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| A - Eulerian theory of newtonian deformable medias

COOI'dinates SVStemS D’:ﬁerential geometries
(Riemann-Cartan, Finsler, Kawaguchi, ...)

. Euler coordinates
Lagrange coordinates @
¢
%@‘ Leonhard Euler (1707-1783)
Joseph Louis Lagrange 2R
(1736-1813) = - >4
t>0
= = Present points : i
t=0 coordinates |
Initial points "
coordinates i Uu(r,r) X A
x, | | r Ve 8(.0)
S == S O(F 1) )
3 — & A
Displacement field
. e - Velocity
0 ¢ field




Geometrokinetic equations and distortion tensors in Euler coordinates

Temporal variations of the lattice « distortions »

are linked to the spatial variations of the velocity field

. . Scalar of expansion
Material derivative
4_9 4@ 7 \s
I 7 .
dr ot —==—"+divg
dt n
Tensor of distortion il .
il 5. =
4B, _ _5.; \ gradg, .
dt 3n Vector of rotation
Antisymmetric
art do 1=—=
P — = —rotd
a2

Vectorial representation
of the distortion tensors

Distortion B’
i

tensor
symmetry antisymmetry
S E = o 3
=B -¢ A0 a’=‘52"k"ﬁt
k
trace
Strain g == Rotation
tensor i 10 vector
without trace  trace
| . - =
ai= 1_-Tel T=zekﬂl=zekgk
3 k k
Shear strain & T Volumic expansion
tensor i scalar
Relation with the volumic density n of sites n 1

T=—-In—=In—
and the volume v per site of the lattice n, Vo



Geometrocompatibility equations and contortion tensors in Euler coordinates

“ Distortion and contortion tensors
and geometrocompatibility equations

—

Distortions ﬁ’. antisymmetry d) Rotations
curl divergence
symmetry
ot =0 tace divd=0
Deformations
iy, (without & Expansions
Shear strains a,. s ; trace T P
transposition antisymmetry
of curl of curl
Contortions Flexions
= —_— T — 2 A7 vt s
X [roi& | =grado, antisymmetry = —zk:ek ATOLE, =0l |
curl divergence
symmetry
Et;’e'=o * trace divy=0 -

Torsions [Z, ]S trace Z X =0

Continuity of the displacement field

$dii=-Y ¢ [[rotBdS =0 ; vC
C k N

No singularity by divergence
of the rotation field

ffo,ds=Jpads = [[[divaav =0 ; vs
S S 14

Continuity of the rotation field
associated to the deformations

§d6 =Y ¢, [[roiz,aS =Y 2, [[rot[ rot£, | dS=0
c k S k S

No singularity by divergence
of the flexion field

§px.as = ffzas = [[[divzav =Y ¢, [[[rotrot £av =0
N N v k v



The only three necessary physical principles in Euler coordinates

Axiom of
newtonian
dynamics
[
e. =—m
cin 2 ¢
Isaac Newton
(1643-1727)
Axiom of
the first principle + kinetic energy
of thermodynamics 1 -,
ecin =Sm ¢
dU = 6W +6Q 2
Axiom of
the second principle
of thermodynamics
O
ds>22
T

Sadi Carnot
(1837-1894)

Continuity principle
for the newtonian inertial mass

% _

=S div(pg+17,)=S, —div(np)

Continuity principle for the total energy

in __ Qext T T
n—+n—==8"—divJ, —divJ, —uS, —e¢,S

du de
dt dt

cin™~n

@)

Continuity principle for the entropy

d J
n—s=Se—diV <L 1-5S 3
dt T




Mix all these ingredients

Geometrocompatibilty Elasticity
Selfdiffusion

Geometrokinetic .
Anelasticity

Continuity

principles Plasticity

/ Viscoelastici ty

Newtonian
dynamics

Complete set of equations
of spatio-temporal evolution



The complete set of equations of spatio-temporal evolution in Euler coordinates

Topological Heat
equations Fundamental equations equation

Equations topologiques Equations thermiques
B i
=grad mtf =0 ds G .
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Newton
equation

Equations de diffusion
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24
. oo dt
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The complete set of equations of spatio-temporal evolution in Euler coordinates

Phenomenological equations :
state equations and dissipative equations

Distortion stress 2

tensor f] .
((\.\C\v)
\
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The complete set of equations of spatio-temporal evolution in Euler coordinates

Continuité de la masse

?)_f=_div|:p6+m(.7,—f,_)]=—div(n13) dans

Flux de travail et force de surface

- e s R e
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Additional equations
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I B - Application:
phenomenologies
of usual fluids and solids

Théoriegeulérienne
des milieux déformables

Charges de dislocation
et désinclinaison dans les solides

Gérardiiremaud
ardi
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»
polytechniques ebunive s romandes

Chapitre 1

Coordonnées
de Lagrange

| |

Chapitre 2

Coordonnées
d’Euler

|

Chapitre 3

Dynamique newtonienne
et thermocinétique

Chapitre 8

Distorsions, contorsions
et compatibilité des solides
en coordonnées d’Euler

Basic concepts

of

Euler Coordinates

Evolution of

fluids

Chapitre 4

Fluides
viscoélastiques

Chapitre 6

Fluides
chimiques

Chapitre 9

Solides
élastiques

Chapitre 11

Solides
auto-diffusifs

Chapitre 13

Solutions
solides

Chapitre 15

Solides anélastiques

et plastiques

Evolution of

solids

Phenomenologies

=)

-

-

)

Chapitre 5

Gaz, liquide et fluide parfait
Transition d'état liquide-gaz
Thermoconduction et viscosité
Equation de Navier-Stockes |
Propagation d’ondes

Chapitre 7

Gaz et liquides chimiques
Equations de transport
Meélanges binaires

Réactions chimigues J
Transition de précipitation

Chapitre 10

Solide parfait isotrope

Modules élastiques |
Solides anisotropes
Thermoconduction |
Formulation maxwellienne
Ondes thermoélastiques

Chapitre 12

Solide partfait auto-diffusif
Equations de transport
Création-annihilation

de paires lacune-interstitiel
Evolution vers I'équilibre
Relaxations des défauts
Formulation maxwellienne
Propagation d’ondes

Chapitre 14

Solution solide binaire
Parametre d'ordre

Transition de précipitation
Transition ordre-désordre J

Chapitre 16

Anélasticité des solides
Relaxations et hystéréses |
Activation thermique
Formulation maxwellienne
Propagation d’'ondes
Transitions displacives

de premier et second ordre

Chapitre 17

Plasticité des solides

Essai de fluage

Essai de traction

Essai de fatigue

Activation thermique

Limites de I'approche continue



I C - Dislocation and disclination charges

What’s a line of topological singularity?

Singularity line Singularity line
by translation by rotation
4
Vito Volterra
(1860-1940)
Screw dislocation Edge dislocation Twist disclination Wedge disclination
dislocation vis dislocation coin disclination vis disclination coin
‘ d' a_
\ B
a' g
! s }”
: (x=0)
| x=0)
G i
\_ : . :\ \ -‘y
singularité
du champ de distorsion singularité

(a) (b) (a) du champ de contorsion (b)



What’s a loop of topological singularity?

Edge dislocation loop
by material
addition or substraction

Mixed dislocation loop
by translation

Twist disclination loop

by rotation

. 1.

(a)

G

\ boucle de

disclination

s

(b)

Wedge disclination loop
by material
addition or substraction

(a

(b) boucle de
disclination

coin

(c)



Quantification of the topological singularities as strings or membranes in solid lattices

Screw dislocation string

Srew dislocation membrane
limited by two twist disclination strings

x|

Edge dislocation membrane
limited by two wedge disclination strings

X, A

ruban
dislocatif
virtuel




Quantification of the topological singularities as loops and membranes in solid lattices

Twist disclination loop
with screw dislocation membrane

Edge and mixed dislocation loops

it

1= densite |63,

Wedge disclination loop
with edge dislocation membrane

disclinations
coin




Incompatibility charges
associated to the topological sinqularities (strings, membranes and loops) of a solid lattice

Incompatibility equations and charge tensors

Distortions ﬁi antisymmeltry @  Rotations
curl divergence
symmetry
i|=rolp,  trace [A]=dive
Charges Charges
of dislocation of rotation
Deformations

Shearstrains Ol |{tlbeul ¢ trace T  Expansions

i trace i
Charges of
transposition antisymmetry 6 fl rst order
’ ofcurl of curl
Contorsions Flexions
¥, =mado,+|[L-c ad-22|  antisymmety X =-wido+|]
Charges Charges
of contortion curl divergence  of flexion
symmetry
[6]=rot(Z~& AZ-2a)=rot, ltrace [6]=divA = div 7 Charges of
Charges | Charges second order
of disclination of curvature
Torsions

[z,.]%gmm,_%a@m x,._%amz_m vace 37, =0

Charges
of torsion



Incompatibility charges

associated to the topological sinqularities (strings, membranes and loops) of a solid lattice

Incompatibility equations and charge tensors

Distortions ﬂi antisymmeltry @  Rotations
curl divergence
symmetry
=rTa'tB, trace [A]=diva |

Charges Charges

of dislocation of rotation
Deformations

Shear strains (_2 Withou g trace 19 Expansions

i trace i

transposition antisymmetry

. of curl of curl
Contorsions Flexions

Charges - Cha’igiynés~
of contortion curl - g divergence  of flexion
w
symmetry
[6]=roi(% -& ni-22)=roiz, tace [6]=div = div 7
S
Charges Charges |
of disclination of curvature
Torsions

i

s = = .
[x,-] =gradw,—%E,Arota")+ A——éAL-¢€A| trace Z}(‘EO
k

1L
2 ¥

Charges
of torsion

Discontinuity of the displacement field

Dislocation Burgers vector
B=ii,~ii,=§8ii=-)¢[[roiB,aS
c k K
=-Y2([1.4S %0
Sa [

Singularity of the divergence
of the rotation field

0, = {;ﬁd)dﬁ = I_V[Jdivd) dv = jlja dv £0

Macroscopic scalar charge of rotation

Discontinuity of the rotation field
associated to the deformations

Disclination Franck vector
Q=§o0" =Y ¢ [[rotz,dS =Y ¢, [[6,aS
C k s k s
=V e. (A, —¢, AAL—EA)dF £0
; k?( k k k )
Singularity of the divergence
of the flexion field

0,={p 7as=|[[aiv zav=[[[oav=0

Macroscopic scalar charge of flexion



The complete set of equations of spatio-temporal evolution of a charged lattice

Charges associated

/ with the topological singularities

Geometrokinetic

—

Continuity principles w——)
Newtonian dynamics /

Geometrocompatibilty

Elasticity
Anelasticity
Selfdiffusion
o
Fundamental equations Phenomenologlcal equations
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Additional equations




I D - Application: elements of dislocation theory in usual solids

String model of a dislocation line

Théoriejeulérienne
des milieux déformables

. Charges de dislocation
Jet désinclinaison dans les solides

o
4
Gér: remaud
arj‘ﬁ

anelasticity,
X x A
plasticity
y\

du | | 2 d| _ou 2
+Bf EJ 1+(8u/8x1) _a_xl|:Taxl/ 1+(8u/axl)}

N
= Bs23 + Zﬁz ('xl ’u(xl ’t)) + Eluctuation (xl ’u(xl ’t)’t)
n=1

champs dus
aux obstacles

4 ( — ) (@] Ve (= p-

o e ) D) (
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plasticity




Other consequences

Théorieieulérienne™
des milieux déformables

‘ Charges de dislocation
et désinclinaison dans les solides

P
i
Géri aud
afgﬂﬁrem

-

LY

ot
Prasses polytechniques ebuniversitaires romandes

Relativistic dynamics
of the charges

Interactions
of electrical type
and
of gravitational type
between charges

String model
of the dislocation line

+

Absence of particles

analogue to magnetic monopoles

Possible solution of the famous paradox
of the electron field energy

Existence of a small asymmetry

between curvature charges of vacancy or interstitial type

Maxwell equations
and
Lorentz force
at constant volumic expansion

_d(2?)+ﬁ$:(2j) { _%_’t%;(;g:j

div 2@,= 224, divD=p
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(ﬂi)>=(HM\|:é+(C,—CL)(5+(%(.7,—.7L)7:|

42 __ gived, o { U0 i
t ot
—gm): % —Ej=
S = ~ < _9B -9 =
~dnp, m d2®, . (- m HZZ+EZZ _div(H AE
¢ dt +<E)T—dlv(¢/\(57) ot ot IV( A )
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Conclusion of the first part

= Relativistic dynamics _==
of the charges

and
— Lorentz force
at constant volumic expansion

Interactions
Théoriejeulérienne ™y = of electrical type :
des milieux déformables ana

Charges de dislocation ; S
et désinclinaison dans les solides = O graVltat'lonaI type
o between charges

i
Gérafremaud
P

-

5 of the dislocation line

»
Prasses polytechniques ebuniversitaires romandes

The numerous analogies which appear between the
eulerian theory of deformable media and the theories of
electromagnetism, gravitation, special relativity, general
relativity and even standard model of elementary
particles, reinforced by the absence of particles
analogue to magnetic monopoles, by a possible solution
of the famous paradox of electron field energy and by
the existence of a small asymmetry between curvature
charges of vacancy or interstitial type, are sufficiently
surprising and remarkable to alert any open and curious
scientific spirit!

But it is also clear that these analogies are, by far, not
perfect. It is then tantalizing to analyze much more
carefully these analogies and to try to find how to
perfect them. oo bR sy
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Il A - The « cosmic lattice »

Newton equation of usual isotropic solids

Elastic state function given per lattice site

f9=—kr+kt +k, Y, @

Newton equation

. — i -
% =2k, rotd" -2k, ¥ (&, grad ) iy’ +gradK§k2 +2k (1-7)+ k0j1}+2k2/1
k

Newton equation of a very special isotropic lattice:

the « cosmic lattice » P
O

R

o : - - . . . . . . )
Conjecture: elastic state function given per unit volume of lattice Analogy with general relativity:

% and depending also on the elastic rotation expansion depends on
N~

the energy stored in the lattice

F9=—K1+KT°+ KQZ(&I."’ Y +2K (@ “) Newton equation

nd—p=—2

(4 __. .. . - -
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Circularely polarized transversal waves and longitudinal « local fluctuations »

Newton equation of the cosmic lattice

n% = _2(K2 + Ks)a@ﬂ + (%Kz + 2K1)@7 + ﬁ(Kzz(&iﬂ)z +2K,(@0 ‘)Y +K 7’ - KOT)+ 2K, A
Fdef
Purely transversal waves are necessarily
Analogy with circularely polarized
the circular polarization
: . _22 K2+K3: /2 K,+K,
of the photons in quantum physics “ % _\/ ——=e \/ s
( linearly polarized transversal waves
are necessarily coupled with longitudinal wavelets )
, K, 2K,
ifT,>7T,, =————=
K,+K;>0 F 70> To. 2K, 3K,
Conjectures: . _ K 2K
v 0 Ocr 2K1 3K1
D
@f Pure longitudinal waves can exist
1[4 cn [1[4
o= \/m—n[ng +2K, (1+ro)—K0} =eh’? \/m_no[ng +2K,(1+7,)— K,

K, 2K,

if T, <7y, =
f 0 Ocr 2K1 3K1

1/ Analogy with the absence
of longitudinal waves
in general relativity

Only longitudinal «local fluctuations»

2/ Analogy with the vacuum fluctuations of the expansion can exist
in quantum physics



Curvature of the wave rays and « perturbation sphere »

Curvature of the wave rays Appearance of a « perturbation sphere »
in the presence of an expansion singularity )
T(r
C{;QE\/Kz"'Ks:efo/Z\/Kz"'Ks 7=0 >
k, mn mn,
=1, r

singularité

N

~V

or

Yer cr

singularité —

"trou noir”

singularité

Sy

"sphere
de perturbations”

singularité .
&
./
singularité

\ » "trou noir"
/ ! 1

EAN J

ondes déviees

ondes déviées

7

. Analogy with the « photon sphere »
'S) of a black hole in general relativity




Cosmological behaviours of a finite cosmic lattice

8 possible cosmological models

Cosmological expansion
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Two types of pleasant cosmological models!

Model without «big-crunch»

K,<0 K,>0| big-

bigrbang #6) .
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Model with «big-crunch»

> T(1)

domaine
improbable

/ |

blg crunch

3 @ 1/ Analogy with the cosmological expansion of the universe:
‘ «big-bang», inflation, then slowing down
followed by an acceleration of the expansion

2/ Possible model with «big-crunch» and «big-bounce»

/ J ’deﬂatlon

/

3/ Origin of the «dark energy»: |F = E(Klr -K,)te

ny

contraction

Conjecture: K, >0

b

K,>0
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Il B - Maxwell equations and special relativity p -
S om
o B PN -
Maxwell equations R
H < ¢
. . . : P o "
Equations of the cosmic lattice Maxwell equations
(at constant expansion) of electromagnetism / ame(; gel’ I; g‘;’jwel’ p e A
j o J
. _ 1~ -
_a(za) l) L Zrot _ T _a_D T M & — —J
{ o +rotd™ =(2J) o { o +rotH =j n( I L)
div 26“) = (21) divD=p (%p +de) 1 o (c,-C,)
a( —»ror) —~ . aB 1
%s—ﬁ(%)ﬂl{zzm' o & wiE g X
div(np™')=0 divB=0 U, < nm
1 K,
el 1 ﬁ:l —an —~ - - - - c= = Ct = -
2o )—(K2+K3) 5 Jreo )+(28,(1) { D=¢,E+P+EB\1) £,y mn
E=4
(nf?m’)=(nm){‘7;m’ +(c,-¢,)e" *(1(71"” —fz”'))] B[ A+(xm+ 1)+ 1]
n
{ Mg—cﬁv(zj) = { %—’Z:—divj -
-~
) f @ fe | 1/ Complete analogy
_(%j(z = _Ej= Nt A . with the Maxwell equations
e y ) o 3B .3D o - - of electromagnetism
e a(’g’ )+(ﬂ) a(za‘” )—div[é’"’ A(ﬂn H§+Ea_‘d‘V(H AE) (with dielectric polarisation,
! 2 ! 2 para- and dia-magnetism,
magnetisation,
{ ¢ = K, + K, o { o= 1 electrical charges and currents,
mn Eoklo Lorentz forces)
{ . =20, (%+ VA nﬁ) o { Fe q(E+ VA B’) 2/ Magnetic monopoles cannot exist!




Separability of the Newton equation in the presence of topological sinqularities

Newton equation of the cosmic lattice

n%=—2(1<2 +K,)rotd” + (%Kz +2K1)gr711+ gr?i[KZZ(&ﬁ’)z +2K,(@ ) +K, 7 —Korj+21<21

Fdéf

First partial New artial Newton equation

for the elas Istortions for the pe ations of the expansion
associated with t pological singularities associated with opological singularities

d(ECh — e r 7
——=-2(K,+ K, )rot(®*
mm == ==2(K, + K Jrot(@) (4K, /342K, (147,47 + 7= K, )7 + K, ()’
+(4K, /3+2K,(1+17,) - K, )grad 7 + 2K, A" - . . ,
g +(K2;(a;h) 22K (@) 1K, (%) )
Sta ase. +(2K22&iext&ich +4K3(Dextd)ch +2K1,rext,[chj
A(T;}:m ue) == 2K2 div /’_{Ch — l =
q 4K, /342K (1+7,)— K, )
Staticcase:
2K2 ch
== 9 ()_.2 ext ;= ch o= ) (3
4K, /342K, (1+7,)- K, K, (t7() +][ 4K, 13+ 2K, (1 7, + 7 (F)+ T (7)) - K, [t (F)
+(Fjn (F)+ Fy (7)) = este=0
Calculation of the elastic distortions Calculation of the perturbations of the volumic expansion
associated with the topological singularities associated with the topological singularities

(dislocation and disclination loops) (dislocation and disclination loops)



Twist disclination loop and edge dislocation loop

First partial Newton equation 2
A" _ — B el 1 1s
nm=—==2(K,+K,)rot(@")+(4K,/3+2K,(1+7,)- K, )grad 7" +2K, 2|~ (F] |
@ boucle de dt ¢ b
) desmc"/l;galsnn ” Brcls priaations
Q
Ia A\ Twist disclination loop Edge dislocation loop B :
N 1 A
> @FTTTI®
(b) boucle prismatique <

(b)

Rotation ch I to electrical ch
otation charge (analogous to electrical charge) Flexion charge (analogous to spatial curvature charge)

Qpy=27Ry Ay =—7Ry, Byt & gy, =0 Qs =0 & Qoo = _27”‘,’(; A ]&Bc) = ZEKBCﬁrl = _QEﬁEBC
pBY = @ L Source of a divergent rotation field (analogous to an electrical field) —~ BC 9opc r
ext 47 r3 Z an = 4 —3 Source of a divergent flexion field (analogous to a spatial curvature field)
T r
1 —
BV _ BV  _ 2 _ 2
Eisi = Edist1ore = 2(K2 + KS)CBVRBVABV - E(Kz + K3)CBVRBVBBV e BC K, ’ -5 K, ’ =,
| Edist = Edisttore = F K SCBCRBCABC = ? K 3§ BCRBC BBC
Egr‘: = Eclilytore = mnCBVRBVA?WVZ = ZmnCBVRBV B;VVZ 3 2 3 2
1 K - 1{ K -
BC __ BC _ 2 2 _ 2 2
w EX 2 5 1 . Ein = Eniore = E[?z] mng g Ryc ApcV™ = E[?z] mng s Ryc By v
M, =c—2=?(K2+K3)CBVRBVABV =F(K2+K3)§BVRBVBBV 3 3
t t t 2 2
E5¢ K 1 - K 1 =
BC ist __ 2 _ 2
Cov = ln(ABVRBV /a) My~ = % = [?2 c_2K3§BCRBCABC = (?2) ?K3CBCRBC By
t 3 t 3 t
y o, CBC = ln(ABCRBC /a)

- . 1/ Perfect analogy between the rotation charge

~ 9 and a localized electrical charge

2/ No analogy in all other theories
for the localized curvature charge !!!



Relativistic dynamics of the topological sinqularities

Hendrik Anton Lorentz
(1853-1928)

stored in the lattice

B X' = X, —Vvt
K,=K,>0, e
~ Conjecture: | 0<K, <<K,=K, Same Lorentz transformations X'=x"=x 7
0<K,<<K,=K, for all topological singularities X' =x" = x, c
\;v v/ c
é;i It
Relativistic enérgy of Relativistic dynamics equation Relativistic energy
the twist disclifiation loop  for the topological singularities of the edge dislocation loop
1 v’ 11 EN M 1 v’ 11 EN  MPFc
El=—|1-— |[Ejt +—=M,'v? = —dx = —0 1 Ef=—|1-— |[Ejo+—=My?==d =0 +
/J/t ct t 2 Yt /J/t /)/t ct t 2 yt ,J/t
Edist Egin Edist EGin
d ﬁ disloc Ed?sloc _ Mdisloc _ i
E™ |E, /‘F E” /E, =4 _g=——a=F,
dt }/t ct Yt
3 oW Ratio of the distorsion energy

RSN,
0.75

0.5

0.25

Ratio of the kinetic energy
stored in the lattice
—_—

I
1 vig

0.25 0.5

All the topological singularities
(of dislocation or disclination types)
follow exactly
the theory of special relativity




Albert Einstein

Effects of the Lorentz transformation of the special relativity (1875:1952)

Measuring rods contraction and clock slowing down Verification of
for the local observers HS the Michelson-Morley experiments

)

E.n A Ax3 ' Ax3 " i

. b
C o Tl
| "I
: i
T 1] |
117 HENEEE
1] L1 J |
0
¢ HS’
=

The new
« aether »
is arrived!




Effects of the Lorentz transformation of the special relativity

Verification of all the

Impossibility for the local observers HS
Doppler-Fizeau experiments

to measure their own velocity with regard to the lattice

A ! n T = 4
E.!} Axg, A'xfi !
TTTT
1T
[
sl'
(- n‘ %
E" = ; e-‘" t”
LR S ey G |
I Vi IVl I I
- i 1 "
H 3 CHH S
11 T 4 14\
111 INENEEE | \
L LT
' = ' t
0" 3 Hs X9

L )

Simple explanation of the famous
twin paradox of the special relativity

1/ Complete analogy with the Lorentz transformation
and the special relativity

2/ The cosmological lattice behaves as an « aether » which verifies
the Michelson-Morley exeriment and the Doppler-Fizeau effects, and
which explains very simply the twin paradox.

3/ The local observers HS cannot measure their own velocity
with regard to the lattice!




Il C - Gravitation and cosmology

Perturbation of the external expansion field of a topological sinqularity

Effect of the energy Effect of the flexion charge Effect of the rotation charge Effect of a macroscopic Effect of a macroscopic
of a singularity of a singularity of a singularity vacancy singularity

E amas V amas

dist pot

Collapse of a cluster with Q, <0

Collapse of a cluster with Q, >0




External expansion field of a topological sinqularity of vacancy or interstitial type

Effect of the energy Effect of the flexion charge

of the singularity of the singularity
Eii” Vo

Conjecture:

:

1/ The gravitational field
of a vacancy type cluster (anti-matter)
is slightly higher than that
of an interstitial type cluster (matter)




Collapse of clusters of vacancy or interstitial type: black holes and pulsars

Conjecture:

l

1/ The collapse of a cluster with  Q, >0 (anti-matter)
leads to a macroscopic vacancy singularity

« Collapse of a cluster with Q, >0 Collapse of a cluster with Q, <0

2/If t,>1-1""“"(R,), the macroscopic vacancy
becomes a black hole

3/ The collapse of a cluster with  Q, <0 (matter)
leads to a macroscopic interstitial singularity

4/ The macroscopic interstitial has to correspond
to a pulsar !!!



« Gravitational » interaction between elementary topological sinqularities

Calculations of the interaction forces
between two elementary singularities
due to their expansion perturbations

MY MY, . . .
Fo™ =G, % Predominant interaction
. M mreaiM o + M amsrecyM s MM
F‘;::‘; e = (aBC + ZﬁBC)Ggmv et O(Z)dz LU = +2(aBC +2BBC)Ggmv 0(11)12 e
5 M BM M BM
FZ,?Z = z(aRM +2ﬁRM )Ggrav %
1 M BC M BV 1 M BVM BC
F;;/vixc = 5 grav % + E + 4(aE‘C + 2ﬁBC) Ggrav Odz .
1 MBVM BM
F;«;/;W = (E +4(0tg + 2By )JGWV 2 & .
: MM MM
F::«i M= 4(aBM + 2BEM )Ggrav % + 4(aBC + zﬂsc +0gy, t+ zﬂE‘M )Ggrav . & .
BV (L)
FBv-L =lG 9+1 My My :i(9+1 )M:VRL
T T g a8 v d?
0
BC-L 1 MriirbweM;f;)v 1+(a3c +2ﬁ5€)(1+T0) MOBCMLVLJV
Fmv =46, rav 2 4G;zmv 2
“ 41, d 1+7, d
M R M R
= CIZ %"’(“3[14'(0‘!% +2ﬁgc)(1+ro):| (:12 L
1+ (0t + 2B, J(147,) MMM, MR
BM-L _ BM BM 0 0 rav. 2
Fgmv = 4Ggmv I+ T, & = < |:1+(aBM + ZﬁBM )(1+ Ty )]#
BV g (1)
i 29G MiMyw 3¢ MR
grav 5 Jgrar & 4 Ri 4
) MEC M(I) MBCM(I)‘
}'ﬁfﬂ = 4nglv % + 4nglv (1 Tyt zﬂsc) . PE £
2 2 MBC R3 2 2 MBCR3
= Crz murt;m’ 1y Clz (1+a3c +2ﬁxc) 0 E I
3R2 d 3R’ d
5 MBMM(::V 2C2 MBMR3
Fgff ! = 4Ggmv[1+aBM + 2BBM ]% = %[1 + 0y, +2ﬁBM] Ziz !
8G,,, MU ML . c(1+7,) R,y R,
Fol= 0 +‘“T ] & “(’12 ool = ’2( G ) “22 LD BV=screw disclination loop
0 grav BC=edge dislocation loop
M(l) M(’) L‘4 R3 R3 o . R
=0 DeeaMwe) : SO BM=mixed dislocation loop
grav rav 4 18 Ggmv R: 42
s 2P MOMY & 2v, RE) L=macroscopic vacancy
g = e g & “6R G,, & =macorscopic interstitial

J

Gotlib

Gravitational interaction force between
two clusters of elementary singularities

T

d
amas amas amas amas
F =G Moy My, G, (Mom + M) )+
grav = grav d2 4 2 d
ct
& >0 si T,<T,,
G, = :

o 8m(K,—4K, I3-2KA+1))R. | <o 1,51,

2/ Small corrections at very short distances as in
general relativity, but different!

3/ Gravitationnal parameter G is not a constant.
It depends on the expansion background



Invariance of the maxwellian formulation of the physics laws for the local observers HS

Absolute frame of the external observer GO
and local frames of the observers HS

g

NN
ANN §§\

AN

O AN

\\\\\“\
AN

AN
AN\
ANN

";0",,,"' < Ny,

e ISl

90 20.90% . Nl Local observers HS
>

N 4
(Homo Sapiens)

AN
A\
AN

R
AN

. \ NN
&

9,

S

\ External observer GO
Vg G O (Great Observer)

=l il
K %Jrﬁ‘ ¢ =@2J,) Invariant —% +r0t¢" = (2J) Maxwell equations
’ 1] ]
div, 26¢)= (24, Muxvtle div 2@")=(22) depending )
» ) equations Yo ~ on the local expansion
a(";:’m) s—ﬁ‘(%]+21(ﬁ[:'; { _(rg; )s—ﬁ(%)-#ﬂgi""
3
div, ("01—71’?; ) =0 div(np"™)=0
_ 1 i
_ 4 1 . an AL L =an P
Qo= o 08 =gy 3 Jream0a,0)
B _ s ot ot oo (LG _ G
(noﬁ(’;f():(num){q';',’+(C,(\.,7C,_m)¢(’;’:+[ni(l,'j’;,fl,’_'("\.,)ﬂ np )=(nm)[¢ +(C,-C,)é +(;(J, -J; )H
)
a2, B, 02 _ =
{ (B—r‘“));—div\(zjm) { 5= -dvel)

K,+K. K,+K.
o = [BtK o @, = = B85 0% £ cste
10 i, mn mny

Behaviours of the measuring rods and local clock of the
HS observers insuring the invariance of their physics laws

G MIIIMJ
grav'™ 0 G Mamas
_ 2 A grav 0
y=e 9 &=+ 2 &
cr
G Mama.v
_ Tgrav™ 0 amas
c,zr - GgravM 0
t,=e r=|1-———- 1t
cr

Relations of the Schwarzschild metric

Relations of
in general relativity

our theory

1/ Analogy with the Scharzschild metric
of the general relativity

2/ Measuring rods and clocks of the HS observers
depend on local expansion of the lattice

3/ Phsics laws are invariant
for the local observers HS

4/ Only an external observer GO can describe the

effects of the local expansion, because
he owns universal measuring rods and clock



Agreement and desagreement with the general relativity

Ggva gmas amas
B cEr 1 Ggrav M 0
Yi=¢€ g + 2 &
Cr

N

t

_GgravM 0" G M amas
2
atop=|1- MJ t Karl Schwarzschild

t,=e = i
ar (1873-1916)
Relations of Relations of
our theory the Schwarzschild metric
in general relativity
At long distances, perfect agreement with general At very short distances, disagreement with general
relativity: example of the light rays curvature relativity: example of the characteristic radii of black holes
/ Our theory General relativity
Schwarzschild
radius
Radius of = _2G,,,My™ = _ 3G, M;"™
photon sphere photon — 2 photon — c?
t t
Radius where G
the time dilatation Ml o
time dilatation—eo - 0 Rtime dilatation—eo = 15,6,720

of falling observers
becomes infinite

The characteristic radii of a black hole obtained by
our theory seem much more satisfactory than
those obtained from the Schwarzschild metric of
general relativity




Spatial curvature of the lattice as seen by the observer GO

compared to the spatio-temporal curvature of the general relativity

Einstein equations of the 4D curvature
of space-time in general relativity

G=8nT
_ 1
Gy = Ry =5 8 R
VeG=V.T=V.T[ ... [0

Albert Einstein
(1879-1955)

Equations of the 3D space curvature of the lattice
as seen by the external observer GO

. 1 dp (4K, — —— 4
xX= [n——(—+2K ) grad7 —grad F
Curvatlle tensors 2K, | dr 3 !
Energy-mon':tum tensors X = —rot@” + 1
_ 1] 4K ; .
L G divy=——|div[ n2 |-[ 252 Lok | Ac—aF? |=divi=6
2K, dt 3 :

Newton equation of the lattice!

1/ Analogy with the general relativity:
- curvature equations with curvature tensors and energy-momentum tensors
- divergence of the curvature tensors -> motion equations

2/ For the external observer GO, who owns an universal clock,
the lattice curvature is purely spatial

3/ For the local observers HS, who own local clocks,
the curvature has to be a space-time curvature

4/ The concept of curvature charge is COMPLETELY NEW,
as it does not exist in general relativity



Weak interaction in the case of a dispiration
formed by a twist disclination loop associated to an edge dislocation loop

Combination of a twist disclination loop
with an edge dislocation loop
to form a dispiration loop

Weak interaction capture potential between
Q/l and Qe with a very short range

AEI'IL-EJ.

IS

§q

2R
Twist disclination loop 2
. (rotation charge) &

Q 3
vis SIS IIIII 21000 14,
”/M//”’, - 5 121110y, w«<1/d
11 = densité Q. e - > d >
Twist disclination loop Twist disclination loop
with interstitial type edge dislocation loop with vacancy type edge dislocation loop

1/ Analogy with the weak interaction force of the
standard model of particles

2/ The weak interaction is strongly associated
to the gravitational interaction between
a flexion charge and a rotation charge

Vu BCy)
w & BV~ +BCY) o
AR o Bv- ¥
& _ & BC®
X. v, a
(a) e ®) BV +BCY)
. . Vv BC‘i‘
Edge dislocation loop i P ! BV +BCO o v
(flexion charge) X . X
W ER BV MR
R R i
v, BCY)

(c) e (d) BV* + BC®

(0}



Hierarchy of the gravitational interactions

Hierarchy of the gravitational interactions

Behaviours of the gravitational interaction forces (effects of the curvature mass
as a function of the lattice expansion background associated to the flexion charge)
1y, 2B K2 X = particles (dispirations containing interstitial edge dislocation loop)
@, +28 D=2k, 3K, S . . L L. . .
¥ . X = anti — particle (dispirations containing vacancy edge dislocation loop)
['s]
& & 2 4 w5 A ] Conjecture: 1 . N o
d - >T() V' = neutrino (pure interstitial edge dislocation loop)
i 1 | SR : oA v® = anti — neutrino ( pure vacancyedge dislocation loop)
F ,’ .Hh ELC() : armractive H 2 repulsive
F i repulsive §. attractive MY=MX>0 M =M >0
J ELO-ELQY i attractive ' repulsive X . X
aTY 5 E M courbure > O ’ M courbure < 0 M :ourbure >0 B M :ourbure <0
FI,‘“’ { .~ ML ! atiractive ! repulsive e x 0 " 0
. E g |M courbure =M courbure <M 0= M |M courbure =M courbure >>M [ M 0
— ' } p—
F TL-ELD i attractive E repulsive ~ R
gra i i X-X X=X X-X
f“ ::\ ELGi) ! repulsive ! E_ attractive F;grav F grav < F grav
S - _ _
ML E atiractive E 3 repulsive FX Y FX Y - FX—Y X-Y
L — s . =
FELOrMe i dltractiie E B repulsive grav grav grav grav
[_Q:' .l‘“)_ML EL repulsive ; attractive Fg‘;a;v < O I'?g ‘;a;v O 5 vO-ve = O P; ‘;a;v = - I?g ‘;a;v
i 18
. o 2 X—v° X _ . ~ X—v
FT,' L repulsive § E anractive E; i % Irgrav < O Irgrav = O 9 O Irgrav O
; ; $2
FEHing i anractive EB g s
I 1 i
J EL-L i repulsive :4
.- i v
Fr‘.l.l L repulsive S i' atiractive E' o Q i
5 g 5 1/ The interactions v’-v%and Xx-v°
Fr ;ﬁ e '§ s with a neutrino are repulsive!l!
FI’_?’-""’ ; atiractive é g g
 ELGL 5 rulsive 12 §’g 2/ All the other interactions are
o ’ | P N attractive (or very small)
e it " eputive C 5 e | e 3/ Attractive interaction between particles is slightly lower than
it | ! e s attractive interaction between anti-particles
| : H — I8
F L= repulsive ilg i attractive E repulsive
P ; 3 ; 4/ The slight assymetry existing between matter and anti-matter is
3 longinudinal waves ' J 3’"7'”7’7 due to the flexion charge of the edge dislocation loops (which DOES
¢ T =) ,< T > NOT EXIST in all other theories!)




Plausible scenario of cosmological evolution of matter in our universe

Stages of cosmologic expansion of the lattice 1/ big-bang

2/ inflation and hypothetic solidification of the lattice with formation of numerous

f=-312 f"r» (7)) || E50 E0 topological singularities
T, =-9 Ty ==2 t“f~l Ty =1 e)% E
Y | ) 7 40— > 3/ annihilation of topological singularities with formation of photons coupled to

the topological singularities

.-

4/ condensation of the remaining topological loops in particles and anti-particles

|
\ ] \‘
Wl

9

5/ decoupling of matter and photons to form the cosmic microwave background

\
L

big-crunch || big-bang
l '

‘. A longitudinal vwaves 6/ phase transition by precipitation of clusters of particles and anti-particles to
=1 L | - form galaxies inside a sea of repulsive neutrinos
l "‘:‘.‘{-.—»r'-ﬂ::\‘:”.ﬁvx:ﬁtw:F:::\TW attractive : : l repulsive T“(I)
i
e | i 7/ segregation of the anti-matter in the center of the galaxies due to the slightly
| FXUSFLYFLS weakimeraciion | E weak ineraction higher gravity of anti-matter
P
XL - | . . .. .
i B - e 8/ under gravity, collapse of the anti-matter nucleus in gigantic black holes
anvaciive — Frt | atractive (macroscopic vacancies) in the center of galaxies
repulsive F;:j“ | repulsive
rpstive LS l"""""“" | I relite 9/ evolution of the remaining matter to form the stars and planet systems
atiractive Fll antractive i l repudsive
e I o l T 10/ under gravity, collapse of stars of matter to form pulsars (macroscopic
T, =2 interstitial clusters)

1/ Explains the formation of the galaxies
and of gigantic black holes in the center of the galaxies

2/ Explains the disapearance of anti-matter inside the universe

3/ Explains the «dark matter»: the repulsive neutrino sea acts
as a strong pressure on the galaxy periphery

4/ Explains simply the Hubble constant, the galaxy redshift
and the cooling of the cosmic microwave background




Il D - Quantum physics and standard model of particles

Gravitational fluctuations of the expansion field associated to a mobile sinqularity

. . . . . 2 .(p)
Immobile singularity Second partial Newton equation 0°T - K, AT? = 2 ALP)
. . . . i i 2 = t
=> static external gravitational field (in the dynamic case) ot mn
| Dynamic solution
2 i \ TP F )=y (7 )e ™
: i 3
! 8
] : E 7 Wave equation for the amplitude and phase of the
MR S moras \: dynamic fluctuations of the gravitational field,
] 5 a ] o
i ot L H which )
=7 i/ B /i R 4 4 should contain information on relativistic energy l/_/ +%wm al/_/ _ 0)2 = _ A
e R Tacne B e and relativistic momentum of the singularity o M ot W E—CGAY
Tcl;u(R) \\ R/ T (e L
expansion 2
externe réelle

Coniecture,' Use « a priori » the quantum physics operators

with the relativistic dynamic relations

2 dist =
To < TOL-, aZ E,, _ MOC} _ Eo +V(7,1)
R Al 4 i v
. . . = - ' | .
Mobile singularity Mc} = E" +V(F.0) r= \/ g
. 3 . . P 2 D 2 !
=> dynamic external gravitational field Ay > Fy B V(1)
p ——oy="0 "y
y Y ve!
Ediﬂ + V(I_; t) v Complex frequency of the gravitational fluctuations,
0, =t—2——"1+i— and
Y C, relativistic wave equation (different from Dirac equation!)

o’ y ¢ ) ot v’ . ZZ

0 dist - p) Edist+V ——’t 2 2
AL +V(r’t)(l+i1]ih—l£—( " +VG0) (1+'Vj y = — Ay




Solution for a relativistic quasi-free sinqularity

1 ( dist vy oz -
—(E§ +V(r,t))|x2+vt|
P (7 +) ~ A
TeaF ) =We 7

&

v i| —ﬁ(Eg”‘ +V(F ,t))|x2 Fvi|

cos[%(Eg”’ + V(F,t))t}cos[%(Egm + V(?,t))—2x2 Fy,e sin [%(Egm + V(F,t))t}sin {%(Egm + V(F,t))cizxz}

t

Oscillations with a frequency, a wave length and a range which depend on the relativistic velocity:

El" +V(F,t)  EM+V(F.e) 2mhcly 2mhe} — 2 he hic o2, 2
== = =2 2 A= dist - = [ pdist - —viie 6= dist ¥ i ey 1-v?/ Ct2
2ehy  2mhy1-v2 /¢ (B +VED)V - (E™ +V(FED)V EM2V(FL BN +V(FD)

f

Schrodinger equation for a non-relativistic singularity submitted to a potential

=2 2 2
y= —‘;—2 51 & B E;T‘i—’ =-Ey »—(E*+vG.n)y = Schrédinger equation i 8a_lg5 _h Ay +(ES +V(FE D)y
' t 2M 0o -
Justify « a fortiori » the conjecture of using the quantum physics
operators with the relativistic dynamic relations
o BV,
tPFE D=y (F)e™ ) =y (Fr)e 7

Erwin Schrédinger
(1887-1961)

Oscillations of the dynamic gravitational field

1/ The schrédinger equation is a wave equation deduced from the second partial Newton equation
of the cosmic lattice

s R
/ @ ~\ ‘,’1 2/ It allows one to calculate the amplitude and the phase
| - = o . B
\ ?J ¢ &j of the gravitational fluctuations of frequency @ ; (F,1)
X \©
associated to a non-relativistic moving singularity submitted to a potential
3/ All the well known consequences of quantum physics can be applied:

stationnary wave equation, commutators, uncertainty principle of Heisenberg, probabilistic interpretation of the wave
function, etc.



Stationary state of two coupled mobile singularities

2

Stationary coupled Schrédinger equation
S MLV, = Ey, () 2
e — 22 MY @) [+ V) + V@), Gy, ) =(E, + E, )y, G, G)
— . . — 0
- M, Ay, G)+V@)y, () =EY, (1)
Stationary Schrédinger equations r ( 7 ) v G )e,zwf@ ) v (7)e tio,F) _ —y #)e ;(EgrswV(r ) " e I(Egl”+V(rb))
2'ho n m n m\"b
Two possible solutions 28 v v )
e T\ b
for the gravitational Thson (BT 1) =0, (7, )‘l/m(rb)e
fluctuations Ly )V )
with frequency T pomion(F, Tyt = v, (7, )llf,,,(";,)e 0 ’
oscillations:

Oy (7. ?)=il(2E”““ P)+V(@E)) - i
boson \"a>"b h 0 a b h a b

wfermion (7;1 ’7};) = i%(v(;‘;) (’7;)) — 0si ;; - 7}, —> impossible

1/ There are two possible solutions for the gravitational perturbations of two coupled singularities:
the bosons solution and the fermions solution

2/ For the fermions solution, superposition of the two singularities is impossible
because the gravitational fluctuations will deseappear in this case!

-

‘ (‘\ \0)

' X J ) => Pauli exclusion principle for the fermions solution
Secaulie

3/ All the well known consequences of quantum physics can be applied:
indiscernability principle, symetric and antisymetric solutions, etc.

,s;



Dynamic internal gravitationnal field of a singularity: the spin of the sinqularity

Second partial Newton equation
(in the static case)

K, (27()) +[ 4K, 13+ 2K, (147, + 7 (F)+ 1))~ K, |t ")+ (Eih, )+ Foh (7)) = este =0

pot

. . . 2 4 RZ
. There is no stat1c_solut10.n . K >K, =K, 2 Ry, =10
in the heart of the singularity if: “ G

Need for a dynamic solution:
rotation of the loop around a diameter

/N
Solution of the stationary g,=—j+1)
Schrédinger equation: 21
m,=j,j—1,.
cin .. BV p2
ErotatwnBV ] (.] +1)/2IBV BV — 6 M RBV
4
L 21, E o =y J+] =
Quantification of the angular momentum | v ration BY I A =g nq; Moy 5
and the magnetic momentum of the loop, L, =nm, emSomp

2
with right value of the Bohr magneton!

v

1/ No static solution for the internal gravitational field of a singularity loop if K, > 107 hia
=> the singularity loop has really to turn around an axis

L

gj 2/ Solution of the stationary Schrédinger equation:
=> quantified spin of the singularity loop, with j=1/2, 1, ...

- =1,

¢

R,

r

virtue "enn
i K
N
4, (R) mxfl/’
/ wosaneion

pans:
externe réelle

3/ The argument of the pionners of quantum physics against a real rotation of the charge
based on the fact that the equatorial velocity of the charge would be higher
than the light velocity is wrong if K, <1,8+10°
due to the enormous static expansion in the vicinity of the loop.




Transversal wave packets: the photons

] e icﬂ(xz—c,r) ] e el icﬂ(xz—c,t)
:

Transversal wave packets needs helicity o (x,n=0e Se e > e 9,05 )=—2cme Pede e
to present a constant energy o b el @

- 5 = 5, lz(xz—cﬁ)
¢(x,,t)="i2cw e °e °e ©

ul el e

@4(x,,t)=*tiw,e e e 2 e

©
i—(x—¢t)
<

Wave packet

Constant energy of

x —_—
i o iiceanen :I K3w120 52 52 the wave packet
\\;/ , with helicity

E AN
E +V©@
| State AE, .. =ES + V@ —(Ef +V )=V -y® fluctuation 2 §2 (a) (b)
- perive = 0 0 E =4K,0,,0°0, =h(0}" -0, |=h® ;.0
.. , transition =f =f = fluctuation
g _ h@}a) _ hQ(fb) — h(@}a) _@(fb))

i /ﬁ‘m‘

ﬁ Energy of formation
EM+V®

1/ A constant energy of the wave packet needs helicity
=> energy of the wave packet depends on packet physical dimensions and wave amplitude

2/ The energy of formation is related to a state transition of a topological singularity
=> quantified energy of the wave packet proportional to the frequency of the wave

3/ there is a « plasticity » of the physical dimensions of the wave packet
=> explanations of non-locality, momentum, wave-particle duality, diffraction, interference,
entanglement, decoherence, etc.



Standard model of elementary particles: a « coloured » cubic lattice

1/ Introduce a « coloured » cubic lattice with three simple rules
concerning the alternance and the rotation of the coloured planes

The three rules

Rule 1: the alternation of planes R, G, B cannot be broken (either by
impossibility or by a very large energy associated with a surface
stacking fault energy ),

Rule 2: in a given direction of space, there may appear a stacking
fault corresponding to a shift in the alternation of planes R, G, B,

Which possesses a surface stacking fault enevgy which is not null’.

Rule 3: if a plane with a given color undergoes a rotation by an
angle, or it changes color according to table 31.1, which corresponds )
to the existence of a given axial property of the lattice. | s gt

Stacking fault energy
rotation angle color colors R, G, B and
Q, change complementary colors R, G, B
+3r/2 R->R
0 GG
-3m/2 BB
+m/2 R-G
G- B
W B-R Steven Weinberg, Abdus Salam and Sheldon Glashow
-n/2 R-B
G-R
+r B->G




Standard model of elementary particles: quarks and leptons

58 |
‘ T
Mu- w2l | <
ALl | d(R) e | iy caity (B
1 1 ._%;
»! 7,--" ]
(a) oo bt (b))
| (] = Il ‘
a ° o-0b-b-0 a f a‘j’“ °
Al Sooel® | u(R) n—u’ﬂ [ (b acancy | @mos
9 ? a °
T Q4 =+x le
»
(c) stacking fault (d)
‘ | a"‘:.n 2 Cyfnder
| [ |
@ @it W ROt ot
© " fp=-3n12
0, =+3x12
| | edge disocation op An
al M EEE =
Dt : Py o mww> R
b6 @et=0-5 S5 S zZ =i wonyR [t
» ] - i e Ia.
| ® ®
()] Qn=-32/2 (h)

ii(R)

2/ Combine edge dislocation loops and screw disclination loops

1
ud I a
A ! vacanty S
oo oo V/
lo—?q- P
Li & R
4. I d a D
B 34 dd s e
\
(a) (b)
2, % 43x/2 ‘
6 b d e 365 § 1!
: 8 oot
) . B= st | 4 - RO ' [ 11 v-.camry
W Stacking fault energy ®g= <ei® a:ﬁo. Il [ I
B - B l
Ao
G o >0 e !
i r ‘
Q= -3%2
(c) (d)
name | %2y G | edgeloop | o color symbol 2, Y edgetoop | o
d + /2 -%°R}, 12 interstitial -21a RGorB v, +3m/2 0 interstitial ~6xa
u - +1° R}, interstitial ~2ra RGorB e 0 3R /2 interstitial o
d /2 +n°R /2 vacancy +2xa R.Gor B V. “37/2 0 vacancy 6%a
7 - vacanc) R Go B
u +r TR}, Y +2ra R.Go B ¢ Ax VIR 12 s o
w- +3r/2 “3°RY, 0 .
w +3r /2 ~3n'R}, /2 0
w* 32 3R, 0
w* -3m/2 3R 12 0
Z" | (s3x12)+(-3m12) 0 0
z’ (437 /2)+(-3m/2) 0 0




Standard model of elementary particles: baryons, mesons and strong interaction

Stacking fault energy
=> strong interaction

(a)

(c)

R
¢ o
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A >
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G

E§
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(b)v/‘/

sacking tauk
cywder

3/ Combine two or three dispiration loops (quarks)

baryons anﬁesons
strongdnteractions
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combination | symbol | 2 G edgeloop | Gome
ddd A | #3mi2 | Rz | iterstital | _gra
dud n,A° 0 0 interstitial —6xa
udu p.A" | Bri2 | +3x°RL /2 interstitial -6ma
uuu AY -3n +3n°R;, interstitial ~6xa
ddd A" | 3ri2 | 3R, (2 vacancy 6a
dud ,A° 0 0 vacancy 6ma
udu pA | #3mi2 | 3aRL /2 vacancy 6%a
wiiie A~ +3r 3R}, vacancy 61a
combination | symbol | S L edgeloop | o
dd n°.p° 0 0 0
di n,p | 43m/2 | 37°R} 2 0
du x| 3mi2 | 43R 12 0
uii 7'.0° 0 0 0




Standard model of elementary particles: gluons, strong and weak interactions

.

N

gluons
strongrinteractions

> 4

i | | 111 11
SET I OQTEH = 29 -[vx72] "_>__</
T assoo BTl
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% EEES 2} by 65 Vr
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v 7l i

[x] “Ls < u"‘.I

3 d \A—:‘/—b—\\“

a &l RSN

b) hadronic

gauge bosons
/ weak interactions

u(R)

4/ Exchange edge dislocation loops or twist disclination loops

d(R)

(a)
d(B)
= 0, =-32/2 Q,=-xl2
AVAVAVAVAVAW
- = &\
u(B)
)
Q,=x = Q,=-x - = "(G)
W’l § Q, =3
Q, - Q,=n d(R)
(c)



5/ Replace edge dislocation loops
by wedge disclination loops

A
three families three families
of quarks / of leptons
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Il E - Some other hypothetical consequences of the cosmic lattice

Gravitational fluctuations of the expansion: quantum vacuum state

Ay, . .
£ Distortion energy Sfluctuation — prdist —_ 3
of each fluctuation E (t)=E™ (t)=-8K,y,0 coswt
amplitude WO :
/ ' . Pl ol
size § Superposition of ) (F.1)= Z‘l/ozc e Bi o Ox o Ou e_i(wkH'(pk)
¢ ' numerous fluctuations z
A Zero average energy <E ctuarion, > _0
i of all fluctuations )=
é,

1/ It could exist gravitational fluctuations of the expansion field
with zero average energy (corresponding to distortion energy)
=>analogy with quantum vacuum state




Stable gravitational fluctuations of the expansion: multiverses and gravitons

Coupling of four gravitational fluctuations

=, (1) o (1) s (0)] ¥ ] |xo=x0 (1) [x3=xp3(1)
D)= +y,, € b o fe o Om cosmr —y,, e e e W cosr
T“n(ﬁ, 1) T i=xa () Jo=xo @) u—xs @) x| 0} xmxas ()
ty,e e % e % sinot Fy,e e v e ¢ sinot
Vo =V =W = Va0 =V
C0f1dlt.70n5 for Stab,.e 6a15n25u3 = 51:181;25173 = 6(1662553 = 5d16d26d3 =ABC
gravitational fluctuations 1 11 1 1.1 1B 1 1 1 1 11 1
. ot Emmt ot et sttt —+—
with a constant energy 8, 6n 8L 8, 8, &, 8,8, 8, &, &, &, AB C
S+, +8,=0,+0,+0,=8,+0,+8,=A"+B*+C’
X5
) K 1 1 1
L Bl = Ft = =0yt ABC(A’ + B*+C? )| 5 +—+—
Constant kinetic energy 9 A* B* C

of the four fluctuations T 1 1
O=C |— aF — ar oy
A* B C

1/ It could exist coupled gravitational fluctuations of the expansion field
with a constant energy (corresponding to kinetic energy)

2/ At macroscopic scale, could explain « multiverses »
in an infinite cosmological lattice

2/ At microscopic scale, could correspond to stable « gravitons »



Conclusion of the second part

ure transversal waves
coupled with longitudinal wavelets

general relativity

spatial curvature of the lattice
for the observer GO Maxwell equations

curvature of wave rays

special relativity

spatiotemporal curvature of space

for the observers HS

. n‘;—ﬁ=—2(K2+K3)rFtd>"1+ (%Kz+2K1)@T+2Kzi+nmc5,#—nm&, ‘[f' .
Newton equation ' g @ |+ special coloured structure
of cosmological lattice + gm[ K, D0 + K" (@ +2K (@ ') + 2Ky (@ ") +K T~ KT of cosmological lattice
Fef
Newtonian gravity quantum physics

standard model of elementary particles,
quarks, leptons, strong and weak interactions

modern cosmology

black holes, black matter, black energy

relativistic and non-relativistic
Schrédinger equation

concept of spin

bosons, fermions, uncertainty principle,
exclusion principle _photons, gravitons, multiverses, quantum vacuum state



