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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

Galison Ch.1:  Synchrony
Newton believed in God’s time, which human clocks could only approximate. (13)

Einstein wrote: ‘Newton, verzeih’ mir’ after 1905 “On the Electrodyamics of Moving Bodies”:  no absolute time, nor absolute space (nor simultaneity, nor ether).

Relativity of time came from considerations about how to synchronize clocks (14).

“How, at the turn of the century, was simultaneity actually produced?” (37)

Maxwell’s equations predicted that EM waves travel at speed of light (15, 24)

Hertz later demonstrated this was true.

Galilean relativity:  Velocity depends on source.  Throw a ball at speed c on a boat moving at speed b, and ball travels at c’=b+c.

Einstein’s postulate (17):  Speed of light is constant, regardless of source.  Shine a light at speed c on a train moving at speed b, and light still travels at c’=c.

Einstein’s relativity principle (16):  physical processes are independent of the uniformly moving frame of reference in which they take place.  
(1898) Poincaré proposed these principles seven years earlier (17, 31), but he still believed in ether (45, 47)  Poincaré’s creativity and thought experiments (28-29)  “The Measure of Time” 1898: simultaneity is a convention (32).  Must consider transmission time.

“Time, according to Poincaré, is a convention – not absolute trugh.” (36)

“Einstein also studied time through the microscope of other scientists’ inquiries, among them those of Hendrik A. Lorentz and Poincaré.” (26)

“Had Einstein seen Poincaré’s paper of 1989 or a crucial subsequent one fo 1900 before he wrote his 1905 paper?  Possibly … “ (33)

Too many biographies of Einstein, not enough of Poincaré. (37) 

Both appropriated many broadly shared concepts of 19th C electrodynamics (paradigm) (37)

Measurements (18), simultaneity (19), clock coordination (20-21)

(Lorentz) Relativity of length (22)

Special Relativity + observables → quantum mechanics (E disagrees) (24)

Operationality and procedural definitions spreads with QM (P agrees:  convention) (25)

Hume:  causality is only correlation! (26)

Mythical Einstein:  solitary, otherworldly (27), creating thought-experiments in abstract

Really:  enmeshed in practical world actively engaged with synchronization and measurement (28), Swiss clocks and train stations (30)

“Einstein, therefore, was not only surrounded by the technology of coordinated clocks, he was also in one of the great centers for the invention, production, and patenting of this burgeoning technology.” (31)

Longitude:  need common clock (34+):  chronometers poor, ephemera difficult to measure.  Poincaré uses telegraph successfully

__

Modern Science:  Basic + applied, theory + experiment (38)

Critical Opalescence (40)

Order of Argument (41)

The Value of Science, Part I:  The Mathematical Sciences (1905, Poincaré)

Ch.1: Intuition and Logic in Mathematics

Logic = analysis.   Analysts: Weierstrass (continuous fxn not everywhere differentiable 200)

Intuition = synthesis.  Geometers:  Riemann (non-Euclidean space) “each of his conceptions is an image that no one can forget, once he has caught its meaning.”  Lie “thought in pictures” (199)

“The two sorts of minds are equally necessary for the progress of science … Analysis and synthesis have then both their legitimate roles.”  (199)

“Intuition … does not give us certainty.”  (201)  There are “many kinds of intuition” (203)

“Pure logic could  … create nothing new.”  (202)  “Logic is not enough” (204)  

Analysis can make sense of the many parts, synthesis integrates them into the big picture (205)  Analysis without synthesis is fragmented;  synthesis without analysis is vague and unsubstantiated:  need details and connections between parts (206)

Two different truths:  mathematical (theoretical, basic) and experimental (applied) (204)

“Logic, which alone can give certainty, is the instrument of demonstration; intuition is the instrument of invention.”  (207)  “Well, the analysts have also been inventors,” using both induction and deduction.  Need vision, hypothesis, paradigm, model.

Need analysis and synthesis to solve new problems (208).

Ch.2: The Measure of Time

What is simultaneous?  (210)  How can we describe simultaneity in different places? (213).  First thunderclap we hear may have been caused by the second, closer lightning strike (218).  We tend to think that earliers event in a correlated series cause later events (218)

Time is a continuum, but we recall the past in discontinuous, crystallized events. (211)

How to measure time quantitatively, objectively?

“We have not a direct intuition of the equality of two intervals of time” (212)

Measurements are always approximate (212).  Environment and other uncertainties (214), finite speed of light (216).  No god’s eye view (217).  

“There is not one way of measuring time more true than another; that which is generally adopted is only more convenient.”  (215)

Causal order not necessarily the same as chronological order (218).

Post hoc, ergo propter hoc:

propter hoc, ergo Post hoc:

Using stars as a universal reference for time (220).  The astronomer “has begun by supposing that light has a constant velocity … the same in all directions.”  This postulate “has been accepted by everybody.”  (221)

Stars + speed of light (or eclipse of the moon) + telegraphs -> longitude (221)

“In general, the duration of the transmission is neglected, and the two enevts are regarded as simultaneous.  But, to be rigorous, a little correction would still have to be made …” (222)

“To conclude:  we have not a direct intuition of simultaneity, nor of the equality of two durations.  If we think we have this intuition, this is an illusion.  … We therefore choose these rules, not because they are true, but because they are the most convenient … The simultaneity of two events, or the order of their succession, the equality of two durationc, are to be so defined that the enunciation of the natural laws may be as simple as possible.”  (222)

Ch.3: The Notion of Space

“Tridimensional continuum” common to most geometries (223)

Riemannian geometry is as valid as Euclidean.  “When we say that the E motions are the trut motions … what do we mean?  We simply mean that they are more noteworthy”, more natural.  But we can just as well imagine motions in non-E space. (225)

Relativity of space (226)   No absolute space (227)

The notion of physical continuity comes from imperfect resolution, limited precision (229)

2D surfaces cut 3D space (231).  “… it would be easy to find … examples of continua of 4D, 5D”  (232)  “We thus shall have an image of the physical continuum of n dimensions” (232)

Point (233), relative positions (234), motion in absolute space (235), localization.

Self = origin of our moving coordinate frame (236)

Displacement:  External change which can be corrected (236-7)

Ch.4: Space and its Three Dimensions

Vision operates at a distance. Visual space is 2D

Touch does not operate at a distance. Tactile space is 3D (what we experience by “muscular sensations”)

“space properly so called [has] as many dimensions as tactile space”  (253)

“The real space is motor space.” (244)

“These experimental facts are often verified but not always.  That evidently does not mean that space has often 3D, but not always.”  

“Experience brings us into contact only with representative space, which is a physical continuum, never with geometrical space, which is a mathematical continuum.    At the very most it would appear to tell us that it is convenient to give to geom.. space 3D, so that it may have as many as representative space.”  (261)

Hertz’ hypothesis “suffices to prove that our ordinary ideas, and, in particular, the 3D of space, are in no ways imposed upon mechanics with an invincible force.”  (262)

There might be more than 3D, though it is difficult to imagine (263) 

4D:  imagine being trapped in a closed room, and “imagine that the door opens” (265)

Sensation of 3D not due to 3 ear canals, “because they can tell us only of the movements of the head; they tell us nothing of the relative movements of the body …” (268)
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