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The Essential Writings of Henri Poincaré, ed. Stephen J. Gould, Modern Library (NY) 2001

Einstein’s Clocks, Poincaré’s Maps: Empires of Time, by Peter Galison, Norton (London), 2003

Science and Hypothesis (1905, Poincaré)

Part I:  Number and Magnitude

Ch.I:  On the nature of mathematical reasoning

Ch.II:  Mathematical magnitude and experiment

Part II:  SPACE


Ch.III:  Non-euclidean geometries

Lobatschewsky’s geometry has negative curvature, concave, hyperbolic 

Riemann’s geometry has positive curvature, convex, spherical

Flatland (37, 44), Fluidland (42) 

The properties of light and its propagation in a straight line have also given rise to some of the propositions of geometry…”(45)


Ch.IV:   Space and geometry

Geometrical space is continuous, infinite, 3D, homogeneous, isotropic (47)

Visual space is continuous, finite,  2D, not homogeneous… depth perception is uncertain

Tactile and Motor space (49) 

Representative space is experienced as visual, tactile, motor space, differs from geometric space


Either homogeneous nor isotropic, not even 3D (50).  We need all these sensations together to understand geometrical space.  

Envisioning a 4D world of distortions … (57)  pre-vision of D-branes (58)


Ch.V:  Experiment and geometry

Curved space -> curved light (61)

Cannot measure curvature of light/space (61)

No absolute space -> Relativity (62-63)  “The law of the phenomena … will in no way depend on the absolute initial position of the system and of its absolute initial orientation. “  This is good for all geometries.

(64)  Relativity does not hold in non-inertial reference frames

(67) perhaps we can measure the curvature of space?

(70) we experience 3D – space could have more D.

Part III:  FORCE


Ch. VI:  The classical mechanics (73)

1.  There is no absolute space.    

2.  There is no absolute time.  

3.  We have no direct intuition of simultaneity.

4.  Our Euclidean geometry is only a convention of language.

Classical mechanics assumes absolute time and Euclidean geometry, for convenience (74)

N1:  The Principle of Inertia  (A body at rest or moving in a straight line will continue at its constant speed unless acted on by an external force)

N2:  The law of acceleration (F=ma:  these are mutually defining)


“A force applied to a body cannot be uncoupled …”  (Force = interaction)

N3:  Action and reaction (80)

Newton’s hypothesis of central forces (81), inertial vs. gravitational mass

Isolated systems and experiments (83)

Anthropomorphic mechanics (83)  “The important thing is not to know what the force is, but how to measure it.”

“Anthropomorphism can be the foundation of nothing of a really scientific or philosophical character” (84)

The Thread School (85)  force mediator to escape from action at a distance.  Not compelling, but “the ideas of M. Andrade … give us a better view of the historical genesis of the fundamental ideas of mechanics.” (86)

“Are the laws of acceleration and of the composition of forces only arbitrary conventions?  Conventions, yes;  arbitrary, no – they would be so if we lost sight of the experiments which led the founders of the science to adopt them …” (86)


Ch.VII:  Relative and absolute motion

The Principle of relative motion (Galilean, 87) “The movement of any system whatever oufht to obey the same laws, whether it is referred to fixed axes or to the movable axes which are implied in uniform motion in a straight line.”


Newton’s argument (88, thought experiments):  you can tell if Earth is rotating by observing a Foucault pendulum.  Rotating frame is not inertial (90)

Generalised principle of inertia (91)

Why is Fg ~1/r^2?  Why 2 exactly?  (92)

No absolute space, no absolute reference point (94)


Ch. VIII:  Energy and thermodynamics

Hamilton’s principle of least action:  T = kinetic energy, U = potential energy, Action = T-U.  True path of a system minimizes the mean action. (95-96)

PLA -> Energy conservation:  T+U = constant  (or T+U+Q, where Q = dissipation) (96-98)

Thermodynamics:  analysis -> induction -> synthesis  (99)

“Among all possible generalizations we must choose … the simplest”

Mayer’s principle (increasing entropy?) prevents possibility of perpetual motion machine (100)

“The impossibility of perpetual motion only implies the conservation of energy for reversible phenomena.”

Clausius’ inequality (103)

General conclusions on Part III:  

Principles are conventions and definitions in disguise, deduced from experimental laws. (105)

Some philosophers thought that the principles were the whole of science, and therefore that the whole of science was conventional.  This … nominalism cannot stand examination…”

Part IV:  NATURE


Ch.IX:  Hypotheses in Physics 

The role of experiment and generalization:  “Experiment is the sole source of truth.” (109)

Yes, we must generalize and theorize.

“Science is built up of facts, as a house is built of stones; but an accumulation of facts is no more a science than a heap of stones is a house.”  (110)  We need theories and hypotheses to make sense of facts.  

However timid we may be, there must be interpolation.  

Experiments cannot be made without preconceived ideas. (111)

Unconscious preconceived ideas are the most dangerous of all (strong objectivity)

** “It is far better to predict without certainty than never to have predicted at all.”  **

Theory adds no new information, it merely catalogs what we learn from experiments. (112)

The Unity of Nature:  simplicity <-> complexity (113)

Who knows if Newton’s law be not due to some complicated mechanism … (114)

The unifying simplicity of science always has a cause (115)

Role of Hypothesis:  

Wrong hypothesis = learning opportunity.  “It may even be said that it has rendered more service than a true hypothesis.  Not only has it been the occasion of a decisive experiment, but if this experiment had been made by chance, without the hypothesis, no conclusion could have been drawn; nothing extraordinary would have been seen; and only one fact the more would have been catalogues, without deducing from it the remotest consequence.” (116)

0.  Unconscious hypotheses are dangerous.  Theory can help, “by the precision which is its characteristic.”  (116)

1.  Natural and necessary hypotheses – e.g. small effects at great distances

2.  Indifferent hypotheses = models!  “They may be useful either as artifices for calculation, or to assist our understanding by concrete images, to fix the ideas.” (117)

3. Real generalizations – must be confirmed or invalidated by experiment.  In either case, they are always fruitful.

Origin of mathematical physics (theory) (118)  Analysis:

1. d/dt, 2. d/dx, boundary conditions, continuity … -> 2d order diffeq

“Sometimes the mind must run ahead of experiment.” (120)

pre-vision of LASER (120)

unreasonable effectiveness of mathematics (121) (cf Wigner)


Ch.X:  Theories of modern physics

Significance of physical theories:  Some think theories are bankrupt because they change so often.  “His skepticism is superficial,” for science improves as theories evolve. (122)

Ex:  Fresnel’s good work relied on ether.  Maxwell sees no need for ether.  Maxwell is probably right, but Fresnel’s contributions were necessary to get to Maxwell.

125:  role of models:  Ex:  Coulombs electric fluid was rejected, not looks good again

Carnot’s principle looked problematic, then Clausius deduced the powerful 2d law of thermodynamics from it.

Usefulness > truth (126)

Physics and Mechanism (127)  dualities and conveniences… what is matter?  Not vortex in ether

Does our ether actually exist?  It was invented (to prevent action at a distance) (128)

129:  many tests for either (MM) – all fail – probably will never be proven, but those who believe in ether are not fools.  Lorentz…

 “An explanation was necessary, and was forthcoming; they always are; hypotheses are what we lack the least.  But this is not enough.  ” (130)

The present state of physics (130)  Towards unity and simplicity, on the other hand, towards diversity and complication.  Half a century ago (1850?) hopes ran high indeed.

Conservations of energy -> unity of force

But how was electricity to be brought into the general universal mechanism?  No one had the slightest idea.  Today – immense progress.  The three domains of light, electricity, and magnetism, formerly separated, are now one; and this annexation seems definitive (Maxwell) (131)

Still need to figure out whether ether fits in.  Lorentz’s attempts to save ether (132) are faulty.

We need a mechanical explanation, but for now, let us be content to show that we can always find one if we wish.  PLA does this (133)

Vision of new unity in physics in the future (135) 

Precision can obscure vision (136)


Ch. XI:   The calculus of probabilities


Ch. XII:  Optics and electricity (155)

Fresnel’s theory:  undulations (waves) … “Whether the ether exists or not matter little – let us leave that to the metaphysicians; what is essential for us is, that everything happens as if it existed, and that this hypothesis is found to be suitable for the explanation of phenomena.”

Maxwell’s theory (156) tied optics to electricity.  P. is uneasy with M’s style.  British are not as precise and logical as French. (157).  Maxwell does not give a mechanical explanation of E&M…

The mechanical explanation of physical phenomena (139) comes from PLA.

(161)  Refer the reader to the pages of the preface of my Electricite et optique for further details… 

(162) Maxwell:  regard electro-static energy as potential energy and

Electro-dynamic energy as kinetic energy.  Then PLA works.

(163)  that is Maxwell’s fundamental idea

“The reader … finds himself in the presence of form nearly devoid of matter… “ (164 – FIELDS)


Ch. XIII:  Electro-dynamics

I.  Ampere’s Theory:  open or closed currents?

II.  Helmholtz’s theory (172) W = q V

III.  Difficulties raised by these theories (174)  “If we do not believe in actions at a distance, electrodynamic phenomena must be explained by a modification of the medium.  And this medium is precisely what we call ‘magnetic field’ … All these difficulties arise from the hypothesis of open currents.”

IV.  Maxwell’s theory (174):  all currents are closed currents.  Introduce the current of displacement … leads to the explanation of (light as EM waves) due to extremely rapid electrical oscillations – daring hypothesis, confirmed by Helmholtz’s experiment 20 years later. (175)

“What he has shown directly is that EM induction is not instantaneously propagated, as was supposed, but its speed is the speed of light.”

V.  Rowland’s experiment – many examples of currents causing circulating B fields (176)

VI.  Lorentz’s theory (177) Electricity carried by electrons, but seems to depend on the absolute velocity of translation … which is contrary to our idea of the relativity of space.  

L:  “What we could measure is the relative velocity with respect to the ether, so that the principle of relativity is safe.”  Recent experiments seem to contradict this.  Jury is out. (178)
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