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

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

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

connected to gather

Å 3) Consequences about the potential models that can be used to reproduce the forecast and measured strains of the space-time
Å 3.1) Practical characteristic of the elastic medium isotropic transverse 
Å 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 
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Å 4.3) Spatial models
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Å 6) Come back of the analogy in direction of physics тpotential consequences
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Å 7) How to check all that?
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Å 8) Beyond the analogy тSome speculations
Å 8.1) In Strong field? Example of theoretical frame dragging  for a neutron star
Å 8.2) Analyse of the CMB power spectrum as a diffractogram X
Å 8.3) Geometrical torsion in CMB logical to take into account in Einstein-Cartan
Å 8.4) Self-repair/self-clogging of space after the passage of a rotating black hole, a sign of its great plasticity
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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 ƚĲƻĲƖċũШƣǃƓĲШŸŉШÑŔůŸƚőĲŰťŸќƚШůĲĦőċŰŔĦċũШ
models compatible with the strains measured 
data of the general relativity 

3) Look for via these  adequate  mechanical models 
ƣőĲШòŸƨŰŊќƚШůŸĬƨũƨƚШŰĲĦĲƚƚċƖǃШыċĬŢƨƚƣůĲŰƣШ
variable) to find the different strains observed by 
the different general relativity test experiments 
(calibration of the models)

4) ŰċũǃƚĲШШƣőĲƚĲШòŸƨŰŊќƚШůŸĬƨũƨƚШċŰĬШƚĲĲШШŔŉШƣőĲƖĲШŔƚШ
a link between them тjunction 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:

 Ὤmnςʀmn

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 kcan be seen as the flexibility characteristic 
ŸŉШƣőĲШƚƓċĦĲШƣŔůĲШŔŰШΠШ?ШљÑŔůŸƚőĲŰťŸШƣőĲŸƖǃШŸŉШƣőĲШƚƓċĦĲШƣŔůĲњ

6
k
ψpὋ

ὧ
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ὔ

F=k d =>d=F

Equivalent 
flexibility of 
space-time

s=E e =>e=s



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

Principle 4:
fŰШĦŸŰƚĲƕƨĲŰĦĲƚШŸŉШƣőĲШƓƖŔŰĦŔƓũĲƚШΝШƣŸШΟЯШƣőĲШEŔŰƚƣĲŔŰќƚШŉŔĲũĬШ
equation can be seen as a Hooke's law in 4 dimensions:

se
ρ

Ὁ
=

Weak field case

Ὤmn ςʀmn
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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 energydensity and theǃŸƨŰŊќƚmodulus 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 Ὤmn (polarizations) can be read as the component of
an associate strain tensor

9David Izabel GDR GDM 28 06 2024

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
10David Izabel GDR GDM 28 06 2024



Å2.1) Based on classical general relativity of gravitational waves  - Basic 
polarizations and strains in transverses planes т

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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Å2.2) Based on modified general relativity of gravitational waves  -
complementary polarizations and strains in the propagation direction т
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-CartanTheory and elasticity 
Theory (1/2)  - 3 intersecting publications

16

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
David Izabel GDR GDM 28 06 2024



Example of complementary polarisations with 
Einstein-Cartantheory 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-Cartantheory

Defect theory // Einstein-Cartan
theory

Defect theory // Crystallography

Plasticity

Law of passage inplasticity between Einstein Cartanpolarization 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 

isotropetransverse
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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-Cartantheory

Second order general relativity

Hydrodynamic and acoustic
Connectionbetween 
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 xzand yzadditional 

strainswe 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?
ÅThe different approaches to modify the general relativity converge all 

in direction of additional polarisations at A+ Ax

ÅBased 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 

ÅBut this third dimension is associated:
ÅFor Einstein Cartan-theory at defect theory so at plasticity in crystallography
ÅCƻǊ 9ƛƴǎǘŜƛƴΩǎ ƎŜƴŜǊŀƭ ǊŜƭŀǘƛǾƛǘȅ ŀǘ ǎŜŎƻƴŘ ƻǊŘŜǊ ŘŜŦƻǊƳŀǘƛƻƴ ƻǳǘ ƻŦ ǘƘŜ ǇƭŀƴŜ
ÅCƻǊ 9ƛƴǎǘŜƛƴΩǎ ƎŜƴŜǊŀƭ ǊŜƭŀǘƛǾƛǘȅ ŀǘ ŀƴ ƘȅŘǊƻŀŎƻǳǎǘƛŎ ŦƭǳƛŘ ǘƘŜƻǊȅ
For all several theories at complementary polarisation that are not measured 
until to day

24David Izabel GDR GDM 28 06 2024



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  
ÅGrain size thickness?

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

=> we keep this hypothesis

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

ÅòŸƨŰŊƚќƚШůŸĬƨũƨƚе
Å Following quantum field Theory  10113 Pa
Å Following gravitational Wave (R Weiss Nobel Prize lecture) 1031 Pa

=> we will extract Y of our models basing GR strains
ÅÂŸŔƚƚŸŰќƚШƖċƣŔŸе

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

26
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pass
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n =1 

Example of the clay

Same
differentn
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 
ǎǘŀǘƛŎ ŎŀǎŜǎ άǎŎǊŜŜƴ ǎƘƻǘέ ǿƘƛŎƘ Ŧƻƭƭƻǿ ƻƴŜ ŀƴƻǘƘŜǊ ŦƻƭƭƻǿƛƴƎ 
the arrow of time.
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Link between the metric tensor perturbation Ὤmn
and gravitation experiments

30

Ὤ

Ὤ ;Ὤ

Ὤ ȠὬ

Ὤ ȠὬ

Ὤ ȠὬ  

; Ὤ

Ὤ ȠὬ

Hypothetic new polarisations 
with Einstein-Cartantheory 

(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)
ÑőĲШEŔŰƚƣĲŔŰќƚШŉŔĲũĬШĲƕƨċƣŔŸŰШŔŰШƽĲċťШŉŔĲũĬШŔƚШĲƕƨŔƻċũĲŰƣШċƣШƚƣƖƨĦƣƨƖĲШ
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

31David Izabel GDR GDM 28 06 2024
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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 тframe dragging effect)

ÑőĲШEŔŰƚƣĲŔŰќƚШŉŔĲũĬШĲƕƨċƣŔŸŰШŔŰШƽĲċťШŉŔĲũĬШŔƚШĲƕƨŔƻċũĲŰƣШċƣШƚƣƖƨĦƣƨƖĲШ
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

 EìШÑŔůŸƚőĲŰťŸќƚШ
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)

ÑőĲШEŔŰƚƣĲŔŰќƚШŉŔĲũĬШĲƕƨċƣŔŸŰШŔŰШƽĲċťШŉŔĲũĬШŔƚШĲƕƨŔƻċũĲŰƣШat the 
Poisson equation that is equivalent in 2 dimension at 
membrane :

33

EŔŰƚƣĲŔŰќƚШĲƕƨċƣŔŸŰШŔŰШƽĲċťШŉŔĲũĬ

ÂŸŔƚƚŸŰќƚШĲƕƨċƣŔŸŰо ĲƽƣŸŰШŔŰШ
weak field

Membrane equation in weak 
field (Timoshenko )

David Izabel GDR GDM 28 06 2024



Consequence about the models that can 
reproduce the strain of the space-time
Consequence 2: Perpendicular at the plan approach
ÑőĲШEŔŰƚƣĲŔŰќƚШŉŔĲũĬШĲƕƨċƣŔŸŰШŔŰШƽĲċťШŉŔĲũĬШŔƚШĲƕƨŔƻċũĲŰƣШat 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)
ÑőĲШEŔŰƚƣĲŔŰќƚШŉŔĲũĬШĲƕƨċƣŔŸŰШŔŰШƽĲċťШŉŔĲũĬШŔƚШĲƕƨŔƻċũĲŰƣШat 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)
ÑőĲШEŔŰƚƣĲŔŰќƚШŉŔĲũĬШĲƕƨċƣŔŸŰШŔŰШƽĲċťШŉŔĲũĬШŔƚШĲƕƨŔƻċũĲŰƣШin 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)
ÑőĲШEŔŰƚƣĲŔŰќƚШŉŔĲũĬШĲƕƨċƣŔŸŰШŔŰШƽĲċťШŉŔĲũĬШŔƚШĲƕƨŔƻċũĲŰƣШin 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)
ÑőĲШEŔŰƚƣĲŔŰќƚШŉŔĲũĬШĲƕƨċƣŔŸŰШŔŰШƽĲċťШŉŔĲũĬШŔƚШĲƕƨŔƻċũĲŰƣШin 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

David Izabel GDR GDM 28 06 2024



Consequence about the models that can 
reproduce the strain of the space-time
Consequence 5:spatial in 4D (classical gravitation)
ÑőĲШEŔŰƚƣĲŔŰќƚШŉŔĲũĬШĲƕƨċƣŔŸŰШŔŰШƽĲċťШŉŔĲũĬШŔƚШĲƕƨŔƻċũĲŰƣШin 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 Ὤ for Gravitational 
wave GW or space part of gravity prob B experiment 

Ὤ ȟ;Ὤ )
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Case1 : GW150914 - Coalescence of 2 black holes

42

Data

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

Ὤ 
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Case 1 : GW150914 - Finite element model of 
a truss (bars working in compression/traction)

43Mesh and loading Bar number and nodesDavid Izabel GDR GDM 28 06 2024



Case 1: GW150914 - Results obtained with 
arbitrary loading of 4 loads of 10 000 MN

44
Reaction on the 
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Case 1: GW150914 -Numerical application and 
comparison with the strain measurements

1) Calculus of the acceleration of the 2 masses

449688687m/s²

2) Calculus black hole mass

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

3) Calculus of the Force created by each black hole

2,91E+40N

4) Calculus of the torsion Torque applied 

2,91E+44N.m

5) Calculus of the number of planck sheets concerned

2,00E+39sheets

45

6) Calculus of the Torsion torque by sheet

1,45E+05N.m/sheet

7) Calculus of the corresponding forces applied at the model

6,05E-03N/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

David Izabel GDR GDM 28 06 2024



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

Ὤ 
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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 0,0833s
Thikness sheet (Planck) 1,00E-35m
Young modulus Y 1,00E+44Pa
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-29m²
Solar Mass 1,99E+30kg
Fictive force applied on the model 1,00E+04MN
Displacement longitudinal of the model 1,66E+00m
Displacement transversal of the model 6,66E+00m
Speed c 299792458m/s
Strain Measured value 1,00E-21

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

Order of magnitude 
OK
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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 q measured 
during the gravity prob B 
experiment at a cylinder 

of space in rotation 
inside an elastic medium 
(Torsion) and extract the 
ĦŸƖƖĲƚƓŸŰĬŔŰŊШòŸƨŰŊќƚШШ
modulus Y of the space 

time fabric to be 
corelated with gravity 
prob  B measurement

Ὤ ȟὬ 
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Lense-thirring effect: Part of Ὤmn=gmn concerned
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Case 3 : Approach 
1 - Frame dragging 
Gravity prob B 

Strain elastic 
energy

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

ǃŸƨŰŊќƚШůŸĬƨũƨƚ
ÅEstimation 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 
ƚƨŰШыΜЯΥΠњШŉŸƖШ ĲƽƣŸŰШŉŸƖШ
ƚƓċĦĲШċũŸŰĲШċŰĬШΝЯΤΡњШ
space time Einstein)
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Case 3 : Approach 1 тGravity prob B space 
angle via cylinder of space in torsion

Data Value Unit
Mass of the Earth MT 5,97E+24kg 39milliarc second/yearfor 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
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q

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
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Principle: we  transform 
the gravity prob B frame 

dragging  angle 
q  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)
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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-06rad
width of the mesh 6000000

2) Calculus of the Shear modulus of the space

7,50E+43Pa

3) Calculus of the equivalent torque at the imposed angle

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

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

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

5) Number of Planck sheets concerned

7,87E+41sheets 57

Data

Conclusion Y = 1044 Pa is 
an acceptable value for 

space strains
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