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Plan of the talk

* Physical motivation

* Elasticity in N dimensions

* Defects and curvature

+ Extension to space-time

* A "pre-shaped” space time: the
Cosmic Defect theory



Presently agreed evolution of
the universe
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Afterglow Light
Pattern Dark Ages Development of
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Elasticity
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Actual
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Geometry and elasticity

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

x" =" +u”

The new situation is diffeomorphic to the
old one



Lengths
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The strain tensor
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Integrability
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De Saint Venant integrability condition
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Defects

A dislocation



Burgers vector
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Non-integrable form
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Disclinations




General deformation
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Local Lorentz transformation

Local translation

Poincaré group




Defects: the soldering one-
form
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10 types of independent edge
topological defects

Many other kinds of defects



Hooke's law

Elastic modulus tensor



Isotropic medium

Caﬂ,uv — ﬂ'naﬂnluv + lu(na,un,b’v + 77051/77,6’/4)

/) _—

Lamé coefficients
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Defects: an interesting
example




"Radial” displacement field
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The line element

Unperturbed ds® =dt° - (dr2 +r*d0* +r? sin’ ngoz)
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A Robertson-Walker universe
ds® = dt* —az(drz +7°dO” + 1 sin’ Hdgoz)
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How can we choose a Lagrangian
expressing the presence of the
defect?

Start from the phase space of a
Robertson-Walker universe and
look around for similar phase
spaces



Phase space analogy

Point particle in an
isotropic fluid Free motion

Driving force
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Braking force
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Robertson-Walker universe




Expansion rate

Inflation

Accelerated expansion

Asymptotic stop
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Effective Lagrangian
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Field equations
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Vector field equations

6K(%+ ﬂjazau(zm)(u 1)+ KG+ ,Ltja3(2+6il +30° )i +

—gxﬂdu2(1+ u)—gx/la(Zuu + 2uni’ +u21}i)+

3
gidauu(Z +u)—3x(gx +ﬂj”— =0

a



Gravitational analogy
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General Lagrangian treatment
(non-exponential coupling)
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The equations for aand y
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Comments

+ A “forest” of theories
- Lagrangian engineering
* Need for leading models or paradigms

» Space-time as physical continuum
corresponds to f(R) theories, vector-
tensor theories, conformal gravity

+ CD lends a good guiding idea for



Ether again

... according to the general theory of relativity space
IS endowed with physical qualities; in this sense,
therefore, there exists an ether According to the
general theory of relativity space without ether is
unthinkable; for in such space there not only would be no
propagation of light, but also no possibility of existence for
standards of space and time (measuring-rods and clocks),
nor therefore any space-time intervals in the physical

sense. 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. The idea of motion may not be applied to it.

Albert Einstein, Leiden, 19:




The end
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Some history

"Ether is a very wonderful thing. It may exist only in
the imagination of the wise, being invented and
endowed with properties to suit their hypotheses; but
we cannot do without it. How is energy to be
transmitted through space without a medium?”

Oliver Heaviside, Electrical Paper




Ether is superfluous

The introduction of a “luminiferous
ether” will prove to be superfluous
Inasmuch as the view here to be
developed will not require an
“absolutely stationary space”™.....

Albert Einstein, 1905
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