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Ini=al	points	
	coordinates	

Present	points	
	coordinates	

Displacement	field	
Velocity	
field	

Lagrange	coordinates	
Euler	coordinates	

Joseph	Louis	Lagrange	
(1736-1813)	

Leonhard	Euler	(1707-1783)	

Coordinates	systems	 Differen=al	geometries	
(Riemann-Cartan,	Finsler,	Kawaguchi,	…)	

	I	A	-	Eulerian	theory	of	newtonian	deformable	medias	



Vectorial	representa=on	
of	the	distor=on	tensors	

Temporal	varia=ons	of	the	laEce	«	distor=ons	»	
are	linked	to	the	spa=al	varia=ons	of	the	velocity	field		

Geometrokine=c	equa=ons	and	distor=on	tensors	in	Euler	coordinates	

Material	derivaUve	

 

d
dt

=
∂
∂t

+ (
!
φ
!
∇)

τ = − ln n
n0

= ln v
v0

RelaUon	with	the	volumic	density	n	of	sites	
and	the	volume	v	per	site	of	the	laXce	



Con=nuity	of	the	displacement	field	

Geometrocompa=bility	equa=ons	and	contor=on	tensors	in	Euler	coordinates	

 
d!u

C
"∫ = − !ek

k
∑ rot

# !# !
βkd
!
S

S
∫∫ = 0     ;     ∀C

No		singularity	by	divergence	
of	the	rota=on	field	

 
ω⊥dS

S
!∫∫ =

"
ωd
"
S

S
!∫∫ = div "ωdV = 0     ;     

V
∫∫∫ ∀S

Con=nuity	of	the	rota=on	field	
	associated	to	the	deforma=ons	

 
d !ω (ε )
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"∫ = !ek
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∑ rot

# !# !
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∑ rot

# !#
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T
d
!
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S
∫∫ 0     ;     ∀C

No		singularity	by	divergence	
	of	the		flexion	field	

 
χ⊥dS

S
!∫∫ =

"
χd
"
S

S
!∫∫ = div

"
χdV

V
∫∫∫ = "ek

k
∑ rot

# "#
rot
# "# "

εkdV
V
∫∫∫ = 0    ;     ∀S

Distor=on	and	contor=on	tensors		
and	geometrocompa=bility	equa=ons	



 

∂ρ
∂t

= Sm − div ρ

φ +

Jm( ) = Sm − div np( )   (1) 

 
n
du
dt

+ n
decin
dt

= Sw
ext − div


Jw − div


Jq − uSn − ecinSn    (2)

 
n ds
dt

= Se − div

Jq
T

⎛

⎝⎜
⎞

⎠⎟
− sSn    (3)

Con=nuity	principle	
for	the	newtonian	iner=al	mass 	 		

Axiom	of	
newtonian		
dynamics	

 
ecin =

1
2
m

φ 2

dU = δW + δQ

dS ≥ δQ
T

Isaac	Newton	

Sadi	Carnot	
(1837-1894)	

The	only	three	necessary	physical	principles	in	Euler	coordinates	

Axiom	of	
the	first	principle			
of	thermodynamics	

Axiom	of	
the	second	principle			
of	thermodynamics	

Con=nuity	principle	for	the	total	energy 	
		

Con=nuity	principle	for	the	entropy 	 		

Isaac	Newton	
	(1643-1727)	

+			kine=c	energy	

 
ecin =

1
2
m

φ 2



Geometrokine=c	

Mix	all	these	ingredients	

Geometrocompa=bilty	
Selfdiffusion	

Elas=city	

Anelas=city	

Plas=city	

Newtonian	
	dynamics	

Con=nuity	
principles	

Complete	set	of	equa=ons	
	of	spa=o-temporal	evolu=on	

Viscoelas=city	



Fundamental	equa=ons	

Newton	
equaUon	

The	complete	set	of	equa=ons	of	spa=o-temporal	evolu=on	in	Euler	coordinates	

Heat	
equaUon	

Selfdiffusion	
equaUons	

Topological	
equaUons	



The	complete	set	of	equa=ons	of	spa=o-temporal	evolu=on	in	Euler	coordinates	

DistorUon	
stress	tensors	

Phenomenological	equa=ons	:	
	state	equa=ons	and	dissipa=ve	equa=ons	



The	complete	set	of	equa=ons	of	spa=o-temporal	evolu=on	in	Euler	coordinates	

PoynUng	
vector	

Addi=onal		equa=ons	



Evolu=on	of	
solids	

	I	B	-	Applica=on:		
phenomenologies		

of	usual	fluids	and	solids	
	

Basic	concepts		
of		

Euler	Coordinates	

Evolu=on	of	
fluids	

Phenomenologies	



Twist	disclina=on	 Wedge	disclina=on	

Singularity	line	
by	rota=on	

	

Screw	disloca=on	 Edge	disloca=on	

Singularity	line	
by	transla=on	

	

What’s	a	line	of	topological	singularity?	

Vito	Volterra	
	(1860-1940)	

	I	C	–	Disloca=on	and	disclina=on	charges	
	



Mixed	disloca=on	loop	
by	transla=on	

Edge	disloca=on	loop	
by	material	

	addi=on	or	substrac=on	

Twist	disclina=on	loop	
by	rota=on	

Wedge	disclina=on	loop	
by	material	

addi=on	or	substrac=on	

What’s	a	loop	of	topological	singularity?	



Quan=fica=on	of	the	topological	singulari=es	as	strings	or	membranes	in	solid	laEces	

Screw	disloca=on	string	
Srew	disloca=on	membrane	

limited	by	two	twist	disclina=on	strings	

Edge	disloca=on	string	
Edge	disloca=on	membrane	

limited	by	two	wedge	disclina=on	strings	

PO	

PO	PO	

PO	
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boucles prismatiques boucle de glissement
t

Quan=fica=on	of	the	topological	singulari=es	as	loops	and	membranes	in	solid	laEces	

Wedge	disclina=on	loop	
with	edge	disloca=on	membrane	

Edge	and	mixed	disloca=on	loops	

Twist	disclina=on	loop	
with	screw	disloca=on	membrane	

PO	

PO	

PO	



Incompa=bility	charges	
associated	to	the	topological	singulari=es	(strings,	membranes	and	loops)	of	a	solid	laEce	

Incompa=bility	equa=ons	and	charge	tensors	

Charges		of		
second	order	

Charges		of		
first	order	



 

!
B = !uB −
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"∫ = − !ek

k
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= − !ek
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∫∫ ≠ 0

 

!
Ω = δ

!
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"∫ = !ek
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∑ rot
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= !ek
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!
λk −
!ek ∧
!
λ − !ekλ( )d!r

C
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Qλ =

!
ω d
!
S

S
"∫∫ = div !ω dV

V
∫∫∫ = λ dV

V
∫∫∫ ≠ 0

 
Qθ =

!
χ d
!
S

S
"∫∫ = div !χ dV

V
∫∫∫ = θ dV

V
∫∫∫ ≠ 0

Incompa=bility	charges	
associated	to	the	topological	singulari=es	(strings,	membranes	and	loops)	of	a	solid	laEce	

Discon=nuity	of	the	displacement	field	

Singularity	of	the	divergence	
of	the	rota=on	field	

Discon=nuity	of	the	rota=on	field	
	associated	to	the	deforma=ons	

Singularity	of	the	divergence	
	of	the		flexion	field	

Disloca=on	Burgers	vector		

Macroscopic	scalar	charge	of	rota=on	

Disclina=on	Franck	vector		

Macroscopic	scalar	charge	of	flexion	

Incompa=bility	equa=ons	and	charge	tensors	



Fundamental	equa=ons	 Phenomenological	equa=ons	

Addi=onal	equa=ons	

The	complete	set	of	equa=ons	of	spa=o-temporal	evolu=on	of	a	charged	laEce	
Geometrokine=c	

Geometrocompa=bilty	

Selfdiffusion	

Elas=city	

Anelas=city	

Charges	associated	
with	the	topological	singulari=es	

	

Newtonian		dynamics	

Con=nuity	principles	



String	model	of	a	disloca=on	line	

anelas=city	

plas=city	

plas=city	

M 0  
∂2u
∂t 2

+ Bf  
∂u
∂t

⎛
⎝⎜

⎞
⎠⎟
1+ ∂u / ∂x1( )2  − ∂

∂x1
τ ∂u
∂x1

1+ ∂u / ∂x1( )2⎡

⎣
⎢

⎤

⎦
⎥

                           = Bs23 + fn x1,u(x1,t)( )
n=1

N

∑ + Ffluctuation x1,u(x1,t),t( )

I	D	-	Applica=on:	elements	of	disloca=on	theory	in	usual	solids	
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!
ω )
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                                         ⇔       
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!
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!
B
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!
B = 0

⎧
⎨
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1
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) (

!m
2

) + (2
!
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!
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!
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1
n
!
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!
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⎣⎢
⎤
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⎧

⎨
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⎩
⎪
⎪
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!
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!
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!
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!
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!
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!
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!
M⎡⎣ ⎤⎦

⎧
⎨
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!
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⎧
⎨
⎩

                                                ⇔           ∂ρ
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= −div
!
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!
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− div

!
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⎛
⎝⎜
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⎠⎟

⎧

⎨
⎪⎪

⎩
⎪
⎪

                ⇔       
   −
!
E
!
j =

        
!
H ∂
!
B
∂t

+
!
E ∂
!
D
∂t

− div
!
H ∧
!
E( )

⎧
⎨
⎪

⎩⎪

  ct =
nk2
nm

= k2
m

         
⎧
⎨
⎩

                                             ⇔           c = 1
ε0µ0

⎧
⎨
⎩⎪

 

!
FPK = 2Qλ

!m
2
+
!
v ∧ n!p⎛

⎝⎜
⎞
⎠⎟

⎧
⎨
⎩

⇔
!
F = q

!
E +
!
v ∧
!
B( ){

Absence	of	par=cles	
	analogue	to	magne=c	monopoles	

Possible	solu=on	of	the	famous	paradox	
of	the	electron	field	energy		

Existence	of	a	small	asymmetry	
	between	curvature	charges	of	vacancy	or	inters==al	type	

+	

Other	consequences	

String	model	
	of	the	disloca=on	line	

Rela=vis=c	dynamics	
of	the	charges	

Interac=ons	
	of	electrical	type	

and	
	of	gravita=onal	type	
between	charges	

Maxwell	equa=ons	
and	

	Lorentz	force		
at	constant	volumic	expansion	



Conclusion	of	the	first	part	

The	 numerous	 analogies	 which	 appear	 between	 the	
eulerian	theory	of	deformable	media	and	the	theories	of	
electromagneUsm,	gravitaUon,	 special	 relaUvity,	general	
relaUvity	 and	 even	 standard	 model	 of	 elementary	
parUcles,	 reinforced	 by	 the	 absence	 of	 par=cles	
analogue	to	magne=c	monopoles,	by	a	possible	solu=on	
of	 the	 famous	paradox	of	electron	field	energy	and	by	
the	existence	of	a	small	asymmetry	between	curvature	
charges	 of	 vacancy	 or	 inters==al	 type,	 are	 sufficiently	
surprising	and	remarkable	to	alert	any	open	and	curious	
scien=fic	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.	

String	model	
	of	the	disloca=on	line	

Rela=vis=c	dynamics	
of	the	charges	

Interac=ons	
	of	electrical	type	

and	
	of	gravita=onal	type	
between	charges	

Maxwell	equa=ons	
and	

	Lorentz	force		
at	constant	volumic	expansion	
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Part	II	–	Could	the	universe	be	a	3D-laEce?		



 

n d
!p
dt

= −2 K2 + K3( )rot
" !" !

ω él +  4
3
K2 + 2K1

⎛
⎝⎜

⎞
⎠⎟ grad
" !"""

τ + grad
" !"""

K2 (
!
α i

él )2
i
∑ + 2K3(

!
ω él )2 + K1τ

2 − K0τ
⎛
⎝⎜

⎞
⎠⎟

Fdéf
# $%%%%%%% &%%%%%%%

+ 2K2

!
λ

Newton	equa=on	of	a	very	special	isotropic	laEce:	
																																																									the	«	cosmic	laEce	»			

Newton	equa=on	

Elas=c	state	func=on	given	per	laEce	site	

 
f déf = −k0τ + k1τ

2 + k2 ( !α i
él )2

i
∑

 

d!p
dt
 = −2k2 rot

" !" !
ω él − 2k2

!ekgrad
" !"""

τ( ) !α k
él

k
∑ + grad

" !""" 4
3
k2 + 2k1 1−τ( ) + k0⎛

⎝⎜
⎞
⎠⎟ τ

⎡
⎣⎢

⎤
⎦⎥
+ 2k2

!
λ

 
Fdéf = −K0τ + K1τ

2 + K2 ( !α i
él )2

i
∑ + 2K3(

!
ω él )2

Newton	equa=on	of	usual	isotropic	solids	

Conjecture:		elas=c	state	func=on	given	per	unit	volume	of	laEce	
																										and	depending	also	on	the	elas=c	rota=on	

Newton	equa=on	

Analogy	with	general	relaUvity:	
expansion	depends	on		

the	energy	stored	in	the	laXce	

	II	A	-	The	«	cosmic	laEce	»					



 

n d
!p
dt

= −2 K2 + K3( )rot
" !" !

ω él +  4
3
K2 + 2K1

⎛
⎝⎜

⎞
⎠⎟ grad
" !"""

τ + grad
" !"""

K2 (
!
α i

él )2
i
∑ + 2K3(

!
ω él )2 + K1τ

2 − K0τ
⎛
⎝⎜

⎞
⎠⎟

Fdéf
# $%%%%%%% &%%%%%%%

+ 2K2

!
λ

Only	longitudinal	«local	fluctua=ons»	
of	the	expansion	can	exist	

Circularely		polarized	transversal	waves	and	longitudinal	«	local	fluctua=ons	»	

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

	
2/	Analogy	with	the	vacuum	fluctuaUons	

in	quantum	physics	
	
	

Newton	equa=on	of	the	cosmic	laEce	

(	linearly	polarized	transversal	waves	
	are	necessarily	coupled	with	longitudinal	wavelets	)	

Pure	longitudinal	waves	can	exist	

cl ≅
1
mn

4
3
K2 + 2K1 1+ τ 0( ) − K0

⎡
⎣⎢

⎤
⎦⎥
= eτ0 /2 1

mn0

4
3
K2 + 2K1 1+ τ 0( ) − K0

⎡
⎣⎢

⎤
⎦⎥

if τ 0 < τ 0cr =
K0

2K1
− 2K2

3K1
−1

if τ 0 > τ 0cr =
K0

2K1
− 2K2

3K1
−1

Purely	transversal	waves	are	necessarily		
circularely	polarized	

		
Analogy	with	

	the	circular	polarizaUon	
of	the	photons	in	quantum	physics	

	
ct =

ω
kt

≅ K2 + K3

mn
= eτ0/2 K2 + K3

mn0
				

Conjectures:	
K2 + K3 > 0

τ 0 < τ 0cr =
K0

2K1
− 2K2

3K1
−1

⎧
⎨
⎪

⎩⎪



Appearance	of	a	«	perturba=on	sphere	»		Curvature	of		the	wave	rays	
in	the	presence	of	an	expansion	singularity	

Curvature	of	the	wave	rays	and	«	perturba=on	sphere	»		

Analogy	with	the	«	photon	sphere	»	
of	a	black	hole	in	general	relaUvity	

			

ct =
ω
kt

≅ K2 + K3

mn
= eτ0/2 K2 + K3

mn0



8		possible	cosmological	models	

φU (τ ) =
10 
3Nm

T (τ ) = 10 
3Nm

E − F(τ )( )

F = N
n0

K1τ − K0( )τ eτ

Cosmological	expansion	
	of	a	spheric	laEce	with	a	given	total	energy	

Cosmological	behaviours	of	a	finite	cosmic	laEce	



Two	types	of	pleasant	cosmological	models!	

Model	without	«big-crunch»	 Model	with	«big-crunch»	

1/	Analogy	with	the	cosmological	expansion	of	the	universe:		
«big-bang»,	inflaUon,	then	slowing	down	

	followed	by	an	acceleraUon	of	the	expansion	
		

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

3/	Origin	of	the	«dark	energy»:		
Conjecture:	 K1 > 0 ; K0 > 0

F = N
n0

K1τ − K0( )τ eτ
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   − ∂
!
D
∂t

+ rot
" !" !

H =
!
j

   div
!
D = ρ

⎧
⎨
⎪

⎩⎪

 

   ∂(n
!prot )
∂t

≅ −rot
" !" !m

2
⎛
⎝⎜

⎞
⎠⎟ + 2K2

!
λ rot

   div(n!prot ) = 0

⎧
⎨
⎪

⎩⎪
                                        ⇔        

   ∂
!
B
∂t

= −rot
" !" !
E

   div
!
B = 0

⎧
⎨
⎪

⎩⎪

   (2 !ω él ) = 1
K2 + K3( )

!m
2

⎛
⎝⎜

⎞
⎠⎟ + (2

!
ω an )+ 2

!
ω 0 (t)( )       

   (n!prot ) = (nm)
!
φ rot + CI −CL( ) !φ rot + 1

n
!
JI
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!
JL
rot( )⎛

⎝⎜
⎞
⎠⎟

⎡
⎣⎢

⎤
⎦⎥

⎧

⎨
⎪⎪

⎩
⎪
⎪

    ⇔        
   
!
D = ε0

!
E +
!
P +
!
P0 (t)

   
!
B = µ0

!
H + χ para + χ dia( ) !H +

!
M⎡⎣ ⎤⎦

⎧
⎨
⎪

⎩⎪

   ∂(2λ)
∂t

≅ −div(2
!
J )⎧

⎨
⎩

                                                           ⇔           ∂ρ
∂t

= −div
!
j⎧

⎨
⎩
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!m
2

⎛
⎝⎜

⎞
⎠⎟ (2
!
J ) ≅

            
!
φ rot ∂(n

!prot )
∂t

+
!m
2

⎛
⎝⎜

⎞
⎠⎟
∂(2
!
ω él )
∂t
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!
φ rot ∧

!m
2

⎛
⎝⎜

⎞
⎠⎟

⎛
⎝⎜

⎞
⎠⎟

⎧

⎨
⎪⎪

⎩
⎪
⎪

             ⇔       
   −
!
E
!
j =

        
!
H ∂
!
B
∂t

+
!
E ∂
!
D
∂t

− div
!
H ∧
!
E( )

⎧
⎨
⎪

⎩⎪

  ct =
K2 + K3

mn
                                                          

⎧
⎨
⎩

                                    ⇔           c = 1
ε0µ0

⎧
⎨
⎩⎪

Maxwell	equa=ons	

1/	Complete	analogy		
with	the	Maxwell	equaUons	

	of	electromagneUsm	
(with	dielectric	polarisaUon,	
para-	and	dia-magneUsm,	

magneUsaUon,	
electrical	charges	and	currents,	

Lorentz	forces)	
	

2/	MagneUc	monopoles	cannot	exist!	

Equa=ons	of	the	cosmic	laEce	
(at	constant	expansion)	

 


D   ⇔    ω

E    ⇔    m

B   ⇔   np

H    ⇔   


φ


P   ⇔    ω an

ρ   ⇔   λ

j    ⇔   


J


M   ⇔   1

n

JI −

JL( )

χ para + χ dia( ) H    ⇔    CI −CL( ) φ

ε0    ⇔    1
K2

µ0    ⇔   nm

c = 1
ε0µ0

   ⇔   ct =
K2

mn

Maxwell	equa=ons	
of	electromagne=sm	 James	Clerk	Maxwell	

(1831-1879)	

 

!
FPK = 2Qλ

!m
2
+
!
v ∧ n!p⎛

⎝⎜
⎞
⎠⎟

⎧
⎨
⎩

⇔
!
F = q

!
E +
!
v ∧
!
B( ){

II	B	-	Maxwell	equa=ons	and	special	rela=vity	



Separability	of	the	Newton	equa=on	in	the	presence	of	topological	singulari=es	

Newton	equa=on	of	the	cosmic	laEce	

 

nm d
!
φ ch

dt
= −2 K2 + K3( )rot

" !" !
ω ch( )

+ 4K2 / 3+ 2K1(1+τ 0 )− K0( )grad
" !"""

τ ch + 2K2

!
λ ch

 

Δ τ statique
ch( ) = − 2K2

4K2 / 3+ 2K1(1+τ 0 )− K0

div
!
λ ch

= − 2K2

4K2 / 3+ 2K1(1+τ 0 )− K0

θ ch

 

nm d
!
φ ( p)

dt
= grad
" !"""

4K2 / 3+ 2K1(1+τ 0 +τ
ext +τ ch )− K0( )τ ( p) + K1 τ ( p)( )2

+ K2
!
α i

ch( )2 + 2K3
!
ω ch( )2 + K1 τ ch( )2

i
∑⎛

⎝⎜
⎞
⎠⎟

+ 2K2
!
α i

ext !α i
ch

i
∑ + 4K3

!
ω ext !ω ch + 2K1τ

extτ ch⎛
⎝⎜

⎞
⎠⎟

⎡

⎣

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

First	par=al	Newton	equa=on	
	for	the	elas=c	distor=ons	

associated	with	the	topological	singulari=es	

Second	par=al	Newton	equa=on	
for	the	perturba=ons	of	the	expansion	

associated	with	the	topological	singulari=es	

 

n d
!p
dt

= −2 K2 + K3( )rot
" !" !

ω él +  4
3
K2 + 2K1

⎛
⎝⎜

⎞
⎠⎟ grad
" !"""

τ + grad
" !"""

K2 (
!
α i

él )2
i
∑ + 2K3(

!
ω él )2 + K1τ

2 − K0τ
⎛
⎝⎜

⎞
⎠⎟

Fdéf
# $%%%%%%% &%%%%%%%

+ 2K2

!
λ

Sta=c	case:	

 

K1 τ
( p)(!r )( )2 + 4K2 / 3+ 2K1 1+τ 0 +τ

ext (!r )+τ ch (!r )( )− K0⎡⎣ ⎤⎦τ
( p)(!r )

+ Fdist
ch (!r )+ Fpot

ch (!r )( ) = cste = 0

Sta=c	case:	

Calcula=on	of	the	elas=c	distor=ons	
associated	with	the	topological	singulari=es	

(disloca=on	and	disclina=on	loops)	

Calcula=on	of	the	perturba=ons	of	the	volumic	expansion	
associated	with	the	topological	singulari=es	

(disloca=on	and	disclina=on	loops)	
	



Twist	disclina=on	loop	and	edge	disloca=on	loop	

 
nm d

!
φ ch

dt
= −2 K2 + K3( )rot

" !" !
ω ch( ) + 4K2 / 3+ 2K1(1+τ 0 )− K0( )grad

" !"""
τ ch + 2K2

!
λ ch

  

qλ BC = 0 & qθ BC = −2π !n
!
t ∧
!
ΛBC( ) = 2π !ΛBC

!m = −2π !n
!
BBC

!
χext
BC =

qθ BC
4π

!r
r3

⎧

⎨
⎪

⎩
⎪

Edist
BC ≅ Edist tore

BC ≅ K2

K3

⎛
⎝⎜

⎞
⎠⎟

2

K3ζ BCRBC

!
ΛBC
2 ≅ K2

K3

⎛
⎝⎜

⎞
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2

K3ζ BCRBC

!
BBC
2

Ecin
BC ≅ Ecintore

BC ≅ 1
2

K2

K3

⎛
⎝⎜

⎞
⎠⎟

2

mnζ BCRBC

!
ΛBC
2 v 2 = 1

2
K2

K3

⎛
⎝⎜

⎞
⎠⎟

2

mnζ BCRBC

!
BBC
2 v 2

M 0
BC = Edist

BC

ct
2 = K2

K3

⎛
⎝⎜

⎞
⎠⎟

2
1
ct
2 K3ζ BCRBC

!
ΛBC
2 = K2

K3

⎛
⎝⎜

⎞
⎠⎟

2
1
ct
2 K3ζ BCRBC

!
BBC
2

ζ BC ≅ ln ABCRBC / a( )

⎧

⎨

⎪
⎪
⎪
⎪
⎪

⎩

⎪
⎪
⎪
⎪
⎪

Twist	disclina=on	loop	 Edge	disloca=on	loop	

Source	of	a	divergent	flexion	field	(analogous	to	a	spa=al	curvature	field)	

  

qλ BV = 2πRBVΛBV = −πRBV

!
⌢BBV

!
t & qθ BV = 0

!
ω ext

BV =
qλ BV
4π

!r
r3

⎧

⎨
⎪

⎩
⎪

Edist
BV ≅ Edist tore

BV ≅ 2 K2 + K3( )ζ BVRBVΛBV
2 = 1

2
K2 + K3( )ζ BVRBV

!
⌢BBV
2

Ecin
BV ≅ Ecin tore

BV ≅ mnζ BVRBVΛBV
2 v 2 = 1

4
mnζ BVRBV

!
⌢BBV
2 v 2

M 0
BV = Edist

BV

ct
2 = 2

ct
2 K2 + K3( )ζ BVRBVΛBV

2 = 1
2ct

2 K2 + K3( )ζ BVRBV

!
⌢BBV
2

ζ BV = ln ABVRBV / a( )

⎧

⎨

⎪
⎪
⎪
⎪

⎩

⎪
⎪
⎪
⎪

Source	of	a	divergent	rota=on	field	(analogous	to	an	electrical	field)	

Rota=on	charge	(analogous	to	electrical	charge)	 Flexion	charge	(analogous	to	spa=al	curvature	charge)	

First	par=al	Newton	equa=on	

1/	Perfect	analogy	between	the	rotaUon	charge	
and	a	localized	electrical	charge	

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



Rela=vis=c	dynamics	of	the	topological	singulari=es	

Rela=vis=c	energy	of	
the	twist	disclina=on	loop	

Rela=vis=c	energy	
	of	the	edge	disloca=on	loop	

Conjecture:	
K0 = K3 > 0,
0 < K1 << K0 = K3

0 ≤ K2 << K3 = K0

⎧
⎨
⎪

⎩⎪

   x1 ' =
x1 −v t
γ t

   x2 ' = x2 '' = x2
   x3 ' = x3 '' = x3

   t ' = t −v x1 / ct
2

γ t

⎧

⎨

⎪
⎪
⎪

⎩

⎪
⎪
⎪

Same	Lorentz	transforma=ons	
for	all	topological	singulari=es	

 

d
!
P disloc

dt
= Edist

disloc

γ t
3ct
2  
!
a = M 0

disloc

γ t
3  
!
a =
!
FPK

Rela=vis=c	dynamics	equa=on	
for	the	topological	singulari=es	

 

Ev
BV = 1

γ t

1− v
2

2ct
2

⎛
⎝⎜

⎞
⎠⎟
Edist

BV

Evdist
! "## $##

+ 1
γ t

1
2
M 0

BVv 2

Evcin
! "# $#

= Edist
BV

γ t

= M 0
BVct

2

γ t

 

Ev
BC = 1

γ t

1− v
2

2ct
2

⎛
⎝⎜

⎞
⎠⎟
Edist

BC

Evdist
! "## $##

+ 1
γ t

1
2
M 0

BCv 2

Evcin
! "# $#

= Edist
BC

γ t

= M 0
BCct

2

γ t

All	the	topological	singulariUes	
(of	dislocaUon	or	disclinaUon	types)	

	follow	exactly		
the	theory	of	special	relaUvity	

	
	
	

Hendrik	Anton	Lorentz	
(1853-1928)	

 
γ = 1−

!
v 2

ct
2

Ra=o	of	the	distorsion	energy	
	stored	in	the	laEce	

Ra=o	of	the	kine=c	energy	
	stored	in	the	laEce	



Effects	of	the	Lorentz	transforma=on	of	the	special	rela=vity	

Verifica=on	of		
the	Michelson-Morley	experiments	

The	new	
	«	aether	»	
is	arrived!	

Measuring	rods	contrac=on	and	clock	slowing	down	
	for	the	local	observers	HS	

GO	

   x1 ' =
x1 −v t
γ t

   x2 ' = x2 '' = x2
   x3 ' = x3 '' = x3

   t ' = t −v x1 / ct
2

γ t

⎧

⎨

⎪
⎪
⎪

⎩

⎪
⎪
⎪

 
γ = 1−

!
v 2

ct
2

Albert	Einstein	
(1879-1955)	



Effects	of	the	Lorentz	transforma=on	of	the	special	rela=vity	

Impossibility		for	the	local	observers	HS	
to	measure	their	own	velocity	with	regard	to	the	laEce		

GO	

Verifica=on	of	all	the	
Doppler-Fizeau	experiments	

Simple	explana=on	of	the	famous	
twin	paradox	of	the	special	rela=vity	

1/	Complete	analogy	with	the	Lorentz	transformaUon	
and	the	special	relaUvity	

	
2/	The	cosmological	laXce	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	laXce!	



Perturba=on	of	the	external	expansion	field	of	a	topological	singularity		

Effect	of	the	energy	
of	a	singularity	

Second	par=al	Newton	equa=on	
	(in	the	sta=c	case)	 

K1 τ
( p)(!r )( )2 + 4K2 / 3+ 2K1 1+τ 0 +τ

ext (!r )+τ ch (!r )( ) − K0⎡⎣ ⎤⎦τ
( p)(!r )+ Fdist

ch (!r )+ Fpot
ch (!r )( ) = cste = 0

Effect	of	the	flexion	charge	
of	a	singularity	

Effect	of	the	rota=on	charge	
of	a	singularity	

Effect	of	a	macroscopic	
vacancy	singularity	

Effect	of	a	macroscopic	
inters==al	singularity	

τ 0 < τ 0cr

τ 0 > τ 0cr

Edist
amas +Vpot

amas

Qθ < 0 τ 0 > τ 0 cr

Qθ > 0 τ 0 > τ 0 cr

Qλ

τ 0 < τ 0cr

τ 0 > τ 0cr

RL =
3NL

4πn0 e
3

τ 0 < − 1+ τ externe (RL )( )

τ 0 > − 1+ τ externe (RL )( )

RI ≅
3NI

4πn0
3 e

τ 0+τ
externe (RI )
3

τ 0 < τ 0cr

τ 0 < τ 0cr

Qθ > 0⇔ vacancy type

Qθ < 0⇔ interstitial type

τ 0 >1−τ
externe(RL )⇔ black hole!

Collapse	of	a	cluster	with		Qθ > 0 Collapse	of	a	cluster	with		 Qθ < 0

pulsar!

Qθ

II	C	-	Gravita=on	and	cosmology	



External	expansion	field	of	a	topological	singularity	of	vacancy	or	inters==al	type		

Effect	of	the	energy	
of	the	singularity	

Second	par=al	Newton	equa=on	
	(in	the	sta=c	case)	 

K1 τ
( p)(!r )( )2 + 4K2 / 3+ 2K1 1+τ 0 +τ

ext (!r )+τ ch (!r )( ) − K0⎡⎣ ⎤⎦τ
( p)(!r )+ Fdist

ch (!r )+ Fpot
ch (!r )( ) = cste = 0

Effect	of	the	flexion	charge	
of	the	singularity	

τ 0 < τ 0cr

τ 0 > τ 0cr

Edist
amas +Vpot

amas

Qθ < 0 τ 0 > τ 0 cr

Qθ > 0 τ 0 > τ 0 cr

τ 0 < τ 0cr

τ 0 < τ 0cr

Qθ > 0⇔ vacancy type

Qθ < 0⇔ interstitial type

Conjecture:			

flexion charge :
Qθ > 0⇔ vacancy type⇔ analogous to anti −matter
Qθ < 0⇔ interstitial type⇔ analogous to matter

⎧
⎨
⎩

Qθ

1/	The	gravitaUonal	field		
of	a	vacancy	type	cluster	(anU-maOer)		

is	slightly	higher	than	that		
of	an	intersUUal	type	cluster	(maOer)	

	

τ ext
Qθ << τ ext

E



Collapse	of	clusters	of	vacancy	or	inters==al	type:	black	holes	and	pulsars	

Second	par=al	Newton	equa=on	
	(in	the	sta=c	case)	 

K1 τ
( p)(!r )( )2 + 4K2 / 3+ 2K1 1+τ 0 +τ

ext (!r )+τ ch (!r )( ) − K0⎡⎣ ⎤⎦τ
( p)(!r )+ Fdist

ch (!r )+ Fpot
ch (!r )( ) = cste = 0

Effect	of	a	macroscopic	
vacancy	singularity	

Effect	of	a	macroscopic	
inters==al	singularity	

RL =
3NL

4πn0 e
3

τ 0 < − 1+ τ externe (RL )( )

τ 0 > − 1+ τ externe (RL )( )

RI ≅
3NI

4πn0
3 e

τ 0+τ
externe (RI )
3

τ 0 >1−τ
externe(RL )⇔ black hole!

Collapse	of	a	cluster	with		Qθ > 0 Collapse	of	a	cluster	with		 Qθ < 0

pulsar!

Conjecture:			

flexion charge :
Qθ > 0⇔ vacancy type⇔ analogous to anti −matter
Qθ < 0⇔ interstitial type⇔ analogous to matter

⎧
⎨
⎩

1/	The	collapse	of	a	cluster	with																			(anU-maOer)		
leads	to	a	macroscopic	vacancy	singularity	

	
2/	If																																			,	the	macroscopic	vacancy		

becomes	a	black	hole	
	

3/	The	collapse	of	a	cluster	with																			(maOer)		
leads	to	a	macroscopic	intersUUal	singularity	

	
4/	The	macroscopic	intersUUal	has	to	correspond	

	to	a	pulsar	!!!	

τ 0 >1−τ
externe(RL )

Qθ < 0

Qθ > 0



Gotlib	

«	Gravita=onal	»	interac=on		between	elementary	topological	singulari=es		
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Calcula=ons	of	the	interac=on	forces	
between	two	elementary	singulari=es	
due	to	their	expansion	perturba=ons		

BV=screw	disclina=on	loop	
BC=edge	disloca=on	loop	
BM=mixed	disloca=on	loop	
	
L=macroscopic	vacancy	
I=macorscopic	inters==al		

Gravita=onal	interac=on	force	between	
two	clusters	of	elementary	singulari=es	

Predominant	interac=on	
	
		

Fgrav ≅ Ggrav

M 0(1)
amasM 0(2)

amas

d 2
1−
Ggrav

4ct
2

M 0(1)
amas +M 0(2)

amas( )
d

+ ...
⎛

⎝
⎜

⎞

⎠
⎟

1/	Analogy	with	Newton	gravitaUon	
	

2/	Small	correcUons	at	very	short	distances	as	in	
general	relaUvity,	but	different!	

	
3/	GravitaUonnal	parameter	G	is	not	a	constant.	

It	depends	on	the	expansion	background	
	
	
	

Fgrav Fgrav

d

Ggrav =
ct
4

8π K0 − 4K2 / 3− 2K1(1+τ 0 )( )R∞
2

> 0 si τ 0 < τ 0cr

< 0 si τ 0 > τ 0cr

⎧
⎨
⎪

⎩⎪

τ ext (r) ≅ −
4GgravM 0

amas

ct
2r



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

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

1/	Analogy	with	the	Scharzschild	metric	
of	the	general	relaUvity	

	
2/	Measuring	rods	and	clocks	of	the	HS	observers	

depend	on	local	expansion	of	the	laXce	

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	

Invariance	of	the	maxwellian	formula=on	of	the	physics	laws	for	the	local	observers	HS	

GO	

yi = e
GgravM0

amas

ct
2r ξi ≅ 1+

GgravM 0
amas

ct
2r

⎛

⎝⎜
⎞

⎠⎟
ξi

ty = e
−
GgravM0

amas

ct
2r t ≅ 1−

GgravM 0
amas

ct
2r

⎛

⎝⎜
⎞

⎠⎟
t

⎧

⎨

⎪
⎪⎪

⎩

⎪
⎪
⎪

Rela=ons	of	the	Schwarzschild	metric	
		in	general	rela=vity	

Rela=ons	of		
our	theory	

Local	observers	HS	
(Homo	Sapiens)	

External	observer	GO	
(Great	Observer)	

 

   −
∂(2
!
ω (y)

él )
∂ty

+ rot
" !"

y
!
φ(y)
rot ≅ (2

!
J(y) )

   divy  (2
!
ω (y)

él ) = (2λ(y) )

⎧

⎨
⎪

⎩
⎪

                     

   
∂ n0
!p(y)
rot( )

∂ty
≅ −rot
" !"

y

!m(y)

2
⎛

⎝⎜
⎞

⎠⎟
+ 2K2

!
λ(y)
rot

   divy n0
!p(y)
rot( ) = 0

⎧

⎨
⎪⎪

⎩
⎪
⎪

         

   (2 !ω (y)
él ) = 1

K2 + K3( )
!m(y)

2
⎛

⎝⎜
⎞

⎠⎟
+ (2
!
ω (y)

an )       

    n0
!p(y)
rot( ) = (n0m) !φ(y)rot + CI (y) −CL(y)( ) !φ(y)rot + 1

n0

!
JI (y)
rot −

!
JL(y)
rot( )⎛

⎝⎜
⎞
⎠⎟

⎡

⎣
⎢

⎤

⎦
⎥

⎧

⎨

⎪
⎪

⎩

⎪
⎪

 

   
∂(2λ(y) )
∂ty

≅ −divy(2
!
J(y) )

⎧
⎨
⎪

⎩⎪
                                  

  ct0 =
K2 + K3

mn0
 = cste                                         ⎧

⎨
⎩⎪

                       
 

   − ∂(2
!
ω él )
∂t

+ rot
" !" !

φ rot ≅ (2
!
J )

   div (2 !ω él ) = (2λ)

⎧
⎨
⎪

⎩⎪
                       

   ∂(n
!prot )
∂t

≅ −rot
" !" !m

2
⎛
⎝⎜

⎞
⎠⎟ + 2K2

!
λ rot

   div(n!prot ) = 0

⎧
⎨
⎪

⎩⎪
                  

   (2 !ω él ) = 1
K2 + K3( )

!m
2

⎛
⎝⎜

⎞
⎠⎟ + (2

!
ω an )+ 2

!
ω 0 (t)( )       

   (n!prot ) = (nm)
!
φ rot + CI −CL( ) !φ rot + 1

n
!
JI
rot −
!
JL
rot( )⎛

⎝⎜
⎞
⎠⎟

⎡
⎣⎢

⎤
⎦⎥

⎧

⎨
⎪⎪

⎩
⎪
⎪

 

   ∂(2λ)
∂t

≅ −div(2
!
J )⎧

⎨
⎩

                                 

  ct =
K2 + K3

mn
 = K2 + K3

mn0
  eτ0 ≠ cste                                                       ⎧

⎨
⎩⎪

Invariant	
Maxwell	
equa=ons	

Maxwell	equa=ons	
depending	

on	the	local	expansion	



At	long	distances,	perfect	agreement	with	general	
rela=vity:	example	of	the	light	rays	curvature	

Agreement	and	desagreement	with	the	general	rela=vity	

yi = e
GgravM0

amas

ct
2r ξi ≅ 1+

GgravM 0
amas

ct
2r

⎛

⎝⎜
⎞

⎠⎟
ξi

ty = e
−
GgravM0

amas

ct
2r t ≅ 1−

GgravM 0
amas

ct
2r

⎛

⎝⎜
⎞

⎠⎟
t

⎧

⎨

⎪
⎪⎪

⎩

⎪
⎪
⎪

Rela=ons	of	
	the	Schwarzschild	metric	
		in	general	rela=vity	

Rela=ons	of		
our	theory	

At	very	short	distances,	disagreement	with	general	
rela=vity:	example	of	the	characteris=c	radii	of	black	holes	

Schwarzschild	
radius	

Our	theory	 General	rela=vity	

RSchwarzschild =
2GgravM 0

amas

ct
2 RSchwarzschild =

2GgravM 0
amas

ct
2

Radius	of	
photon	sphere	 Rphoton =

2GgravM 0
amas

ct
2 Rphoton =

3GgravM 0
amas

ct
2

Rtime dilatation→∞ ≅
GgravM 0

amas

ct
2

Rtime dilatation→∞ → 0
Radius	where		

the	=me	dilata=on	
of	falling	observers	
becomes	infinite	

The	characterisUc	radii	of	a	black	hole	obtained	by	
our	theory	seem	much	more	saUsfactory	than	

those	obtained	from	the	Schwarzschild	metric	of	
general	relaUvity	

α (R) ≅
4GgravM 0

amas

ct R

Karl	Schwarzschild	
(1873-1916)	



																					

																					

																					G = 8πT

Gµν = Rµν −
1
2
gµνR

Einstein	equa=ons	of	the	4D	curvature	
of	space-=me	in	general	rela=vity	

 

χ = − rot

  
ω él +


λ

 


χ = 1

2K2

n d
p
dt

− 4K2

3
+ 2K1

⎛
⎝⎜

⎞
⎠⎟  grad
 

τ − grad
 

Fél⎡
⎣⎢

⎤
⎦⎥

Equa=ons	of	the	3D	space	curvature	of	the	laEce	
as	seen	by	the	external	observer	GO	

																					

																					

																					 																					 																					

																					

Spa=al	curvature	of	the	laEce	as	seen	by	the	observer	GO	
compared	to	the	spa=o-temporal	curvature	of	the	general	rela=vity	

 
div χ = 1

2K2

div n d
p
dt

⎛
⎝⎜

⎞
⎠⎟ −

4K2

3
+ 2K1

⎛
⎝⎜

⎞
⎠⎟  Δτ − ΔFél⎡

⎣⎢
⎤
⎦⎥
= div


λ = θ																					 																					 																					 


∇ iG =


∇ iT =


∇ iT .........[ ] = 0																					 																					

Curvature	tensors	

Energy-momentum	tensors	

Curvature	charge	

1/	Analogy	with	the	general	relaUvity:	
	

-	curvature	equaUons	with	curvature	tensors	and	energy-momentum	tensors	

-	divergence	of	the	curvature	tensors	->	moUon	equaUons	
	

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

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

	
4/	The	concept	of	curvature	charge	is	COMPLETELY	NEW,		

as	it	does	not	exist	in	general	relaUvity	

																					

G  is of «fine marble», 
 when T is of «low quality wood»! 

Newton	equa=on	of	the	laEce!	Mo=on	equa=on	

Albert	Einstein	
(1879-1955)	



Qθ

Weak	interac=on	in	the	case	of	a	dispira=on	
formed	by	a	twist	disclina=on	loop	associated	to	an	edge	disloca=on	loop	

Combina=on	of	a	twist	disclina=on	loop	
with	an	edge	disloca=on	loop	
to	form	a	dispira=on	loop	

d

Qλ

Twist	disclina=on	loop	
(rota=on	charge)	

Edge	disloca=on	loop	
(flexion	charge)	

Twist	disclina=on	loop	
with	vacancy	type	edge	disloca=on	loop	

Twist	disclina=on	loop	
with	inters==al	type	edge	disloca=on	loop	

1/	Analogy	with	the	weak	interacUon	force	of	the	
standard	model	of	parUcles	

	
2/	The	weak	interacUon	is	strongly	associated		

to	the	gravitaUonal	interacUon	between	
a	flexion	charge	and	a	rotaUon	charge	

Weak	interac=on	capture	poten=al	between	
				and								with	a	very	short	range		Qλ Qθ



Hierarchy	of	the	gravita=onal	interac=ons	

Behaviours	of	the	gravita=onal	interac=on	forces	
as	a	func=on	of	the	laEce	expansion	background	

Hierarchy	of	the	gravita=onal	interac=ons	
(effects	of	the	curvature	mass	

	associated	to	the	flexion	charge)	

X⇒ particles (dispirations containing interstitial edge dislocation loop)
X⇒ anti − particle (dispirations containing vacancy edge dislocation loop)
ν 0 ⇒ neutrino (pure interstitial edge dislocation loop)
ν 0 ⇒ anti − neutrino (pure vacancy edge dislocation loop)

⎧

⎨
⎪
⎪

⎩
⎪
⎪

Conjecture:			

 

Fgrav
X−X <! Fgrav

X−X <! Fgrav
X−X

Fgrav
X−Y <! Fgrav

X−Y ≅ Fgrav
X−Y <! Fgrav

X−Y

Fgrav
ν 0−ν 0 < 0 ; Fgrav

ν 0−ν 0 > 0 ; Fgrav
ν 0−ν 0 ≅ 0 ; Fgrav

ν 0−ν 0 = −Fgrav
ν 0−ν 0

Fgrav
X−ν 0 < 0 ; Fgrav

X−ν 0 ≅ 0 ; Fgrav
X−ν 0 ≅ 0 ; Fgrav

X−ν 0 > 0

⎧

⎨

⎪
⎪⎪

⎩

⎪
⎪
⎪

M 0
X = M 0

X > 0

Mcourbure
X > 0 ; Mcourbure

X < 0

Mcourbure
X = Mcourbure

X << M 0
X = M 0

X

⎧

⎨
⎪⎪

⎩
⎪
⎪

M 0
ν 0 = M 0

ν 0 > 0

Mcourbure
ν 0 > 0 ; Mcourbure

ν 0 < 0

Mcourbure
ν 0 = Mcourbure

ν 0 >> M 0
ν 0 = M 0

ν 0

⎧

⎨
⎪⎪

⎩
⎪
⎪

1/	The	interacUons												and			
					with	a	neutrino	are	repulsive!!!	

	
2/	All	the	other	interacUons	are		

aOracUve	(or	very	small)	
	

3/	AOracUve	interacUon	between	parUcles	is	slightly	lower	than	
aOracUve	interacUon	between	anU-parUcles	

	
4/	The	slight	assymetry	exisUng	between	maOer	and	anU-maOer	is	
due	to	the	flexion	charge	of	the	edge	dislocaUon	loops	(which	DOES	

NOT	EXIST	in	all	other	theories!)	
	
	
	

ν 0−ν 0 X−ν 0



1/	big-bang	

2/	inflaUon	and	hypotheUc	solidificaUon	of	the	laXce	with	formaUon	of	numerous	
topological	singulariUes	

3/	annihilaUon	of	topological	singulariUes	with	formaUon	of	photons	coupled	to	
the	topological	singulariUes	

4/	condensaUon	of	the	remaining	topological	loops	in	parUcles	and	anU-parUcles	

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

6/	phase	transi=on	by	precipita=on	of	clusters	of	par=cles	and	an=-par=cles	to	
form	galaxies	inside	a	sea	of	repulsive	neutrinos	

7/	segrega=on	of	the	an=-maler	in	the	center	of	the	galaxies	due	to	the	slightly	
higher	gravity	of	an=-maler	

8/	under	gravity,	collapse	of	the	an=-maler	nucleus	in	gigan=c	black	holes	
(macroscopic	vacancies)	in	the	center	of	galaxies		

9/	evoluUon	of	the	remaining	maOer	to	form	the	stars	and	planet	systems		

10/	under	gravity,	collapse	of	stars	of	maOer	to	form	pulsars	(macroscopic	
intersUUal	clusters)	

 

 

Plausible	scenario	of	cosmological	evolu=on	of	maler	in	our	universe	

1/	Explains	the	formaUon	of	the	galaxies		
and	of	giganUc	black	holes	in	the	center	of	the	galaxies	

	
2/	Explains	the	disapearance	of	anU-maOer	inside	the	universe	

	
3/	Explains	the	«dark	maOer»:	the	repulsive	neutrino	sea	acts		

as	a	strong	pressure	on	the	galaxy	periphery	
	

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

Stages	of	cosmologic	expansion	of	the	laEce	



II	D	-	Quantum	physics	and	standard	model	of	par=cles	

Gravita=onal	fluctua=ons	of	the	expansion	field	associated	to	a	mobile	singularity	

Second	par=al	Newton	equa=on	
	(in	the	dynamic	case)	

Dynamic	solu=on	

∂2τ ( p)

∂t 2
≅ − K0

mn
 Δτ ( p) = −ct

2Δτ ( p)

τ 0 < τ 0cr

Immobile	singularity	
		=>	sta=c	external	gravita=onal	field	

Mobile	singularity	
		=>	dynamic	external	gravita=onal	field		

 τ
( p)(!r ,t) ≅ψ !r ,t( )e± iω f (

!r ,t )t

∂2ψ
∂t 2

± 2iω f

∂ψ
∂t

−ω f
2ψ ≅ − ct

2Δψ

Wave	equa=on	for	the	amplitude	and	phase	of	the	
dynamic	fluctua=ons	of	the	gravita=onal	field,	

which	
should	contain	informa=on	on	rela=vis=c	energy	
and	rela=vis=c	momentum	of	the	singularity	

Conjecture:			 Use	«	a	priori	»	the	quantum	physics	operators	
		with	the	rela=vis=c	dynamic	rela=ons	

 

− !2 ∂2

∂t 2
ψ → Ev

2ψ

− !2Δψ →
"
Pv

2ψ

⎧

⎨
⎪

⎩
⎪

 

Ev =
M 0ct

2

γ
= E0

dist +V (!r ,t)
γ

M 0ct
2 = E0

dist +V (!r ,t)

!
Pv = M 0

γ
!
v = E0

dist +V (!r ,t)
γ ct

2

!
v

⎧

⎨

⎪
⎪
⎪

⎩

⎪
⎪
⎪

 
!ω f = ± E0

dist +V ("r ,t)
γ

1± i v
ct

⎛
⎝⎜

⎞
⎠⎟

 
γ = 1−

!
v 2

ct
2

 
!2

∂2ψ
∂t 2

+ 2 E0
dist +V ("r ,t)

γ
1± i v

ct

⎛
⎝⎜

⎞
⎠⎟
i!
∂ψ
∂t

−
E0
dist +V ("r ,t)( )2

γ 2 1± i v
ct

⎛
⎝⎜

⎞
⎠⎟

2

ψ ≅ − ct
2!2Δψ

Complex	frequency	of	the	gravita=onal	fluctua=ons,	
and	

rela=vis=c	wave	equa=on	(different	from	Dirac	equa=on!)	???	



Solu=on	for	a	rela=vis=c	quasi-free	singularity	

Oscilla=ons	with	a	frequency,	a	wave	length	and	a	range	which	depend	on	the	rela=vis=c	velocity:	

 
τ réel
( p) (!r ,t) ≅ψ 0 e

− 1
"ctγ

E0
dist+V (!r ,t )( ) x2∓v t

cos 1
"γ

E0
dist +V (!r ,t)( )t⎡

⎣
⎢

⎤

⎦
⎥cos

1
"γ

E0
dist +V (!r ,t)( ) vct2 x2

⎡

⎣
⎢

⎤

⎦
⎥ ∓ψ 0 e

− 1
"ctγ

E0
dist+V (!r ,t )( ) x2∓v t

sin 1
"γ

E0
dist +V (!r ,t)( )t⎡

⎣
⎢

⎤

⎦
⎥sin

1
"γ

E0
dist +V (!r ,t)( ) vct2 x2

⎡

⎣
⎢

⎤

⎦
⎥

 
λ = 2π!ct

2γ
E0
dist +V ("r ,t)( )v = 2π!ct

2

E0
dist +V ("r ,t)( )v 1−

"
v 2 / ct

2

 
δ = !ctγ

E0
dist +V ("r ,t)

= !ct
E0
dist +V ("r ,t)

1−
"
v 2 / ct

2

Schrödinger	equa=on	for	a	non-rela=vis=c	singularity	submiled	to	a	poten=al	

 
i!
∂ψ
∂t

≅ − !
2

2M 0

Δψ + E0
dist +V ("r ,t)( )ψ

 
γ = 1−

!
v 2

ct
2 →1 & "2

∂2ψ
∂t 2

= −Ev
2ψ → − E0

dist +V (!r ,t)( )2ψ ⇒ Schrödinger	equa=on	

1/	The	schrödinger	equaUon	is	a	wave	equaUon	deduced	from	the	second	parUal	Newton	equaUon	
	of	the	cosmic	laXce	

	
2/	It	allows	one	to	calculate	the	amplitude	and	the	phase	

	of	the	gravitaUonal	fluctuaUons	of	frequency										
associated	to	a	non-relaUvisUc	moving	singularity	submiOed	to	a	potenUal	

	
3/	All	the	well	known	consequences	of	quantum	physics	can	be	applied:		

staUonnary	wave	equaUon,	commutators,	uncertainty	principle	of	Heisenberg,	probabilisUc	interpretaUon	of	the	wave	
funcUon,	etc.		

	
	
	
	

 ω f (
!r ,t)

 τ
( p)(!r ,t) ≅ψ !r ,t( )e± iω f (

!r ,t )t ≅ψ !r ,t( )ei
E0
dist+V (!r ,t )
"

t

Oscilla=ons	of	the	dynamic	gravita=onal	field		

 
f = E0

dist +V (!r ,t)
2π"γ

= E0
dist +V (!r ,t)

2π" 1−
!
v 2 / ct

2

Jus=fy	«	a	for=ori	»	the	conjecture	of	using	the	quantum	physics	
operators		with	the	rela=vis=c	dynamic	rela=ons	

Erwin	Schrödinger	
	(1887-1961)	



Sta=onary	state	of	two	coupled	mobile	singulari=es	

Two	possible	solu=ons	
for	the	gravita=onal	

fluctua=ons	
with	frequency	
oscilla=ons:	

1/	There	are	two	possible	soluUons	for	the	gravitaUonal	perturbaUons	of	two	coupled	singulariUes:	
the	bosons	soluUon	and	the	fermions	soluUon	

	
2/	For	the	fermions	soluUon,	superposiUon	of	the	two	singulariUes	is	impossible	

because	the	gravitaUonal	fluctuaUons	will	deseappear	in	this	case!	
=>	Pauli	exclusion	principle	for	the	fermions	soluUon	

	
3/	All	the	well	known	consequences	of	quantum	physics	can	be	applied:		

indiscernability	principle,	symetric	and	anUsymetric	soluUons,	etc.	
	
	
	
	

 

− !
2

2M 0

Δψ n (
"ra )+V (

"ra )ψ n (
"ra ) = Enψ n (

"ra )

− !
2

2M 0

Δψ m (
"rb )+V (

"rb )ψ m (
"rb ) = Emψ m (

"rb )

⎧

⎨
⎪⎪

⎩
⎪
⎪

 
− !

2

2M 0

Δ ψ n (
"ra )ψ m (

"rb )⎡⎣ ⎤⎦ + V ("ra )+V (
"rb )[ ]ψ n (

"ra )ψ m (
"rb ) = En + Em( )ψ n (

"ra )ψ m (
"rb )

 τ
!ra ,
!rb ,t( ) =ψ n (

!ra )e
± iω f (

!ra )tψ m (
!rb )e

± iω f (
!rb )t =ψ n (

!ra )e
± i1
"
E0
dist+V (!ra )( )tψ m (

!rb )e
± i1
"
E0
dist+V (!rb )( )t

 

τboson
!ra ,
!rb ,t( ) =ψ n (

!ra )ψ m (
!rb )e

± i1
"
2E0

dist+V (!ra )+V (
!rb )( )t

τ fermion
!ra ,
!rb ,t( ) =ψ n (

!ra )ψ m (
!rb )e

± i1
"
V (!ra )−V (

!rb )( )t

⎧

⎨
⎪

⎩
⎪

Sta=onary	coupled	Schrödinger	equa=on	

 

ωboson
!ra ,
!rb( ) = ± 1

"
2E0

dist +V (!ra )+V (
!rb )( ) → ± 2E0

dist

"
si !ra →

!rb

ω fermion
!ra ,
!rb( ) = ± 1

"
V (!ra )−V (

!rb )( ) → 0 si !ra →
!rb → impossible

⎧

⎨
⎪⎪

⎩
⎪
⎪

Sta=onary	Schrödinger	equa=ons	



1/	No	staUc	soluUon	for	the	internal	gravitaUonal	field	of	a	singularity	loop	if	
=>	the	singularity	loop	has	really	to	turn	around	an	axis		

		
2/	SoluUon	of	the	staUonary	Schrödinger	equaUon:	

=>	quanUfied	spin	of	the	singularity	loop,	with	j=1/2,	1,	…	
	

3/	The	argument	of	the	pionners	of	quantum	physics	against	a	real	rotaUon	of	the	charge	
based	on	the	fact	that	the	equatorial	velocity	of	the	charge	would	be	higher	

	than	the	light	velocity		is	wrong	if																						
	due	to	the	enormous	staUc	expansion	in	the	vicinity	of	the	loop.	

	
	
	
	

Dynamic	internal	gravita=onnal	field	of	a	singularity:	the	spin	of	the	singularity	

There	is	no	sta=c	solu=on	
	in	the	heart	of	the	singularity	if:	

Second	par=al	Newton	equa=on	
	(in	the	sta=c	case)	  

K1 τ
( p)(!r )( )2 + 4K2 / 3+ 2K1 1+τ 0 +τ

ext (!r )+τ ch (!r )( ) − K0⎡⎣ ⎤⎦τ
( p)(!r )+ Fdist

ch (!r )+ Fpot
ch (!r )( ) = cste = 0

K1 > K1 cr = K0
2π 4 RBV

2

qλ BV
2 ≅ 10−21

Need	for	a	dynamic	solu=on:	
rota=on	of	the	loop	around	a	diameter		

Solu=on	of	the	sta=onary	
Schrödinger	equa=on:	

 

ε j =
!2

2I
j( j +1)

mz = j, j −1,...,1− j,− j

⎧
⎨
⎪

⎩⎪

 

ErotationBV
cin = !2 j ( j +1) / 2IBV
"
LBV = 2IBVErotationBV

cin = ! j ( j +1)

Lz = !mz

⎧

⎨
⎪⎪

⎩
⎪
⎪

⇔
IBV = δ1

M 0
BVRBV

2

4
"
µBV z ≅ gBV

≅2
#
!qλ BV
2M 0

BV mz
"ez

⎧

⎨
⎪⎪

⎩
⎪
⎪

Quan=fica=on	of	the	angular	momentum	
	and	the	magne=c	momentum	of	the	loop,	
with	right	value	of	the	Bohr	magneton!		

 K1 <1,8 i109

K1 >10
−21



Transversal	wave	packets:	the	photons	

Energy	of	forma=on	

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	formaUon	is	related	to	a	state	transiUon	of	a	topological	singularity		
=>	quanUfied	energy	of	the	wave	packet	proporUonal	to	the	frequency	of	the	wave	

	
3/	there	is	a	«	plasUcity	»	of	the	physical	dimensions	of	the	wave	packet	

=>	explanaUons	of	non-locality,	momentum,	wave-parUcle	duality,	diffracUon,	interference,	
entanglement,	decoherence,	etc.	

	

Transversal	wave	packets	needs	helicity	
to	present	a	constant	energy	

Constant	energy	of	
	the	wave	packet	
with	helicity	

ω1(x2,t) =ω10 e
−
x1
δ e

−
x3
δ e

−
x2−ctt
δ2 e

iω
ct
(x2−ctt )

ω 3(x2,t) = ±iω10 e
−
x1
δ e

−
x3
δ e

−
x2−ctt
δ2 e

iω
ct
(x2−ctt )

⎧

⎨
⎪⎪

⎩
⎪
⎪

φ3(x2,t) = −2ctω10 e
−
x1
δ e

−
x3
δ e

−
x2−ctt
δ2 e

iω
ct
(x2−ctt )

φ1(x2,t) = ±i2ctω10 e
−
x1
δ e

−
x3
δ e

−
x2−ctt
δ2 e

iω
ct
(x2−ctt )

⎧

⎨
⎪⎪

⎩
⎪
⎪

E fluctuation = 4K3ω10
2 δ 2δ 2

 
E fluctuation = 4K3ω10

2 δ 2δ 2 = ! ω f
(a) −ω f

(b)( ) = !ω fluctuation

δδ

δ 2

ct

x1

x3

x2

E0
dist +V (a)

E0
dist +V (b)

E

 

ΔEperdue = E0
dist +V (a) − E0

dist +V (b)( ) =V (a) −V (b)

= !ω f
(a) − !ω f

(b) = ! ω f
(a) −ω f

(b)( )

Wave	packet	

State	
transi=on	



Standard	model	of	elementary	par=cles:	a	«	coloured	»	cubic	laEce	

1/	Introduce	a	«	coloured	»	cubic	laEce	with	three	simple	rules	
concerning	the	alternance	and	the	rota=on	of	the	coloured	planes	

	

Stacking	fault	energy	

Steven	Weinberg,	Abdus	Salam	and	Sheldon	Glashow	

The three rules 



Standard	model	of	elementary	par=cles:	quarks	and	leptons	

2/	Combine	edge	disloca=on	loops	and	screw	disclina=on	loops	

quarks	
gauge	bosons	

Stacking	fault	energy	

leptons	



Standard	model	of	elementary	par=cles:	baryons,	mesons	and	strong	interac=on	

3/	Combine	two	or	three	dispira=on	loops	(quarks)	

Stacking	fault	energy	
=>	strong	interac=on	

baryons	and	mesons	
strong	interacUons	



Standard	model	of	elementary	par=cles:	gluons,	strong	and	weak	interac=ons	

4/	Exchange	edge	disloca=on	loops	or	twist	disclina=on	loops	

gluons	
strong	interacUons	

gauge	bosons	
weak	interacUons	



Standard	model	of	elementary	par=cles:	the	three	families	of	par=cles	

5/	Replace	edge	disloca=on	loops	
by		wedge	disclina=on	loops	

three	families	
of	quarks	

three	families	
of	leptons	



Gravita=onal	fluctua=ons	of	the	expansion:	quantum	vacuum	state	

1/	It	could	exist	gravitaUonal	fluctuaUons	of	the	expansion	field	
	with	zero	average	energy	(corresponding	to	distorUon	energy)		

=>	analogy	with	quantum	vacuum	state	

II	E	-	Some	other	hypothe=cal	consequences	of	the	cosmic	laEce	

E fluctuation (t) ≅ Edist (t) ≅ −8K0ψ 0δ
3 cosωtDistor=on	energy	

	of	each	fluctua=on	

δ

amplitude	ψ 0

size	

 
τ ( p)(!r ,t) = ψ 0k e

−
x1−x1k
δ1k e

−
x2−x2 k
δ2 k e

−
x3−x3k
δ 3k e− i ω kt+ϕk( )

k
∑Superposi=on	of		

numerous	fluctua=ons	

Zero	average	energy	
of	all	fluctua=ons	 E fluctuation (t) = 0



Stable	gravita=onal	fluctua=ons	of	the	expansion:	mul=verses	and	gravitons	

1/	It	could	exist	coupled	gravitaUonal	fluctuaUons	of	the	expansion	field	
	with	a	constant	energy	(corresponding	to	kineUc	energy)	

	
2/	At	macroscopic	scale,	could		explain	«	mulUverses	»	

	in	an	infinite	cosmological	laXce	
	

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

Coupling	of	four	gravita=onal	fluctua=ons	

Constant	kine=c	energy	
	of	the	four	fluctua=ons	

 

τ ( p)(!r ,t) ≅
+ψ 0a e

−
x1−xa1(t )

δa1 e
−
x2−xa2 (t )

δa2 e
−
x3−xa 3 (t )

δa 3 cosωt −ψ 0b e
−
x1−xb1(t )

δb1 e
−
x2−xb2 (t )

δb2 e
−
x3−xb 3 (t )

δb 3 cosωt

±ψ 0c e
−
x1−xc1(t )

δc1 e
−
x2−xc2 (t )

δc2 e
−
x3−xc 3 (t )

δc 3 sinωt ∓ψ 0d e
−
x1−xd1(t )

δd1 e
−
x2−xd 2 (t )

δd 2 e
−
x3−xd 3 (t )

δd 3 sinωt

⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥

Condi=ons	for	stable	
	gravita=onal	fluctua=ons	
	with	a	constant	energy	

ψ a0 =ψ b0 =ψ c0 =ψ d0 =ψ 0

δ a1δ a2δ a3 = δb1δb2δb3 = δ c1δ c2δ c3 = δ d1δ d2δ d 3 = ABC
1
δ a1
2 + 1

δ a2
2 + 1

δ a3
2 = 1

δb1
2 + 1

δb2
2 + 1

δb3
2 = 1

δ c1
2 + 1

δ c2
2 + 1

δ c3
2 = 1

δ d1
2 + 1

δ d2
2 + 1

δ d 3
2 = 1

A2
+ 1
B2

+ 1
C 2

δ a1
2 +δ a2

2 +δ a3
2 = δb1

2 +δb2
2 +δb3

2 = δ c1
2 +δ c2

2 +δ c3
2 = A2 + B2 +C 2

⎧

⎨
⎪
⎪

⎩
⎪
⎪

E fluctuation ≅ Ecin ≅ K0

9
ψ 0

2ABC A2 + B2 +C 2( ) 1
A2

+ 1
B2

+ 1
C 2

⎛
⎝⎜

⎞
⎠⎟

ω ≅ ct
1
A2

+ 1
B2

+ 1
C 2

⎧

⎨
⎪
⎪

⎩
⎪
⎪



quantum physics	

 

n d
!p
dt

= −2 K2 + K3( )rot
" !" !

ω él +  4
3
K2 + 2K1

⎛
⎝⎜

⎞
⎠⎟ grad
" !"""

τ + 2K2

!
λ + nm

!
φI
dCI

dt
− nm

!
φL
dCL

dt

+ grad
" !"""

K2 (
!
α i

él )2
i
∑ + K1

an (
!
α i

an )2
i
∑ + 2K3(

!
ω él )2 + 2K2

an (
!
ω an )2 + K1τ

2 − K0τ
⎛
⎝⎜

⎞
⎠⎟

Fdéf
# $%%%%%%%%%%%%% &%%%%%%%%%%%%%

Conclusion	of	the	second	part	

Maxwell equations	

general relativity	

spatial curvature of the lattice 
for the observer GO	

pure transversal waves 
coupled with longitudinal wavelets	

+	special	coloured	structure	
			of	cosmological	laEce	

Newton	equa=on	
of	cosmological	laEce	

spatiotemporal curvature of space 
for the observers HS	

special relativity	

curvature of wave rays	

Newtonian gravity	

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

Schrödinger equation	

concept of spin	
black holes, black matter, black energy	

bosons, fermions, uncertainty principle, 
 photons, gravitons, multiverses, quantum vacuum state	

modern cosmology	

exclusion principle	


