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The The universeuniverse: a : a dualisticdualistic
descriptiondescription

Space-time/Matter-energy

What is this?
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 IsIs  itit a  a mathematicalmathematical  artifactartifact  toto  describedescribe the the
gravitationalgravitational  fieldfield and the global  and the global propertiesproperties
ofof the  the universeuniverse??

 IsIs  itit  somethingsomething  realreal  endowedendowed  withwith  physicalphysical
propertiesproperties??

WhatWhat  isis  space-timespace-time??
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““ElasticElastic”” continua continua
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GeometryGeometry and  and elasticityelasticity

In a strained medium each point is in one to one
correspondence with points in the unstrained

state

u, r and r’ are (N+n)-vectors
in the flat embedding space
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The strain is described by the differential
change of u
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MetricityMetricity
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Strain Strain tensortensor

Pure elasticity

De Saint Venant integrability condition
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DefectsDefects
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General one-form

Defect
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WhatWhat  consequencesconsequences  forfor a  a defectdefect??

 The global The global symmetrysymmetry  isis  fixedfixed  byby the the
defectdefect

 A A spontaneousspontaneous strain  strain tensortensor  εεμνμν  (or(or
displacementdisplacement  vectorvector  fieldfield  uuaa) ) appearsappears

 AllAll  thisthis  mustmust show up in the   show up in the  LagrangianLagrangian
ofof the  the strainedstrained  manifoldmanifold ( (space-timespace-time))
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The The ““elasticelastic””  approachapproach

Elastic modulus tensor

Stress tensor

Hooke’s law
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IsotropicIsotropic medium medium

Lamé coefficients

Lorentz signature notation
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CorrespondenceCorrespondence  withwith the  the usualusual
way way ofof  thinkingthinking

“Kinetic” term Potential term

Geometry
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ElasticElastic  energyenergy//momentummomentum  tensortensor

Generalized Einstein equations
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Robertson-WalkerRobertson-Walker  symmetrysymmetry,,
closedclosed  spacespace: the strain: the strain
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RW, RW, flatflat  spacespace
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RW RW symmetrysymmetry, , flatflat  spacespace

Bulk modulus
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The The distancedistance  modulusmodulus  ofof  brightbright
objectsobjects

Observed magnitude

Absolute magnitude
Hubble parameter

Distances in Mpc



Paris July 2 2009Paris July 2 2009 The Invisible UniverseThe Invisible Universe 20202020

FittingFitting the data (307  the data (307 SnIaSnIa))
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ΛCDM χ2 = 1.019

CD χ2 = 1.017

ReducedReduced  χχ22  ofof the  the fitsfits
(2 (2 parametersparameters))

B =(3±2)× 10-7 Mpc-2 =(3±2)× 10-52 m-2
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ConclusionConclusion

The The CDCD  theorytheory  isis a  a theorytheory  ofof  space-timespace-time
preservingpreserving  allall  generalgeneral  featuresfeatures  ofof GR. GR.

CDCD  introducesintroduces the idea  the idea ofof a global  a global symmetrysymmetry
fixing fixing defectdefect..

LocalLocal  effectseffects coincide  coincide withwith GR  GR effectseffects
The nature The nature ofof  space-timespace-time  showsshows up  up onlyonly at at

the the cosmiccosmic scale,  scale, wherewhere  CDCD  performsperforms at at
leastleast  asas  wellwell  asas  otherother  theoriestheories, , howeverhowever
providingproviding a compact and  a compact and consistentconsistent  picturepicture



Paris July 2 2009Paris July 2 2009 The Invisible UniverseThe Invisible Universe 2323

The weak field approximation of the
theory and the corresponding
gravitational waves will be presented
tomorrow by Ninfa Radicella
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SpaceSpace  timetime and the  and the etherether
…. according to the general theory of
relativity space is endowed with physical
qualities; in this sense, therefore, there
exists an ether. ……. But this ether may
not be thought of as endowed with the
quality characteristic of ponderable
media, as consisting of parts which may
be tracked through time. ……

Albert Einstein, Leiden, 1920 
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