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2.1t 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) Batseé:lton rr][ﬂdified general relativity of gravitational wavescomplementary polarizations and strains in the propagation gtection Tisotropic transverse medium in sheets
connected to gather

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 theigg&recast and measured in general relativity

4.1)Models in planewith spatial component of strains (h for space associated atQ 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

5.1) Interval of special relativity

5.2) Mechanic transposition

5.3) Case of the light type interval and associated equation

PioNs WNIWt qWYnWagé WWIve cqRYUWHet RUNWYUW@6 WWG!I W2RYet WGYT WdWe URN! RUNW@ S WWT Rnni1dl 13U q W

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

7.1) Measure complementary polarisations and study of their shapes
7.2) Measure lateral motions of the interferometer in 3D
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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 Einstei€artan

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,
Confirm links between elastic analogy and genera
relativity in weak field by several fundamental
principles
Proposet 32 1J1 ¢ 0 Waq! GUWYn WNRE
models compatible with the strains measured
data of the general relativity
Look for via these adequate mechanical models
qéWoYaUNKkt WaYIl adet WU
variable) to find the different strains observed by
the different general relativity test experiments
(calibration of the models)

Ucd! t WWWaqd6 13t IWo Ye UNK {
a link between themt junction approaches in the
plane and perpendicular at the plane
Come back from analogy to physic to extract
potential didactic information's about general
relativity and predictiveinformations for physic
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1) Principles of equivalence
between the elastic analogy of
the space medium and general

relativity in weak field

G;.w = R,uv_ EQ;WR - KT;W

Angle 87G Energy

Curvature = =
Surface c¢* Volume



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

International Journal of Modern Physics
{© World Scientific Publishing Company

I rInCIpe 1 The Mechal of Spacetime — A Solid Me h Perspective on the

The fG ral Relat
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G,m' = R/n'_ Eg,m'R = KT,UV
Angle _ 8aG  Energy
X

Curvature = =
Surface c Volume

The perturbation of the metrlc tensor In weak neld S equwalent at a

strain tensor:;

Principe 2 :
The stress Energy tensor is equivalent at stress

o=, || @i R |

tensor (4d =>3d):
T.m' = PU Uy » Gij = PVilj.
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6 principles of equivalences between classical
relativity in weak field and general relativity (2/5)
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6 principles of equivalences between classical
relativity in weak field and general relativity (3/5)

Principle 4:
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eguation can be seen as a Hooke's law in 4 dimensions:
8l

1 T,e.!v

3

1 s* U 1
mZ X3 Ryy— =Gk + g5 = —

m2  kgm m y, C
. A FOUR-DIMENSIONAL HOOKE’S LAW CAN
Weak field case ENCOMPASS LINEAR ELASTICITY AND INERTIA
S. ANTOCI AND L. MIHICH
R lenG

a-l‘ « d' h- — I:‘ 1 —r T ABSTRACT. The question is examined, whether the formally straight-

ATV uv 4 jrat forward extension of Hooke'’s time-honoured stress-strain relation to the

C four dimensions of special and of general relativity can make physical

w motion approximation the

. sense. The four-dimensional Hooke's law is found able to account for
the inertia of matter; in the flat space, slow
h E E . . field equations for the “displacement” four-vector field £ can encom-
= —_ n P 3 P rl n I 2 pass both linear elasticity and inertia. In this limit one just recovers the
rv nv 2 nv rl n CI pe C pe equations of motion of the classical theory of elasticity.
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6 principles of equivalences between classical

relativity in weak field and general relativity (4/5)

Pramana —J. Phys. (2020) 94:119 © Indian Aca o International Journal of Modern Physics
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6 principles of equivalences between classical

T G Tenev*
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Principe 6 :

International Journal of Modern Physics
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an associate strain tensor
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2) Consequence of these 6
equivalence principles on the
characteristics of the
equivalent elastic medium

associlated at the space time




A2.1) Based onclassical general relativity of gravitational waves - Basic
polarizations and strains in transverses planeg

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

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

Under gravitational 0 0 0 E 0 D
wave +1 0 Vo
h,, = A, cos (; (ct — z)) — Exy(a,) = A cos ( (ct — z)

0 0
0 0 -1 0
0 0

«Sheet of particles» Nothing

inz

created by dynamic
screen effect by GW

!

1, = Ay COS (% (ct — z))

Isotropic
plane
Gravitational wave

y
.)*Z Nothing in z for thestrains [

N\

An elastic medium made of
independent sheets

4 Wave length




Classical General relativity

Law of passagm elasticitybetween classical general relativity an
the associated deformation tensors 2 - via continuum mechanic

Before deformation 28" (in mechanics) - h*" (in GR in weak field)

For a polarised wave A,:

hyy = A-cus(‘ztrl -
P

Pure mechanical
Torsion strain
tensors

avec la cow: 0=0

Oy=T Oy =~T

NoO connection

h v =A+ 2( t— )
o= A, cos (L(et = 2) between the sheet

(30b)

X

Test mass

Ligo/VIRGO
X X

1

Elastic space medium
made by a sandwich of
thin sheets

Imply for a mechanical model of
0 0 0 0 medium made of stacking of thin
w 1 0 o
= Avcos (2= [0 5 sheets : space isotope transverse
0 0 0 0

anisotropic ofspace
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earth

Position of the shear wave during
the time (speed c), torsion of the
sheets of the space medium



Numerical gravitation in 3D confirm the field of stral
deformation/force (thin shell/thin sheet + screen effec

SciDAC 2007 IOP Publishing
Journal of Physics: Conference Series 78 (2007) 012010 doi:10.1088/1742-6596/78/1/012010

Journal of Physics: Conference
Series

OPEN ACCESS

Binary black holes, gravitational waves, and
numerical relativity

To cite this article: Joan M Centrella et al 2007 J. Phys.: Conf. Ser. 78 012010

Torsion of space

Equivalent Sheets of space of
Figure 5. Contours of gravitational radiation for the merger of equal mass binary black holes. identical graVity/ strains

The radiation amplitude is denoted by the colors, increasing from red through orange and into
yellow. (left) just before the black holes merge (right) shortly after the merger.
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A2.2) Based ormodified general relativity of gravitational waves-
complementary polarizations and strains in the propagation directiorr
Isotropic transverse medium in sheets connected out of plane to gather

B w 4 e

Tor Yy v This time there are some
A possible strain inz
Complementary /\ s
polarisations ! th g, ‘ Sy
Longitudinal Vector X Vector y

15
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Approach 1: Einstei@artanTheory and elasticity
Theory (1/2) 3 intersecting publications

ConneCtIOn between the EInSteI n- Einstein-Cartan theory as a theory of defects in space-time
Cartan theory (general relativity

M. L. Ruggiero® and A. Tartaglia!
Dip. Fisica, Politecnico and INFN, Torino, Ialy, I-10129

m O d Ifl e d Wlth g e O m et“ C to rS I O n The Einstein-Cartan theory of gravitation and the classical theory of defects in an elastic medinm

are presented and compared. The former is an extension of general relativity and refers to four-

added in th e Rieman n tenso r) and dimensional space-time, while we introduce the latter as a description of the equilibrium state of
defect theory plastic crystallography

a three-dimensional continunum. Despite these important differences, an analogy is built on their
common geometrical foundations, and it is shown that a space-time with curvature and torsion can
be considered as a state of a four-dimensional continuum containing defects. This formal analogy is
useful for illustrating the geometrical concept of torsion by applying it to conerete physical problems.
Moreover, the presentation of these theories using a common geometrical basis allows a deeper
understanding of their foundations.

~0 arlsa_tlon O OVYlﬂg the Gravitational Waves in ECSK theory:
propagatlon direction of the Robustness of mergers as standard sirens

gravitational wavein the case of and nonvanishing torsion
Ei nStei n-Cartan th eor Emilio Elizalde!* . Fernando [zaurieta?t @ | Cristian Riveros Gonzalo Sz\lgado25

and Omar Valdivial-451

Ear Phys. 1. C (2021) 81:67 THE EUROPEAN L)

Nonlinear Passage law between the B — PHYSICAL JOURNAL C %
perturbation of the metric in Einstein
Cartan—th eo ry an d e q u ival ent st rai ns Non-linear plane gravitational waves as space-time defects
Of th e m e d i u m F. L. Carneiro'®, 8. C. Ulhoa®", LW Mnluf""', 1. K. da Rocha-Neto

! Instituto de Fisica, Universidade de Brastlia, Brastlia, DF 70010-070, Brazil
2 Imemational Center of Physics, Instituto de Fisica, Universidade de Brastlia. Brastlia, DF 70010-000, Brazil 16

DaVld IZabel G D R G D M 28 06 2024 * Canadian Quanium Research Center, 204-3002 32 Ave, Vemnon, BC V1T IL7, Canada




Example of complementary polarisations with
EinsteinCartantheory in link with defect theory

Einstein Ry - LRgo =Py Z (2/2) Non linear passage law (plasticity)

2
- components
ar an C d cor d C
T o +9.ST T, — g, Ty =KC
b a © bd b 7 ad ab
theory appears -
H/A  —\2a/A —V2mjA  HJA 0 0 A sin ¢
ab _ oy b 1| =Vama 0 0 —Vam/A - 1 V2]
_ ., p® 0 @) 0] @2) o2) eh=eielen =3 ' £ T3 0 0 = €08
Pap =poyFay” T Poolfay,” TPwba,” ¥ Poyfay ¥ Paofar 1 Poolab —Y2a,/A 0 0 — V2 /A pA
With as basis of polarizations: H/A —VEmfA —VEEI;,"A H/A %sinq‘) _% COS(J") H/A
000 o0 00 0 0 P P
w_tlo1 o0 o poo_L{o 010
. ab TZ\0 0 -1 0 ab ~ 510 1 0 0
Corresponding 00 0 0 0000
- . 00 0 0 00 0 0 . . : .
polarisations P?:%(g 1o 3) po_Lfo 0o g) Strainscomponent in the 3 directions
“ 2 “ 2
000 0 00 0 1
(GR pol+4 pol)
00 0 0 000 0 . o ) o .
(m)_i(g 0 0 1) P(yz,:i(o 0 0 0) Which corresponds to pure torsion in the mechanical sense of the term studied in this thesis:
ab T F\0 0 0 0 ab 710 0 0 1
010 0 0010 0 0 o0 0 0 0 0 0
1 1
E{(;))_,_ 0 & 0_ 0 83;))_)_ 0 0 &, 0
vzZi0 0 —&y 0 VZi0 &« 0 0
re59. ¥ @ y @ 0o 0 0 0 0 0 0 0
T P But taking into account the torsion in the sense of Einstein Cartan potentially generates other types of
i | he ! deformations and constraints concerning for the last 3 in red the direction of propagation of the wave
, L e x Vv x
; N | A (z here).
- N :
N /,’ . .
i " 0 0 0 0 00 0 0
ar 4 @_ 1[0 & 0 0 o _Lf{oo oo
£ = — - —
Xory_p —> ab 2 0 0 &y 0O ab " >\0 0 0 O
e S, : N ’ N
; %‘4(’ AV ARG ey, 0 0 0 0 00 0 o0
N4 ; e 1[0 0 0 & o) 1fo 0o o o
N\ | A L s “ab N 0 0 0 ab 5|0 0 0 & 17
0 0 0 0 0 &y O

Longidinal — Vector x Vectory  Dajid Izabel GDR GDM 2 06 2024 o




Noninea lane Grvitatons Wave 3 Spcetime Defects Law of passage plasticitybetween EinsteirCartanpolarization and
ol 8 € U Nl ) s o the associated deformation tensors 3 - via the theory of defects Additional

nstituto de Fisica, Universidade de Brasilia

70.919-970 Brasilia DF, Brazil

International Center of Physics, Instituto de Fisica,

deformation
directionxz
andyz

Universidade de Brasilia, 70910-900, Brasilia, DF, Brazil
SCanadian Quantum Research Center,

204-3002 32 Ave Vernon, BC VIT 2L7 Canada

Abstract
We consider non-linear plane gravitational waves as propagating space-time defects, and construct the
Burgers vector of the waves. In the context of classical continuum systems, the Burgers vector is a measure
of the deformation of the medium, and at a microscopic (atomic) scale, it is a naturally quantized object.
One purpose of the present article is ultimately to probe an alternative way on how to quantize plane

gravitational waves.

Continuum Mechanical in plastic

Non-linear plane gravitational waves and space-time defects share many features. Both field

configurations (i) are established over a flat space-time background, (ii) induce a local deformation

Equivalent

in the background geomelry, (iii) may have an axial symmelry (along the z axis, for inslance), (iv)

may have a singularity along an axis (the z axis, for instance). Therefore, it is possible to define

EinsteirCartan Polarisations , - |
and evaluate the Burgers vector for non-linear plane gravitational waves. The Burgers vector in a

The first two terms are those of general relativity giving the two classical polarizations as measured by crystalline lattice or inside a metal determines the nature of the defect.

Ligo/Virgo. i .
. 000 0 . 000 0 269] CarneiroF L,UlhoaS C,Maluf J W, da Roch#&leto J F (2021) «Natinearplane
w_1(o 10 o _1fo o010 itati i i
By = \/E(O o D) P \/5(0 Y 0) gravitationawavesasspacetime defects EuropranPhysical Journal C 81 67
00 0 0 0 0 0 0O
Which corresponds to pure torsion in the mechanical sense of the term studied in this thesis:
0 0 o0 0 00 00
£(+)%i 0 &. O 0 g(x)%i 0 0 &y O . .
ab — ab
VZ\0 0 —ey 0 VZ\0 e 000 Reconstitution of an

But taking into account the torsion in the sense of Einstein Cartan potentially generates other types of . . :

deformations and stresses concerning for the last 3 in red the direction of propagation of the wave (z eq u IVaI e nt 3 D m ed I u m

here). 0
ISotropetransverse he sheets

0 0 0 00 00
110 0 0 10 0 0 0
by = Exx m -
fr Tl0 0 &y 0 b7 Flo 0 0 0
0o 0 0 0 0 0 0 &,
0 0 0 0 00 0 0
xz)  L[0 0 0 &; wa 1[0 0 0 o0 . -
@ "o 0 o o @ 2Floo 0 & Plasticity
0 & 0 0 0 0 & 0

Polarisation associated with Defect theory // EinsteirCartan

Defect theory // Crystallography

EinsteinCartantheor theor
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Approach 2: Other general relativity modified

Not only EinsteinCartan theory allows h "
to have complementary polarisations t eorl es

Theories Polarization modes Theory + X x y | B L
Metric f(g) gravity A+,A X, breathing, longitudinal
Palatini f g, gravity A+, A X, General relatvity Yes | Yes | No | No | No | No
Scalar tensor theory (massive) A+,A X, breathing, longitudinal _ :
Brans-Dicke theory (massive) A+,A X, breathing, longitudinal GR in noncompactified 4/6D | Yes | Yes | Yes | Yes | Yes | Yes
Brans-Dicke theory (mass less) A+,A X, breathing : )
Minkovski
Einstein/Aether Yes | Yes | Yes | Yes | Yes | Yes
On the Polarization Gravitational Wave Polarizations: A test of General Relativity usinJ 5D Kaluza-Klein Yes | Yes | Yes | Yes | Yes | No
of Gravitational Waves Binary Black hole mergers
Randall-Sundrum braneworls Yes | Yes | No | No | No | No
Di tati Thesis by A N
eertaten Sudhi Mathur Dvali-Gabadadze-Porrati Yes | Yes | Dep | Dep | Dep | Dep
Erlangung der naturwissenschaftlichen Doktorwiirde
In Partial Fulfillment of the Requirements for the bl‘aIleW'Ol'd
(Dr. sc. nat.) Degree of
vorgelegt der Bachelor of Science. Physics - — —
_ _ _ . Brans-Dicke Yes | Yes | No | No | Yes | Yes
Mathematisch-naturwissenschaftlichen Fakultdt
der
Universii Zisich F(R) gravity Yes | Yes | No | No | Yes | Yes
Bimetric Theory Yes | Yes | Yes | Yes | Yes | Yes
Lionel Antoine Philippoz
Leytron VS
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Approach 3. General relativity iIn second ordet

Gravitomagnetic induction in the field of a gravitational wave

SeCO n d O rd e r g e n e ral 1e Matteo Luca Ruggiero®

o . .. Xiry = Xo + == A*[1 = cos(oT)| (¥ - Z§)
E IaStICItv SOI Id re I atIVIty aISO fo re Cast de 1ea ) Via Carlo Alberto 10, 10123 Torino, Italy and

- "d o o . . + E?AKS'U’IECDT)Z'JYD INFN - LNL , Viale dell’Universita 2, 35020 Legnaro (PD), Italy
LEETLECIE R | strains in z direction

At A*
Yy = [1 - TSin[(oT)I ¥y + - [1— cos(@T)]Z, Abstract

The interaction of a plane gravitational wave with test masses can be described in the proper

Dipartimento di Matematica “G.Peano”, Universita degli studi di Torino,

22)

le ) ) ) ) A ) )
+ E_’q+ ICOE (OT) -1 ]XD Yl] detector frame, using Fermi coordinates, in terms of a gravitoelectric and a gravitomagnetic field.
c

We use this approach to calculate the displacements produced by gravitational waves up to second

Gravitational Wave _ 1O sintemX, 2,
2¢

polarisations Associated
Atand A* and Transposition via Fermi | '

i . : elastic _
combination of these coordinates & . e

o medium &
polarisations VA

E@ — —gg(® |E(l} | @l

244
E® = —pp® - 222

Classical general relativity
in

2" order gravito-
electromagnetism

dix
a7

E=F%4+g®

— ~—~8x 1072 f

, , E@] ¢ 2 4km/ \1000Hz
c R o

¢ =—— Roi; (Mxxr — & Roivjm (MXXXx™ . .

2y = Il +?sfn(c)T)IZu +7[1 —cos(oT)]Y;

? #2241 - cosCoTae Motion of the test mass out
1 . w :
‘1’(1) = _ETH ms(ﬁﬂ")(yz - sz — 2A4%sin(eT)YZ]Y Components of the gravitational force in the field of —%E A*sin(oT)X ¥, Of the tran Sve rse plane

C

a gravitational wave

2
| c -
% == Roug; (NX'X/

6= #0440

D. Baskaran} and L. P. Grishchukti$
{ Department of Physics and Astronomy, Cardiff University, Cardiff CF24 3YB.

United Kingdom
 Sternberg Astronomical Institute, Moscow University, Moscow 119809, Russia

Test mass

Abstract.
. Gravitational waves bring about the relative motion of free test masses.
G rav I to The detailed knowledge of this motion is important conceptually and practically,
because the mirrors of laser interferometric detectors of gravitational waves are
essentially free test masses, There exists an analogy between the motion of free
L] masses in the field of a g tional wave and the motion of free cl s in the field
| r m n of an electromagnetic wave. In particular, a gravitational wave drives the masses
I in the plane of the wave-front and also, to a smaller extent, back and forth in the
direction of the wave's propagation. To describe this motion, we introduce the
notion of “clectric” and “magnetic” components of the gravitational force. This
analogy is not perfect, but it reflects some important features of the phenomenon.
Using different methods, we demonstrate the presence and importance of what
we call the “magnetic” component of motion of free masses. It contributes to

the variation of distance between a pair of particles. We exp derive the
full response function of a 2-arm laser interferometer to a gravitational wave of
arbitrary polariz: We give a description of the response function
in terms of the spin-weighted spherical harmonics. We show that the previously
ignored “magnetic” component may provide a correction of up to 10%, or so,
to the usual “electric’ component of the response function. The “magnetic”
contribution must be taken into account in the data analysis, if the parameters 20

David Izabel GDR GDM 28 06 2024




Approach 4 : General relativity by
hydrodynamic approach (1/2)

c the speed of sound relative to the fluid,
v the speed of the moving fluid,
n the unit vector,

We can therefore write with respect to the laboratory that the sound ray propagates with respect to

the fluid at a speed:

dx — vdt = endt

Either by defining: n? = 1 normalization condition that defines a sound cone:

—c?dt? + (dx —vdt)? =0

Or by expanding the expression below:

—c2dt? + dx? — 2vdxdt + v3dt? =0
[vz - cz]drz +1dx? — 2vdxdt =0

So, we have a metric of the following form:

g= _Qz [[vz _ Cz] —“UT]
—v I
Q) a function
| the Identity matrix 3 X 3

In the case of the fluid dynamic the metric becomes:

P
c

—[ar:2 — vz] —v
—v I

g;w{ tx) =
Wit | = [I] the identity matrix.

David Izabel GDR GDM 28 06 2024

T

Parameter

Classical theory of the gravitational wave
(see appendix A of this thesis for the
proof)

Analogy acoustic binary in a fluid in
movement (Aeroacoustic quadrupole)

Expression of the strain
h generated by the
binary on the medium
(transverse stain)

Transverse component

_ k¢ d* r
TT _ FTT _ ™
Bje = Iy = 4mrcot de? ¥ ( 60)

Magnitude of the metric perturbation see
Formula 3.27 [250] with k=87

Strain in the direction
Longitudinal
(propagation direction
of the wave)

Acoustic wave on a
fluid in motion can
recreate the behaviour
of the gravitational
wave with also z
direction strains

( ¥+ 1) « fd(l) (:Z: t)

Does not exist we suppose in general that
space is a incompressible medium

Longitudinal component

Dﬂhlm*(:zr t) =0

0 0

o t
(3 ,)X/d(l)(z )

_ g
2 P,
- 0
h_m'(zr t) = 2
0
—v(y(zt)

(3-9 FwEd
0 2 Po

o

If compressible medium of density p in a
linear theory with specific Newtonian gauge
at higher order of the compactness of the
source that imply that an additional
compression wave is possible.

2
‘hig CJZE(QD) |ETT

00ln,  5\2¢,/ 'k
Magnitude of the metric perturbation see
Formula 3.28 [250]

—v(h)(2,1)
0
O -
(3-9 Pt
3-7 Fa
5 > 121




Approach 4 : General relativity by
hydrodynamic approach (2/2)

Technische Universitit Berlin
Fakultit V - Verkehrs- und Maschinensysteme
Institut fiir Stromungsmechanik und Technische Akustik
Fachgebiet Technische Akustik
Sekr. TA 7 - Einsteinufer 25 - 10587 Berlin

Acoustic analogies with general relativity,
quantum fields, and thermodynamics

Drasko Masovie, TU Berlin, 2018 (last update: August 15, 2022)

DB: Pside O.xy.N5
Cych: 560128 Time: 135027
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Space time is model by a dynamic fluid

and the acoustic wave model
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EinsteinCartantheory

Synthesis of the Modified Genera
relativity

Longitudinal
polarisation

Second order general relativit

Hydrodynamic and acoustic

Other general relativity

modified

oorR o (=Nl e
=]
=]

[l =]

0 0 0 0 0 0 O
P§;>=iz(8 0 8) p;p:%(g o1 8) strainswe obtain a coheren
0 0 0 0 O

If we read the additional
component of polarisation
as xxxzandyzadditional

3D material

6 Equivalent
0 0 0 .
Pgﬂ;é(g 0 o elastic
@ Medium
| Strainin the
“llongitudinal
direction
Z
T (t _ E) Connectiorbetween
4 24
- i Rc* dt c the sheets
j%:;;;}:l;:% Y Y: Y:s Yes | Yes | Y k G dz r
it s s WD = h ==l ( - —)
1523:;11; Y Y No | No | N No 471T'C dt CO
Ig:bgrtiadze Yes | Yes | dep | dep | dep | dep c 2 QD 2
soc TR O O RS _ 2 ( ) at7|| Compressiomstrainin the
s S s 7Q,  5\2¢y/ T longitudinal direction”

David lzabel GDR GDM 28 06 2() it



What are the message of the different
tentative of modified general relativity?

AThe different approaches to modify the general relativity converge all
In direction ofadditional polarisations at A+A

ABased on the principle 1 between the polarisation and the strain,
these approaches allow to «rebuilda<3 D medium with sheets of
space connected together

ABut this third dimension is associated:

AFor EinsteirCartantheory at defect theory so at plasticity in crystallography
AC2NJ 9AYAaAlSAYQa 3IASYSNIft NBfFGAGAGE |
AC2NJ 9AYalSAYyQa ISYSNIf NBEFOGAQGAGE |
For all several theories at complementary polarisation that are not measured
until to day



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

A Grain size thickness?
hutps://doi.org/10.1007/512043-020-01954-5
A Te n eV and H 0 rSte meyer - 1@5m The Mechanics of Spacetime — A Solid Mechanics Perspective on the
' ™ Theory of General Relativity

. Cnock for
A Quantum gravity : 163 m =
A Stn ng th eory . 1035m Mechanical conversion of the gravitational Einstein’s constant «

> k t h - h th - IZABEL DAVID
- We e e p I S y p 0 e S I S Brazilian Journal of Physics, vol. 35. no. 24, June, 2005
Emerging Gravity from Defects in World Crystal
H. Kleinert
Institut fiir Theoretische Physik, Freie Universitit Berlin, Arnimallee 14, D14195 Berlin
Recerved on 25 January, 2005

A Structure in sheet by screen dynamic effect under gravitational wave? ; ::,jﬁ,, 2
A Tenev and Horstemeyer : hyper surface e, \ b E4
. . o e~ Elastic constants: " /_/// "
AoYaUDt kt WaYT alete o _ _
A Following quantum field Theory 18%Pa Y =6c'/2nhG", v =1 Ligo gno! the Discovery of
A Following gravitational Wave (R Weiss Nobel Prize lecture)3@®a Gravitational Waves, |
=> we will extract Y of our models basinGR strains  RainerWeiss Lecture | e o fecomsieay (a1, Cambrie, M, UsA

A AYRt + YUKt W ¢ al RY e The power per area in the wave is proportional to the square of the rate
A Tenev and Horstemeyem=1 compatible with strains of change of the strain times a gigantic factor which tells that a small
measured in the interferometers amount of strain in space is accompanied by a huge amount of energy. In

other words, it takes enormous amounts of energy to distort space. One
way to say it is, the stiffness (Young’s modulus) of space at a distortion

f f 100 Hz is 10® larger t] l 26
David Izabel GDR GDM 28 06 2024 frequency of 100 Hz is 10 larger than steel.




Conseguences => pass [SOtropy =>non isotropy
of the medium? Limit validity analogy?

Direction of the gravitational
waves

Y Gravitational wave “X a) Inthe LT plan (x,y)
For Young's modulus Y=E:

Space '.ua-n‘

Planes deforming
independently of

For the Poisson’s ratio:
each other

: B S ey
(Vg=vy,=0) R & VrL = Wit
TN 21 E,
vK<1=0? 2(1+ vip)
Virgo 2018
b) InLN (xz) and TN plans (yz)
For the Poisson’s ratio:
VNT = VNL
Y = WA
LN = YIN
For shear modulus:
Gry = Gy
For the following key relationships between Poisson's ratio and Young's modulus:
et | INT _ VN
David Izabel GDR GDM 28 06 2024 Ex E, 27




Analogy of the spact

Plan- medium behaviour gravitational wave
Isotropeq 4 as clay in sheets

‘ Plan

isotrope
z
* 21 / Onde gravitationnelle

\V

Space under

I
w0 s Same
v differentn y
1 Vhh Voh ] -
= T 5 ratio as spage

h h v 0 0 0 . 7

. R time
En = Exx h h v 0 0 0 - Op = Oxx - H X
n=oy| | Yw e 1 o=y | | following
&, = & oy, = G, .
Siv _ ;z _ Ey Ey L, . O_huv _ ;;Z dlffe re nt

w VZ
~ = c 0 0 = H H
Shy — Sxz Ohy = Oxz . . .
= 0 0 o e P direction Necessity to have an anisotropic model of space to
. . . | .
000 0 5% 0 be in accordance with the Poisson's ratio v=1
0 0 0
o o Ltvm Horstemeyer Poisson’s ratio v =1
Ey * We demonstrate based on 3 different approaches:
Example Of th@lay First Approach: Analysis of the Movements
Ré&férences E, E, Vo Vi Vi Gy of Particles Positioned in Space on a Circle Checked on

| e | o o] e e e
Résultats 400 500 0.4 0.8 0.6-1.0 - = W arms of Virgo
expérimentaux Second Approach: In the z Direction, - B
Proposition 280 500 0.3 0.3 0.54 130 the Gravitational Wave is a Transverse P ;‘/. +)2ﬂ —p h= (T+v)(1—2v)
pour le modéle Wave and is Not a Compression Wave !

. “onsequence 2 o4 Approach: Based on Available Datas Consequence 1 ~ Transverse shear wave
anisotrope P B : o E implies v = 1 (outside the
Francois et al | 200 400 0.125 0.125 - 178 ‘ rme T eyt RRETEE range -1, 0,5) so we have to
(201 2) Imply also a behavic?ur of space as a some Continuous conﬂde:;r;iaur;lnsotroplc
Bernier et al | 300 300 0.125 0.125 - - of plans deformed independently during medium?

the passage of the gravitational wave
(2007)
Yu et al (2013) | 700 1400 0.125 0.125 - 28
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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

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 spatime to a sum of equivalent
a0F0AO OFrasSa GaoONBSYy aK2ié¢ gKAOK F2ttz2g 2vy
the arrow of time.



Link between the metric tensor perturbati®@p n
and gravitation experiments

Mewton Gravitation

Curvature =

G/IV = R,uv - Eg/lvR = KT//V

Angle _ 8aG  Energy
Surface  c*

Volume

Gravitational wave polarisation A
18/7 00,k =0h =- %1 _o
Ag = dntp gf/)@ngﬁ v = Ty + h,w S rr ct W
s )
Einstein in weak Field /70/? /Ogaf)d
2 86
Ahge = 0—25(3’: o Lec

Gravitational wave

polarisation 4™
Lense Thirringframe dragging and geodetic effect
0°x GMowl*[4x* +y* —2z°0dy 12yzdz] GMx j Gravitati | th bl
-2 s 2 3t 52 3tl 32 1 raf\.flta-tlona jwave-.wn possible new
polarisations (Einstein-Cartan theory etc)
3’y GM ol*[4x* +y* - 27% Ox N 12xzadz] GMy |/
atz 1% r |5 r? at  5r% at| r*r |
Hypothetichnew polarisations
| ﬂzz

2 xa_y_ ﬂ_x
oz _GMol|1227 5t~ Yor N
ﬂtz ‘rz T T gm,,‘,-mf,“:[g —01

with EinsteinCartantheory

¥ o 0 (geometrical torsion)
7'57:’?{1 : GT ZokM
3 1 ir'osindsing’ —ir'wsindc
T, =p (ﬂ) ir'osindsing 0 0
woo\ds/) | —ir' osindcosd 0

2kM  4kMly 4kM Lx
S+ Sl il 0
_4kM Iy 2kM
i—aol -1-— ) 0
_|'sr e r il
4kM Ix 2kM
—ie——al 0 -1-— 0
5r 12 v
2kM
0 0 0 -1-—]
r

0 0
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Consequence about the models that
reproduce the strain of the spatene

Pramana - J. Phys (2020) 94:119 © Indian Academy of Sciences

https://doi.org/10.1007/512043-020-01954-5

Mechanical conversion of the gravitational Einstein’s constant «

N 6

INn one or two dimensions in compression/traction:

~| Consequence 1:In the plane approach
IJWWE RU{ a]IJRUKi Wn RIJGT WWhe ¢ qRY UWRU

Source NASA

NEW

ElmS

VN

Normal effort dn® 2 U 2 U s U
Nixy dx ES" L ¥s'L kgm m
General relativity R 1 B4 8nG T 1 52 u
v S Gy A= — uv —S =T X3
S e c? m?  kgm m?
El.m
]
—= S
' |
[ 1
Direction Z of the
gravitational wave Figure 105b above llustrates the poragraph sbove. )
et Sclwaczchid s 100k
Conlesence of e 2
Ligo/Virgo / A 2 ” ki
; (P/”T{ D
. y Elastic space medium
Y made by a sandwich of ?Lx;‘!:tlm‘;l;n
y thin sheets

*David |zabel GDR GDM 28 06 2024

Position of the shear wave during
the time (speed c), torsion of the
sheets of the space medium

Earth

The geometry of the model is given at the figure 106 below and the mesh at the figure 107 below (F =10000 MN).

11414 ss

T T A modeled by 4

— A

Torsion created by

black hole

forces to keep
T A symmety of the

—

elastic model

L R

—g

60 000 Km

43 s
A L A A A A o
60000 Km 3 5 ,|

Figure 106: Lattice geometry and loading modeling the space sheet of thickness of the order of magnitude of Planck-
P )
G A Blocking displacement x and y

——
.}ﬁmﬂlﬂn

Az = £, x 7= 1075 x 6000000 = 6.0 x 10~ °m?
Y =3.0x 10°*MPa (3.0 x 10%Pa)

©  Hinge

E. = —10000MN
E, = —10000MN



Consequence about the models that can
reproduce the strain of the spatee

onsequence 1:In the plane approach space put in torsion

N6 WWERUt qURUKt WnRUGT Whe ¢ qRYUWRU
in one or two dimensions in compression/traction: E1 WNRUYH GNU

model of truss of beam

7
o r A A A A A A A A i"‘;‘ﬁa‘l‘l‘
A7 ° ¥ f 7 A
Py A ° N A G ¥
o ST
/@@/ 5 & o o o o ' A
s ,
e 7 SS8<
iz, space = Qipace “?e/ | o i PN
e ST L
A ? L 2

s e e e e e

of Planl cred o5 Gorsian b the rot d | I IA A L A S
Space Til'ﬂ:fff;g?g chaggi.ng Gyroscope . fizure-?: Space twisted by the rotation of the Earth— ‘< o — 6000 I%m - .(

120 it Frame dragging: thEarth by 4 s
fyear (studied here)- \ - & O  Hinge
) . . iy Ay =€ x 1 =107% x 600
594 Sense of Earth ItS rotation dra%s space b
eodetic ffect (corvatwey % David Izahel GDR GDW 28 06 2024 | £ = ooman 32
183 il scsccond yea horizontallyimposed strain ) —




Consequence about the models that can Yt
reproduce the strain of the spatee

Conseqguence 2: Perpendicular at the plan approach (issica gaviaion)

N6 JWERUt qI JRUKY WNnRIJGIT W heattopR Y U WWR U
Poisson equation that is equivalent in 2 dimension at
membrane :

ublis
2017) 012003 doi: 10, 1088/1 742-6596/845/1/012003

ERUt qURUK T WIJ e d

2 816G .
Ah o0 — {_—z ﬂ-ﬂﬁ = ?Pf' Introducing surtface tension to spacetime

}\ Ia Y U K LIJ'J ol ar ffice 11, 140 E. L 5
e C Koppa Research, Office 11, 140 E. 4th Street, Loveland, CO, USA 80537
T ation in the surface tension model of spacetlme

2
M Gravitati
— ﬂh = ﬂﬁﬂ = .:l.ﬂ'[;p IARD 2020 10P Publishing
2 00 Journal of Physics: Conference Serics 1956 (2021) 012004 doi:10.1088/1742-6596/1956/1/012004
H!
1Offi

Perko?
ce 14, 140 E. 4th Street, Loveland. CO, USA 80337

field (Timoshenko

1 ’32“’(1’;}’:} . ﬂzw{x-ﬂ]

1
—Aw =—
L L dx? dy?

= i e M Dark matter and dark energy: cosmology of spacetime with
ES AL % L2 surface tension

David 1zghel.;;DR GDM 28 06 2024 33

Curvature (1/R)*= flexibility (1/ES=1/N) x energy density N.m/m?




Consequence about the models that can

reproduce the strain of the spatene ... =

Surface c Volume

Consequence 2: Perpendicular at the plan approach
n
Dy 3D Space 4D Spacetime
du’ 1I’:'._-" Ju! 1 o au®y E 1
— ! ) 1 + H o o . .
S 2T T) 2 ) o _ Energy o _ Energy
, Lraut | ou2 uly () Surface Energy =9 = ———— Surface Energy =0 = ———
| O =t |{, (5:2)| 47’ - Area - Volume
a du N duM| 4ot aur Lpguop?
Fre ] |(J ”J_ e 2 .u: dx o . ) Force  Energy /L o . ) Force Energy /(L
1 o 1,, . R Surface Tension = =0 Surface Tension = =0
+’—] -3 (%) {’—)| dr’ EL:II _ 4 du |{’ dr’ Width  Area JL Area  Volume /L
S s dimensions [14]. Since # and /5 are dummy indices, one can change indices such that Dg =
‘\@' ‘@ (@9 \?i \Q// (@) Metrlc [ ] ﬂ Y 2! _ngw

D Gav F Dyv- Hence,

D T | ink with GR
CNONCNCONONC

; = The rate of deformation tensor with two covariant components is the Einstein Tensor given in [14].
@ @ @)
@ © © @ © O) @
A~ ~ _ _ ) - ) Returning attention to the constitutive relationship (5), it can be seen that,
®©®® ® ©@©®®® ® e e L oup\ (duo\| 4 s
S @ S 8175\ ox, Tax,) ~2|\G 3 T rdoh peocp D
CNONONO ©@@©@®®® 2\0xg  dxq) 2|\0xq/ \Oxp e Of = G 5.
(a.) (b.)

Contracting the elasticity tensor, moving it to the stress energy side, and inserting (13) yields an equation

. - L . . . . . closely analogous to general relativity,
Figure 2. Probability Density of Interacting Particles (a. in continuum, b. with boundary)

1 1 1
— v 1 a _ _4
0 uv|= E\gp:vg# L,9— ERQ;W T Cf =Ry ZRg‘“' (14)
except the Einstein constant from [15] 1s replaced by a symmetric nondegenerate anisotropic elasticity
tensor,
anl,> 0 0 0
PERKO approach 1o o
a _ pva _ 2
g =9wC =4 o 1 o (15)
0 0o 0 1
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Figure 3. Hypersurface Stretched Across a Wire Frame Window with One Moveable Side
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Consequence about the models that .4
reproduce the strain of the spatene

Conseqguence 2: Perpendicular at the plan approach (
N6 IJWERUt qqJRUKY Wn RIJGT W hueattopAPyidddtR U Ws
equation that is equivalent in 2 dimension at membrane

e

_Pw(x,y) Pwxy) gu 1

dx? dy? T R
NEW

w(x, ¥) The Vertical displacement of the membrane in m.

Aw

NEW

Curvature effect on space time
by the Earth imply increase of
Earth radmus of R-r =f=1.47mm

T=N/L The force by meter along the membrane in Newton/m

M Equivalent
_Pw(xy)  Pwxy) I 1
M e T oy gsAL R : & C t
L2 Tension of the urvature
| Pwixy)  Fwxy)| 1 (om) x L EEEUTEIRTIENE ) g of the
Q membrane

1 1
—Aw = — ke
L L dx? dy? ES AL % L*

1L The mass by square meter of the membrane in kg/m”

Equivalence of the geodetics angle
B with the angle B° of the parabola
(deformation of the space

| equivalent membrane by the

g = The acceleration g: in m/s®

L

Curvature (1/R)* = flexibility (1/ES=1/N) x energy density N.m/m? David Izabel GDR"_GE)M ng 06 2024



Consequence about the models that can
reproduce the strain of the spatene

Conseqguence 3:In plane +spatial (Frame dragging)

N6 DWERUt qURUKY WnRIJGI LIJIJhJalro:&ﬁ)latY UWRU
equivalent at cylinder in torsion

Twisting i B i » E B i y E 1 52 U o =
torqueT,, RZ GIL, L ul, L me kgm3 ® m
General relativity 1 B 1 5° U
Ruy——guR + Agw=——Tp i " —
g G Lt Py mE - kgm < m3

(2020)94:119 © Indian Academy of Sciences

Pramana — hys.
hitps://doi.org/10.1007/512043-020-01954-5 Eqmva]eut cyli_uder of space put n

torsion by the Earth rotation

ccccccc

Mechanical conversion of the gravitational Einstein’s constant «

NEW

plan of the n k
holes, moving at the
ped ||ght

NEW

Block of space-time

Earth considered by analogy as
an elastic medium
b =02 K Section from Earth to
Ecuador

- S— Rotation imposed by the Earth at

(1) Black holes or neutron
(4) Cylinder of space time stars in rotation of mas

David Izabel GDR GDW 28 06 2024% hisrmes 3k
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the cylinder of space
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Consequence about the models that can
reproduce the strain of the spatee

Conseqguence 4:spatial shell
N6 IWWERUt qI JRUKY WnRIJGIT W heit3dpRtY ULWR U
equivalent at sphere with internal pression

ﬁ Qda:?g W-9dv (5
a v

which means by direct comparison of (4) and (5).
V-Q=—dP (6)

Differential temporal pressure (mass energy) is the spatial divergence of surface tension.

Tlus line of logic is somewhat analogous to the treatment of corpuscular. capillary. and meniscus

geometry in physical chemistry of surfaces. An example of corpuscular geometry is shown in Figure 5. D a 1" k h,latte l' a n d D al‘ k E ne l' g}," : (: 0 S m 0 10 g}? 0 f S p a c e t i m e “." ith

For two-dimensional curved surfaces. surface tension acts against differential surface pressure, dP.

@208 = ap mR? } Surface Tension
2-D Swurface in 3-Spr

20

R dP

H A Perko!
1Office 14. 140 E. 4th Street. Loveland, CO. USA 80537

Figure 5. Corpuscular Analog of the Divergence

Theorem in Physical Chemistry of Surfaces

From this analogy, one can intuitively derive a similar relationship for spatial three-surfaces intrinsic in
time,

”"RZ:‘“’g"“s } 3-D Surface in 4-Space David Izabel GDR GDM 28 06 2024 37
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Consequence about the models that can -l

reproduce the strain of the spatee

Conseguence 4:spatial
NG6WWERUY qlJRUKY WnRIJGIT W hei3dpRtY ULWR U

equivalent at sphere with internal pression

The data about the sphere with an internal pression is given at the figure 129.

b

&

NEW

Figure 129: Notation for a sphere loading by an internal pression
In elasticity, we have the differential equation [308]:

d*u, 2du, 2
t+t——==u
dr® rdr 27

So, the beginning of the equation follow the form of:
g 2 ap 1 3% 1 ag 1 ¢
= + X==+ —— X
arz v ar v 3¢ ritanf’ 36 risin?8” AR
A, = T
So, it’s a development of the Poisson’s equation that is this modified by a distribution f that is not
constant. The solution is on the form:

_ G
u, =Cr+ >
With for the 2 constants:

14V

C"zu+z;)b G
1-2v o

1= E b -atf

We know the displacement w, S0 we can extract the Young's modulus E=Y :

3 X bS
:m (1—2V)?'+(1—I/)ﬁ

light

1) Postulate

Space __——

medium

with

Young's
5)Gravitation = against
pression applied by the
elastic medium on the
pression produce by the
star (Newton force
view)+strain and curvatute
around the sun in the space
time itself (Einstein View)

4) Curvature of A the space time
the space time
around the sun

that bend the

3)Extension of

in tension /
around the sun /
generate L
curvature of/]
space time

2)The sun by its mass,
mnclusion inside the space

"~ time imply and expansion
under the nuclear
reaction create pression
and a curvature
(mechanical and thermal)
of the space-time, and
thus generate tension n
the space medium around
that 1s stramed

David Izabel GDR GDM 28 06 2024

ree

The Sun tries to explode because of
the nuclear reaction but it can't
because spacetime 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 38
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Consequence about the models that can

reproduce the strain of the spatee

Consequence 5:spatial in 4D (classical gravitation)

NG IJ

ERUt qUURUK |

Hypersurface membrane

%
8.
s
=
i
5
3
8.
k]
-250 7 [= == Theoy
Simulation
-300
] 500 1000 1500
(b} X [m = 109
- \ 4
\ 0
1
1 0.01
“ & —-002
] A
: 2 T E-0m
) £ 5
| I R
1 2.
1 g 008
g
! 006
Danslty ! ! i Theor
— = ~Dens 1 i == = Theory
Strain \ 0.07 j Simulation
" M 0,08 . .
500 1000 ] 100 200
%' [m « 10%) () x'm « 109
Figure 7.3

Fabric strain and acceleration due to the Sun

Panel (a) shows the variation of density p and the fabric’s volumetric strain in
the vicinity of the Sun. Panels (b) and (c) compare the theoretical value for
the gravitational acceleration due to the Sun with the simulated value that was
outpul from simulating the Sun’s gravity. The comparison is shown within two
radial ranges: in the vicinity of the Sun (b), and in the vicinity of the Earth (c).
The mesh used in this experiment had 58 x 58 x 58 = 195, 112 nodes.
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General relativity
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Figure 7.4
Fabric strain due to the M33 galaxy.

Fabric strain due to the M33 galaxy without (a) and with (b) inherent curvature.
The top panels visualize a quadrant of the strain field, while the bottom panels
show the density and strain profiles. The density profile used here is from
Figure 10 of Corbelli et al. [37].
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4) Numerical applications of
the different models




4.1 Models In plane with spatial component of
strains (h special associated atQ for Gravitational

wave GW or space part of gravity prob B experiment
0 Q)

David Izabel GDR GDM 28 06 2024 41



Casel : GW150914Coalescence of 2 black hole:

Figure 105b above illustrates the paragraph above. ) .
Schwarzchild radius 100 km

Coalescence of the 2
black holes

/~~ Singularity
Plane transverse of the radius 20 km
interferometer type

Ligo/Virgo

Wave direction ‘ T~
of propagation ‘ ~
|

Displacements longitudinal and
transverse (one of the interferometer
arm) evaluated by the truss model at a
node

O

Principle: we impose a
Torsion torque equivalent
at the blackholes

. Data Value Unit
Coalescence N the Mass black holel 36Solar mass
m|dd|e Of the Sheet Mass black hole 2 29Solar mass
speed before coalescence 0,3c
mOde”ed by a truss and Speed at coalescence 0,6¢
|00k fOI' the Young Duration of coalescence 0,2s
- . Thikness sheet (Planck) 1,00E35m
modulus intensity that | young modulus ¥ 1,00E+4Pa
allow to refind the strains | [Piameter Black hole 20km
; . Distance between force 10km
of the space time fabric | jvesch of the truss 600Ckm
measured by the Area of the bar 6,00E29m?
. . . Solar Mass 1,99E+3lkg
interferometer Ligo/Virgo | [speed-c 9979245km/s

David Izabel GDR GDM 28 06 2024
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Case 1 : GW150914Finite element model of
a truss (bars working in compression/traction)

The geometry of the model is given at the figure 106 below and the mesh at the figure 107 below (F =10000 MN).

W7
| A 1 ?
2 r A A A I A A LA A Lorsion ereated by m 1 % 3 49 5 1' 61 717 818 91 20
6606 6 6 6 O O ¢ 5 coalescence 93 | 94 95 | 96 97 98 99 1004
A "‘ A odcledbys 10 11 12 13 14 15 16 17 18
; L i i | 5 5 & | J 5 forces to kzt;_pthe 7 2 2 2 7 g 9 30 31
A T T A e model le 102 103 104 105 106 107 108 109 F1104
L e | 0] 21} 22 23 24 25 26 27
E‘ || L=l L ] ‘111 2P 13T 114 P 15 ¢ 116 © 117 P 118 T 119 P1204A
|.1 LiF) = - = h‘.lr = o L= ¥ '% '% =
: A T ‘ .\.\1% | A 43 28 2945 3046 3y 3% 3--4-9 Mgy 35 36y 53
S A9 O o g o ¢ o o o, AT 1227 123] 124 125 T 126 T 127 128 | 129 | 1304
A8 F 37 3gf 39 40 42| 43 44 45
Lo o NPT T 6 a 54 5 7 8 S.E: 3{) 1 .3 64
131 132 133 5 3 37,
| T | L || A 31 2 1347 1357 136, 7 137,F 138,7 132, 1404
f 141 142 143 1 147 150
A Jp & o o J‘a o o o o g A 6] 57 g 61| 148s[ 1497 150A
: 4 ’I 76 7 7 ?.9 ',2 83 4 5 86
& & S Le o & | o 51 152 153 154 l:;"\ 157 158 159 160
A b A A 64 65 66 67 70 71 72 A
0 A A A/ A A L A S 87 38 Sz 0 1 3 5 6 97
1= 6000 1617 162 1 65 7
0000 ke .| AiSlT 12 1] 164, 165, 1665 167 16%;| 163, 170 A
. 98 9 100 10 1102 103 04 05 06 107 108
Figure 106: Laﬂrcge;}geam;emmnd!aadmg nwdehig the space sheet of thickness of the order of magnitude of Planck- .‘1 %E 1?53 1::‘8?4 l?ﬁs ”5% ].T%}. 1??33 1?%9 1:"_%0. 180 ‘
VA Blocking displacement x and y
‘gt}ﬂ]]ﬂn O  Hinge ‘- ‘ ‘,
| 109 110 11 112 113 114 115 16 117
F. = —10000MN Ay =fp X1 = 10735 x 6000000 = 6.0 x 1072°m?
F, = —10000MN Y =3.0x 10%¥MPa (3.0 x 10**Pa)
David Izabel GDR GDM 28 06 2024 Bar number and nodes 43
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Case 1. GW150914Results obtained with
arbitrary loading of 4 loads of 10 000 MN

2 8

A 1.66m
% 77

"‘ @

87 8

A

98 9

A

0
109 110 11 112 113

Reaction on the )
Supports David Izabel GDR GDM 28 06 2024 In displacements 44




Case 1. GW15091/Numerical application and
comparison with the strain measurements

6) Calculus of the Torsion torqgue by sheet

T

y 2 T _ —_ —
Veoalescence — V3sokm K 449688687m/s Planck—sheet n

At

1) Calculus of the acceleration of the 2 masses

1,45E+05N.m/sheet

7) Calculus of the corresponding forces applied at the model

2) Calculus black hole mass

Tplanck—sheet 6,05E-03N/sheet

m = (M 1+ M2)/2 x solar mass = 6,46E+31kg Fplanck—sheet — 4
r
3) Calculus of the Force created by each black hole 8) Calculus of the longitudinal strain with the fictive force applied
AL
_ 2,91E+40N _ -07
Folack hote =M X @ hr=10000MN = - 2,77E-0
4) Calculus of the torsion Torque applied . . . .
9) Calculus of the real longitudinal strain with the coalescence loading
L,
_ 2,91E+44N.m
T = 2Fpiack hote X = F
2 Planck—sheet

thxamksheﬁ = hF(fm‘F:lODGGMN) X F 1,67E-19
5) Calculus of the number of planck sheets concerned

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

_ dbiack—hole

[

n

2,00E+39%heets FPEanck—sheet 6,72E-19

P hFPEanck sheet node 47 = hF(fm‘ F=10000MN) F

David Izabel GDR GDM 28 06 2024 45



Data Value Unit
Mass black holel 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-3%m
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-29m?
Solar Mass 1,99E+30kg
Fictive force applied on the model 1,00E+04MN
Displacement longitudinal of the model 1,66E+04)m
Displacement transversal of the modgl 6,66E+Od)m
Speed c 299792458m/s

Schwarzchild radius 100 km

Figure 105b above illustrates the paragraph above.

Coalescence of the 2
black holes

7 singularity
Phne transverse of the radius 20 km
\ interferometer type

T Ligo/Virgo

Wave direction |\ ~—~_
of propagation ‘ T

Displacements longitudinal and \\\/
transverse (one of the interferometer
arm) evaluated by the truss model at a
node

measured value and numerical model

9) C

Case 1: GW150914Comparison

(S\W 150014

alculus of the real longitudinal straXrrit¥ tNe chatdeddcaoating™

Fplanck sheet

_ } FPIanck—sheet
= NE(for F =10000MN) X F

1,67E-19

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

Fplanck sheet node 47

David Izabel GDR GDM 28 06 2024

Fplanck—sheet I 6,72E—19I

= hF(for F=10000MN) [
GW150914: Implications for the Stochastic Gravitational-Wave
Background from Binary Black Holes

B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration)
Phys. Rev. Lett. 116, 131102 — Published 31 March 2016

Inspiral Merger Ring-
down

e/)u/)gé

~ T Order of
5" f'ﬁfw | magnitude ok
- with

m'l'o — Numerical relativity _" experlment If

B Reconstructed (template)
1 I 4

Y =1x10%Pa

|
T T T

. &
—_ o
L 06} o 45
2 0.5 l — Black hole separation 435 and PIaan
é 0:4 -—alack hole relative velocity : i "é tthkneSS
> 03FE 1 | 1 Lo §

0.30 0.35 0.40 0.45
Time (s) 46



Data

Value Unit

Mass black holel

36[Solar mass

Case 1: GW 150914AComparison

Mass black hole 2

29|Solar mass

measured value and numerical model

GW150914

speed before coalescence 0,3|c
Speed at coalescence 0,6|c
Duration of coalescence 0,2|s
Thikness sheet (Planck) 1,00E-3%m
Young modulus Y Q0E+44Pa

Diameter Black hole

_____________100km

With diameter of black hole = horizon

L1 Distance between the 2 forces 10{km 26m 2 % 6.67 X 10_11 % 6.4 X 1031

Mesch of the truss 6000 km Thlack hole = — — 94993 6m — 100km
Area of the bar 6,00E-29m? ack frote c? 2997924582

Solar Mass 1,99E+30kg

Fictive force applied on the model 1,00E+04MN Fpianck—sheet

Displacement longitudinal of the model 1,66E+0¢m hFPIancksheef — hFU’or F =10000MN) X F 3,35E-2(

Displacement transversal of the modgl 6,66E+0d)m

Speed ¢ 299792458m/s 10) Calculus of the real transversal strain with the coalescence Loading

Strain Measured value 1,00E-21

Conclusion Y = 1&*Pa is an

acceptable value forh; strains

Phys. Rev. Lett. 116, 131102 — Published 31 March 2016

GW150914: Implications for the Stochastic Gravitational-Wave
Background from Binary Black Holes

B.P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration)

FP!anck—sheet I 1,34E-15 I

hFPIancksheetnods-i? - hF(fm‘ F=10000MN) X F
Inspi:al I I Merger g.cn“(l;n
“/) < s00 Order of
0 | I 1,0 x1021| magnitude ok
50 y with
£os J\M | experiment if
o (= . i Y =1x10* Pa
Sosf ' ' | T4 € and Planck
2> — Black hole separation -3 5 .
E gi j—elack hole relative velocity 42 ‘é thICkn eSS
g 03 F 1 L 1 | ] é §
David Izabel GDR GDM 28 06 2024 **° %3 = 040 04 47
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Case?2 : GW17081-/Coalescence of 2 neutrons stz

7,
Neutron star diameter 24 km Q

Coalescence of the 2
neutrons stars

N

-~
¥

hﬁs‘:};\/ﬂ?‘l: 38%c . /

;
112
A

e 6,»1? =185%¢c yd

s utron star

Plane transverse of the /" diameter 24 km

interferometer type /
Ligo/Virgo /

Wave direction
of propagation

Displacements longitudinal and
transverse (one of the interferometer
arm ) evaluated by the truss model at a
node

David Izabel GDR GDM 28 06 2024

Data
Data Value Unit
Mass neutron star 1 1,17Solar mass
Mass neutrojn star 2 1,17Solar mass
speed before coalescence 0,38¢c
Speed at coalescence 0,185¢c
Duration of coalescence 0,0833s
Thikness sheet (Planck) 1,00E35m
Young modulus Y 1,00E+4i{Pa
Diameter neutron star 24km
L1 Distance between the 2 forces 12km
Mesch of the truss 600Ckm
Area of the bar 6,00E29m?2
Solar Mass 1,99E+3(kg
Fictive force applied on the model 1,00E+0O{MN
Displacement longitudinal of the mo 1,66E+0im
Displacement transversal of the mog 6,66E+0Im
Speed ¢ 29979245{m/s
Strain Measured value 1,00E21]
48




Case 2: GW180817 Comparison

Data Value Unit
Mass neutron star 1 1,17|Solar mass d I d I d |
e oo sexres)  MmMeasured value and numerical moae
speed before coalescence 0,38/c G W 1 7 O 8 1 7
Speed at coalescence 0,185¢c
Duration of coalescence 0,0833s
Thikness sheet (Planck) 1,00E-3%m With diametre of black hole = horizon
Young modulus Y 1,00E+44Pa
Diameter neutron star 24/ km B Fplanci—sheet _, . 3418x107° AL ] L
L1 Distance between the 2 forces 12|km PEptanci sheot = tF (For F=10000MN) X F = 2766 X 10 Xy T 9.456 %10
Mesch of the truss 6000 km
Area of the bar 6,00E-29m? Transversally nodes 47 49 69 71:
Solar Mass 1,99E+30kg
Fictive force applied on the model 1,00E+04MN 1o
Displacement longitudinal of the model 1,66E-+0(m he — Rptror £ e 100000 X FPIanck sheet __ 666 3418x 10 703 % 1020
Displacement transversal of the modgl 6,66E+00m Flancksheetnode 37 ‘ 10000 T 6000000 10000 L jl I
Speed c 299792458m/s
Strain Measured value 1,00E-21 Order of magnltude !
—— =l W Order of
: < =] ¢ o ,—,;.,1.;1.4%..-,9-@_;4‘,5J%,,J,?‘Jw. »,I-_*.a.il 8x 1020 I :
= | | WM Strain data | B R (5 magnitude
Conclusion Y = 16*Pa is an s Bl Glitch model 5 i T
i o | I NPPRWTNHOY ¥ T - :
acceptable value forh; strains S M S | experiment if
- Y =1x10% Pa
« i and Planck
T T T r T T T ] T O _ .: th_ k
GW170817: Observation of Gravitational Waves from a s1.28 = 0.7 -05 -0.25 0 : ICKNESS
Binary Neutron Star Inspiral Ti , S = g
B.P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration) ime (SCCOIldS) TR # 49
Phys. Rev. Lett. 119, 161101 — Published 16 October 2017 David I1zabel GDR GDM 28 06 2024




Case 3 : ApproachlFrame Dragging effect
around the earth measured by Gravity prob B

o~ 3 Principle: we impose the Frame Dragging
Q hQ frame dragging rotation

angleq measured 7. -
during the gravity prob B _Eac
experiment at a cylinder
of space in rotation
inside an elastic medium|
(Torsion) and extract the | -/
ji ek HYI | 3t GYUI RIUM/
modulus Y of the space
time fabric to be
corelated with gravity | Fewre7:seecetwistedbythe rotation of the earth -
Block of space-ime prob B measurement

considered by analogy as
an elastic medium

Considered effect Prediction of general | Measurements made by | Error %
Section fron; Earth to relativity in miiliarc | Gravity probe B in milliarc
Ecnador
e second by year (*) second by year (*)

: Geodetic drift rate -6606.1 -6601.8+/-18.3 0.28
Gravity Prob B :
. Frame dragging -39.2 -37.2+/-7.2 19
expenment .
I 1 milliarc seconde = 4.848x10 rad I
50
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Lensethirringeffect Part of(n 79 rconcerned

& e e tgeet 0
-1 0 0 0 4kM ly 2kM
0 -1 0 0 L - 0 0
Guw=—Cm+7 = + r 1 !
v 0 0 -1 0 4kM Ix 0 2kM 0
0o o o -1l |t 2% I
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0 0 0 Sl
.
2kM  4kMly 4kM Ix
-1+ ] =@ —1 — wl 0
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i ol -1- 0 0 di 2
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4kM Ix 2kM pv = Ty
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156 Lense u. Thirring, EinfluB der Eigenrotation der Zentralkorper.

Physik. Zeitschr. XIX, 1918.

Ober den EinfluB der Eigenrotation der Zen-
tralkérper auf dic Bewegung der Planeten
und Monde nach der Einsteinschen Gravi-

tationstheorie,

Von J. Lense und H. Thirring.
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X1

K LT

- —— A
Pre ~
7 ~
Vs N
/7 \
/ \

/ A\ =

/ \ =R

/ \
Ill \ That imply the two constants are:
|
\ _ h
i d=2R K

\ /)
v\ /
- \ / By asking:exl =0 we have:
O VA
' ~ / !

~ e
\“-. // |

= -7 .- .. . _ _ Andfinally:

_ Sgaz.space)

O ==

We have so the following expression for the 8,0,y = A + Bx

With the limit conditions described above and the frame defined in figure 120, we obtain

B(xl) = 6(0) = A+ BJCI =A

B(x2) = O1) = Oy + BL

B = Jenfey
L

A=0,
Baz) =6
e(x) =0y 4 ZJL O 5

__ Sgxzspace)

B(x) = —L X

By reporting the expression above of the torsion torque function of the 8 variable, we obtain the

expression function of x of this one:

nGd* Bxz,space

Ty =—7%02

We can therefore calculate the strain energy U of the equivalent torsional bar:

2 . 2
B C I U L(m ) dx

U=1 x ==
270 GI; 2GI: 70 3212

So finally:

m? Gdlae'surz,space2
 6144IL

In the case of a solid tube, with the equation of the torsional inertia I;, we obtain:

4 2
_ HGd ex?.,space

192L
With the definition of the shear modulus of the elastic medium associated:
Y
G=—_

2(1+v)

We obtain finally:

- 4 2
_ H—Yd E]':'cz,spéu:e

 384(1+ V)L

energy

Strain elastic

Case 3 : Approac
1 - Frame draggin
Gravity prob B

The kinetic energy of rotation of the Earth is equal to the energy of deformation by torsion of the
associated space-time cylinder driven by the Earth.

1
Ekinetic = 510)2

With angular velocity  inrad/s

In the case of a rotating ball the moment of kinetic inertia is:
2 2
7= gMTRT

We can define the angular velocity in rad/s by the expression above function of the time taken by the
Earth to do a complete tour in 24h:

1 tour 2nrad T
= rad/s

CI‘)T = - =
24x60%60  1tour 43200
We obtain the following expression of the Kinetic energy:

2
2

1 /4
EximeticT = z2% EM‘I‘RT X (m)

So, the final expression of the Kinetic energy by torsion of the Earth:

—
T

|y -
KineticT ™ 9331200000

Kinetic
energy

MrR?

David Izabel GDR GIDM 28 06 2024

n? Y (2R1) 62 space”

M;RE=U=2

P —
einetiel = '9331200000 384(1+ v)Ry

We extract an expression of Young's modulus Y of spacetime:

mw? % 384(1 +v)Ry
v = _MyR?
21 % 9331200000(2R7)*6 .

Or after some mathematics:

52

v = X 12(1 +v)
9331200000 X Ry X 6_




Cas 3 : Approach-INumerical Applications and
comparison and conclusion about the necessary
l Y URKt WaYIl edet

AEstimation of the spatial part and time part of the spacdime
measurement angle of the gravity prob B frame dragging

If we place ourselves in the equatorial plane of the Earth, the interval becomes roughly speaking:

EP] Web of Conferences 58, 01005 (2013)
DOIL: 10.1051/epjcont/20135801005

_ § Gudx! © Owned by the authors, published by EDP Sciences, 2013
oo

ds? = c2dt? — (df?)

Graviti prob B measured at r = 6642 km an angle variation of d6 = 6.04x10™ rad/s of space-time, so T~
the associated variation in length is . - . Time travel, Clock Puzzles and Their Experimental Tests

Ignazio Ciufolini'-®

ds =rdf = 6642000 X 6.04 X 107*°* =4.01 X 107®m

' Dip. Ingegneria dell'Innovazione, Universita del Salento, Lecce, and Centro Fermi, Rome, Italy

In parallel, we have an estimate of the distance variation related to the entrainment effect of the time: Figure 2. Two pulses of radiation counter-propagating in a circuit where giy # 0. § & ¢ for a gravitomag Abstract. Is time travel possible? What is Einstein’s theory of relativity mathemati-
! netic field go ~ £, and § £ v - a7 for a circuit rotating with angular velocity €2 cally predicting in that regard? Is time travel related to the so-called clock ‘paradoxes’
of relativity and if so how? Is there any accurate experimental evidence of the phenom-

dyapy =¢ Xdt =299792458%1.0X1016 = 2.09792458x10- ¥ m

ena regarding the different flow of time predicted by General Relativity and is there any
possible application of the temporal phenomena predicted by relativity to our everyday
- . . . . life? Which temporal phenomena are predicted in the vicinities of a rotating body and of
From these two values, we can therefore deduce the variation of length in strict spatial distance: a mass-energy current, and do we have any experimental test of the oceurrence of these
phenomena near a rotating body? In this paper, we address and answer some of these
questions.

|d,| = Vds? — c2dt?

So, we postulate 50%

dy = /(4.01 x 1078)2 — (2.99792458 x 10-2)2

time 50% space as for the 6 Frame Dragging
beam ||g ht arou nd the In Fig. 3 is described a clock ‘puzzle’ owed to the spin of a central body. For this effect to occur,

e clocks, or twins, wonld not need to mave close to the sneed of light (as in the case of the well-
dp  266351x1079

o , s
+ e U |_|J bl M ﬂ Y |_| Ho LLI 1own ‘twin-prradox” of specias relativity) For exaraple, if 'wo sneh twins meet again, having flown

-15 . . e an 1 T el Em ol s N ;
Bx2(space) = $opace =~ " eazone ~ — F0X 107 rad/s I' G C H IJ LLI c O Y U IJ bifrarily s.g\vl} arorm'c' the whole art 1 in opposite directions on tl_le equatorial plane ffmd exacth?ﬁt
¢ samc altitude, the citference .n taeir ages cwed 1o the Earth’s spin would be approximately 10

dé’(space) = 2.66x lo_gm.

This corresponds to a spatial angle to be found in our elastic model of:

For memory the “time” angle is so: : : : (for an altitude of about 6,000 km), which would in principle be detectable if not for the other, much
Space tl me EI nSteI n) reer, relativistic clock effects. These clock effects are striking around a rotating black hole, however.
cAt 2.99792458 x 1078 53
02000 = Py = —~ . =4.51 x 10 Brad/s

1 6642000 David Izabel GDR GDM 28 06 2024



Case 3 : ApproachtlGravity prob B space
angle via cylinder of space In torsion

Data Value Unit
Mass of the Earth MT 5,97E+2kg 39milliarc second/yeéfor Prob B
Poisson's ratio 1
Radius of the Earth RT 6371km Imilliarc second 4,85E09rad
Gravity Prob B (space) 4,00E15rad 1,23668ED6milliarc second /s 6,00E15rad/s

4,73E+3Pa
q

v TX 12X (1+v)
9331200000 X Ry X 6

7 My

x2,space

Conclusion not to far of Y = 1# Pa
obtained with the GW150914 and

GW170817

David I1zabel GDR GDM 28 06 2024 54



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

Principle: we transform |’
the gravity prob B frame
dragging angle
g Iimposed by the Earth

rotation in a torsion
torque equivalentthat we | //,
put in the middle of the
sheet modelled by a truss| "' "
(same that use for GW) o
and look for the Young |
modulus intensity that
allow to refind the strains
and rotation of the space
time fabric

Figure 121: Elastic space sheet of Planck thickness subjected tg}wthe rotation of the Earth -

David I1zabel GDR GDM 28 06 2024 55



Case 3: Approach-Asravity prob B frame
dragging via finite element (truss)

60 000 Km

%
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. / 60 000 Km . .| r = 6000
60 000 Km
A Blocking displacement x and y }47 4%
o Figure 126: Determination of the rotation 8. of the elastic lattice model modeling a space sheet of
tp - - = 10-2%m2
il A, f fyxr= Ehfll.l;[l #5 % 6000000 = 6.0 x 107 m Planck thickness -
‘|_§nm 'ﬂ“ Y =3.0x 10°*MPa ] ; ;
Displacement and rotation with

F, = —10000MN

f = —10000MN David Izabel GDR GDM 28 06 2024 a fictive load of 10000 MN 56




Case 3. Approach-Xsravity
prob B frame dragging
approach 2 via finite element

(truss EEEECY

an acceptable value for

1) Calculus of the rotation angle of the model for F =10 000 MN Space Stra| nS
o — displacement model 8,33E+00 1,39E-06rad
x2,5pace 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

7,87TE+41sheets
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