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Philosophy & Physics
• The concern is philosophy of
mathematical physics.
• Its orientation is different from two well
known other orientations
– general formal theories of scientific
languages (logical positivism, Vienna
Circle, Carnap, etc., to Hempel and
Quine's critiques).
– historicist and relativist approaches (Kuhn,
etc.).

• The approach is mathematical and
specific rather than logical and general.
• The hypothesis is that, in physics, the
“true” philosophical problems are deeply
encoded into the specific mathematical
structures of the particular theories.

Why Kant ?
• The main reference is Kant. Why ?
• In the 1970s, I was strongly impressed by
Jules Vuillemin's Physique et métaphysique
kantiennes claiming that in physics
“transcendental” means “relativity and
symmetry groups”.
• He analyzed Kant's Metaphysische
Anfangsgründe der Naturwissenschaft
which fits very well with Newtonian
mechanics.

• Two types of knowledge in Kant :
philosophical VS scientific knowledge
(CPR: Transcendental Methodology.
The Discipline of Pure Reason) :
– philosophical knowledge is the rational
knowledge gained from concepts;
– mathematical knowledge is the rational
knowledge gained from the construction of
concepts.

• The consequence is that mathematics
are constitutive of physics :
– In any special doctrine of Nature there is
only as much properly called science as
there is mathematics ( Metaphysical
Foundations, Preface).

• Hence the relevance of generalizing the
transcendental doctrine to the evolution
of modern mathematical physics in spite
of the well known critiques against Kant.
• Book : Constituting Objectivity (2009).

Why Stanford ?
• Why Stanford ? The two main American
philosophers of science supporting
analogous theses work there.
– Michael Friedman: Kant's Construction of Nature
(Cambridge, 2013).
– Tom Ryckman: The Reign of Relativity (Oxford,
2005).
– Conference at the SHC in 2011 : Structuralism
in Philosophy of Physics (organized by T.
Ryckman and Stefano Osnaghi).

• I feel close to the “Stanford School” of
philosophy of sciences: Pat Suppes, Nancy
Cartwright, (partly) Bas van Fraassen.
• Post-positivism, model diversity, specificity,
pluralism. Critique of the logical generality.
• Pat Suppes: we need mathematics, not
meta-mathematics.

The key problem
• The old problem of the relations
between empirical data (observable
given phenomena) and theoretical
concepts.
• Every discipline goes from empirical
data to theoretical concepts using
universal cognitive ressources :
abstraction, categorization, taxinomies,
inferences, correlations, causality, etc.

• It is a multi-level conceptual analysis :
to “subsume” empirical phenomena
under concepts.
• But, even if such a conceptual
knowledge is extremely sophisticated, it
cannot fit the data because concepts
are meanings.
• Of course, meanings can be applied to
data, but they cannot fit with them.

Computational synthesis
• The characteristic feature of
mathematical physics is to be able to
reverse conceptual subsumption and to
to solve the inverse problem of
abstraction.
• It is the computational synthesis of the
empirical phenomena using algorithms.
• Computational VS Conceptual
Synthesis VS Analysis

• The challenge is to compute a virtual
reality which can fit the given empirical
reality : models, simulations.
• Algorithms as computational tools :
systems of rules, differential equations,
softwares, etc.
• Until recently mathematics were the
only known computational tools and
therefore computation synthesis was a
mathematical knowledge.

Generating data models

A long history
• Some examples :
– Ptolemaic theory of epicycles.
– Renaissance and perspective.
– To day image synthesis and virtual reality.

• Ptolemaic theory of epicycles in the
Almageste.
• The observed erratic trajectories of
planets can be reconstructed
composing circular uniform motions.
• A base circle (deferent) and a small
circle (epicycle) whose center moves on
the deferent.
• Precursor of harmonic analysis as a
general method.

• Renaissance and perspective (rules of
projective geometry).
• Exact reconstruction of objects in
space.
• Filippo Brunelleschi (1377-1446) :
"tavoletta" (! 1400) :
– If seen from a definite vantage point, the
virtual reconstructed battistero reflected in
the mirror and looked at through the hole
cannot be distinguished from the real
battistero .

Classical Mechanics (1)
• Collecting precise and reliable data :
Tycho Brahé (1546-1601). It is a “tour
de force”.
• Presenting data : Johannes Kepler
(1571-1630), Brahé's assistant. Tabulæ
Rudolphinæ . Heliocentrism but circles
don't fit exactly the data.
• Kepler's “tour de force”. Circles "
eccentric circles " ovals " ellipses.

• Using this adequate presentation of
collected data, regularities appeared
and Kepler found his three laws.

Classical Mechanics (2)
• Newton (1642-1727): Philosophiæ
Naturalis Principia Mathematica (1687).
• With Newton, mechanics acquired a
very precise theoretical structure.
– Galilean relativity, inertial frames and
inertia principle. What is called to day a
background structure. Background = “a
priori” in Kant's sense.

– Fundamental law linking physical causes to
geometrical motions : f = m! (f = forces,
! = acceleration).
– Equality of action and reaction.
– Universal gravitation law.

• Kepler's empirical laws can be
computed by integrating the differential
equation f = m!.
• It was a breakthrough in computational
synthesis.

• Newtonian computational synthesis is
extremely long range and
mathematically extremely complex (nbody problem), even if the equation is
extremely simple.
• The differential equation is an
infinitesimal generator and integration =
iteration of the generator.
• Now, iteration " complexity.
• Three examples of complexity.

• Gravitational system composed of a
sun, a planet and a small moon
(Lagrange).
• The slides show how complex the
trajectory of the moon can be.

• Trajectory of the ESA (European Space
Agency) Rosetta Spacecraft (2004)
towards a comet can be computed with
Newton's equation.
• “Gravitational slingshot” maneuvers and
flybys of planets (three of Earth and one
of Mars). To the orbit of Jupiter, about
five hundred million miles from the Sun.

• Saturn rings: NASA mission Cassini.
– They spread over hundreds of thousands
of kilometers, they are extremely thin
(about 10 meters, a sheet of paper w.r.t.
1km), they consist of billions of individual
particles (mainly ice) and are animated by
waves.

• http://www.wired.com/wiredscience/201
0/11/saturns-rings-mini-galaxy/

The main philosophical problem
• The main philosophical problem since
Newton : what are the structural links
between the conceptual analysis and
the computational synthesis ? i.e., in
Kant's sense, conceptual knowledge
and mathematically “constructed”
knowledge.

• Newton's own solution (General
Scholium, 1713) : “hypotheses non
fingo”. The problem doesn't belong to
“experimental philosophy”.
• It is the beginning of operationalism
(see The Newtonian Revolution,
Bernard Cohen, Harvard).

• Newton's problem : forces at distance
are the causes of motions but they are
beyond conceptual understanding !
• Enigma solved by Einstein's General
Relativity using a complete redefinition
of the underlying geometry of
gravitation (Riemannian geometry and
elimination of the background
structure).

The foundational problem
• To overcome the gap between
– Conceptual analysis : categories and
principles (conceptual comprehension),
– Computational synthesis : laws and
differential equations (operational
explanation).

• Kant's Metaphysical Foundations are
dedicated to this problem.

• Kant correlated very precisely the
structure of Newton's theory with the
four classes of categories and principles
in the CPR.

Kinematics

Phoronomy

Background structure: space and time.

Categories of quantity.

Observable states: position and velocity.

Extensive magnitudes.

Measuring: Euclidean metric and arithmetic.

Axioms of intuition.

Algebraic structure: composing motions.
Galilean relativity and inertial frames.
Dynamics

Dynamics

Primitive internal forces inside matter

Categories of quality.

(repulsion, attraction).

Intensive magnitudes.

Reduction of matter to mass.

Anticipations of perception.

Mechanics

Mechanics

Conservation laws. Invariance.

Categories of relation.

Newton law: Galilean invariance.

Analogies of experience: permanence of

Action-reaction equality

substance, causality, coexistence.
Phenomenology
Categories of modality.
Postulates of empirical thought in general.

The transcendental breakthrough
• Transcendental Æsthetics:
– concepts are not the only transcendental
condition of possibility of a knowledge of
objects;
– another transcendental condition of
possibility is that the givenness of empirical
phenomena has a format : forms of
intuition.

• Contemporary cognitive neurosciences
vindicate Kant (Michel Imbert, Stan
Dehaene, John O'Keefe).

1. Mathematization of the format : forms
of intuition are converted into “formal”
intuitions. A specific mathematical
universe (and not a general logic) is
constitutively associated to
phenomena (motions)
2. Schematization of categories using
this format.
3. Transcendental Æsthetics :
Schematization " Principles.

4. Principles mathematized through
formal intuitions can be applied to
physics.
5. When applied, they interpret very
acurately the theoretical structures of
Newtonian Mechanics (Phoronomy,
Dynamics, Mechanics,
Phenomenology) : background
structures, laws, differential equations.
6. Computational synthesis #
“Construction” of Nature.

• A fundamental aspect of mathematical
physics was thematized by Kant for the first
time.
• Galilean relativity means that some
mathematical structures (Galilean inertial
frames) lack any physical content : group of
symmetry.
• Key point: group of symmetry "
Transcendental Æsthetics.
• Physical contents must be invariant and
covariant contents : laws of conservation.

Transcendentalism after
Newton and Kant
• From Lagrange to Hamilton :
symplectic geometry.
• Joseph-Louis Lagrange (1736-1813).
Variational approach (least action
principle).
• Mécanique analytique (1788).
• Newton's equation is equivalent to
minimizing a Lagrangian.

• Lagrangian for Mechanics:

• The background structure (Kant's “a
priori”) is what is not varied in the
Lagrangian.
• The relation Relativity # Conservation
laws is expressed through symmetries
of the Lagrangian: Noether's theorem.
• Symmetries are constitutive of
objectivity (physical theories are
"Galoisian").

Noether's theorem

Relativity

Lagrangian's symmetries

(unobservable entities)

Laws of conservation
(measurable quantities)

Origin of time

Time translations

Energy

Origin of space

Space translations

Momentum

Priviledged direction

Space rotations

Angular momentum

Priviledged velocity

Galilean boosts
frames)

(inertial

Initial position of the center
of mass

• It is this key feature which I investigated
from Kant to contemporary physics.

• General relativity:
– The metrical background structure
becomes physical and shifts from
kinematics towards mechanics (curved
space-time).
– Conversely all motions become inertial, i.e.
mechanics is absorbed in a general
kinematics.
– The relativity group becomes gigantic
(general covariance).

• In Quantum Mechanics the
computational synthesis is extremely
operational and the fit with the data is
extremely good.
• But many conceptual interpretations
(the links with categories and principles)
are in conflict.
• Pat Suppes', Tom Ryckman's seminar
“Foundations of QM”.
• It is a new aspect of the foundational
problem.

• Quantum field theory (Yang-Mills gauge
theories):
• The dynamics (internal structures and
forces of matter) is enlarged: particules and
non gravitational forces:
– Electro-magnetic forces: photons (bosons),
electrons, protons (fermions).
– Weak forces (radioactivity): Z and W bosons,
Higgs boson, leptons (fermions): electron,
muon, tauon and associated neutrinos).
– Strong (nuclear) forces: gluons (bosons),
quarks, nucleons (protons and neutrons).

• The Lagrangian of the standard model
is extremely complex.
• Sheldon Lee Glashow, Steven
Weinberg, Abdus Salam (Nobel prizes
1979).
• Every term of the Lagrangian is a
source of extremely long range
computational syntheses.
• Higgs boson (H) and Higgs fields #.
• Operationalist perspective.

• The Lagrangian of the standard model
is the beginning of unification of
electromagnetic, weak, and strong
theories.
• The symmetry group is

• Noncommutative Geometry (also called
quantum geometry or spectral
geometry).
• Alain Connes (1982 Fields medal).
• Complete redefinition of the underlying
geometry of quantum field theory (as
Einstein's General Relativity redefined
the underlying geometry of gravitation)

Conclusion
• From Newton to Connes there exists a
strong stability of the transcendental
structure (but not of the mathematical
specific content) of physical theories.
• They have to do with deep cognitive
structures.
• Transcendental epistemology can be
“naturalized” in the context of cognitive
neurosciences.

– 2005. "Structuralism in Physics and Non
Commutative Geometry".
– 2009. Noncommutative Geometry and
Transcendental Physics, Constituting Objectivity,
Springer.
– 2011. "The structural link between external
metric and internal gauge symmetries in
noncommutative geometry", Structuralism in
Philosophy of Physics, SHC, 2011.

