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This book proposes a new formulation of the main concepts of Theoretical Physics. Rather than
offering an interpretation based on exotic physical assumptions (additional dimension, new particle,
cosmological phenomenon,...) or a brand new abstract mathematical formalism, it proceeds to a
systematic review of the main concepts of Physics, as Physicists have always understood them:
space, time, material body, force fields, momentum, energy... and propose the right mathematical
objects to deal with them, chosen among well-grounded mathematical theories. Proceeding this way,
the reader will have a comprehensive, consistent and rigorous understanding of the main topics of
the Physics of the XXI° century, together with many tools to do practical computations.

After a short introduction about the meaning of Theories in Physics, a new interpretation of the
main axioms of Quantum Mechanics is proposed. It is proven that these axioms come actually from
the way mathematical models are expressed, and this leads to theorems which validate most of the
usual computations and provide safe and clear conditions for their use, as it is shown in the rest of
the book.

Relativity is introduced through the construct of the Geometry of General Relativity, from 5
propositions and the use of tetrads and fiber bundles, which provide tools to deal with practical
problems, such as deformable solids. A review of the concept of motion leads to associate a frame
to all material bodies, whatever their scale, and to the representation of motion in Clifford Algebras.
Momenta, translational and rotational, are then represented by spinors, which provide a clear
explanation for the spin and the existence of anti-particles.

The force fields are introduced through connections, in the framework of gauge theories, which is
here extended to the gravitational field. It shows that this field has actually a rotational and a
transversal component, which are masked under the usual treatment by the metric and the Levy-
Civita connection. A thorough attention is given to the topic of the propagation of fields with
interesting results, notably to explore gravitation.

The general theory of lagrangians in the application of the Principle of Least Action is reviewed,
and two general models, incorporating all particles and fields are explored, and used for the
introduction of the concepts of currents and energy-momentum tensor. Precise guidelines are given
to find solutions for the equations representing a system in the most general case.

The topic of the last chapter is discontinuous processes. The phenomenon of collision is studied,
and we show that bosons can be understood as discontinuities in the fields.

In the Version Updated 7/19/2017 : the presentation of some important topics has been
improved, and new results added.

Geometry : the definition of matter fields has been improved. Symmetries have been added.
Kinematics : the model of atoms has been added.

Fields : an introduction to the Einstein's Theory of gravitation has been added. The section on the
phenomenon of propagation has been rewritten. It is shown that fields propagate on Killing curves.
As a consequence a general specification of the metric can be given.
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INTRODUCTION

With each new discovery Physics has expanded into new theories Mechanics, Thermodynamics,
Electromagnetism, Fluid Mechanics,... Beyond their diversity, they share a common core of key
concepts and First Principles. Relativity, then Quantum Mechanics have broken this unity. A
century after their introduction these powerful theories have not brought what could have been
expected, that is a unified framework, consistent, intellectually satisfying, and efficient. For some
Physicists we have to accept the idea of two physics, based on unrecognizable visions of the world,
for others we have to give up altogether the idea of a real world and contend ourselves with more
or less consistent formal systems justified only by their immediate efficiency. For most this is not
a great concern, as far as the computation works. But not everybody is satisfied by this sorry
state of Physics. A quick Google search for “quantum mechanics interpretations” provides more
than 5 millions links, and there are more than 50 elaborate theories, the multiuniverse having the
largest support in the scientific community. So one cannot say that modern Physics answer clearly
our questions about nature. And it is not true that experiments have proven the rightfulness of
the common practices. The discrepancy between what the theories predict and what is observed is
patched with the introduction of new concepts, whose physical realization is more and more difficult
to check : collapse of the wave function, Higgs boson, dark matter, brown energy,...

The purpose of this book is not to add another interpretation to the existing long list. There will
be few assumptions about the physical world, clearly statecﬂ and they are well in line with what
Physicists know and most Scientists agree upon. There will be no extra-dimensions, string theory,
branes, supersymmetry,...Not that such theories should be discarded, or will be refuted, but only
because they are not necessary to get a solid picture in Physics. And indeed we do not answer to
all questions in this book, some issues are still open, but I hope that their meaning will be clearer,
leading the way to a better and stronger understanding of the real world. Its purpose is to propose
a unified Theory of Physics. Not all the domains are covered, but it addresses the key topics : the
Geometry of the Universe, the Kinematics of material body and Mechanics, the Theory of Fields,
their propagation and their interaction with material bodies, and the bases of the classification of
Elementary Particles. I propose a Theory which can be understood, starting from the concepts
such as space, time, mass, momentum,... and the usual First Principles which are known by every
Physicist and have been used for centuries. But one needs a new, candid, look at these concepts and
the phenomena they describe, just as Einstein did in his celebrated 1905 article : space and time
are not necessarily how we are used to see them, and more than often one needs to pause before
jumping to Mathematics. Actually the indiscriminate use of formal systems can be hazardous. The
meaning of the concepts has often be lost, replaced by some mathematical expression. In most books
any consideration of a location is quickly followed by “let z,y, z be the coordinates of the point”,
without much of a thought for the fact that nobody use practically orthonormal frames to locate a
point. These formal substitutes acquire a life of their own, and can become a real burden when they
impede the full understanding of new theories. In Special Relativity “inertial frames” are part of
the mandatory equipment, and the Quantum Theory of Fields is deemed incompatible with General

I'To be precise : assumptions are labeled “propositions”, and the results which can be proven from these propositions
are labeled “theorems”.

xi



xii INTRODUCTION

Relativity because giving up orthonormal frames seems too big an effort. For a century studies in
General Relativity (GR) have been based on the metric and the Levy-Civita connection, without
much of a physical justification, because they seem more convenient, and have become a standard
in the field. Theoretical Physics has its “generally accepted practices”, such as the “substitution
rule” in quantization, or the renormalisation to get rid of divergent integrals, which would surprise
any non professional. In looking beyond the usual formalism, in regaining the true meaning of the
physical properties and laws, it is possible to get a more sensible and unified picture. But to develop
its full potential, we need the most adequate mathematical tools. Each new step in the progress of
Physics has been made with a simultaneous advance in the formalism. The new tools exist, they
need some effort to master them, but it is worth of it.

In this book the reader will see how to deal with manifolds, fiber bundles, connections, Clifford
algebras, group representations, generalized functions or Lagrange equations. There are many books
which deal with these topics, usually for physicists, with the purpose to make understandable in a
nut shell what are, after all, some of the most abstract parts of Mathematics. We will not choose
this path, not by some pedantic pretense, but because for a scientist the most general approach,
which requires few but key concepts, is easier than a pragmatic one based upon the acceptance
of many computational rules. So we will, from the beginning, introduce the mathematical tools,
usually in their most general definition, into the representation of physical phenomena and show how
their properties fit with what we can understand of these phenomena, and how they help to solve
some classical problems. This will be illustrated by building, step by step, a formal model which
incorporates all the bricks to show how they work. We will use many mathematical definitions
or theorems. The most important will be recalled, and for the proofs and a more comprehensive
understanding I refer to another book ("Mathematics for Theoretical Physics"). A great effort has
been done to develop practical tools, which make the computations easier. For instance a dozen
lines suffice to express the Einstein law of GR in 3 linear, computable, equations. And we give
explicit specifications for the metric, and formulas for its computation, in the most general case.
The objective is not only to give a beautiful picture, but to provide a manageable Theory.

The first chapter is devoted to a bit of philosophy. From many discussions with scientists I felt
that it is appropriate. Because the purpose of this book is to provide a new theoretical framework
for Physics, it is necessary to have a good understanding of what is meant by physical laws, theories,
validation by experiments, models, representations,... Epistemology, a branch of Philosophy, helps us
to sort out the different meanings of what we call knowledge, the status of Science and Mathematics,
how the Sciences improve and theories are replaced by new ones. This chapter will not introduce
any new Philosophy, just provide a summary of what scientists should know from the works of
professional philosophers. In this Chapter are reminded the First Principles of Physics, fundamental
laws which are universally accepted, and their general meaning.

The second chapter is dedicated to Quantum Mechanics (QM). This is mandatory, because QM
has dominated theoretical Physics for almost a century, with many disturbing and confusing issues.
It is at the beginning of the book because, as we will see, actually QM is not a physical theory, it
does not state any assumption about how Nature works. QM is a theory which deals with the way
one represents the world : its axioms, which appear as physical laws, are actually mathematical
theorems, which are the consequences of the use by Physicists of mathematical models to make their
computations and collect their data from experiments. This is not surprising that measure has such
a prominent place in QM : it is all about the measures, that is the image of the world that physicists
build, and not about the world itself.

There are three main objects in Physics : the Universe, material bodies and fields. They are the
topic of the 3 following chapters.

By Universe we do not mean how the whole universe is, which is the topic of Cosmology. Cos-
mology is a branch of Physics of its own, which raises issues of an epistemological nature, and is,
from my point of view, speculative, even if it is grounded in Astrophysics. By Universe we mean
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the container, seen at our scale, in which every other object live, and how we represent it. This
is the topic of Geometry, and any Theory in Physics must have a physical Geometry, telling how
one locates a point, measure vectors or tensors, and of course, how one deals with time. The usual
Geometries are the Galilean Geometry, Special Relativity (SR) and General Relativity (GR). In
this book we adopt the latter. This choice will be justified by building the Geometry from 5 basic,
natural assumptions, from where all the usual theorems can be deduced. For instance we show
that the existence of a Lorentz metric is the logical consequence of the Principle of Causality. This
metric is actually the main physical property of the Universe. We will introduce mathematical tools,
such as the flow of a vector field and fiber bundles, which help to understand the geometry and to
make practical computations. We will see the necessity to introduce the observer, the physicist who
proceeds to the measures, as an integral part of the system.

The second object of Physics is material bodies, usually seen as a collection of material points
which behave in some coherent way. Material points have a location and a translational motion, but
material bodies have also other geometric properties, related to the concept of rotation. And it seems
that these properties exist for any material body, whatever the scale, from elementary particles to
galaxies. After a review of the classical representations, we show that these physical properties can
be represented through a Clifford Algebra, we introduce tools to deal practically with any motion
in the GR framework. They enable to extend easily the concept of deformable solid, from atoms to
stars systems. Moreover they give the basis for the concept of matter field, a collection of particles
which have a similar behavior.

The fourth chapter addresses Kinematics, which, by the concept of momentum, is the bridge
between forces and geometry. The revision of the concept of motion of a material body requires
the introduction of a new representation of the momentum, based on Spinors. Spinors are not new
in Physics, but we will see why they are necessary and what they mean. This leads naturally to
the introduction of the spin, which has a clear and simple interpretation, of antiparticles and to
the representation of particles by fields of spinors, which are one the faces of the duality wave /
particles. With these tools it is then easy to build a model of atoms and their electrons shells, using
the theorems of quantization proven in the 2nd Chapter.

Particles interact with force fields, according to additional properties such as their electric charge.
After a short reminder of the Standard Model we see in the 4th Chapter how to extend Spinors to
represent the state of elementary particles, with all their properties, including their interactions with
force fields.

The third object of Physics is Force Fields. They have been introduced in the late XIX° to
replace the idea of action at a distance between material bodies. There are represented, in any
physical theory, either as continuous objects, or as resulting from the action of special particles,
the bosons, which carry the field. Modern Physics have introduced, with “gauge fields”, a powerful
tool to represent force fields in their continuous manifestation. In the 4th Chapter we show how
it can be used to represent any field, including gravitation. The integration of Gravity, not in a
Great Unification Theory, but with tools similar to the other forces and in parallel with them,
opens a fresh vision on important issues. We give a short presentation of the Einstein’s theory of
gravitation, usually seen as being part of General Relativity, but is actually an original theory which
deserves a special look to be genuinely understood. One important property of force fields is that
they propagate in the vacuum. It is usually seen through the equations at equilibrium, of which
the Maxwell’s equations re the paradigm, but the phenomenon of propagation, to which too little
attention has been given by theoricians, requires a comprehensive study. We show that all force
fields propagate along specific curves, and from this result we deduce a general specification for the
metric.

The Principle of Least Action is the main tool to model force fields and their interactions with
particles. In the 6th we review the problems, physical and mathematical, of its implementation, and
how to deal with them. We will see why a lagrangian cannot incorporate explicitly some variables,
and build a simple lagrangian with 6 variables, which can be used in most of the problems. We
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show how the variational calculus can be implemented, in particular with a rigorous introduction
of functional derivatives. It gives a solid framework for the introduction and justification of the
Energy-Momentum tensor and conservation laws.

The 7th chapter is dedicated to continuous models. Continuous processes are not the rule in
the physical world, but are the simplest to represent and understand. We will see how the material
introduced in the previous chapters can be used by developing two models, for a field of particles
and for individual particles. In this chapter we introduce the concept of currents and prove some
important theorems. We give comprehensive and detailed guidelines to solve the equations in the
most general context. In particular we prove that non relativist particles follow geodesics, we give a
practical method to compute the fields, and an explicit solution for the metric.

The eighth chapter is dedicated to discontinuous processes. They are common in the real world
but their study is difficult. We show how one can solve the problem of collision of particles in
the general framework of GR and rotating bodies. From the concept of propagation of fields, we
shall accept that this is not always a continuous process. Discontinuities of fields then appear as
particles, which can be assimilated to bosons. We show how their known properties can be deduced
from this representation, and how the results can be used in electrodynamics and the interactions
of elementary particles.



Chapter 1

WHAT IS SCIENCE ?

Science has acquired a unique status in our societies. It is seen by the laymen as the premier gate
to the truth in this world, both feared and respected. Who could not be amazed by its technical
prowess 7 How many engineers, technicians, daily put their faith in its laws ? For many scientists
their work has a distinctive quality, which puts them in another class than novelists, theologians,
or artists. Even when dealing with some topics as government, traditions, religion,... they mark
their territory by claiming the existence of Social Sciences, such as Economics, Sociology or Political
Sciences, endowed with methods and procedures which stand them apart, and lest us say, above
the others who engage in narratives on the same topics. But what are the bases for such pretense
? After all, many scientific assertions are controversial, when they impact our daily lives (from the
climate warming to almost any drug), but not least in the scientific community itself. The latter is
natural and even sound - controversy is consubstantial to science - however it has attained a more
bitter tone in the last years, fueled by the fierce competition between its servants, but also by the
frustrations of many scientists, mostly in Physics, at a scientifically correct corpus with too many
loopholes. A common answer to the discontents is to refer them to the all powerful experimental
proofs, but these are more and more difficult to reach and to interpret : how many people could
sensibly discuss the discovery of the Higgs boson ?

To put some light on these issues, the natural way is to look towards Philosophy, and more
precisely Epistemology, which is its branch that deals with knowledge. After all, for thousands
of years philosophers have been the architects of knowledge. It started with the Greeks, mainly
Aristotle who provided the foundations, was frozen with the scholastic interpretation, was revitalized
by Descartes who brought in experimental knowledge, was challenged by the British empiricists
Hume, Locke, Berkeley, achieved its full rigor with Kant, and the American pragmatists (Peirce,
James, Putnam) added the concept of revision of knowledge. Poincaré made precise the role of
formalism in scientific theory, and Popper introduced, with the concept of falsifiability, a key element
in the relation between experiment and formal theories. But since the middle of the XX° century
epistemology seems to have drifted away from science, and philosophers tend to think that actually,
philosophy and science have little to share. This feeling is shared by many scientists (Stephen
Weinberg in “Dreams of a Final Theory”). This is a pity as modern sciences need more than ever a
demanding investigation of their foundations.

Using all the basic work done by philosophers, I will try to draw a schematic view of epistemology,
with words which are more familiar to the scientific reader. The purpose is here to set the ground,
starting from questions such as What is knowledge ? How does it appear, is formatted, transformed,
challenged ? What are the relations between experimentation and intuition ? We will see what
are the specificities of scientific knowledge, how scientific theories are built and improved, what is
the role of measures and facts, what is the meaning of the mathematical formalism in our theories.
These are the topics of this first chapter.
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1.1 WHAT IS KNOWLEDGE ?

First, a broad description of what is, and what is not knowledge.

Knowledge is different from perception : the most basic element of knowledge is the belief (a
state of mind) of an individual with regard to a subject. It can be initiated, or not, by a sensitive
perception or by the measure of a physical phenomenon.

Knowledge is not necessarily justified : it can be a certain perception, or a plausible perception
(“I think that I have seen...”), or a pure stated belief (“God exists”), or a hypothesis.

Knowledge is shared beliefs : if individual states of minds can be an interesting topic, knowledge
is concerned with beliefs which can be shared with other human beings. So knowledge is expressed in
conventional formats, which are generally accepted by a community of people interested by a topic.
This is not a matter of the tongue which is used, it supposes the existence of common conventions,
which enables the transmission of knowledge without loss of meaning.

Knowledge is a construct : this is more than an accumulation of beliefs, knowledge can be learnt
and taught and for this purpose it uses basic concepts and rules, organized more or less tightly in
theories addressing similar topics.

1.1.1 Circumstantial assertions

The most basic element of knowledge can be defined as a circumstantial individual assertion,
which can be formatted as comprised of :

- the author of the assertion;

- the specific case (the circumstances) about which the assertion is made. Even if it is often
implicit, it is assumed that the circumstances, people, background,.. are known, this is a crucial
part of the assertion;

- the content of the assertion itself : it can be simply a logical assertion (it has the value true or
false) or be expressed in a value using a code or a number.

The assertion can be justified or not. The author may himself think that his assertion is only
plausible, it is a hypothesis. An assertion can be justified by being shared by several persons. A
stronger form of justification is a factual justification, when everybody who wants to check can
share by himself the assertion : the assertion is justified by evidence. In Sciences factual justifications
are grounded in measures, done according to precise and agreed upon procedures : the experiment
can be repeated.

Examples of circumstantial individual assertions :

“Alice says that yesterday Bob had a blue hat”, “I think that this morning the temperature was
in the low 15 °C},“I believe that the cure of Alice is the result of a miracle”,...

Knowledge, and specially scientific knowledge, is more than individual circumstantial assertions
: it is a method to build narratives from assertions. It proceeds by enlargement, by going from
individuals to a community, from circumstantial to universal, and by linking together assertions.

1.1.2 Rational narrative and logic

By combining together several assertions one can build a narrative, and any kind of theory is based
upon such construct. To be convincing, or only useful, a narrative must meet several criteria,
which makes it rational. Rationality is different from justification : it addresses the syntax of the
narrative, the rules that the combination of different assertions must follow in the construct, and
does not consider a priori the validity of the assertions. The generally accepted rules come from
logic. Aristotle has exposed the basis of logic but, since then, it has become a field of research on
its own (for more see Maths.Part 1).
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Formal logic deals with logical assertions, that is assertions which can take the value true (T)
of false (F) exclusively. Any assertion can be put in this format.

Propositional logic builds propositions by linking assertions with four operators A (and), V
(or), 7 (not), = (implies). For each value T or F of the assertions the propositions resulting from the
application of the operators take a precise value, T or F. For instance the proposition : P = (A = B)
is FF'if A=T and B = F, and P = T otherwise. Then one can combine propositions in the same way,
and explore all their possible values by “table-truth”, which are just tables listing the propositions
in columns, and all their possible values in rows.

Demonstration in formal logic uses propositions, built as above, and deduces true propositions
from a collection of propositions deemed true (the axioms). To do this it lists axioms, then row after
row, new true propositions using a rule of inference : if A is T, and (A = B) is T, then B is T.. The
last, true, proposition is then proven.

These two kinds of propositional logic can be formalized in the Boolean calculus, and automated.

Propositions deal with circumstantial assertions. To enlarge the scope of formal logic, predicates
are propositions which enable the use of variables, belonging to some fixed collection. Assertions
and propositions are then linked with the use of two additional operators : V (whatever the value
of the variable in the collection), 3 (there is a value of the variable in the collection). In first
order predicates, these operators act only on variables, which are previously listed, and not on
predicates themselves. One can build table-truth in the same way as above, for all combinations of
the variable. Demonstrations can be done in a similar way, with rules of inference which are a bit
more complicated.

The Godel’s completeness theorem says that any true predicate can be proven, and conversely
that only true predicates can be proven. The Godel’s compactness theorem says in addition that if
a formula can be proven from a set of predicates, it can also be proven by a finite set of predicates :
there is always a demonstration using a finite number of steps and predicates. These two theorems
show that, so formalized, formal logic is fully consistent, and can be accepted as a sound and solid
basis to build rational narratives.

This is only a sketch of logic,which has been developed in a sophisticated system, important
in computer theory. Several alternate formal logics have been proposed, but they lead to more
complicated, and less efficient, systems, and so are not commonly used. Other systems called also
“logic”, have been proposed in special fields, such as Quantum Mechanics (see Josef Jauch and
Charles Francis for more) and information theory. Actually they are Formal Systems, similar to
the Theories of Sets or Arithmetic in Mathematics : they do not introduce any new Calculus of
Predicates, but use Mathematical Logic acting on a set of axioms and propositions.

Using the basic rules of formal logic, one can build a rational narrative, in any field. Notice
that in the predicates the collections to which variables must belong are not sets, such as defined in
Mathematics, and no special property is assumed about them. A variable can be a citizen, belonging
to a country and indeed many laws could be formulated using formal logic.

Formal logic is not concerned about the justification or the veracity of the assertions. It tells
only what can be logically deduced from a set of assertions, and of course can be used to refute
propositions which cannot be right, given their premises. For instance the narrative :

VX human being, ((X is ill) A (X prays) A (God wills)) = (X is cured)

is rational. It is F only if there is a X such that 