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	I	-	Eulerian	theory	of	newtonian	deformable	medias



Vectorial	representation	
of	the	distortion	tensors

Temporal	variations	of	the	lattice	«	distortions	»	
are	linked	to	the	spatial	variations	of	the	velocity	field	

Geometrokinetic	equations	and	distortion	tensors	in	Euler	coordinates

Material	derivative

Relation	with	the	volumic	density	n	of	sites	
and	the	volume	v	per	site	of	the	lattice
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Continuity	of	the	displacement	field

Geometrocompatibility	equations	and	contortion	tensors	in	Euler	coordinates

No		singularity	by	divergence	
of	the	rotation	field

Continuity	of	the	rotation	field	
	associated	to	the	deformations

No		singularity	by	divergence	
	of	the		flexion	field

Distortion	and	contortion	tensors		
and	geometrocompatibility	equations
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Continuity	principle	
for	the	newtonian	inertial	mass	 	

Axiom	of	
newtonian		
dynamics

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

Continuity	principle	for	the	total	energy	
	

Continuity	principle	for	the	entropy	 	

Isaac	Newton	
	(1643-1727)

+			kinetic	energy
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Geometrokinetic

Mix	all	these	ingredients

Geometrocompatibilty
Selfdiffusion

Elasticity

Anelasticity

Plasticity

Newtonian	
	dynamics

Continuity	
principles

Complete	set	of	equations	
	of	spatio-temporal	evolution

Viscoelasticity
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Fundamental	equations

Newton	
equation

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

Heat	
equation

Selfdiffusion	
equations

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

Distortion	
stress	tensors

Phenomenological	equations	:	
	state	equations	and	dissipative	equations
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The	complete	set	of	equations	of	spatio-temporal	evolution	in	Euler	coordinates
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Poynting	
vector

Additional		equations



Evolution	of	
solids

	II	-	Application:		
phenomenologies		

of	usual	fluids	and	solids	

Basic	concepts		
of		

Euler	Coordinates

Evolution	of	
fluids

Phenomenologies

first	part



Twist	disclination Wedge	disclination

Singularity	line	
by	rotation	

Screw	dislocation Edge	dislocation

Singularity	line	
by	translation	

What’s	a	line	of	topological	singularity?

Vito	Volterra	
	(1860-1940)

	III	–	Dislocation	and	disclination	charges	



Mixed	dislocation	loop	
by	translation

Edge	dislocation	loop	
by	material	

	addition	or	substraction

Twist	disclination	loop	
by	rotation

Wedge	disclination	loop	
by	material	

addition	or	substraction

What’s	a	loop	of	topological	singularity?



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

Screw	dislocation	string
Srew	dislocation	membrane	

limited	by	two	twist	disclination	strings

Edge	dislocation	string
Edge	dislocation	membrane	

limited	by	two	wedge	disclination	strings

PO

POPO

PO



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

Wedge	disclination	loop	
with	edge	dislocation	membrane

Edge	and	mixed	dislocation	loops

Twist	disclination	loop	
with	screw	dislocation	membrane

PO

PO

PO



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

Incompatibility	equations	and	charge	tensors

Charges		of		
second	order

Charges		of		
first	order



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

Discontinuity	of	the	displacement	field

Singularity	of	the	divergence	
of	the	rotation	field

Discontinuity	of	the	rotation	field	
	associated	to	the	deformations

Singularity	of	the	divergence	
	of	the		flexion	field

Dislocation	Burgers	vector	

Macroscopic	scalar	charge	of	rotation

Disclination	Franck	vector	

Macroscopic	scalar	charge	of	flexion

Incompatibility	equations	and	charge	tensors
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Fundamental	equations Phenomenological	equations

Additional	equations

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

Geometrokinetic

Geometrocompatibilty

Selfdiffusion

Elasticity

Anelasticity

Charges	associated	
with	the	topological	singularities	

Newtonian		dynamics

Continuity	principles



String	model	of	a	dislocation	line

anelasticity

plasticity

plasticity

IV	-	Application:	elements	of	dislocation	theory	in	usual	solids
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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

+

Other	consequences

String	model	
	of	the	dislocation	line

Relativistic	dynamics	
of	the	charges

Interactions	
	of	electrical	type	

and	
	of	gravitational	type	
between	charges

Maxwell	equations	
and	

	Lorentz	force		
at	constant	volumic	expansion



Conclusion

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.

String	model	
	of	the	dislocation	line

Relativistic	dynamics	
of	the	charges

Interactions	
	of	electrical	type	

and	
	of	gravitational	type	
between	charges

Maxwell	equations	
and	

	Lorentz	force		
at	constant	volumic	expansion


