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Summary
• 1) 6 Principles of equivalence between the elastic analogy of the space medium and general relativity in weak field

• 2) Consequence of these 6-equivalence principles on the characteristics of the equivalent elastic medium associated at the space-time
• 2.1) Based on classical general relativity of gravitational waves  - Basic polarizations and strains in transverse planes – isotropic transverse medium in sheets not connected to 

gather
• 2.2) Based on modified general relativity of gravitational waves  - complementary polarizations and strains in the propagation direction –isotropic transverse medium in sheets 

connected to gather

• 3) Consequences about the potential models that can be used to reproduce the forecast and measured strains of the space-time
• 3.1) Practical characteristic of the elastic medium isotropic transverse 
• 3.2) Study of several mechanical S. Timoshenko models of the space time that can reproduce the order of magnitude of the strains forecast and measured in general relativity 

• 4) Numerical applications of the different models
• 4.1) Models in plane with spatial component of strains (h for space associated at ℎ𝑖𝑗  for Gravitational wave GW or space part of gravity prob B experiment)
• 4.2) Models perpendicular at the plane with temporal component of the strains
• 4.3) Spatial models

• 5) Possible unification of all the different models in plane and perpendicular at the plane via the intervalle ds²in quasi flat metric
• 5.1) Interval of special relativity
• 5.2) Mechanic transposition
• 5.3) Case of the light type interval and associated equation
• 5.4) Test of the equation basing on the previous model unifying the different Young’s modulus obtained

• 6) Come back of the analogy in direction of physics – potential consequences
• 6.1) Didactic explanations proposed by the elastic analogy  of the general relativity in weak field
• 6.2) Predictive consequences of the elastic analogy of the general relativity in weak field

• 7) How to check all that?
• 7.1) Measure complementary polarisations and study of their shapes
• 7.2) Measure lateral motions of the interferometer in 3D
• 7.3) Measure of the Casimir’s strains and forces to have a realistic value of the space Young’s modulus and strain elastic energy

• 8) Beyond the analogy – Some speculations
• 8.1) In Strong field? Example of theoretical frame dragging  for a neutron star
• 8.2) Analyse of the CMB power spectrum as a diffractogram X
• 8.3) Geometrical torsion in CMB logical to take into account in Einstein-Cartan
• 8.4) Self-repair/self-clogging of space after the passage of a rotating black hole, a sign of its great plasticity

• 9) Conclusion
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Aim of the analogy and study,
1) Confirm links between elastic analogy and general 

relativity in weak field by several fundamental 
principles

2) Propose several type of Timoshenko’s mechanical 
models compatible with the strains measured 
data of the general relativity 

3) Look for via these  adequate  mechanical models 
the Young’s modulus necessary (adjustment 
variable) to find the different strains observed by 
the different general relativity test experiments 
(calibration of the models)

4) Analyse  these Young’s modulus and see  if there is 
a link between them – junction approaches in the 
plane and perpendicular at the plane

5) Come back from analogy to physic to extract 
potential didactic information's about general 
relativity and predictive informations for physic
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1) Principles of equivalence 
between the elastic analogy of 
the space medium and general 

relativity in weak field
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6 principles of equivalences between  classical 
relativity in weak field and general relativity (1/5)

Principe 1:
The perturbation of the metric tensor in weak field is equivalent at a 
strain tensor:

 ℎ= 2ε

Principe 2 : 
The stress Energy tensor is equivalent at stress
tensor (4d =>3d):

The components of the 
polarisation of the 

gravitational waves can be 
seen as components of 

strain tensor

GW 150914 source LIgo 5

h

t

t
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6 principles of equivalences between  classical 
relativity in weak field and general relativity (2/5)
Principle 3:
The Einstein constant  can be seen as the flexibility characteristic 
of the space time in 4 D “Timoshenko theory of the space time”

6
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6 principles of equivalences between  classical 
relativity in weak field and general relativity (3/5)

Principle 4:
In consequences of the principles 1 to 3, the Einstein’s field 
equation can be seen as a Hooke's law in 4 dimensions:


1

𝐸
=

Weak field case

ℎ = 2ε
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Principe 2Principe 3

Principe 1
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6 principles of equivalences between  classical 
relativity in weak field and general relativity (4/5)

Principe 5 : 
In the case of wave (mechanical or gravitational) there is correspondence
between the energy density and the young’s modulus of the medium

8
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6 principles of equivalences between  classical 
relativity in weak field and general relativity (5/5)

Principe 6 : 
From principle 1:In the case of gravitational waves, the component of the
perturbation tensor ℎ (polarizations) can be read as the component of
an associate strain tensor
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General relativity in weak field Mechanical analogy

Measured by Ligo

Not Measured by Ligo



2) Consequence of these 6-
equivalence principles on the 

characteristics of the 
equivalent elastic medium 

associated at the space time
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• 2.1) Based on classical general relativity of gravitational waves  - Basic 
polarizations and strains in transverses planes –

isotropic transverse medium in sheets not connected out of plane to gather

11

Classical polarisation of the gravitational 
wave of the general relativity not modified
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An isotropic transverse material worked as a 
succession of unconnected sheets

12

No strains following z

An elastic medium made of 
independent sheets 

=>isotropic transverse

Under gravitational 
wave

« Sheet of particles » 
created by dynamic 
screen effect by GW

Nothing 
in z

Nothing in z for the strains
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Imply for a mechanical model of 
medium made of stacking of thin 
sheets : space isotope transverse 

(anisotropic of space)

No connection 
between the sheets

Classical General relativity

Continuum Mechanical in elastic 

z

13

Law of passage in elasticity between classical general relativity and 
the associated deformation tensors in 2D - via continuum mechanic

Pure mechanical 
Torsion strain 

tensors

Torsion pure: 2 
expressions of the 

strain tensor
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Numerical gravitation in 3D confirm the field of strain 
deformation/force (thin shell/thin sheet + screen effect) 

14

Equivalent Sheets of space of 
identical gravity/strains

Torsion of space
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• 2.2) Based on modified general relativity of gravitational waves  -
complementary polarizations and strains in the propagation direction –
isotropic transverse medium in sheets connected out of plane to gather

15

Complementary 
polarisations

This time there are some 
possible strain in z
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Approach 1: Einstein-Cartan Theory and elasticity 
Theory (1/2)  - 3 intersecting publications
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Connection between the Einstein-
Cartan theory (general relativity 
modified with geometric torsion 

added in the Riemann tensor) and 
defect theory plastic crystallography

Polarisation following  the 
propagation direction of the 

gravitational wave in the case of 
Einstein-Cartan theory

Nonlinear Passage law between the 
perturbation of the metric in Einstein 
Cartan-theory and equivalent strains 

of the medium
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Example of complementary polarisations with 
Einstein-Cartan theory in link with defect theory 

(2/2)

17

Einstein 
Cartan-
theory

Corresponding 
polarisations 

(GR pol+4 pol)

Non linear passage law (plasticity)

Strains component in the 3 directions

Z 
components 

appears
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269] Carneiro F L,Ulhoa S C, Maluf J W, da Rocha-Neto J F (2021) «Non-linear plane 

gravitational waves as space-time defects» Europran Physical Journal C 81 67 

Polarisation associated with 
Einstein-Cartan theory

Defect theory // Einstein-Cartan
theory

Defect theory // Crystallography

Plasticity

Law of passage in plasticity between Einstein Cartan polarization and 
the associated deformation tensors in 3D - via the theory of defects

Continuum Mechanical in plastic 

Additional 
deformation 
direction xz
and yz

18

Einstein-Cartan Polarisations

s

Reconstitution of an 
equivalent 3 D medium 

isotrope transverse
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Approach 2: Other general relativity modified 
theories

19

Not only Einstein-Cartan theory allows 
to have complementary polarisations
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Approach 3: General relativity in second order

Gravito 
electromagnetism

Motion of the test mass out 
of the transverse plane

Second order general 
relativity also forecast 

strains in z direction
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Approach 4 : General relativity by 
hydrodynamic approach (1/2)

21

Acoustic wave on a 
fluid in motion can 

recreate the behaviour 
of the gravitational 

wave with also z 
direction strains
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Approach 4 : General relativity by 
hydrodynamic approach (2/2)

22

Space time is model by a dynamic fluid 
and the acoustic wave model 

gravitational wave

Example GW150914 
reproduced by acoustic 

binary in rotation
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Einstein-Cartan theory

Second order general relativity

Hydrodynamic and acoustic
Connection between 
the sheets

Equivalent 
elastic 
Medium

Other general relativity 
modified

z

Synthesis of the Modified General 
relativity

23

If we read the additional 
component of polarisation 
as xx xz and yz additional 

strains we obtain a coherent 
3D material

Compression strain in the 
longitudinal direction

Longitudinal 
polarisation

Strain in the 
longitudinal 

direction
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What are the message of the different 
tentative of modified general relativity?
• The different approaches to modify the general relativity converge all 

in direction of additional polarisations at A+ Ax

• Based on the principle 1 between the polarisation and the strain, 
these approaches allow to «rebuild « a 3 D medium with sheets of 
space connected together 

• But this third dimension is associated:
• For Einstein Cartan-theory at defect theory so at plasticity in crystallography
• For Einstein’s general relativity at second order deformation out of the plane
• For Einstein’s general relativity at an hydroacoustic fluid theory
For all several theories at complementary polarisation that are not measured 
until to day
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3) Consequences about the 
potential models that can be 

used to reproduce the forecast 
and measured strains of the 

space-time
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3.1) Practical characteristic of the elastic 
medium isotropic transverse  
• Grain size thickness?

• Tenev and Horstemeyer: 10-35m
• Quantum gravity : 10-35 m
• String theory :10-35m 

=> we keep this hypothesis

• Structure in sheet by screen dynamic effect under gravitational wave?
• Tenev and Horstemeyer : hyper surface

• Youngs’s modulus?
• Following quantum field Theory  10113 Pa
• Following gravitational Wave (R Weiss Nobel Prize lecture) 1031 Pa

=> we will extract Y of our models basing GR strains
• Poisson’s ratio?

• Tenev and Horstemeyer  =1 compatible with strains 
measured in the interferometers

26
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pass
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 =1 

Example of the clay

Same
different 
ratio as space 
time
following 
different 
direction

28

Clay HDL Space under 
gravitational wave 

Analogy of the space 
medium behaviour 

as clay in sheets
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3.2) Study of several mechanical S. Timoshenko models of the space 
time that can reproduce the order of magnitude of the strains forecast 
and measured in general relativity in weak field

29

Weak field general relativity is continuous and deterministic. It 
can be modeled by an elastic analogy, a Hooke's law via the 
theory of elasticity in a continuous medium and in weak fields 
with resistance models of type strength of  materials. 
Timochenko if:
- we place ourselves far from the point of application of the 
efforts, that is to say (far from the point of coalescence of black 
holes, far in space and time from the big bang).
-We reduce the dynamics of space-time to a sum of equivalent 
static cases “screen shot” which follow one another following 
the arrow of time.
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Link between the metric tensor perturbation ℎ
and gravitation experiments

30

ℎ00

ℎ0𝑖;ℎ𝑗0

ℎ𝑥𝑥; ℎ𝑦𝑦

ℎ𝑧𝑧; ℎ𝑦𝑧

ℎ𝑧𝑦; ℎ𝑧𝑥 

; ℎ𝑥𝑧

ℎ𝑥𝑦; ℎ𝑦𝑥

Hypothetic new polarisations 
with Einstein-Cartan theory 

(geometrical torsion)

Angle

Angle
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Consequence about the models that can 
reproduce the strain of the space-time

Consequence 1:In the plane approach (GW)
The Einstein’s field equation in weak field is equivalent at structure 
in one or two dimensions in compression/traction:

Model of 
interferometer 

Ligo/Virgo as gauge 
of space by beam 
working in traction 

/compression

Model of space by a truss 
loaded in torsion by 2  black 

holes in rotation and 
coalescence : GW150914 and 

GW170817 strains

NEW

NEW
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Consequence about the models that can 
reproduce the strain of the space-time

Consequence 1:In the plane approach space put in torsion
(Lense-Thirring – frame dragging effect)

The Einstein’s field equation in weak field is equivalent at structure 
in one or two dimensions in compression/traction:

Frame dragging: the Earth by 
its rotation drags space 
horizontally (imposed strain )

Model of sheet of space by a truss put in torsion by the Earth 
rotation: Gravity probB experiment frame dragging effect

NEW Timoshenko’s 
model of truss of beam
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Consequence about the models that can 
reproduce the strain of the space-time
Consequence 2: Perpendicular at the plan approach (classical gravitation)

The Einstein’s field equation in weak field is equivalent at the 
Poisson equation that is equivalent in 2 dimension at 
membrane:

33

Einstein’s equation in weak field

Poisson’s equation/Newton in 
weak field

Membrane equation in weak 
field (Timoshenko )
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Consequence about the models that can 
reproduce the strain of the space-time
Consequence 2: Perpendicular at the plan approach
The Einstein’s field equation in weak field is equivalent at the 
Poisson equation that is equivalent in 2 dimension at 
membrane:

Metric

Link with GR
Link with membrane

34

PERKO approach
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Consequence about the models that can 
reproduce the strain of the space-time

Consequence 2: Perpendicular at the plan approach (Geodetic effect)
The Einstein’s field equation in weak field is equivalent at the Poisson 
equation that is equivalent in 2 dimension at membrane:

Model of membrane around the 
earth (Gravity prob B experiment 

geodetic effect)

NEW NEW

Tension of the 
membrane

Curvature 
of the 

membrane

Model of membrane:  gravitation in 
weak field around Earth and Sun, 

deviation of beam light

35
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Consequence about the models that can 
reproduce the strain of the space-time
Consequence 3:In plane +spatial (Frame dragging)
The Einstein’s field equation in weak field is equivalent in 3D at 
equivalent at cylinder in torsion:

36

Gravity prob B Experiment 
Frame dragging

Gravitational 
waves - torsion 
space by black 
holes rotation

NEWNEW

Rotation imposed by the Earth at 
the cylinder of spaceDavid Izabel GDR GDM 28 06 2024



Consequence about the models that can 
reproduce the strain of the space-time
Consequence 4:spatial shell (classical gravitation)
The Einstein’s field equation in weak field is equivalent in 3D at 
equivalent at sphere with internal pression :
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Consequence about the models that can 
reproduce the strain of the space-time
Consequence 4:spatial (classical gravitation)
The Einstein’s field equation in weak field is equivalent in 3D at 
equivalent at sphere with internal pression:

38

Deviation of the sun beam light 
Eddington Experiment

NEW

The Sun tries to explode because of 
the nuclear reaction but it can't 
because space-time is in tension 
around it, trying to compress it 
uniformly. As space is in tension it 
extends like a membrane locally or a 
sphere globally
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Consequence about the models that can 
reproduce the strain of the space-time
Consequence 5:spatial in 4D (classical gravitation)
The Einstein’s field equation in weak field is equivalent in 4D at 
Hypersurface membrane:

Model of sun gravity
Model of galaxy M33

Hyper surface of Planck Thickness

39
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4) Numerical applications of 
the different models
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4.1 Models in plane with spatial component of 
strains (h special associated at ℎ𝑖𝑗  for Gravitational 
wave GW or space part of gravity prob B experiment 

ℎ0𝑖 ,;ℎ𝑗0)
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Case1 : GW150914 - Coalescence of 2 black holes

42

Data

Data Value Unit
Mass black hole1 36 Solar mass
Mass black hole 2 29 Solar mass
speed before coalescence 0,3 c
Speed at coalescence 0,6 c
Duration of coalescence 0,2 s
Thikness sheet (Planck) 1,00E-35 m
Young modulus Y 1,00E+44 Pa
Diameter Black hole 20 km
Distance between force 10 km
Mesch of the truss 6000 km
Area of the bar 6,00E-29 m²
Solar Mass 1,99E+30 kg
Speed c 299792458 m/s

Principle: we impose a 
Torsion torque equivalent 

at the black holes
coalescence in the 
middle of the sheet 

modelled by a truss and 
look for the Young 

modulus intensity that 
allow to refind the strains 
of the space time fabric 

measured by the 
interferometer Ligo/Virgo

ℎ𝑖𝑗  
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Case 1 : GW150914 - Finite element model of 
a truss (bars working in compression/traction)
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Case 1: GW150914 - Results obtained with 
arbitrary loading of 4 loads of 10 000 MN

44
Reaction on the 

supports In displacementsDavid Izabel GDR GDM 28 06 2024



Case 1: GW150914 -Numerical application and 
comparison with the strain measurements

1) Calculus of the acceleration of the 2 masses

449688687 m/s²

2) Calculus black hole mass

m = (M 1+ M2)/2 x solar mass       = 6,46E+31 kg

3) Calculus of the Force created by each black hole

2,91E+40 N

4) Calculus of the torsion Torque applied 

2,91E+44 N.m

5) Calculus of the number of planck sheets concerned

2,00E+39 sheets

45

6) Calculus of the Torsion torque by sheet

1,45E+05 N.m/sheet

7) Calculus of the corresponding forces applied at the model

6,05E-03 N/sheet

8) Calculus of the longitudinal  strain with the fictive force applied

2,77E-07

9) Calculus of the real longitudinal  strain with the coalescence loading

1,67E-19

10) Calculus of the real transversal strain with the coalescence Loading

6,72E-19
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Case 1: GW150914 - Comparison 
measured value and numerical model for 

GW150914

Data Value Unit
Mass black hole1 36 Solar mass
Mass black hole 2 29 Solar mass
speed before coalescence 0,3 c
Speed at coalescence 0,6 c
Duration of coalescence 0,2 s
Thikness sheet (Planck) 1,00E-35 m
Young modulus Y 1,00E+44 Pa
Diameter Black hole 20 km
L1 Distance between the 2 forces 10 km
Mesch of the truss 6000 km
Area of the bar 6,00E-29 m²
Solar Mass 1,99E+30 kg
Fictive force applied on the model 1,00E+04 MN
Displacement longitudinal of the model 1,66E+00 m
Displacement transversal of the model 6,66E+00 m
Speed c 299792458 m/s

46

9) Calculus of the real longitudinal  strain with the coalescence loading

1,67E-19

10) Calculus of the real transversal strain with the coalescence Loading

6,72E-19

Order of 
magnitude ok 

with 
experiment if 
Y =1x1044 Pa 
and Planck 
thickness
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Case 1: GW 150914 - Comparison 
measured value and numerical model for 

GW150914

47

Data Value Unit
Mass black hole1 36 Solar mass
Mass black hole 2 29 Solar mass
speed before coalescence 0,3 c
Speed at coalescence 0,6 c
Duration of coalescence 0,2 s
Thikness sheet (Planck) 1,00E-35 m
Young modulus Y 1,00E+44 Pa
Diameter Black hole 100 km
L1 Distance between the 2 forces 10 km
Mesch of the truss 6000 km
Area of the bar 6,00E-29 m²
Solar Mass 1,99E+30 kg
Fictive force applied on the model 1,00E+04 MN
Displacement longitudinal of the model 1,66E+00 m
Displacement transversal of the model 6,66E+00 m
Speed c 299792458 m/s
Strain Measured value 1,00E-21

9) Calculus of the real longitudinal  strain with the coalescence loading

3,35E-20

10) Calculus of the real transversal strain with the coalescence Loading

1,34E-19

With diameter of black hole = horizon

Conclusion Y = 1044 Pa is an 
acceptable value for hij strains

1,0 x10-21

Order of 
magnitude ok 

with 
experiment if 
Y =1x1044 Pa 
and Planck 
thickness
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Case2 : GW170817 - Coalescence of 2 neutrons stars

48

Data

Data Value Unit
Mass neutron star 1 1,17 Solar mass
Mass neutrojn star  2 1,17 Solar mass
speed before coalescence 0,38 c
Speed at coalescence 0,185 c
Duration of coalescence 0,0833 s
Thikness sheet (Planck) 1,00E-35 m
Young modulus Y 1,00E+44 Pa
Diameter neutron star 24 km
L1 Distance between the 2 forces 12 km
Mesch of the truss 6000 km
Area of the bar 6,00E-29 m²
Solar Mass 1,99E+30 kg
Fictive force applied on the model 1,00E+04 MN
Displacement longitudinal of the model 1,66E+00 m
Displacement transversal of the model 6,66E+00 m
Speed c 299792458 m/s
Strain Measured value 1,00E-21

ℎ𝑖𝑗  
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Case 2: GW180817 Comparison 
measured value and numerical model for 

GW170817
With diamètre of black hole = horizon

Data Value Unit
Mass neutron star 1 1,17 Solar mass
Mass neutrojn star  2 1,17 Solar mass
speed before coalescence 0,38 c
Speed at coalescence 0,185 c
Duration of coalescence 0,0833 s
Thikness sheet (Planck) 1,00E-35 m
Young modulus Y 1,00E+44 Pa
Diameter neutron star 24 km
L1 Distance between the 2 forces 12 km
Mesch of the truss 6000 km
Area of the bar 6,00E-29 m²
Solar Mass 1,99E+30 kg
Fictive force applied on the model 1,00E+04 MN
Displacement longitudinal of the model 1,66E+00 m
Displacement transversal of the model 6,66E+00 m
Speed c 299792458 m/s
Strain Measured value 1,00E-21

Conclusion Y = 1044 Pa is an 
acceptable value for hij strains

Order of magnitude 
OK

49

Order of 
magnitude 

ok with 
experiment if 
Y =1x1044 Pa 
and Planck 
thickness
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Case 3 : Approach1 - Frame Dragging effect 
around the earth measured by Gravity prob B

50

Frame Dragging

Gravity Prob B 
experiment

Principle: we impose the 
frame dragging rotation 

angle 𝑥2 measured 
during the gravity prob B 
experiment at a cylinder 

of space in rotation 
inside an elastic medium 
(Torsion) and extract the 
corresponding Young’s  
modulus Y of the space 

time fabric to be 
corelated with gravity 
prob  B measurement

ℎ0𝑖 , ℎ𝑗0 
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Lense-thirring effect: Part of ℎ= concerned

51
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Case 3 : Approach 
1 - Frame dragging 
Gravity prob B 

Strain elastic 
energy

Kinetic
energy

52
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Cas 3 : Approach 1 - Numerical Applications and 
comparison and conclusion about the necessary 

young’s modulus
• Estimation of the spatial part and time part of the space-time 

measurement angle of the gravity prob B frame dragging

53

So, we postulate  50% 
time 50% space as for the 

beam light around the 
sun (0,84” for Newton for 

space alone and 1,75” 
space time Einstein)

David Izabel GDR GDM 28 06 2024



Case 3 : Approach 1 – Gravity prob B space 
angle via cylinder of space in torsion

Data Value Unit
Mass of the Earth MT 5,97E+24kg 39milliarc second/year for Prob B
Poisson's ratio 1
Radius of the Earth RT 6371km 1milliarc second 4,85E-09rad
Gravity Prob B (space) 4,00E-15rad 1,23668E-06milliarc second /s 6,00E-15rad/s

4,73E+38Pa

54

𝑥2

Conclusion not to far of Y = 1044 Pa 
obtained with the GW150914 and 

GW170817
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Case 3: Approach 2 :Gravity prob B frame 
dragging via fine elements model

55

Principle: we  transform 
the gravity prob B frame 

dragging  angle 
𝑥2 imposed by the Earth 

rotation  in a torsion 
torque equivalent that we 

put in the middle of the 
sheet modelled by a truss 

(same that use for GW) 
and look for the Young 
modulus intensity that 

allow to refind the strains 
and rotation of the space 

time fabric
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Case 3: Approach 2 - Gravity prob B frame 
dragging via finite element (truss)

56

Displacement and rotation with 
a fictive load of 10000 MNDavid Izabel GDR GDM 28 06 2024



Case 3: Approach 2 - Gravity 
prob B frame dragging 

approach 2 via finite element 
(truss)

1) Calculus of the rotation angle of the model for F =10 000 MN

displacement model 8,33E+00 1,39E-06 rad
width of the mesh 6000000

2) Calculus of the Shear modulus of the space

7,50E+43 Pa

3) Calculus of the equivalent torque at the imposed angle

2,44E+50 N.m/s
2,44E+44 MN.m/s

4) Calculus of the equivalent load on the finite elements models

1,02E+43 N
1,02E+37 MN

5) Number of Planck sheets concerned

7,87E+41 sheets 57

6) Calculus of the real load calibrated with gravity prob B

1,29E+01 N
1,29E-05 MN

9) Calculus of the angle associated with the finite element model and gravity prob B 

1,79E-15 rad/s

10) Conversion of the rad /sin milliarc second /year
1 milliarc second 4,85E-09 rad

3,70E-07 milliarc second /s 1,79E-15 rad/s
11,66 milliarc second /year
26,02 measured by gravity prob B (space part)

Data

Conclusion Y = 1044 Pa is 
an acceptable value for 

space strains

Data Value Unit
Thikness sheet (Planck) 1,62E-35 m
Young modulus Y 3,00E+44 Pa
Poisson's ratio 1
Mesch of the truss r 6000 km
Fictive force applied on the model 10000 MN
Area of the bar 6,00E-29 m²
Fictive force applied on the model 1,00E+04 MN
Distance L (Radius of Earth) 6,37E+03 km
Diameter d of the Earth 1,27E+04 km
Area of the bar 6,00E-29 m²
 Displacement  for F = 10000 8,33E+00 m
Gravity Prob B (space) 26,02 milliarcsec/Y
Gravity Prob B (space) 4,00E-15 rad/s𝑥2

𝑥2
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4.2) Models perpendicular at the plane with 
temporal components of the strains ( 

associated at ℎ00)
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Strains of the space calculated from 
component h00 (time component)

60

For the Sun :

Einstein Gravitational field equation 
in weak fieldIn weak Field

Transformation of h00 in 
radius of curvature 

variation

General 
relativity results Associated curvature of 

the space : eg Earth

Numerical values of the 
strains h00
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Demonstration of the variation of radius of the 
Earth or the Sun following the general relativity in 

weak field
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Cas 4: Geodetic effect around the Earth in link with 
gravity prob B

62

Principle: The variation of 
Radius of the Earth R due 
to gravity, associated at the 

space time curvature  is 
transformed in variation of 
curvature (deflection f) of 

an equivalent membrane of 
span corresponding at the 

quasi nul gravity at each 
extremity. The angle ′ is 
compared by reciprocity 
with the geodetic angle 
determined by the gravity 

prob B experiment.
From the deflexion f of the 
membrane it is possible to 

come back at the tension of 
the membrane and its 

Young’s modulus of the 
space time fabric

Geodetic effect 
(vertical angle)

g near 0

Corelation between  and 
the membrane deflection f

R-r=R=f

Timoshenko Einstein
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Case 4: Geodetic effect Numerical 
application – look for R impact -Earth

63

Determination of REarth impact of gravity 
to obtain the gravity prob B curvature 

at 𝑥 = 6371 + 642 𝑘𝑚

2) Calculus of the angle ' associated at this span

1,0349E-12 rad

3) Conversion of the gravity prob B angle in radiant

6606,10 milliarc second/yearfor Prob B

1 milliarc second 4,85E-09 rad
0,000209478 milliarc second /s 1,02E-12 rad/s

So we have the good R Earth impact radius 
the curvature at the R =6371+642 km is equal to  ='

Data Value Unit
Thikness sheet (Planck) 1,62E-35 m
Mass of the Earth MT 5,97E+24 kg
Poisson's ratio 1
Radius of the Earth RT 6371 km
Diameter d of the Earth 12742 km
Gravity Prob B (space) 6606,10 milliarcsec/Y
Gravity Prob B (space) 1,02E-12 rad/s
Gravitational contant  G 6,67E-11 m3/kgs²
Metric perturbation h00 1,39E-09
Deflection f of the membrane = R 0,001477 m





f=R obtained in GR

Geodetic effect 
(vertical angle)

Corelation between  and 
the membrane deflection f

Witch span L of 
the membrane  

considered?
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Case 4: Geodetic effect Numerical application –
study of the equivalent rectangular membrane in 

tension – repartition of the Earth mass on pi Rearth²

64

4) Calculation of the number of Planck sheet concerned by the earth

Assimilating the Sphere at an equivalent cylinder  of same volume 

5,24E+41 Planck sheets

5) Calculus of the mass of the Earth associated at each sheet

1,14E-17 kg/sheet

6) Calculus of the weight/m² applied

8,77E-31 N/m²/sheet

7) Calculus of the load by m of width of sheet (rectangular sheet of span R Earth impact)

1,12E-23 N/m/sheet

8) Calculus of the vertical reaction of the support

We suppose (defavorable approach) that all the sheet is uniformly loded)

7,91E-16 N

9) Calculus of the Horizontal reaction of the support (f =R due to space time curvature)

1,89E-05 N

10) Calculus of the Tension in the membrane

1,89E-05 N

11) Calculus of the stress in the membrane

9,17E+22 Pa

12) Calculus of the tension strain in the membrane

2,32E-10

13) Extraction of the associated Young's modulus in the membrane

Y = 3,95E+32 Pa

We obtain so a Young’s modulus of 
4x1032 Pa so  <3x1044 Pa obtained with 
GW and frame dragging  (same order 

that R Weiss proposal  Nobel Price 
lecture 1020 Y steel)

R Earth impactR Earth impact

f=R obtained 
in GR

Corelation between 
the membrane 

deflection f and the 
Young’s modulus of 

the membrane
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Case 4: Geodetic effect Numerical application – study 
of the equivalent rectangular membrane in tension –

repartition of the Earth mass on REarth impact x d

65

We obtain so a Young’s modulus of 
2,8x1031 Pa so  <3x1044 Pa obtained with 

GW and frame dragging  (same order 
that R Weiss proposal  Nobel Price 

lecture 1020 Y steel)

4) Calculation of the number of Planck sheet concerned by the earth

Assimilating the Sphere at an equivalent cylinder  of same volume 

5,24E+41 Planck sheets

5) Calculus of the mass of the Earth associated at each sheet

1,14E-17 kg/sheet

6) Calculus of the weight/m² applied

6,20E-32 N/m²/sheet

7) Calculus of the load by m of width of sheet (rectangular sheet of span R Earth impact)

7,90E-25 N/m/sheet

8) Calculus of the vertical reaction of the support

We suppose (defavorable approach) that all the sheet is uniformly loded)

5,59E-17 N

9) Calculus of the Horizontal reaction of the support (f =R due to space time curvature)

1,34E-06 N

Rimpact  Earth x d

10) Calculus of the Tension in the membrane

1,34E-06 N

11) Calculus of the stress in the membrane

6,49E+21 Pa

12) Calculus of the tension strain in the membrane

2,32E-10

13) Extraction of the associated Young's modulus in the membrane

Y = 2,80E+31 Pa
Y (R Weiss) = 2,1E+31 Pa

R Earth impact
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Case 5: Earth gravitation  as curvature of the 
space time

66

Principle: The variation of 
Radius of the Earth R due to 

gravity, associated at the 
space time curvature  is 

transformed in variation of 
curvature of an equivalent 

membrane of span 
corresponding at the quasi 

nul gravity at each extremity. 
From the deflexion f of the 
membrane it is possible to 

come back at the tension of 
the membrane and its 

Young’s modulus of the 
space time fabric

Data Value Unit
Thikness sheet (Planck) 1,62E-35 m
Mass of the Earth MT 5,97E+24 kg
Poisson's ratio 1
Radius of the Earth RT 6371 km
Diameter d of the Earth 12742 km
Gravitational contant  G 6,67E-11 m3/kgs²
Metric perturbation h00 1,39E-09
Deflection f of the membrane = R 0,001477 m
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1) Calculus of the gravity g

12742000 6,67E-11 5,97E+24 9,82E+00 m/s²

1) Calculation of the number of Planck sheet concerned by the earth

Assimilating the Sphere at an equivalent cylinder  of same volume 

5,24E+41 Planck sheets

2) Calculus of the mass of the Earth associated at each sheet

1,14E-17 kg/sheet

3) Calculus of the weight/m² applied

8,77E-31 N/m²/sheet

4) Calculus of the load by m of width of sheet (rectangular sheet of span R Earth impact)

1,12E-23 N/m/sheet

67

We obtain so a Young’s modulus of 
3,28x1030 Pa so  <3x1044 Pa obtained 
with GW and frame dragging  (same 
order that R Weiss proposal  Nobel 

Price lecture 1020 Y steel)

5) Calculus of the vertical reaction of the support

We suppose (defavorable approach) that all the sheet is uniformly loded)

7,12E-17 N

6) Calculus of the Horizontal reaction of the support (f =R due to space time curvature)

1,54E-07 N

7) Calculus of the Tension in the membrane

1,54E-07 N

8) Calculus of the stress in the membrane

7,44E+20 Pa

9) Calculus of the tension strain in the membrane

2,32E-10

10) Extraction of the associated Young's modulus in the membrane

Y = 3,21E+30 Pa
Y (R Weiss) = 2,1E+31 Pa

Case 5: Earth gravitation  as curvature of the 
space time in weak field

David Izabel GDR GDM 28 06 2024



Case 6: Sun gravitation  as curvature of the 
space time

68

Principle: The variation of 
Radius of the Sun R due to 

gravity, associated at the 
space time curvature  is 

transformed in variation of 
curvature of an equivalent 

membrane of span 
corresponding at the quasi 

nul gravity at each extremity. 
From the deflexion f of the 
membrane it is possible to 

come back at the tension of 
the membrane and its 

Young’s modulus of the 
space time fabric

Data Value Unit
Thikness sheet (Planck) 1,62E-35 m
Mass of the Sun  MS 1,98E+30 kg
Poisson's ratio 1
Radius of the Sun RS 696342 km
Diameter d of the Sun 1392684 km
Gravitational contant  G 6,67E-11 m3/kgs²
Metric perturbation h00 4,24E-06
Deflection f of the membrane = R 492 m
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Case 6: Sun gravitation  as curvature of the 
space time in weak field

69

1) Calculus of the gravity g

1392684 6,67E-11 1,98E+30 2,73E+08 m/s²

1) Calculation of the number of Planck sheet concerned by the earth

Assimilating the Sphere at an equivalent cylinder  of same volume 

5,73E+43 Planck sheets

2) Calculus of the mass of the Earth associated at each sheet

3,45E-14 kg/sheet

3) Calculus of the weight/m² applied

6,18E-24 N/m²/sheet

4) Calculus of the load by m of width of sheet (rectangular sheet of span R Earth impact)

8,61E-15 N/m/sheet

5) Calculus of the vertical reaction of the support

We suppose (defavorable approach) that all the sheet is uniformly loded)

5,99E-09 N

6) Calculus of the Horizontal reaction of the support (f =R due to space time curvature)

4,24E-06 N

7) Calculus of the Tension in the membrane

4,24E-06 N

8) Calculus of the stress in the membrane

1,88E+20 Pa

9) Calculus of the tension strain in the membrane

7,07E-07

10) Extraction of the associated Young's modulus in the membrane

Y = 2,66E+26 Pa
Y (R Weiss) = 2,1E+31 Pa

We obtain so a Young’s modulus of 
2,66x1026 Pa so  <3x1044 Pa obtained 
with GW and frame dragging  (same 
order that R Weiss proposal  Nobel 

Price lecture 1020 Y steel)
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Case 7 : Gravitation for the Earth with a 
circular membrane

70

Data Value Unit
Thikness sheet (Planck) 1,62E-35 m
Mass of the Earth MT 5,97E+24 kg
Poisson's ratio 1
Radius of the Earth RT 6371 km
Diameter d of the Earth 12742 km
Gravitational contant  G 6,67E-11 m3/kgs²
Metric perturbation h00 1,39E-09
Deflection f of the membrane = R=C 0,001477 m

Principle: The variation of 
Radius of the Earth R due 
to gravity, associated at the 

space time curvature  is 
transformed in variation of 
curvature of an equivalent 

membrane of span 
corresponding at the quasi 

nul gravity at each extremity. 
From the deflexion f of the 
membrane it is possible to 

come back at the tension of 
the membrane and its 

Young’s modulus of the 
space time fabric

Data Value Unit
Thikness sheet (Planck) 1,62E-35 m
Mass of the Earth MT 5,97E+24 kg
Poisson's ratio 1
Radius of impact of the Earth 25000 km
Diameter d of the Earth 12742 km
Gravitational contant  G 6,67E-11 m3/kgs²
Metric perturbation h00 1,39E-09
Deflection f of the membrane = R=C 0,001477 m

Hypothesis 2 : R = 25000 km

Hypothesis 1 : R = 6371 km
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Case 7 : Gravitation for the Earth with a 
circular membrane

71

1) Calculation of the number of Planck sheet concerned by the earth

Assimilating the Sphere at an equivalent cylinder  of same volume 

5,24E+41 Planck sheets

2) Calculus of the mass of the Earth associated at each sheet

1,14E-17 kg/sheet

3) Calculus of the weight/m² applied

8,77E-31 N/m²/sheet

4) Calculus of the Young Modulus

8,03E+39 N/m²

1) Calculus of the gravity g

12742000 6,67E-11 5,97E+24 9,82E+00 m/s²

1) Calculation of the number of Planck sheet concerned by the earth

Assimilating the Sphere at an equivalent cylinder  of same volume 

2,06E+42 Planck sheets

2) Calculus of the mass of the Earth associated at each sheet

2,90E-18 kg/sheet

3) Calculus of the weight/m² applied

1,45E-32 N/m²/sheet

4) Calculus of the Young Modulus

3,15E+40 N/m²

We obtain so a Young’s modulus of 8,039x1039 Pa <Y<3,15x1040

so  <3x1044 Pa obtained with GW and frame dragging  (same 
order that R Weiss proposal  Nobel Price lecture 1020 Y steel)

Hypothesis 1 Hypothesis 2

David Izabel GDR GDM 28 06 2024



Case 8 : Gravitation for the Sun with a circular 
membrane

72

Principle: The variation of 
Radius of the Sun R due to 

gravity, associated at the 
space time curvature  is 

transformed in variation of 
curvature of an equivalent 

membrane of span 
corresponding at the quasi 

nul gravity at each extremity. 
From the deflexion f of the 
membrane it is possible to 

come back at the tension of 
the membrane and its 

Young’s modulus of the 
space time fabric

Data Value Unit
Thikness sheet (Planck) 1,62E-35 m
Mass of the Sun  MS 1,98E+30 kg
Poisson's ratio 1
Radius of the Sun RS 696342 km
Diameter d of the Sun 1392684 km
Gravitational contant  G 6,67E-11 m3/kgs²
Metric perturbation h00 4,24E-06
Deflection f of the membrane = R 492 m

Hypothesis 1 : R = 696342 km

Hypothesis 2 : R = 10 000 000 km

Data Value Unit
Thikness sheet (Planck) 1,62E-35 m
Mass of the Sun  MS 1,98E+30 kg
Poisson's ratio 1
Radius of impact of the sun 10000000 km
Diameter d of the Sun 1392684 km
Gravitational contant  G 6,67E-11 m3/kgs²
Metric perturbation h00 4,24E-06
Deflection f of the membrane = R 492 m
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Case 8 : Gravitation for the Sun with a circular 
membrane

73

1) Calculation of the number of Planck sheet concerned by the earth

Assimilating the Sphere at an equivalent cylinder  of same volume 

5,73E+43 Planck sheets

2) Calculus of the mass of the Earth associated at each sheet

3,45E-14 kg/sheet

3) Calculus of the weight/m² applied

6,18E-24 N/m²/sheet

4) Calculus of the Young Modulus

2,19E+38 N/m²

1392684 6,67E-11 1,98E+30 2,73E+08 m/s²

1) Calculation of the number of Planck sheet concerned by the earth

Assimilating the Sphere at an equivalent cylinder  of same volume 

8,23E+44 Planck sheets

2) Calculus of the mass of the Earth associated at each sheet

2,41E-15 kg/sheet

3) Calculus of the weight/m² applied

2,09E-27 N/m²/sheet

4) Calculus of the Young Modulus

3,14E+39 N/m²

We obtain so a Young’s modulus of 2,9x1038 Pa Y < 3,14x1039 

so  <3x1044 Pa obtained with GW and frame dragging  (same 
order that R Weiss proposal  Nobel Price lecture 1020 Y steel)

Hypothesis 1 Hypothesis 2
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4.3) Spatial models
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Case 9: Deflection of light rays/ gravitation of 
the sun from the curvature of space-time

75

Principle: The variation of Radius of the 
Sun R due to gravity, associated at the 
space time curvature  is transformed in 
variation of length of a sphere of space 

time fabric with an internal pression. 
From the deflexion displacement ur of 
the sphere  it is possible to come back 
at Young’s modulus of the space time 

fabric

General 
relativity 
result in 

weak field for 
the sun

Data Value Unit
Thikness sheet (Planck) 1,62E-35 m
Mass of the Sun  MS 1,98E+30 kg
Poisson's ratio 1
Radius of the Sun a = r 696342 km
Diameter d of the Sun 1392684 km
Gravitational contant  G 6,67E-11 m3/kgs²
Metric perturbation h00 4,24E-06
Internal pression gravitation 6,00E+14 Pa
Displacement ur 3,09E+03 m
Deflection f of the membrane = R 492 m
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Case 9: Deflection of light rays by the gravitation of 
the sun from the curvature of space-time
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Case 9: Deflection of light rays by the gravitation of 
the sun from the curvature of space-time

77

1) Research of the gravity influence of the sun on the space time (Equivalent thickness of the sphere)

R (m) G Ms g
696342000 6,67E-11 1,98E+30 272,54

1000000000 6,67E-11 1,98E+30 132,15
2000000000 6,67E-11 1,98E+30 33,04
3000000000 6,67E-11 1,98E+30 14,68
4000000000 6,67E-11 1,98E+30 8,26
5000000000 6,67E-11 1,98E+30 5,29
6000000000 6,67E-11 1,98E+30 3,67
7000000000 6,67E-11 1,98E+30 2,70
8000000000 6,67E-11 1,98E+30 2,06
9000000000 6,67E-11 1,98E+30 1,63

b = 10000000000 6,67E-11 1,98E+30 1,32

2) Pression exerced by the gravitation

8,86E+13 Pa

pression data 6,00E+14 Pa
max 6,00E+14 Pa

2) Calculus of the Young's modulus

Y = 1,35073E+20 Pa

We obtain so a Young’s modulus of 
1,35x1020 Pa so  <<<3x1044 Pa obtained 

with GW and frame dragging  (same 
order that R Weiss proposal  Nobel 

Price lecture 1020 Y steel)
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Case 10 : Gravitation of the Earth from the 
curvature of space-time

78

Principle: The variation of Radius of the 
Earth R due to gravity, associated at 

the space time curvature  is 
transformed in variation of length of a 

sphere of space time fabric with an 
internal pression. From the deflexion 

displacement ur of the sphere  it is 
possible to come back at Young’s 
modulus of the space time fabric

Data Value Unit
Thikness sheet (Planck) 1,62E-35 m
Mass of the Earth  MS 5,97E+24 kg
Poisson's ratio 1
Radius of the Earth a = r 6371 km
Diameter d of the Earth 12742 km
Gravitational contant  G 6,67E-11 m3/kgs²
Metric perturbation h00 1,39E-09
Internal pression gravitation 3,60E+11 Pa
Displacement ur 9,28E-03 m
Deflection f of the membrane = R 0,00147792 m
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Case 10 : Gravitation of the Earth from the 
curvature of space-time

79

1) Research of the gravity influence of the sun on the space time (Equivalent thickness of the sphere)

R (m) G Ms g
6371000 6,67E-11 5,97E+24 9,82
7000000 6,67E-11 5,97E+24 8,13
8000000 6,67E-11 5,97E+24 6,23
9000000 6,67E-11 5,97E+24 4,92

10000000 6,67E-11 5,97E+24 3,99
12000000 6,67E-11 5,97E+24 2,77
14000000 6,67E-11 5,97E+24 2,03
16000000 6,67E-11 5,97E+24 1,56
18000000 6,67E-11 5,97E+24 1,23
20000000 6,67E-11 5,97E+24 1,00

b = 25000000 6,67E-11 5,97E+24 0,64

2) Pression exerced by the gravitation

1,15E+11 Pa

pression data 3,60E+11 Pa
max 3,60E+11 Pa

2) Calculus of the Young's modulus

Y = 2,47151E+20 Pa

We obtain so a Young’s modulus of 
2,47x1020 Pa so  <<<3x1044 Pa obtained 

with GW and frame dragging  (same 
order that R Weiss proposal  Nobel 

Price lecture 1020 Y steel)
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Can we find an explanation at the different 
values of the Young’s modulus?

• We have two families of values for the Young’s modulus of the space 
time 

• In the plane: associated at hij (space) component of the metric 
perturbation

1038<Y<1044 Pa
10-20< compression/traction < 10-21

• Out of the plane: associated at h00 (time) component of the metric 
perturbation

1020<Y<1040 Pa
10-7< compression/traction < 10-10
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Synthesis of the model's data and results

82

𝑦

𝑥

In the plane Perpendicularly 
at the plane

𝑥

𝑦

z 

z 

z 

The range of the Young’s modulus is clearly out of the 
10113 Pa !

Our values are near R Weiss proposal 1031 Pa

Mixte in the plane 
and out of the plane

𝑦

z or t

z or t

General Relativity  event Gravitation Case studied Strain Type Strain values Unit Mechanical model Type of loading Y (Pa) Direction
GW150914 Weak Black hole coalescence 1 hij (x,y)  1,00E-21 - Truss in torsion in plane 1,00E+44 x or y
GW150914 Weak Black hole coalescence 2 hij (x,y)  1,00E-21 - Truss in torsion in plane 1,00E+44 x or y
GW170817 Weak Neutron star coalescence hij (x,y)  1,00E-20 - Truss in torsion in plane 1,00E+44 x or y
NASA example Strong Frame dragging Neutron star h0i;hj0  6,37E-10 rad/s Cylinder in torsion in plane 7,70E+44 t, x or y  or z
Gravity prob B Weak Frame dragging Earth h0i;hj0  4,00E-15 rad/s Cylinder in torsion in plane 4,73E+38 t, x or y  or z
Gravity prob B Weak Frame dragging Earth h0i;hj0  4,00E-15 rad/s Truss in torsion in plane 3,00E+44 t, x or y  or z
Gravity prob B Weak Geodetic Earth h0i,hj0  1,00E-12 rad/s Rectangular membrane uniformly loaded (max) Perpendicular at the plane 3,95E+32 t, or y or z
Gravity prob B Weak Geodetic Earth h0i,hj0  1,00E-12 rad/s Rectangular membrane uniformly loaded (repartition load on all the membrane) Perpendicular at the plane 2,80E+31 t, or y or  z
Newton/GR Weak Earth Gravitation h00  2,32E-10 - Rectangular membrane uniformly loaded (max) Perpendicular at the plane 3,21E+30 tt
Eddington eclipse Weak Sun Gravitation h00  7,07E-07 - Rectangular membrane uniformly loaded (max) Perpendicular at the plane 2,66E+26 tt
Newton/GR Weak Earth Gravitation h00  2,32E-10 - Sphere with internal pression Perpendicular at the plane 2,47E+20 tt
Eddington eclipse Weak Sun Gravitation h00  7,07E-07 - Sphere with internal pression Perpendicular at the plane 1,35E+20 tt
Newton/GR Weak Earth Gravitation h00  2,32E-10 - Circular membrane (R=R Earth) Perpendicular at the plane 8,03E+39 tt
Eddington eclipse Weak Sun Gravitation h00  7,07E-07 - Circular membrane (R=R Sun ) Perpendicular at the plane 2,19E+38 tt
Newton/GR Weak Earth Gravitation h00  2,32E-10 - Circular membrane (R=R Earth impact ) Perpendicular at the plane 3,15E+40 tt
Eddington eclipse Weak Sun Gravitation h00  7,07E-07 - Circular membrane (R=R Sun impact ) Perpendicular at the plane 3,14E+39 tt
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5) Possible unification of all the 
models in the plane and 

perpendicular at the plane via 
the interval ds²in quasi flat 

metric
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5.1 Interval of special relativity
Considering that:
• We are un weak gravitational field
• The perturbation of the metric h is verry small
• The gravitational wave speed is exactly the speed of light (see GW180817)
• The behaviour of space can be disconnected in xy and z (plane and out of 

plane)

Postulate:
We can consider the interval of Minkowski in first approach (quasi flat metric)
The type is light ds²=0 = c²dt²= dx²+dy²+dz²
Same type of hypothesis that :

84
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5.2 Mechanic transposition
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Mechanical transposition of the interval 

86

Flat metric

Principle n°5

Mechanical transposition of the interval

As these quantities should be equivalent, it should be possible to transpose in terms of Ys / these terms
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Mechanical transposition of the interval

87

We obtain so a law that link the several 
strains issued of space and time with the 

several Young’s modulus Yt and Ys

Law in strain²
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Mechanical transposition of the interval

88

This law is a generalized strain 
energy of the space fabric

Law in strain²
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5.3 Case of the light type interval and associated equation

89

We obtain so what we want: a law that 
allows to connect the space and time 

Young’s modulus
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Test of the law about Young’s modulus following 
space and time - Application of the Young’s 

modulus connection formula

90

Earth Data
Newton/GR Weak Earth Gravitation h00  2,32E-10 - Rectangular membrane uniformly loaded (max) Perpendicular at the plane 3,21E+30 1,73E+53
Newton/GR Weak Earth Gravitation h00  2,32E-10 - Sphere with internal pression Perpendicular at the plane 2,47E+20 1,33E+43
Newton/GR Weak Earth Gravitation h00  2,32E-10 - Circular membrane (R=R Earth) Perpendicular at the plane 8,03E+39 4,32E+62
Newton/GR Weak Earth Gravitation h00  2,32E-10 - Circular membrane (R=R Earth impact ) Perpendicular at the plane 3,15E+40 1,70E+63

Sun Data
Eddington eclipse Weak Sun Gravitation h00  7,07E-07 - Rectangular membrane uniformly loaded (max) Perpendicular at the plane 2,66E+26 1,33E+56
Eddington eclipse Weak Sun Gravitation h00  7,07E-07 - Sphere with internal pression Perpendicular at the plane 1,35E+20 6,75E+49
Eddington eclipse Weak Sun Gravitation h00  7,07E-07 - Circular membrane (R=R Sun ) Perpendicular at the plane 2,19E+38 1,09E+68
Eddington eclipse Weak Sun Gravitation h00  7,07E-07 - Circular membrane (R=R Sun impact ) Perpendicular at the plane 3,14E+39 1,57E+69

Only the sphere model (spatial approach) respect the 
precedent equation even if the other models gives an 

order of magnitude in the range of 1020 1040 Pa

h00

hij
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5.4 Test of the equation basing on 
the previous model unifying the 
different Youngs modulus 
obtained

The sphere spatial model is 
the most adapted to satisfy 

these equations
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6) Come back of the analogy in 
direction of physics – potential 

consequences
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6.1 Didactic explanation proposed by the elastic 
analogy of general relativity in weak field

NO

Yes

𝑥

𝑦

𝑧

𝒀𝒛 =
𝒕𝒕

𝟐 𝒀𝒕

𝒛𝒛
 

- The gravitation is well a space and time deformation
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6.1 Didactic explanations proposed by the elastic 
analogy of  general relativity in weak field

- Number of polarisations of the gravitational waves
2 GW polarisations compatible with 2 expressions of the
strain tensor in case of pure torsion

- Why c ?
By the Principe 5, c becomes effectively a fundamental characteristic of the 
space fabric as a ratio between the Young’s modulus Y and the density  of the 
medium constituting the space fabric

- Effect of the time on the mechanic relativist
All is always in dynamic in the space fabric. When we measure a strain a part of 
strain is not yet arrived, all the measurement are as blurred 

94

Compression/traction Shear
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6.2 Didactic explanations proposed by the elastic 
analogy  of general relativity in weak field
The Einstein’s Constant and the gravitational constant can be 
developed basing on mechanical parameter of the space fabric
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6.2 Predictive consequences of the elastic analogy 
of the general relativity in weak field

a) About vacuum energy density / Value of the Young’s modulus
if we read principle 5 in the other direction, the Young moduli are to be
considered as energy densities of the vacuum. Consequently, as we
have two families of Young’s moduli, there will not be one but 2
vacuum energy values. One associated with space distortions and one
associated with time distortion!
We have so 3 possibles sources for the vacuum energy:
- Quantum Field Theory :
- Cosmological constant :
- Stain energy of the cosmic fabric as an elastic medium in weak Field :

96

𝑈𝑣𝑎𝑐𝑢𝑢𝑚 = ൝
𝑡𝑖𝑚𝑒 1020 (𝑠𝑝ℎ𝑒𝑟𝑖𝑐) 𝑎𝑡1040 (𝑚𝑒𝑚𝑏𝑟𝑎𝑛𝑒)

𝑠𝑝𝑎𝑐𝑒 1038 𝑎𝑡 1040 (𝑡𝑟𝑢𝑠𝑠 𝑎𝑛𝑑 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟)

Compatible with R 
Weiss approach 1020 Y 

steel 1031 Pa
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6.2 Predictive consequences of the elastic analogy 
of the general relativity in weak field

b) About the structure of the fabric
We found the strain deformation of the space medium only if we
consider Planck sheet ! As it is the case in quantum gravity or string
theory.
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7) How to check all that ?
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7.1) Measure complementary polarisations and 
study of their shapes

• To have a medium in 3 dimensions, the geometric Torsion is
necessary in general relativity. The consequences is 4
complementary polarisations. Their measurement could validate
so this approach.
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7.2) Measure lateral motions of
the interferometer in 3D

100

Actually, measured by Ligo/Virgo

That could be measured by the 
interaction between the Earth 

interferometer Lisa, Einstein telescope or 
Pulsar telescope

So, if we measure additional strains of compression and 
shear, by the equivalence principle 1 there are additional 

perturbations and thus polarisations. The geometrical 
torsion become mandatory in general relativity David Izabel GDR GDM 28 06 2024



7.3) Measure of the Casimir strains and forces to 
have a realistic value of the space Young’s 
modulus and strain elastic energy
• A possible direct measure of the Young’s modulus of the vacuum 

can be done via the Casimir effect considered as an equivalent 
compression test of the medium.

• Actually, the force is measured, and the displacement calculated, 
if the forces and the displacement was measured it will be 
possible to have a direct value of the vacuum energy

101
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DeLLight experiment : vacuum behaviour as a 
material that diffract light under huge magnetic 

field

102

Variation of the speed of light 
=> diffraction => equivalent 

elastic medium

Quantum mechanics results :Under 
intensive magnetic field, vacuum diffract 

light as an elastic medium
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8) Beyond the analogy – some 
speculations
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8.1) In Strong field? Example of theoretical 
frame dragging  for a neutron star (1/2)

104So, we are well in strong Field

Theoretical value of the frame dragging for a 
neutron star (source NASA )

Angle distortion  of 
space in a Neutron 

star field
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8.1) In Strong field? Example of theoretical frame 
dragging  for a neutron star (2/2)
 

105

Data Value Unit
Mass of the Neutron star 1,99E+30 kg 39 milliarc second/year for Prob B
Poisson's ratio 1
Radius of the Neutron star 6 km 1 milliarc second 4,85E-09 rad
Frame dragging angle (space) 6,37E-10 rad 1,31E-01 milliarc second /s 6,37E-10 rad/s

4,14E+06 Milliarc second /year Neutron star
39 Milliarc second /year Earth

106255,0305  x Earth Frame dragging
7,70E+44 Pa space only

𝑥2

On a theoretical value of the 
frame dragging around a 

neutron star we obtain again Y 
1044 Pa 

So, we obtain the 
same magnitude of 
Y that in weak field
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8.2) Analyse of the CMB 
power spectrum as a 
diffractogram X (eg clay in 
sheets)

The power spectrum of the cosmic microwave background can be seen by 
analogy as the equivalent of an X-ray diffractogram of a medium. The regular 
series of peaks on the one hand and the great width of the peaks on the other 
hand could be representative of a certain structure of the dark matter of the 
plasma and of the extreme smallness of the density variation grains on the 

other hand

Medium of 
Planck grain size?

106

Acoustic 
peaks of 

the 
plasma of 

baryon 

Variation of ℎ𝑖𝑗=> variation 
gravitation => variation 

Density of plasma=> 
variation frequency 10-13 Hz
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8.3) Geometrical Torsion in CMB logical to 
take into account in Einstein-Cartan

• In this paper the author show that the geometric torsion is included in the 
polarisation B of the cosmic microwave

So as the universe is growing since 13,7 billions Years it should be normal to 
find again the geometric torsion in space and so in general relativity. An 

associated sheet structure or lamella structure become possible
107
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8.4) Self-repair/self-clogging of space after the 
passage of a rotating black hole, a sign of its great 
plasticity – Soil liquefaction
• During the coalescence of the black hole, they turn each other.

But space doesn't tear itself apart => huge plasticity of space

108
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9) Conclusions
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Conclusion about the analogy approach of the 
general relativity in weak Field

• On a didactic point of view the analogy propose some possible explanations:
• Why gravitation is a space and time deformation  (mechanistic relation between Space Young’s 

modulus and Time Young’s modulus),
• Why there are two polarisations (two facets of the strain tensor in pure torsion),
• why c=> (Y/)0,5 is fundamental, because connected with the mechanical characteristic of the 

elastic medium,
• Why it’s well space time and not space that must be taken into account.(space time is a 

dynamic object, impossible to measure static strains, always strains arrive with a delay at the 
measure point),

• On a predictive point of view:
• Complementary polarisations should exist with gravitational wave, thus all the components of 

the metric perturbation tensor ℎwill be defined,
• Lateral motions of the interferometer arms should be measured in the future LISA/Einstein 

telescope,
• 2 energy densities of vacuum should exist one for space different for one for time in weak field 

regime,
• A microstructure of the Planck size made of thin sheets should constitute space time at 

minimum for gravitational wave or frame dragging/geodetic effects
• Space-time should have a huge plasticity capacity compatible with plastic crystallography
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«Tensor calculus knows physics better than the physicist himself »
(Paul Langevin)

Gravitation in weak Field 
summarize (Overview of 
the metric perturbation 

tensor ℎ)

Remain 
to 

measure

Gravitation

Lense-Thirring

GW

Hypothetic new 
polarisation with 

Einstein-Cartan theory 
(geometrical torsion)
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ℎ=

112

Gravitation g 
(𝑜𝑜) = (𝑡𝑡)

Angle =0𝑖 Frame dragging and geodetic effect

Geometric 
torsion/ defect 
theory 
/crystallography

Geometric 
torsion/ defect 
theory 
/crystallography

Gravito 
electromagnetism 
GR 2eme order 

ℎ00 ℎ01 ℎ02 ℎ03

ℎ10 ℎ11 ℎ12 ℎ13

ℎ20 ℎ21 ℎ22 ℎ23

ℎ30 ℎ31 ℎ32 ℎ33

GW 
(𝑥𝑦)

GW 
(𝑦𝑥)

𝑔 =  + ℎ

GW
(𝑧𝑧)

Angle =𝑗0

Frame 
dragging and 
geodetic 
effect

ℎ = 2

Strains tensor  of 
the space time in 

weak field

GW 
(𝑥𝑥)

GW 
(𝑦𝑦)
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ℎ=
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Angle =0𝑖 Frame dragging and geodetic effect

Geometric 
torsion/ defect 
theory 
/crystallography

Geometric 
torsion/ defect 
theory 
/crystallography

Gravito 
electromagnetism 
GR 2nd order 

ℎ00 ℎ01 ℎ02 ℎ03

ℎ10 ℎ11 ℎ12 ℎ13

ℎ20 ℎ21 ℎ22 ℎ23

ℎ30 ℎ31 ℎ32 ℎ33

𝑔 =  + ℎ

GW
(𝑧𝑧)

Angle =𝑗0

Frame 
dragging and 
geodetic 
effect

ℎ = 2

Timoshenko’s models that 
can reproduce the order of 

magnitude of the space 
time strains

GW 
(𝑥𝑥)

GW 
(𝑥𝑦)

GW 
(𝑦𝑥)

Gravitation g 
(𝑜𝑜) = (𝑡𝑡)

Not 
tested

Not 
tested

Not 
tested

Not 
tested

Not 
tested

Not 
tested

GW 
(𝑦𝑦)

David Izabel GDR GDM 28 06 2024



Bibliography and references

114
David Izabel GDR GDM 28 06 2024



Bibliography and references

115David Izabel GDR GDM 28 06 2024



Bibliography and references

116

Hencky, H., “  Über Den Spannungszustand in Kreisrunden Platten Mit 
Verschwindender Biegungsstei??gkeit,” Zeitschrift fur Mathematik und Physik, 
Vol. 63, 1915, pp. 311–317. 

David Izabel GDR GDM 28 06 2024


	Diapositive 1 Continuum mechanics and weak field general relativity: Study of several mechanical models that reproduce the measured strains of the space time - analyze and consequences by David Izabel
	Diapositive 2 Summary
	Diapositive 3
	Diapositive 4
	Diapositive 5 6 principles of equivalences between  classical relativity in weak field and general relativity (1/5)
	Diapositive 6 6 principles of equivalences between  classical relativity in weak field and general relativity (2/5)
	Diapositive 7 6 principles of equivalences between  classical relativity in weak field and general relativity (3/5)
	Diapositive 8 6 principles of equivalences between  classical relativity in weak field and general relativity (4/5)
	Diapositive 9 6 principles of equivalences between  classical relativity in weak field and general relativity (5/5)
	Diapositive 10
	Diapositive 11
	Diapositive 12 An isotropic transverse material worked as a succession of unconnected sheets
	Diapositive 13
	Diapositive 14 Numerical gravitation in 3D confirm the field of strain deformation/force (thin shell/thin sheet + screen effect) 
	Diapositive 15
	Diapositive 16 Approach 1: Einstein-Cartan Theory and elasticity Theory (1/2)  - 3 intersecting publications
	Diapositive 17 Example of complementary polarisations with Einstein-Cartan theory in link with defect theory (2/2)
	Diapositive 18
	Diapositive 19 Approach 2: Other general relativity modified theories
	Diapositive 20 Approach 3: General relativity in second order
	Diapositive 21 Approach 4 : General relativity by hydrodynamic approach (1/2)
	Diapositive 22 Approach 4 : General relativity by hydrodynamic approach (2/2)
	Diapositive 23
	Diapositive 24 What are the message of the different tentative of modified general relativity?
	Diapositive 25
	Diapositive 26 3.1) Practical characteristic of the elastic medium isotropic transverse  
	Diapositive 27
	Diapositive 28
	Diapositive 29
	Diapositive 30 Link between the metric tensor perturbation h indice ,  fin indice and gravitation experiments
	Diapositive 31 Consequence about the models that can reproduce the strain of the space-time
	Diapositive 32 Consequence about the models that can reproduce the strain of the space-time
	Diapositive 33 Consequence about the models that can reproduce the strain of the space-time
	Diapositive 34 Consequence about the models that can reproduce the strain of the space-time
	Diapositive 35 Consequence about the models that can reproduce the strain of the space-time
	Diapositive 36 Consequence about the models that can reproduce the strain of the space-time
	Diapositive 37 Consequence about the models that can reproduce the strain of the space-time
	Diapositive 38 Consequence about the models that can reproduce the strain of the space-time
	Diapositive 39 Consequence about the models that can reproduce the strain of the space-time
	Diapositive 40
	Diapositive 41
	Diapositive 42 Case1 : GW150914 - Coalescence of 2 black holes
	Diapositive 43 Case 1 : GW150914 - Finite element model of a truss (bars working in compression/traction)
	Diapositive 44 Case 1: GW150914 - Results obtained with arbitrary loading of 4 loads of 10 000 MN
	Diapositive 45 Case 1: GW150914 -Numerical application and comparison with the strain measurements
	Diapositive 46 Case 1: GW150914 - Comparison measured value and numerical model for GW150914
	Diapositive 47 Case 1: GW 150914 - Comparison measured value and numerical model for GW150914
	Diapositive 48 Case2 : GW170817 - Coalescence of 2 neutrons stars
	Diapositive 49 Case 2: GW180817 Comparison measured value and numerical model for GW170817
	Diapositive 50 Case 3 : Approach1 - Frame Dragging effect around the earth measured by Gravity prob B
	Diapositive 51 Lense-thirring effect: Part of h indice ,  fin indice= indice ,  fin indice concerned
	Diapositive 52 Case 3 : Approach 1 - Frame dragging Gravity prob B 
	Diapositive 53 Cas 3 : Approach 1 - Numerical Applications and comparison and conclusion about the necessary young’s modulus
	Diapositive 54 Case 3 : Approach 1 – Gravity prob B space angle via cylinder of space in torsion
	Diapositive 55 Case 3: Approach 2 :Gravity prob B frame dragging via fine elements model
	Diapositive 56 Case 3: Approach 2 - Gravity prob B frame dragging via finite element (truss)
	Diapositive 57 Case 3: Approach 2 - Gravity prob B frame dragging approach 2 via finite element (truss)
	Diapositive 58
	Diapositive 59
	Diapositive 60 Strains of the space calculated from component h00 (time component)
	Diapositive 61 Demonstration of the variation of radius of the Earth or the Sun following the general relativity in weak field
	Diapositive 62 Cas 4: Geodetic effect around the Earth in link with gravity prob B
	Diapositive 63 Case 4: Geodetic effect Numerical application – look for R impact -Earth
	Diapositive 64 Case 4: Geodetic effect Numerical application – study of the equivalent rectangular membrane in tension – repartition of the Earth mass on pi Rearth²
	Diapositive 65 Case 4: Geodetic effect Numerical application – study of the equivalent rectangular membrane in tension – repartition of the Earth mass on REarth impact x d
	Diapositive 66 Case 5: Earth gravitation  as curvature of the space time
	Diapositive 67 Case 5: Earth gravitation  as curvature of the space time in weak field
	Diapositive 68 Case 6: Sun gravitation  as curvature of the space time
	Diapositive 69 Case 6: Sun gravitation  as curvature of the space time in weak field
	Diapositive 70 Case 7 : Gravitation for the Earth with a circular membrane
	Diapositive 71 Case 7 : Gravitation for the Earth with a circular membrane
	Diapositive 72 Case 8 : Gravitation for the Sun with a circular membrane
	Diapositive 73 Case 8 : Gravitation for the Sun with a circular membrane
	Diapositive 74
	Diapositive 75 Case 9: Deflection of light rays/ gravitation of the sun from the curvature of space-time
	Diapositive 76 Case 9: Deflection of light rays by the gravitation of the sun from the curvature of space-time
	Diapositive 77 Case 9: Deflection of light rays by the gravitation of the sun from the curvature of space-time
	Diapositive 78 Case 10 : Gravitation of the Earth from the curvature of space-time
	Diapositive 79 Case 10 : Gravitation of the Earth from the curvature of space-time
	Diapositive 80
	Diapositive 81 Can we find an explanation at the different values of the Young’s modulus?
	Diapositive 82 Synthesis of the model's data and results
	Diapositive 83
	Diapositive 84 5.1 Interval of special relativity
	Diapositive 85 5.2 Mechanic transposition
	Diapositive 86 Mechanical transposition of the interval 
	Diapositive 87 Mechanical transposition of the interval
	Diapositive 88 Mechanical transposition of the interval
	Diapositive 89 5.3 Case of the light type interval and associated equation
	Diapositive 90 Test of the law about Young’s modulus following space and time - Application of the Young’s modulus connection formula
	Diapositive 91 5.4 Test of the equation basing on the previous model unifying the different Youngs modulus obtained
	Diapositive 92
	Diapositive 93 6.1 Didactic explanation proposed by the elastic analogy of general relativity in weak field
	Diapositive 94 6.1 Didactic explanations proposed by the elastic analogy of  general relativity in weak field
	Diapositive 95 6.2 Didactic explanations proposed by the elastic analogy  of general relativity in weak field
	Diapositive 96 6.2 Predictive consequences of the elastic analogy of the general relativity in weak field
	Diapositive 97 6.2 Predictive consequences of the elastic analogy of the general relativity in weak field
	Diapositive 98
	Diapositive 99 7.1) Measure complementary polarisations and study of their shapes 
	Diapositive 100 7.2) Measure lateral motions of  the interferometer in 3D 
	Diapositive 101 7.3) Measure of the Casimir strains and forces to have a realistic value of the space Young’s modulus and strain elastic energy
	Diapositive 102 DeLLight experiment : vacuum behaviour as a material that diffract light under huge magnetic field
	Diapositive 103
	Diapositive 104 8.1) In Strong field? Example of theoretical frame dragging  for a neutron star (1/2)
	Diapositive 105 8.1) In Strong field? Example of theoretical frame dragging  for a neutron star (2/2)  
	Diapositive 106 8.2) Analyse of the CMB power spectrum as a diffractogram X (eg clay in sheets)
	Diapositive 107 8.3) Geometrical Torsion in CMB logical to take into account in Einstein-Cartan
	Diapositive 108 8.4) Self-repair/self-clogging of space after the passage of a rotating black hole, a sign of its great plasticity – Soil liquefaction
	Diapositive 109
	Diapositive 110 Conclusion about the analogy approach of the general relativity in weak Field
	Diapositive 111
	Diapositive 112
	Diapositive 113
	Diapositive 114 Bibliography and references
	Diapositive 115 Bibliography and references
	Diapositive 116 Bibliography and references

