following quote provides a sufficient causal description within the quantum model, such that it
actually helps explain the structure of an electron.
In our best conception of the subatomic world using the Standard Model, what we think of as particles aren’t
actually very important. Instead, there are fields. These fields permeate and soak up all of space and time. There is
one field for each kind of particle. So, there’s a field for electrons, a field for photons, and so on and so on. What you
think of as particles are really local little vibrations in their particular fields. And when particles interact, it’s really
the vibrations in the fields that are doing a very complicated dance.
At various points, reference has been made to the idea that an electron within an atomic orbital is best explained as some
form of standing wave, which forms an integer wavelength around the circumference of an orbital. However, within this
model, we need to differentiate between two types of energy: 1) the potential energy associated with electron orbital and
2) the idea of the rest-mass energy of the electron. In the former, this energy is explained in terms of the electrostatic
potential between the negatively charged electron and the positively charge nucleus. However, the electron, as a free
particle, is assumed to have rest-mass energy, even when stationary within some inertial frame of reference.
So, what type of wave structure might be considered at this point?
In terms of the WSM and MMW wave models, both suggest that an electron is some
form of 3D standing wave structure, as illustrated right, which the EWT model replicates
but assigns to the neutrino. However, as pointed out, these wave models all differ in the
detail of their descriptions of how this structure is formed and maintains its stability in a
seemingly chaotic quantum media of space-time. While the MMW model produces
many excellent 2D animations suggesting, like the WSM model, that the standing wave
is produced by the superposition of waves propagating through the media of space, its
actual description suggests that the electron structure simply uses IN waves, which do
not have to be phase aligned, to simply maintain the electron as a resonance structure.
Note: In contrast, the OST model offers up a different model, where the wave amplitude is first constrained by the
uncertainty principle to the Planck scale. Then the wave structure of the electron possesses angular momentum,
which is confined by the properties of spacetime modelled as a superfluid
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However, if we initially pursue the basic idea of the WSM model using one of the MMW
model 2D animation, as shown right, the electron is depicted as a 3D spherical standing
wave structure, where the energy-density, within some given volume is defined by
radius [r], such that it equates to the electron’s rest mass energy. Again, we might
question the probability of the wave symmetry shown given chaotic nature of any wave
media described by the quantum model. While further details of this model can be
reference via the link: The Electron, the following quote possibly needs to be taken into
account.
Standing waves are not made of travelling waves. For calculation purposes, such waves can indeed be considered as
two sets of waves travelling in opposite directions. This is a very useful method for computer programs. However,
one must observe what is really going on inside the medium substance when standing waves are present. One may
need incoming travelling waves in order to establish standing waves, but they are no longer needed once the system
is well established.
So, while having raised questions against this type of wave model, the idea of an electron as a particle has been rejected.
Likewise, the idea that an electron can simply be described as ‘little vibrations in a particular quantum field’ has also been
rejected on the grounds that it is neither a structural or causal explanation for all the phenomena linked to the electron at
the beginning of this discussion.
But might some form of wave structure still help explain ‘quantum weirdness’?
One issue touched on, but never really addressed is the observations associated with a double-slit experiment, using
electrons rather than light waves. However, before discussing some wider aspects of this experiment, we might use the
following quote from the previous link to highlight two fundamental assumptions of the quantum model, i.e. duality and
probability.
In modern physics, the double-slit experiment is a demonstration that light and matter can display characteristics of
both classically defined waves and particles; moreover, it displays the fundamentally probabilistic nature of
quantum mechanical phenomena
As the standard interpretation of the details of this experiment can be reviewed via the previous link, it will be initially
described in terms of the diagram below, where the wave nature of light can pass through both slits and produce an
interference pattern of light and dark regions.

While it is a reasonable assumption that the results above cannot be explain by a particle model, the quantum model falls
back on its assumption of a wave-particle duality, such that in this instance it can choose to describe a particle-like photon
as a wave, while in the case of the photoelectric effect it prefers the description of a particle. However, this review has
questioned the logic leading to the idea that the laws of the universe have to change depending on the nature of the
experiment being conducted.
So, what alternative interpretation might be considered?
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If we simply make reference to the MMW model of the electron without necessarily accepting all its assumptions, it
provides an extended description of the electron as an oscillating standing wave structure, as shown right, where the
animated version suggests that while an electron is a standing waves, it oscillations extend as OUT waves into the
surrounding space at the speed of light [c]. As such, we might consider the idea that a stationary electron, where velocity
[v] is zero, still has an aspect that is propagating outwards at
velocity [c].
How might this idea be interpreted in terms of the double-slit
experiment?
If we return to the idea that an electron is an indivisible particle,
its trajectory can only pass through one of the two slits. However, if the electron has a wave structure that propagates
outwards with velocity [c] irrespective of the electron velocity [v], it possible that aspects of these OUT waves pass through
both slits. If so, these OUT waves may be subject to superposition interference observed along with the possibility these
waves also interfere with standing wave structure of the electron, which might be considered to pass through one of the
two slits.
Note: This description is not being forwarded as an actual solution of the double-slit observation, only that a wave
structure might offer up the possibility of a causal mechanism that may negate the need for a duality that
contradicts common-sense. Likewise, these waves, where amplitude may exist on the Planck scale according to the
OST model would still be real, such that the need for a wave function collapse might also be negated.
While it is highlighted that this description is simply speculation, it might be suggested that some form of electron wave
structure may provide a more constructive framework in which to explain causality rather than a particle model. For
example. If the electron was some form of standing wave, where its structural amplitude oscillates as a function of time,
such that it results in OUT wave, as outlined, then these OUT waves will propagate energy and carry momentum. As such,
these waves might underpin the manifestation of action-at-a-distance forces, we perceive at all scales, but in different
forms.
Note: This discussion probably needs to end on a cautionary note. While this discussion has made reference to both
the WSM and MMW models, it is highlighted that they are actually predicated on very different ideas. It is also far
from clear whether the wave mechanisms suggested by these models would be ‘robust’ enough to create
particle-like structures that can remain stable over eons of time. Likewise, these models appear to suggest that an
electron would be the most fundamental building block in the particle model without making reference to neutrinos.
In this respect, the OST model might be considered as an alternative model, which operates closer to the Planck
scale, where both particles and photons, having the attribute of angular momentum, are physically confined by
spacetime that acts as a superfluid.
1.4.4

Atom Issues

As an earlier discussion addressed atomic issues, this discussion will only outline some additional
issues from a structural perspective, which is simply characterised right. In this model, an atom
consists of a central nucleus comprised of positively charged protons and neutrally charged
neutrons surrounded by negatively charged electrons. In general, an atom is considered to be
charge neutral, when the number of protons and electrons match. However, the process of
neutron decay suggests that the neutron is only a composite structure, as shown in [1]
[1]

Hadron Model :

n 

p+ + e − +  e

Quark Model : udd  uud + e − +  e

However, [1] also suggests that both the proton, and neutron, are a composite structure of up [u] and down [d] quarks,
which the standard model explains in terms of quantum chromodynamics. For the purposes of this limited outline, we
introduced the main components of an atom, which is initially described in terms of a neutron (n0:udd), proton (p+:uud),
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electron (e-) and anti-electron neutrino (ν0). However, some further outline of the neutrino family is possibly necessary,
which are classified as lepton particles, which have minimal mass-energy and zero charge.
Note: As indicated in [1], a neutron will decay into a proton, electron and specifically an anti-electron neutrino, such
that this type of neutrino will be the primary focus of this outline – see Electron Neutrino along with the
measurements of neutrino speed for more details
Originally, it was assumed that a neutrino had no mass and was therefore allowed to move with the velocity of light [c].
However, subsequent experiments suggested that neutrinos do have some small energy-mass, which is often defined in
terms of electron-volts (eV). On a comparative scale, an electron has an energy value of 511,000eV, while estimates of the
neutrino value can range between 0.1-2eV. If we initial equate the energy of a neutrino to 1eV, the equivalent energy in
Joules is shown in [1] along with an equivalent estimate of mass [kg] based on [E=mc2].
[2]

Neutrino Energy [E ]:1 eV = 1.602 *10−19 Joules
Neutrino Mass [m] =

E

=

c2

1.602 *10−19

= 1.783 *10−36 kg

3 *108

With reference to the link above related to neutrino speed, the chart right is a cut-down
version of a graph showing neutrino speed as a function of relativistic kinetic energy, where
the figure of 0.2 eV/c² might be closer to an approximation of the rest mass [eV0] energy of a neutrino. While it is unclear
that a neutrino has ever been detected at rest, we will describe the horizontal scale of the chart in [eV] as the kinetic mass
energy [eVK] as it appears to be a function of the relativistic velocity [v/c] shown on the vertical scale. If so, then [5] is a
characterisation of the effects of the velocity [v=0.995c] on a neutrino with a rest mass energy of [0.2eV].
[3]
Energy (eVK ) =

eV0
2

v 
1− 
c

=

0.2
2

1 − (0.995)

= 2.003eV

Note: It is unclear whether there is any empirical evidence to support the existence of a stationary [v=0] neutrino,
there is an inference that if a neutrino exists within the composite structure of a neutron, i.e. proton, electron and
neutrino, we might assume its wave structure could be described as stationary, at least, within the frame of the
neutron
However, while the assumed mass [kg] of these particles will be outlined in the following tables, there is an apparent
discrepancy between the mass-energy assigned to the composite particles and the individual components, which needs an
explanation. We will start will the estimated range of the electron-neutrino mass-energy, as previously discussed.
Neutrino (kg)

Neutrino (eV)

Low

3.565E-37

0.20

High

4.261E-36

2.39

As outlined, the neutrino wave-centre is assumed to be the fundamental building blocks of the EWT model, which we
might now compare against the standard particle model of an atom. In the table below, we see the estimated mass [kg] of
the neutron, proton and electron, which is then scaled against the mass of the electron and neutrino, both high and low.
kg

Electrons

Neutrinos (Lo)

Neutrinos (Hi)

Neutron

1.675E-27

1,839

4,697,827,229

393,123,617

Proton

1.673E-27

1,836

4,691,360,571

392,582,475

Electron

9.109E-31

1

2,554,995

213,807
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We might extend this comparison of the energy-mass of the electron and the neutrino range to the ballpark estimates of
the energy-mass of the up and down quarks, which are the constituent components of the neutron and proton in the
standard model.
kg

eV

Electrons

Neutrinos (Lo)

Neutrinos (Hi)

up Quark

4.117E-30

2.309E+06

4.52

11,547,339

966,304

down Quark

8.592E-30

4.820E+06

9.43

24,098,794

2,016,635

Simply on the basis of the table above, the energy-mass of a quark appears to be in the same ballpark as an electron,
although seemingly having no comparison with the energy-mass of a neutrino. However, if we now compare the estimated
combined quark energy-mass in the table above, i.e. (udd) quarks for the neutron and (uud) quark for the proton, with the
actual composite particle energy-mass, we see another large discrepancy in the estimates.
Quarks (kg)

Particle (kg)

Scale

Proton (uud)

1.683E-29

1.673E-27

99.41

Neutron (udd)

2.130E-29

1.675E-27

78.63

As described, the component energy-mass values of the standard models can be correlated with the combined
energy-mass values of larger composite particles. However, there is the possibility that much of the energy-mass assigned
to the larger composite particles might actually exist in the form of field energy associated with the strong, weak and
electromagnetic forces. As such, we also need to recognise that simply aggregating energy-mass provides no causal
explanation of how these fundamental forces come to exist within the particle hierarchies being outlined.
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1.5

Unresolved issues

In 1900, physicist Lord Kelvin declared that ‘there is nothing new to discover in physics, all that remains is to more
accurately measure its quantities’. Of course, with hindsight, we might realise that the subsequent development of both
relativity and then quantum mechanics would suggest that this particular prediction, by a very respected scientist of the
day, is best forgotten. However, despite over a hundred years of development, it
appears that the list of unsolved problems in physics is actually getting longer, not
shorter, which might suggest that humility is required when it comes to certainty
about any model.
Note: While the link above cites multiple unresolved problems, this
discussion might simplify these problems in the context of the quantum
model to the measurement problem and non-locality, where the former
requires the collapse of the wave function, while the latter will be
discussed further in terms of Entanglement Issues.
However, before considering the specific issue of quantum entanglement, this
introduction might widen the discussion to ask why aspects of the quantum
model are still questioned on so many levels. From the teaching perspective of
this subject, considerable focus is often initially placed on the mathematics underpinning the quantum model, e.g. partial
differential equations, linear vector spaces, perturbation theory and other approximation methods along with group
theory. While an understanding of these subjects can be useful from the perspective of calculating the probability of a
quantum outcome, it is unclear how often they ever question the causal nature of such calculations. However, a
consequence of this approach is that by the time people have truly mastered the mathematical abstractions of the
quantum model and its ambiguous semantics, few may be inclined to question it. Again, we might characterise this
situation using a quote by Leo Tolstoy:
I know that most men, including those at ease with problems of the greatest complexity, can seldom accept even
the simplest and most obvious truth if it be such as would oblige them to admit the falsity of conclusions which they
have delighted in explaining to colleagues, which they have proudly taught to others, and which they have woven,
thread by thread, into the fabric of their lives.
In this respect, unresolved issues associated with the quantum model can often simply be ignored by those we might
expect have the authority to challenge the most fundamental assumptions that have accumulated over the last 100 years.
For one only needs to review the scope of the various quantum interpretations to recognise that fundamental issues may
exist at every level of the quantum model.
Note: At the philosophical level of quantum interpretation over half now reject the idea of a wave function collapse,
which was originally seen as a solution to the measurement problem. On a more fundamental level, we seen the
contradiction in the semantics between the quantum field model and what might be described as the quantum
particle model. Between these two models, we see the definition of mass particles, hypothetical particles, quasi
particles and virtual particles, where many may only manifest themselves within high-energy collisions, where
verification may depend on the assumption coded into software to differentiate a ‘particle’ from signal noise. Of
course, as discussed in Particle Issues, it is unclear that such models have really address the question: what is a
particle, if it is not a physical mass?
However, the scepticism being shown towards the quantum model does not imply rejection, only that questioning of its
most fundamental assumptions is still required, if present-day science is not to make the same mistake as Lord Kelvin. So,
on this basis, the issue of quantum entanglement will be reviewed followed by a counterpoint discussion based on the
ideas outlined in the Road to Reality by Roger Penrose.
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1.5.1

Entanglement Issues

Like the wave function, the issue of quantum entanglement has a long and complicated
history, which is often obfuscated by mathematical abstraction. However, this issue is
often cited as another central piece of empirical evidence that supports the quantum
model, although often without causal explanation. While the following discussion cannot
resolve this complexity, or necessarily refute the evidence, it might question aspects of
its interpretation.
Note: While recognising the semantic convenience of the word ‘particle’, it is
unclear that particles physically exist in the quantum model, at least, analogous
to microscopic ball-bearings, if only having some form of wave structure. While
the wave structure of an isolated ‘particle’, e.g. electron, might be considered as a
standing wave structure, more complex waveforms are required when extending this model to atoms, e.g. protons,
neutrons and electrons. In this context, an atom would correspond to some form of stable, but complex
superposition of waves.
Although, the issue of quantum entanglement was originally raised in 1935, it was not really addressed to much later.
However, it was initially debated in terms of the ‘EPR paradox’, first published in 1935, by Einstein, Podolsky and Rosen –
see EPR paper. We might reference a quote as follows:
In a complete theory there is an element corresponding to each element of reality…One is thus led to conclude that
the description of reality as given by a wave function is not complete.
By 1935, much of the abstract mathematics, previously outlined in the Review Framework, had been established, to which
the EPR paper makes some reference. For example, equation (2) in the paper cites a wave equation, replicated in [1], but
also simplified to show its trigonometric roots.

[1]

 2 i 
 n  p0 x


 = e

 A = eix = cos ( x ) + i sin ( x )

Broadly, the paper cites the equation above as to why a coordinate value cannot be predicted, only obtained by direct
measurement. However, it recognises that such a measurement would disturb the quantum state of the wave function, so
while the coordinate might be determined, the wave function would have collapsed. Based on this logic, the measure by
which momentum could be determined also implies an uncertainty in its position.
Note: It possibly needs to be highlighted that in 1935, the EPR paradox was based on conceptual arguments, before
the term ‘entanglement’ was later coined by Schrodinger. For example, it simply accepts the abstraction of the
wave function, i.e. as the probability density not as a physical wave, which if disturbed by a measurement will
collapse. In this context, ‘entangled particles’ do not exist as physical particles until after some measurement is
performed. Only after the collapse of the wave function do the physical attributes, e.g. spin, of the entangled
particles come into existence with little reference to any physical causality.
However, at the time, the goal of the paper was only to highlight that quantum theory might not be a complete theory.
Within these ‘Pre-War Years’ of development, the quantum model was still divided into two basic schools of thought
regarding the issue of quantum indeterminacy, now described as the uncertainty principle. The ‘ontological’ position
adhered to the idea that particles have a definite position, but because quantum mechanics was incomplete, it is unable to
fully specify both position and momentum at the same time. As such, advocates of this position, including Einstein,
assumed that some ‘hidden variables’ might be necessary to augment quantum mechanics. In contrast, the growing
‘epistemological’ position held to the idea that quantum particles do not exist in normal space-time, at least, when
described in terms of a quantum wave function, and only through measurement, causing the probability wave to collapse,
can the location be quantified. This position essentially aligns to the Copenhagen interpretation.
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Note: At this point, we might outline what is sometimes called the ‘principle of locality’, which is broadly linked to
special relativity and the assumption that the velocity [c] is the finite limit of propagation. Therefore, an event at
one location cannot have an immediate effect at some remote location, otherwise information would be able to
travel faster than the speed of light and violate causality. However, the idea of quantum entanglement was seen to,
at least, suggest that some aspect of quantum theory might have to violate the principle of locality, even though it
may not violate causality. How this is achieved is questionable.
The original EPR paper of 1935 is also based on a conceptual system in which two particles [A] and [B] interact and then
move off in opposite directions. On the basis of the uncertainty principle, it is not possible to determine both the
momentum [p] and the position [x] of these particles. However, the EPR experiment suggested that it was possible to
independently measure the exact position [x] of particle [A] and the exact momentum [p] of particle [B]. Therefore,
knowing the exact position of [A] and the exact momentum of [B], the exact position of [B] can be calculated. As such, it
was argued that [A] and [B] had both exact position and momentum, which implied the existence of some underlying
objective reality. The EPR paper ends with the statement:
“While we have thus shown that the wave function does not provide a complete description of the physical reality,
we left open the question of whether or not such a description exists. We believe, however, that such a theory is
possible.”
However, over time, the conceptual EPR experiment came to be considered in a different form, based on the work of David
Bohm, because it better highlighted the additional issue of locality. If we consider a decay process, initially at rest, which
results in an electron and positron flying off in opposite directions, it will conserve momentum. However, if this system
originally had zero spin, then the conservation of angular momentum requires the electron and positron to have opposite
up-down spins. By this requirement alone, if we measure the electron spin to be up, we know that the positron spin must
be down and vice versa.
But why is this a problem?
By a process call pair production, a high-energy photon might produce an electron and positron, but which the quantum
model assumes still exist as a single quantum system, i.e. one wave function prior to any measurement. As such, the pair
are said to co-exist within an ‘entangled quantum state’, where the wave function has no definitive spin state. However,
within this state, the electron and positron can still be described as moving apart, conceptually to some infinite distance,
while still bound by the conservation of angular momentum. Based on the idea of the wave function collapse, any
measurement of one particle will cause the entire wave function to collapse, after which we may assume both particles
have to assume a definite spin state. However, if we first measure the spin of the electron, in theory, we could, measure
the positron spin before any signal, limited by the speed of light, could pass between the two particles.
So, how would the positron know to assume the opposite spin state?
Einstein thought that this would demonstrate that the spins of the two particles had to be determined before the
measurement. However, the Copenhagen interpretation, as supported by Bohr, suggested that it is meaningless to talk of
the spin state of the particles until after you make a measurement, i.e. after the wave function collapsed.
Note: We might cite an initial argument for this interpretation by making reference to the double-slit experiment
using a stream of electrons. However, if the electron goes through both slits, in order to explain the interference
pattern, it would suggest the electron's negative charge also had to pass through both slits, which would violate the
law of the conservation of charge, as there is no concept of a fractional charge. Of course, this position assumes
charge is an attribute of a particle.
At this stage, we will not question all the assumptions underpinning the interpretation placed on the description outlined
in order to pursue the assumption that the wave function, prior to collapse, represents some other form of reality, which
only exists within the quantum domain.
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Note: It is possibly worth highlighting that a ‘quantum consensus’ had developed that backed Bohr’s Copenhagen
Interpretation in the Pre-War era of quantum mechanics, long before there was any form of experimental
verification to support its assumptions. This consensus also supported many of Bohr’s essentially philosophical
arguments, which would come to suggest that there is no objective reality, at least as currently understood, prior to
a measurement by an observer.
At this point, we are still characterising the scope of quantum entanglement within the context of history, where many
ideas, and conclusions, still rested on essentially philosophical assumptions, such as the Copenhagen Interpretation. While
many might rightly argue that the probabilistic nature of quantum theory has now been subjected to many tests that
proved consistent with experiment data, it does not claim to provide any ‘ontological’ understanding of physical reality. In
this context, it was Bohr assertion that:
Whatever pictures we conceive of the spatio-temporal evolution of the independently existing isolated system it is
an abstraction or idealization and not a conceptual rendering of the characteristics of an independent physical
reality.
As such, assigning a physical reality to a quantum ensemble of particles, as in the EPR experiment, prior to measurement is
thought to be beyond the scope of the quantum model. If so, the properties of a quantum system are only ‘definable’ and
‘observable’ through their interaction with another system, i.e. the measurement system, which then causes the wave
function to collapse. Again, according to Bohr:
In essence, these independently existing isolated systems, being an abstraction, should only be viewed as being
symbolic rather than representational.
However, it should be highlighted that Bohr did not actually dismiss the idea of some form of quantum reality, only that a
new concept of reality was required, which would be a radical departure from the familiarity of the classical model. Of
course, on this basis, it might be argued that in the absence of a coherent and extended description of reality, quantum
theory had to be incomplete. However, the EPR experiment, as described above, also raises another issue:
Does the quantum model undermine the principle of locality?
As previously noted, the principle of locality has its roots in the theory of special relativity in that it assumes that nothing
can travel faster than the speed of light [c]. As such, it takes a finite time for any causal action to take effect and excludes
what is sometimes described as ‘spooky-actions-at-a-distance’. Of course, within the context of the quantum description
being outlined, the wave function is not necessarily anything that exist in spacetime, if only representing the mathematical
abstraction of a probability density. Therefore, in the absence of any definitive description of whether a wave or particle is
being described in the EPR experiment, it is difficult to say whether superluminal signalling is required.
So how might the other particle, in the EPR experiment, know what spin state to assume?
While we will only outline one answer that is sometimes given, it is unclear that the accepted quantum model is really on
any firmer ground to support many of its assumptions. In the semantics of this description, superluminal signalling is
restricted by the imposition of another principle, i.e. the principle of separability. In basic terms, it simply assumes that
while the ‘particles’ remain within the superposition of the quantum wave ensemble, the concept of physical separation is
essentially ambiguous to the point that it might be meaningless in any normal space-time context.
Note: While speculative, mainstream science appears content to ‘believe in things’ that it cannot really prove or
explain in any causal way. As such, it accepts the reality of black holes, even though we have no explanation of the
‘particle’ degeneracy of a point singularity. Likewise, we appear to accept that some waves can self-propagate
through nothing, while still allowing general relativity to bend spacetime and cosmology to expand it.
From a historical perspective, the idea of any sort of wave model was put in doubt, when the Michelson-Morley experiment
was seen to provide proof that the aether does not exist. However, other models might not only explain this result, but
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provide a causal explanation, which can often appear absence in theoretical physics based solely on mathematical models.
In this context, there is an assumption that the EPR experiment can only be explained by the idea that entangled particles
exist in the form of an abstract wave function. In addition, this function spreads out across the universe as a function of
time due to a dispersive relationship between [ω] and [κ2], which can then immediately collapse on measurement, such
that it requires some form of superluminal transfer. However, we will continue to consider the issues surrounding
entanglement in the wider context of the next discussion.
1.5.2

Counterpoint Issues

So far, the discussion of duality and the wave function has led to the possibly more perplexing issue of quantum
entanglement, where the previous discussion has only outlined some of the key issues without necessarily considering the
supportive argument for the quantum model. Therefore, this section will attempt to provide some counterpoint issues
based on heavily edited and simplified extracts from Chapters 22, 23 and 29, of Roger Penrose’s book entitled ‘The Road to
Reality’, where most of the abstracted notation has been removed. While much of the book probably extends way beyond
the casual reader, Penrose undoubtedly has the qualifications, not only as a mathematician and physicist, but also to
comment on the philosophy behind the quantum model with a wider perspective than most. Let us start with paraphrased
quote from the start of Chapter-22.
The non-intuitive nature of quantum mechanics leads many people to despair of finding any kind of trustworthy
picture of quantum-level phenomena. Yet, there is much beautiful geometry associated with quantum mechanics in
addition to its elegant algebraic structure, and it would be a pity to feel that one must necessarily rely merely upon
a formalism that cannot be visualise in order to make headway with the description of quantum actions. Although
we have seen that even a single featureless ‘point particle’ appears to be a mysterious spread-out wavy thing in the
quantum formalism, it is a ‘thing’ that can be pictured, having a fascinating mathematical structure in which many
of the aspects of complex number magic start to show themselves.
We might naturally expect that a mathematician of Penrose’s stature would possibly have a more accepting attitude to
geometry and algebraic formulations than the average person. However, the apparent acceptance of the mathematical
abstraction of a point-particle having any physical reality has been questioned. Likewise, the ‘mysterious spread-out wavy
thing’ associated with the Time Evolution of Schrodinger’s Wave Equation also requires some closer scrutiny.
This picture enables us to begin to come to terms with the quantum description of a single point particle. However,
while each particle might be considered as having its own separate ‘state vector’, we find that the entire quantum
system requires an entangled single state vector. For, even ‘point particles’ tend to have more structure, often
possess what is called spin, is a phenomenon with a mathematical description of particular richness and elegance,
where other aspects of geometry and complex-number magic come to the fore.
Again, we might question the assumption that the ‘richness and elegance’ of the mathematics is enough to replace a causal
description, although we shall try to follow the arguments being presented.
We have become accustomed to a non-relativistic quantum particle being described in terms of a state vector or
wave function, which evolves in time based on the Schrodinger equation until some measurement is performed on
the system. However, the measurement itself is interpreted in a completely different way, where a particle’s state
can jump to a different state, defined by an eigenvector of the position operator [x]. The effect of a measurement
causes a jump to some other eigenstate, which might be a matter of random chance, although its probability might
be calculated.
At this point, this discussion is simply presenting the introduction in Chapter-22, while providing links to some of the
quantum terminology being used. The process of ‘jumping’ is assumed to be making reference to the wave function
collapse. However, Penrose highlights that most quantum physicists do not necessarily assume the state-vector reduction
to be a real action of the physical world, nor that the state vector is necessarily describing a quantum physical reality.
Despite doubts over the interpretation of the wave function collapse, it is assumed to be linked to some form of
measurement interacting with the quantum system, after which the time evolution starts again.
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The time evolution of the Schrodinger wave function is denoted by [U] and state reduction, or collapse, by [R]. This
alternation between these two completely different-looking procedures would appear to be a distinctly odd type of
way for a universe to behave. Indeed, we might imagine that this description may only be an approximation of
something, as yet unknown. Perhaps there is a more general mathematical equation, or evolution principle of some
coherent mathematical kind, which has both [U] and [R] as limiting approximations? My personal opinion is that
this kind of change to quantum theory is very likely to be corrected as a part of a new 21st century physics.
While Penrose’s open-minded thinking on this issue is refreshing, as most mainstream texts rarely concede the possibility
that revisions to the accepted model may be required. However, the wording possibly suggests that the scope of change
only requires a ‘tweak’ in the mathematical model and not a fundamental questioning of its causal description.
Their reason for preferring not to contemplate altering the basic framework of quantum mechanics is, in addition to
the great mathematical elegance of its [U] formalism, is the apparent agreement between quantum theory and
experimental fact. Accordingly, most quantum physicists adopt a philosophical standpoint, which they try to come
to terms with the apparent contradiction between the [U] and [R] procedures without change to present-day
quantum formalism. Conventional’ attitudes to quantum mechanics is that the [U] process represent an ‘underlying
truth’ and that one must come to terms with [R], in one way or another, as being some type of approximation,
illusion, or convenience.
Let us continue with some further introduction of quantum terminology, where [U] is described in terms of a unitary
condition, where the quantum state evolves according to the time dependent solution of the Schrödinger equation
represented by a unitary operator.
Note: A unitary operator is described as a bounded operator on a Hilbert space preserving the inner product.
Unitary operators are usually taken as operating on a Hilbert space, but the same notion serves to define the
concept of isomorphism between Hilbert spaces.
Whether such an abstract description helps clarify anything might be questioned, such that we shall turn our attention to
what Penrose describes as the measurement paradox in Chapter-29. Let us start with a paraphrasing of the introduction to
this chapter.
There is no doubt that quantum mechanics has been one of the achievements of the 20 th century, as it explains a
great many phenomena that had been profoundly puzzling with classical physics, such as the existence of spectral
lines, the stability of atoms, the nature of chemical bonds, the strengths and colours of materials, ferromagnetism,
phase transitions, and black-body radiation. These phenomena are now well understood on the basis of the
mathematical formalism of quantum mechanics. This formalism has also provided a revolution in our picture of the
real physical world that is far greater even than that of the curved spacetime of Einstein’s general relativity.
It might be counterproductive to argue that the quantum model may have only provided a mathematically abstract
understanding of the issues listed, which while undoubtedly problematic within the classical model may still need to be
explained within a revised model. Therefore, it might be necessary to challenge the assumption that the quantum model
has successfully explained all the phenomena cited above, especially in light of the next extract.
Many of today’s physicists believe that quantum mechanics provides no picture of ‘reality’. The formalism of
quantum mechanics, on this view, is to be taken as just that: a mathematical formalism. This formalism, as many
quantum physicists would argue, tells us essentially nothing about an actual quantum reality of the world, but
merely allows us to compute probabilities for alternative realities that might occur.
In part, we might equate this view to what has been described as epistemological knowledge, in contrast to ontological
causality. Again, we might consider Penrose’s perspective and then make some commentary.
The basic difficulty that confronts quantum physicists is the conflict between the two quantum processes [U] and
[R], where [U] is the deterministic process of unitary evolution, linked to Schrodinger’s equation, and [R] is the
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quantum state reduction which takes place when a ‘measurement’ is performed. The [U] process, when it was
found, was something of the kind familiar to physicists: the clear-cut temporal evolution of a definite mathematical
quantity controlled deterministically by a differential equation, where the temporal evolution of the Schrodinger
equation being not unlike that of the classical Maxwell equations. On the other hand, the [R] process was
something quite new to them: a discontinuous random jumping from |ψ> where only the probabilities of the
different outcomes are determined.
Let us return to the issues surrounding the time-evolution of the Schrodinger equation. As already discussed, in 1926,
deBroglie forwarded the idea of a matter wave, which was later linked to the abstraction of Schrodinger's wave equation.
However, from a causal perspective, we might expect a wave equation to explain how energy [E] can propagate through
space as a function of time and while not replicating the derivation detailed in the previous link, we might make reference
to a basic wave equation, where [A] correspond to the wave amplitude.
[1]
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In the context of [1], we see the form of the equation use to explain electromagnetic wave propagation, where [A] can be
replaced by the electric [E] or magnetic [B] field strength, which led Maxwell to determine the velocity [v] to be equal to
the speed of light [c]. In vacuum, the propagation velocity [c] is constant for all wave frequencies [f], such that the ‘media’
by which EM waves might be assumed to be propagating would be non-dispersive. However, there was an argument that
matter waves, when described as a wave packet would be subject to dispersion.
Note: If a particle is likened to a wave packet, it might be described as a construct of component waves with
different frequencies [ω] with phases and amplitudes that interfere constructively only over a small region of space
and destructively elsewhere. However, these components appear to imply a physical property, i.e. frequency, such
that they ‘propagate’ with different velocities through a dispersive ‘quantum field’, which may be as abstract as the
probability amplitude.
At this point, another discussion entitled A Matter of Perspective presented an alternative idea, although both derivations
start with the following equations:
[2]

Energy [E] =  and momentum [p] = k

However, the second derivation associated with matter wave proceeds on the assumption that energy [E] is equated to
kinetic energy [Ek=mv2], ignoring the constant 1/2, which is also the assumption underpinning the deBroglie wavelength,
Based on this assumption, we might transpose [2] to [3].
[3]
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Based on [3], we might realise that velocity [v] relates to the ‘particle’ velocity. However, if matter waves are considered to
be a standing wave structure of some description, as already outlined, the velocity [v] would also relate to the positional
change of the standing wave, which is not actually a wave, but rather a superposition structure. If so, the velocity [v] of this
superposition structure would have nothing to do with the velocity [c] of any underlying waves. As such, we might question
the reality of [U] as a dispersive process linked to the time evolution of Schrodinger’s equation. Likewise, if the wave is only
considered to be a probability function of the quantum system, it is unclear what causal mechanisms are being cited to
explain the assumed dispersion of different frequency components. In this respect, Penrose appears to be accepting the
mathematical abstraction in the previous quote without necessarily considering the physics of any causal mechanism,
although the next extract then appears to question this perspective.
Had the physics of the observed world been described simply by a quantity |ψ>, just acting according to [U] on its
own, then physicists would have had no serious trouble with accepting [U] as providing a ‘physically real’ evolution
process for a ‘physically real’ |ψ>. But this is not how the observed world behaves. Instead, we seem to perceive a
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curious combination of [U] with the interjection of the very different process [R], from time to time. This made it far
harder for physicists to believe that |ψ> could actually be a description of physical reality after all. The puzzling
issue of how [R] can somehow come about, when the state is supposed to be evolving in accordance with
U-evolution, is the measurement problem associated with the quantum model.
Based on the definition in this review, the Copenhagen interpretation only represents the epistemological knowledge of a
quantum system without explaining its ontological causation. In the abstraction of epistemological knowledge, [R] might
simply be interpreted as an increase in knowledge about the system, which does not necessarily help explain the causal
physics of this system. The alternative viewpoint is that the wave function is related to physical reality, albeit not yet fully
understood, where [R] does not take place. However, such ideas often lead to other conceptual interpretations, such as
the 1957: Many-Worlds or the 1970: Many Minds interpretations. Whether such ideas are helpful to science might also be
questioned, if they remain outside the possibility of empirical verification
I should mention a further possibility for interpreting conventional quantum mechanics. This, as far as I can make
out, is the most prevalent of the quantum-mechanical standpoints that of environmental decoherence, although it is
perhaps more of a pragmatic than an ontological stance. The idea of coherence is that in any measurement process
of the quantum system cannot be taken in isolation of its effect on the quantum system.
Reference might be made at this point to an earlier discussion of Coherence States, which forwards the idea that a
quantum system is defined as one that cannot be measured without disturbance. In this context, decoherence implies that
the very act of trying to measure a quantum system destroys the coherence that existed in a given quantum state. Paul
Dirac defined an object to be ‘big’ when the disturbance accompanying its observation may be neglected and conversely
‘small’ when the disturbance cannot be neglected. However, in practice, there is always a size when all and every attempt
to minimize the disturbance fails. To quote Dirac:
There is a limit to the fineness of our powers of observation and the smallness of the accompanying disturbance - a
limit which is inherent in the nature of things and can never be surpassed by improved techniques or skill on the part
of the observer.
Therefore, if a system is ‘small’ in the quantum sense, it cannot be observed without producing a disturbance that affects
the outcome of any measurement. As such, there is an unavoidable indeterminacy associated with any measurement of a
quantum system caused by the interaction with the measurement system itself at the quantum level. It is possible that
Penrose is suggesting a similar issue.
When a measurement is performed, each outcome does not constitute a quantum state on its own, but must be
considered as part of an entangled state, where each alternative outcome is entangled with a different state of the
environment. If the environment consists of a great many particles, effectively in random motion, the complete
details of their locations and motions must be unobservable.
However, Penrose then explains that there is a mathematical procedure for handling this kind of situation where
knowledge is fundamentally lacking, but where a process that ‘sums over’ the unknown environmental states can create a
mathematical object known as a density matrix. As this process is not really understood, the link simply provides an initial
reference. Penrose then makes a reference to a quote by Stephen Hawking, see below, but then makes what appears to be
an important qualification by stating that the issue of ontology is crucial to quantum mechanics, even though it raises
issues that cannot be resolved at the present time.
I don’t demand that a theory correspond to reality because I don’t know what it is. Reality is not a quality you can
test with litmus paper. All I’m concerned with is that the theory should predict the results of measurements.
This review might reject this position by highlighting that Ptolemy’s model of the solar system was more accurate than the
Copernican system when first published, even though his model was flawed as a description of reality. In this respect, the
ability to predict measurements is not the only criteria of importance to science. However, before leaving the commentary
associated with Chapter-29 to consider Chapter-23, which deals with entanglement, it might be worth considering
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Penrose’s overall position on some of the various quantum interpretations, which he reduces to just five as listed below,
but first makes the following comment:
In order that the reader can take a suitably objective attitude to these assessments, it is best that I ‘come clean’
with regard to my own position clearly at this stage. I am, in fact, a strong believer that some developments in line
with (f), i.e. objective [R], are necessary, in order that quantum mechanics can make fully consistent sense.
While this review will not address the interpretation supported by Penrose, known as Gravitational Objective Reduction,
the link might provide an initial outline. However, this idea appears to have led to another book entitled ‘The Emperor's
New Mind’, which addresses the possibility that human consciousness might be linked to the collapse of the quantum wave
function.
(a) Copenhagen, (b) Many worlds, (c) Environmental decoherence, (d) Consistent histories, (e) Pilot wave,
(f) New theory with objective [R].
As the issue of these various interpretations has already been generally covered, the following extract simply summarises
Penrose’s position. However, by way of commentary, this review considers all interpretations as problematic, if based on
assumptions that cannot be empirically verified.
I shall need to make a few remarks about (d) and (e), since I have not really explained them. The
‘consistent-histories’ scheme (d) provides a generalization of the standard framework of quantum theory. Some
proponents have provided (d) with an ontology that seems a bit like that of many worlds (b), although in one
respect even more extravagant, but as far as I can see, such an extravagant ontology may well not be necessary. In
both (b) and (d) we can take the position that we have, as basic ingredients, a Hilbert space [H], a starting state |ψ>
belonging to [H] and a Hamiltonian. In the many-worlds, case (b), the ontological position is to regard reality as
being described as a continuous 1-parameter family of states starting with |ψ0> at t=0 and subsequently governed
by the Schrodinger evolution determined by [H]. There is no [R] here, only [U]. But the consistent-histories case (d)
broadens this so as also to incorporate ‘R-type procedures’ into its ‘evolution, even though these are not considered
to be necessarily associated in any way with actual measurements.
So, we now turn our attention to Chapter-23 that addresses the issue of quantum entanglement. Again, the format of this
review will avoid the mathematical details in order to focus on the issue of physical causality. We will start with the basic
introduction to Chapter-23:
We have seen how mysterious is the behaviour of individual quantum particles, with or without spin, and how a
strange and wonderful mathematical formalism has been evolved in order to cope with this behaviour. It would not
be unreasonable to expect that, since our formalism has described for us the quantum behaviour of individual
particles or other isolated entities, so also should it have told us how to describe systems containing several
separate particles, perhaps interacting with one another in various ways. The underlying quality that is new is the
phenomenon of quantum entanglement, whereby a system of more than one particle must nevertheless be treated
as a single unit, and different manifestations of this phenomenon present us with yet more mystery in quantum
behaviour than we have encountered already.
Clearly, based on earlier outlines, the issue of entanglement also rests on the assumption of the evolution of the
Schrodinger wave function with respect to time, defined by [U], and its assumed collapse, defined by [R]. However, while
Penrose talks of the mathematical ‘elegance’ underpinning some of these formulations, it is also clear that he, and many
others, question their physical reality. Again, we might liken this situation to Ptolemy’s mathematical model of the solar
system, which produced fairly accurate results, but was based on a false understanding of the causal mechanisms at work.
While only speculative commentary, the reality of the Schrodinger wave equation has been questioned, if it only
represents a mathematical probability. The idea that the Fourier frequency components within the wave function disperse
as a function of time has also been questioned, i.e. the [U] process, if this wave has no physical reality. Finally, the issue of
coherence has questioned the ability of any measurement not to disturb a quantum system along with the reality of any
interpretations of the wave function collapse, i.e. the [R] process. Despite all these concerns, Penrose starts with the
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assumption that the Schrodinger equation for the time evolution of the quantum state also applies when there are many
particles, albeit compounded by the issues of interaction and spin. Apparently, all that is required is a suitable Hamiltonian
to incorporate all these features.
A noteworthy feature of standard quantum theory is that, for a system of many particles, there is only one [t] time
coordinate, whereas each of the independent particles involved in the quantum system has its own independent set
of position coordinates. This is a curious feature of non-relativistic quantum mechanics if we like to think of it as
some kind of limiting approximation to a ‘more complete’ relativistic theory. For, in a relativistic scheme, the way
that we treat space is essentially the way that we should also treat time. Since each particle has its own space
coordinates, it should also have its own time coordinate. But this is not how ordinary quantum mechanics works.
There is only one time for all the particles.
At this point, we possibly need to attempt some clarification of ‘quantum time’. As described, the collapse of the wave
function is considered to be time-irreversible, which has some wider implications on various models – see The Idea of Time
for more details. Within the context of quantum theory, some assume that time is an emergent phenomenon that results
from entanglement. While speculative, a causal wave model of everything might naturally attempt to quantify ‘everything’
in terms of the wave attributes of frequency [f], the reciprocal of time [t], and wavelength [λ], directly related to spatial
distance. In this context, time might well be relative, if our perception and measurement of both frequency and
wavelength depends on our frame of reference, similar in scope to the Doppler effect.
The ‘path-integral’ approach to relativistic quantum theory is based on a relativistic Lagrangian rather than on a
Hamiltonian formalism, and the ‘one-time/many-spaces’ problem is circumvented. However, serious new problems
come in, as they always seem to, no matter what procedure is used. Moreover, the ordinary Schrodinger equation
itself is not immune from the difficulties of ‘getting back to reality’. In my opinion, this simple spacetime asymmetry
of the Schrodinger approach hides something deep that is still missing from our quantum picture of things.
Again, reading between the lines, Penrose appears to be questioning, not only the mathematical abstraction, but the
physical implications of such abstractions on causality. However, while apparently expressing concern, he then appears to
simply return to a mathematically abstract model as an adequate explanation of the quantum model. As previously
outlined, the idea of quantum entanglement was introduced by Schrodinger in 1935 in a response to the EPR paradox
published by Einstein, Podolsky and Rosen. Again, on this issue, Penrose seems to express some concern.
They are, however, rather subtle features of the quantum world which are quite hard to demonstrate
experimentally in a convincing way. It is remarkable that we seem to have to turn to something so esoteric and
hidden from view when, for many-particle systems, almost the entire ‘information’ in the wavefunction is concerned
with such matters. In my opinion, this puzzle is trying to tell us something about what kind of new directions our
present-day quantum formalism ought to be moving in.
While Penrose discusses a number of different EPR-like experiments, this review will only focus on the 1951 Bohm EPR
model, which describes a finite system involving the initial and final states of spin. Penrose describes this system in terms
of a pair of spin particles, [PL] and [PR], which originate in a combined spin-0 state, and then travel away from each other to
the left and right to respective detectors [L] and [R] at a great distance apart, as depicted in the next diagram.

Figure 23.2 taken from Chapter-23, where a pair of spin-particles [PL] and [PR] originate in a combined spin-0 state,
and then travel out in opposite directions, left and right, to respective widely separated detectors [L] and [R]. Each
detector is set up to measure the spin of the approaching particle, but in some direction, which is decided upon only
after the particles are in full flight. Bell’s theorem tells us that there is no way of reproducing the expectations of
quantum mechanics with a model in which the two can act as classical-like independent objects that cannot
communicate after they have become separated.
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Before continuing, it is possibly worth highlighting that the actual experiment is statistical in that the result represents the
aggregation of thousands of measurements at [L] and [R], which require synchronisation, such that the accuracy of any
experiment has to be scrutinised - see Validity of Bell Tests for further details. Likewise, we might realise that the anecdotal
claim that quantum entanglement can be extended to cosmological distances is not one that has been empirically tested.
However, while Chapter-23 provides its own description of Bell's Theorem, this outline will depart from this description in
an attempt to simplify the issues of concern. In 1964, Bell devised a means of testing whether or not entangled particles
communicate information faster than the speed of light [c]. Based on this theorem, the conclusion is that no theory of local
hidden variables can account for all of the predictions within the quantum model. Bell proves his theorem by introducing
the idea of Bell inequalities, which are shown by experiment to be violated in a quantum system, thus apparently proving
that some of the ideas associated with local hidden variable theories have to be false. One of the most common
assumptions is the principle of locality has to be challenged, i.e. that nothing can communicate faster than the speed of
light [c].
So, how might we simply outline the basic tenets of this theorem?
As a broad generalisation, EPR experiments usually start with a single source, which we will assume has no spin value, but
decays into two particles [A] and [B] that are entangled in the sense that the spin of [A] and [B] are correlated. In terms of
the quantum model, these particles are ‘entangled’ by virtue of having a single wave function. Based on the Bohm EPR
model, the entangled properties are described in terms of spin, e.g. spin of [A=] and the spin of [B=] or vice versa.
However, we need to remember that by Bohr’s argument, [A] and [B] do not actually have the property of spin, while
evolving within the entangled wave function [U] before the collapse on measurement [R]. In fact, we might even question
the location of either particle prior to the wave function collapse based on the assumption that each frequency component
within the wave function is being ‘distributed’ at different rates. However, once the spin of [A] is measured, the quantum
model assumes we must know the value of spin [B] without ever having to measure it directly.
Note: The issue of locality arises because it is assumed the spin of [A=] does not exist prior to measurement. If so,
then there has to be some mechanism by which the final spin value of [A] is ‘communicated’ to [B], such that its spin
value [B=] is guaranteed in order to maintain the conservation of spin, as related to original total angular
momentum of zero.
When Bell originally proposed the idea for his theorem, he also derived formulas called the Bell inequalities, which are
probabilistic statements about how often the spin of particle [A] and [B] should correlate with each other, if normal
probability rather than quantum entanglement took place. For those interested in all the mathematical details behind
these probabilities – see Stanford paper. However, because it appears that the Bell inequalities are violated by quantum
experiments, then it is assumed that one of the basic assumptions has to be false, i.e. either physical reality or locality has
to be questioned.
Note: The inference is that when measuring the spin of [A], either [B] immediately has the opposite spin irrespective
of the distance or [B] still remains in a superposition state, i.e. its wave function has not collapsed.
If we assume [B] is immediately affected by the measurement at [A], we might indeed assume that locality is violated, if
some form of communication or signalling takes place that violates relativity in terms of the speed of light [c]. However,
the quantum model generally appears to support the idea of non-locality, even though it has no obvious causal explanation
for how these particles communicate on the collapsed [R] state of [A] to the [U] state of [B]. Of course, if the quantum
model rejects non-locality, it requires [B] remain in a superposition [U] state, where the Bell inequalities associated with
the spins of [A] and [B] should be confirmed. However, experiments appear to show that the Bell inequalities are violated
based on the experimental results of probability statistics, such that most now accept the non-locality assumption, even
though there is no obvious causal explanation.
Note: While this review questions the superluminal assumption, the general argument usually adopted is that
non-locality only relates to specific information, e.g. spin, that ‘entangles’ [A] and [B]. As such, it is assumed that
only the specific spin measurement at [A] need be instantly ‘communicated’ to [B] and no one observing [B] can
determine whether, or not, any measurement at [A] has occurred.
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Whether you accept this explanation as scientific possibly depends on whether you align to the epistemological or
ontological schools of science. However, at this point, we will return to Chapter-23, where Penrose considers what he
describes as the ‘two mysteries of quantum entanglement’.
It seems to me that there are two quite distinct mysteries presented by quantum entanglement, and I believe that
the answer to each of them is something completely different, although interrelated. The first mystery is the
phenomenon itself. How are we to come to terms with quantum entanglement and to make sense of it in terms of
ideas that we can comprehend, so that we can manage to accept it as something that forms an important part of
the workings of our actual universe? The second mystery is somewhat complementary to the first. Since, according
to quantum mechanics, entanglement is such a ubiquitous phenomenon, and we recall that the stupendous
majority of quantum states are actually entangled ones. So why is it something that we barely notice in our direct
experience of the world and why do these ubiquitous effects of entanglement not confront us at every turn?
However, Penrose proceeds to discuss these mysteries based on the assumption that entanglements tend to spread, i.e.
the dispersion assumption associated with the wave function. If so, it leads Penrose to question whether every particle in
the universe must eventually be entangled with every other. However, he then accepts that the time evolution of the
Schrodinger equation of a system does not help, as it appears to suggest that more and more of the universe becomes
entangled. Penrose then discusses this issue as described in the following paraphrased extract.
If we get no help from the quantum [U] process, we might consider the [R] process associated with the collapse of
the wave function on measurement. When performing a measurement on an EPR pair, we might assume that [B] is
approaching a position on the planet Titan. If the measurement of [A] takes place first, then we might assume that
[B] is free of its entanglement with [A], but might persist in its own [U] state until subject to an independent
measurement causing its [R] state collapse.
While this summary has omitted considerable detail of Penrose’s explanation, he concludes ‘nature’ not the ‘observer’
continually triggers the R-process based on the idea outlined as Gravitational Objective Reduction. This concept suggests
that the superposition [U] state may be inherently unstable due to gravitational self-energy [Eg], as defined in [4].
[4]

Tg =

h
E
2 g

This equation suggests that the quantum superposition of 2 possible states should collapse into one, in the timescale [T g],
when in the presence of gravitational self-energy [Eg]. However, there are no stationary solutions for the wave function of
a single free particle with positive mass, therefore the wave function would require some form of modification to account
for the gravitational effect. Whether this interpretation could ever be empirically tested is unclear and on this note of
uncertainty, we must simply leave the issue of entanglement as unresolved.
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1.6

Closing Comments

It was accepted from the outset that this discussion of the quantum model could not be described as either extensive or
authoritative. For this reason, some attempt has been made to provide as many references possible to other sources,
which might provide more detail, such that wider evidence might, at least, be considered.
Note: This website has often argued that science does not develop
in a vacuum separated from the rest of society. If so, then we have
to recognise that science is also subject to the frailty of the human
condition, which might be characterised in terms of Maslow’s
hierarchy of human needs. However, while such frailties are not
new, we now live in an age where information is often manipulated
to create a consensus of opinion, which can then lead to an
effective censorship of alternative arguments.
The implications stemming from the concern expressed above might be
characterised in the following quote by William Clifford, which has been
used many times, because it encapsulates the danger of conforming to a
consensus without, at least, questioning the facts.
"The danger to society is not merely that it should believe wrong things, though that is great enough; but that it
should become credulous, and lose the habit of testing things and inquiring into them, for then it must sink back
into savagery. It may matter little to me, in my cloud-castle of sweet illusions and darling lies; but it matters much
to Man that I have made my neighbours ready to deceive. The credulous man is father to the liar and the cheat."
Of course, it has to be recognised that the ability of the general public to question all the complex details underpinning
modern science is limited. Therefore, as history has demonstrated so many times, society can simply come to ‘believe in
wrong things’ as perfect knowledge alludes us all. This said, it might still be argued that the danger of unfounded beliefs
only becomes a major problem when beliefs and assumptions are escalated by certainty, such that they can no longer be
questioned. In this respect, the following quote by Voltaire is possibly the most succinct summation of this problem.
“Doubt is not a pleasant condition, but certainty is absurd.”
So, while recognising the obvious limitations of this review, both in scope and authority, its primary argument has rested
on the issue of causality. If a scientific model extends beyond empirical verification and cannot provide a causal
explanation of how the universe works, then science has to question its own assumptions in the hope that a resolution
might be sought in open scientific debate. However, despite this hope, the process of peer review of scientific ideas is now
questioned, where its limitations might be cited in terms of the following example.
Note: In 2005, a computer program called SCIgen was created by researchers at MIT to demonstrate that
conferences would accept fake science. In 2010, Cyril Labbé used SCIgen to create 102 fake papers, which resulted in
a non-existent scientist achieving the distinction of being one of the world’s most highly cited authors, even though
the papers were, by design, context-free scientific gibberish.
Despite the apparent failure of the peer review system in the example above, it is still a system that can be used to
effectively censor alternative ideas in science, especially those that might be seen to challenge the established mainstream
consensus. The following abstract is taken from an article entitled Strategies for Dissenting Scientists by Brian Martin.
Those who challenge conventional views or vested interests in science are likely to encounter difficulties. A scientific
dissenter should first realize that science is a system of power as well as of knowledge, in which interest groups play
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a key role and insiders have an extra advantage. Dissenters are likely to be ignored or dismissed. If dissenters gain
some recognition or outside support, they may be attacked.
Of course, the idea that a ‘dissenting scientist’ will always forward a better model than that accepted by mainstream
science is clearly questionable as the review of the different wave models in website-3 might affirm. For in many cases, the
‘dissenting scientist’ is often not a scientist in the accepted sense, but rather somebody who may have experience and
knowledge in another field, which has allowed them to ‘think outside the box’. However, these people invariably lack the
resources to develop their ideas to a point where it may start to challenge the accepted model. As a consequence, these
people are, at best, labelled as ‘mavericks’ or simply dismissed as ‘crackpots’.
But why has science permitted this situation to develop?
If we accept that science does not develop in a vacuum, separated from the rest of society, then we also have to accept
that some will try to exploit science for their own self-interests, e.g. financial and political. In this context, science is now
increasingly surrounded by numerous self-interests that will seek to profit from an idea, irrespective of its true value to
society. As such, they will promote a particular narrative to create a consensus of support and then contrive to use various
forms of censorship in order to side-line any contradicting arguments.
Note: For those who might consider this to be an unfair assessment of science – see ‘The Nature of Consensus’ for a
wider discussion. Likewise, the debate is also extended in a series of essays, which discuss many other aspects of this
problems, e.g. Role of Scepticism, Limits of Morality, Climate Change, Prevention versus Cure, Scope of Propaganda
along with some analysis of the Covid-19 pandemic.

84

