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TIME IS JUST A VARIABLE LIKE ANY OTHER...



GENERAL COVARIANT MECHANICS
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GENERAL COVARIANT MECHANICS

H =0

a change 1 T 1s pure gauge, the generator of a gauge transformation vanishes (weakly)

no “frozen dynamics”, just relational evolution

d_A = {A,C} the Poisson bracket with C gives the eq. of motion

dt

SPECIAL RELATIVITY: S= m/dT NELES C=p2—m?=0

GENERAL RELATIVITY: S|g| = /d4x \/— det ¢ R|g]

The canonical hamiltonian vanishes and the dynamics 1s coded 1n the constraints.

The dynamics does not describe the evolution of the gravitational field g,.(x)
and other matter fields, as functions of x (this 1s just gauge),
but rather the relative evolution of the hields with respect to one another.
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QUANTUM GENERAL COVARIANCE

A
The Hamiltonian operator 1s the generator of ime translation
Time 1s pure gauge, the Hamiltonian operator vanishes H | w >= O

But again: no “frozen dynamics”, just relational evolution
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ONTOLOGY OF EVENTS, NOT OBJECTS,

SPARSE, LOCAL,
RELATIONAL
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LA RECHERCHE
DU TEMPS

( PERDU ? )
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TIME IS THE INFORMATIONS WE DON'T HAVE

TIME IS OUR IGNORANCE

Pao 25 ‘K a2 2L00



THERMAL TIME

Connes&Rovelli gr-qc/9406019

MACROSCOPIC OBSERVABLES interact with the system
Coarse grain: microscopic dof are traced out

Appearance of a density matrix = thermal properties

BH

p=¢e B =1/kT

There 1s a classical hamiltonian H that generates the Hamilton evolution, and that the state @

1s related to this hamiltonian by the Gibbs relation.
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PERSPECTIVAL TIME'S ARROW
Rovelli 1505.01125

Conjecture: In a suftficiently complex system, there 1s always some subsystem whose

interaction with the rest determines a coarse graining with respect to which the system

satisfies the second law of thermodynamics (in some time direction).

to



Sammary:

1. GENERAL RELATIVITY

Time disappears already at the classical level because of covariance

2. QUANTUM GRAVITY

Time cannot be recovered, only relationally

3. THERMODYNAMICS
4. RELATIONAL & PERSPECTIVAL






FEMINIST
EMPIRICIST
STANDPOINT
THEORY

KNOWLEDGE IS SITUATED
BUT NOT LESS OBJECTIVE



