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ABSTRACT

Recent experimental measurements performed by American satellite Gravity Paitmavéd that
Einstein space time warped and pulled by earth movement. This important result coifydtisay
Einstein space time exhibits a viscous behavior. Moreover, in a recent publicatPadmanabhan
demonstrated that general relativity and Navier-Stokes equations can be identiced. gaper we
tried to apply fluid mechanics approach to both general relativity and quantechanics.
Considering that space time is a liquid (the old aether), we found sivegla dynamic viscosity value
can be calculated from both Einstein general relativity and Planck equations. Bgisgrigpace time
appeared to be a highly viscous liquid. Calculations of stresses produced by bbdiesaédmic and
astronomic levels appeared to be coherent if universe density is greatertthahdemsity meaning
that universe could have a spherical shape. Finally, a generalized form of Mialfpentuat principle
is proposed giving a unified theory of physics.

1. INTRODUCTION

Since the famous Michelson and Morley experiment, the aether theory was forgottenpdnydied
developed during the #0century considered that no support was necessary to wave or particles to
propagate. The main consequence was the existence of void and the main proportiorodtlouasv
considered as void.

But recent measurements performed by American satellite Gravity Pr@@E-B) [1] disagreed with
Michelson and Morley results. Einstein space time is warped by earth and space timespaathace
force or friction force acting on earth surface. These experimental sredulgreat importance
demonstrate that space time acts on physical bodies through a well known phygieglypf fluids:
the dynamic viscosity. This possibility was recently suggested by C. Elingh# author used a
thermo dynamical approach to introduce the entropy to viscosity ratio and he cdnitiateoid
should have a viscosity value. Both GP-B results and C. Eling [2] approach showeddtddesonot
exist meaning that Einstein space time could be a physical reality. C. Elimmgg¢Pio calculate space
time viscosity and he found that this value should be very low.

More recently, T. Padmanabhan published a paper entitted "The hydrodynamics of atoms of
spacetime: gravitational field equation is Navier-Stokes equation" [3]ieN&wkes equation
describes the flow of real fluids having a dynamic viscosity. And &vity is hydrodynamics" like
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expressed in the conclusion of T. Padmanabhan paper, we should be able to calculate @f by use
classical fluid mechanics equations.

The aim of this paper is first to examine if space time viscosity earaloulated from basic equations
of general relativity and quantum mechanics. In a second time, we comparesi gbtaitied at very
small and very large scales in order to find if a unique value could be calcW@atesidering the
classical relationship between stress and displacement rate tensors used be tesdiow of a
Newtonian liquid we calculated stresses produced by bodies at both atomic and astsoatas. We
proposed then a stresses scale able to describe bodies' behavior whatever is the scale.

Finally, in order to try a unified approach of physics laws, we proposed aatieeerform of
Maupertuis/Fermat principle available whatever the scale.

2. THEORY

2.1 General relativity and viscosity

The well known Einstein equation describing space time mechanical behavioithakidlowing
form:
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The left side of this equation often called the Einstein tensor representsisacertature, its unit is
"m, "R;;" is the Ricci tensor,gd;;" the Riemann metric tensor and "R" the scalar curvature. The right
side is made of a constant multiplied by the energy impulsion teffigdr "G" is the gravitation

constant and "c" the light speed.

In rheology, dynamic viscosityn" of a fluid is defined as the ratio between stress" "and

displacement ratey;;" tensors giving the following relationship:
Tij = NYij (2)

If we assume that space timeaidiquid, then equations (1) and (2) should be comparable. It is well
known that energy impulsion tensdr;" is similar to a stress tensor, its unit is "Pa" likg". Let us
consider thatT;;" and 'z;;" are similar. The only difference being the number of dimensions. This
number is "4" in general relativity and "3" in rheology giving respelt tensors with "16" and "9"

components.

We need then to modify equation (1) in order to obtain both a displacement rate aedstbre
dynamic viscosity. If we multiply both sides of equation (1) by impulsiiffusivity "D,," we obtain
in left side the product of curvature by impulsion diffusivity which is a velagiaidient and then a
displacement rate tensor:

Dy Rij = vij (3)

In the right side of equation (1), we obtain a new constant "K" multiplieth&yenergy impulsion
tensor T;;™

K = Dm C4' (4)



In fluid mechanics, impulsion diffusivity is a well known quantity often calleghatic viscosity 9"
and defined as the ratio between dynamic viscosityahd density "p":

=1
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Then, equation (4) can be rewritten as followed:
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If we identify equations (1) and (2) as proposed above, it gives:

n8nG _ 1

- (7)

K =
p c* n

We can then express space time dynamic viscosity as followed:

n= |25 (8)

2.2. Quantum mechanics and viscosity

If we maintain our assumption of a liquid space time, we should be abledduice it at the atomic
level. Quantum mechanics describes behaviors of atoms kernels and their surroundiogselect
Planck quanta theory allowed understanding of electrons energy levels and the way thejrahange
orbitals close to the kernel to those far away. The main equation usedulateadmergy levels "E" is
the following one:

E=h 9)
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"h" is the Planck constanf." the wave length and "c" the light speed.

In order to find a link between equation (9) and the previous ones, we need to use #mdther f
mechanics analogy. Equation (2) is the general tensorial form describing the ofodowviscous
Newtonian liquid. Considering the classical problem of the established laftawaof a Newtonian
liquid in a pipe, it is possible to simplify in order to obtain a saaationship between pressure drop
"AP" and wall velocity gradienty,,”. "L" and "D" being respectively the pipe length and pipe
diameter:

AP D
Ty = L nYw (10)

Considering that wall shear ratg,™ can be calculated from parabolic velocity (laminar flow) profile
in the pipe, we have:

8u

Yw = Y (11)

u" being the average velocity and "D" the pipe diameter. Replagjyigifi equation (10) leads to
the well known Hagen-Poiseuille relationship between pressure drop and flow rateencd gircular
cross section shape.



We tried then to find a link between equation (9) and (10) through a dimensional afalysisant
to obtain a pressure in Pascal unit in the left side of equation (9), we needd® afiergy by a
volume. Let us call this volume a control volunig"' We obtained then the following relationship:

E h ¢
i

dynamic viscosity and the velocity gradient. It is then interesting to corBldeck constant as a

physical property of liquid space time. The problem remaining at this stape idefinition and

calculation of the control volumé/". At atomic scale, what should be the representative volume we

have to use in order to calculate the right viscosity and then thestigiss? In this representation,

atoms are considered as small viscosimeters or mixing tanks and we need geometaictaristias

in order to calculate dynamic viscosity of liquid space time.

We can then identify equations (10) and (12), the quanti%’?é‘sdhd " peing respectively the

It is possible to perform the same calculations from Einstein relativistic equation:
E=mc? (13)

Dividing each side of equation (13) bgontrol volume "Vc¢" leads to the following relationship:
2
o= e (14)

Equation (14) allows calculation of stress produced by each relativistic pafticiass "m" in liquid
spacetime. But how to make the link with the modified Planck law (equation 12)opesed above.
Using dimensional analysis, it is possible to rewrite equation (14) in the following form:

E mc

Cc
il (15)

Identifying equation (12) and (15) leads to the following equation:

mc

h
n=g = (16)

Atomic particles have different masses; consequently, we will have several sigatesntroduce
in order to respect equation (16). From this analysis, Planck law and Einstein formula\eppea
different. Planck law does not take into account the differences betweert gaarticles then the
control volume is certainly a mean volume representative of all particledr¢aleproton and
neutron). Einstein law is then more accurate and takes into account each paxtiwaical behavior
in liquid space time. Roughly speaking, we can say that Einstein viscosimeter iacoorate than
Planck viscosimeter. But whatever is the viscosimeter geometry, dynamic yidtas# to be the
same.

2.3 Shear rate calculations whatever the scale.

Shear rate is a very important value in both fluid mechanics and engineering of continu@usAtedi
our scale, a very good example of its importance is the case of a mixing tank pisswhte a product
or the case of the laminar flow of a viscous liquid in a pipe. Fvonprevious calculations, it is then



interesting to give all equations allowing shear rates values to be calciBatadtimes experiments
and theories allow mean values to be calculated, we will call thigand sometimes local values "y".

- For a mixing tankit is well known from experiments that the mean value of the shear rate is
proportional to the rotational speed of the turbine "N". The proportior@litgtant often called "Ks"
depending only on the geometry of the system.

y=Ks.N a7

- For a Couette systefwiscosimeter), equation (17) applies and because the geometry is simple, the
average value is the same than the local value and we can write:

TRl

y=vy=Ks. (18)

In that case, "Ks" can be calculated analytically due to the simple geometrg Gfotiette system
compared to the complex shape of an industrial mixing tank where "Ks" can only be determined
experimentally by measurements of rotational speed "N" and torque exerted on the shaft ahthe turb

- For the laminar flow in a pipef circular cross section shape, the velocity profile in permanent flow
regime can be calculated analytically giving a parabolic form. It is they teacalculate the mean
value of shear rate giving the following equation:

(19)

(SRS

7=8.

From these results, it is clear that shear rate equations take the same Bmth batch (tank) and
continuous flow systems (pipes).

- At cosmological scaleve showed above that general relativity equation can be modified in order to
obtain a relationship between stress and displacement rate tensors. We know that angitja*Nel

is the product of curvature by linear velocity. Extending this equation to com#exaRn curved
space used by Einstein, it gives that angular velocity "N" is the producieofaRn curvature by
diffusivity. This leads to the following expression for universe mean shear rate:

y=Ku.N (20)

This equation is analogous to equation (17) well established and experimentéitig feria mixing
tank. "Ku" is then a geometrical parameter characterizing universe flow shape.

- At atomic scalewe showed that velocity gradient or shear rate can be expressed as followed:
— C
v=5 (@1

This equation is analogous to equation (19) and then to all others proposed above. The mese shear
produced by atomic particles in spacetime will increase when their wave lenlgthecrease
explaining why short wave length waves like gamma rays will be extremely penetrating.

Equations (17) to (21) show that a single and simple mathematical form d¢aundewhatever the
scale to calculate the shear rate or velocity gradient produced by the flow of particles



3. RESULTS

3.1 General relativity viscosity calculation

n.n

In equation (8), the only value necessary to calculate dynamic viscosity is the universe density "p".
Even if this physical property is always an intensive research subject,rwaseathe often called
critical density coming from Hubble expanding universe theprs 9.24 107 kg.m®. Using this
value in equation (8) leads to the dynamic viscosits: 0.21 18 Pa.s.

Surprisingly, space time dynamic viscosity appears to be very high, in dee afr magnitude of
values found for bitumen. This result contradicts C Eling [2] analysis giViog &alue. But it seems
to be in agreement with recent GP-B measurements [1] giving a high #sealsie often compared
to honey viscosity.

3.2 Quantum mechanics viscosity calculation

In a first approach, It is quite easy to use volumes of atomic particlesoalettutron and proton.
Considering them as perfect spheres, we found respectively: 7.1106 18 and 247 19 Pa.s.
These values have the same order of magnitude than those found previously in glatiersl. ISuch
result indicates that space time liquid viscosity could be very high as expected before.

Another approach consists in assuming that space time dynamic viscosity ialubefound for
general relativity and trying to calculate the control volume we obtain thedradius of the
corresponding space volume (considered as spherical). By this approach, we found a radius'®f 9.1 10
m corresponding to 3.2 times the electron radius.

Calculating from equation (16) the radius of surfaces necessary to obtageribeal relativity
viscosity (0.21 19Pa.s) for electron, neutron and proton, we found: 0.32 rOfor electron and 13.8

10"® m for proton and neutron (they have nearly the same mass). As expected, the radius
corresponding toV." i.e. 9.1 10® m is between these two values and not very far from the arithmetic
mean value.

4. DISCUSSION

4.1 Stress calculations at all scales.

At this time, assuming that spacetime is a liquid of high viscosity,rev@l@e to calculate stress or
pressure exerted by bodies embedded in the liquid at both atomic and astronomic Fswales
astronomic bodies: planets, stars, dwarf stars and neutron stars, we used the ktigpiship
between pressure and force:

pP= (22)

L

Gravity acceleration values were calculated using the classical relationship:



9= 7= (23)

For atomic particles (electron, proton and neutron), we used equation (14) witbntha@ volume
obtained from equation (12) and space time viscosity determined with general relativitgrequati

The following pressure values were obtained for earth, sun, sun degenerated intstatwaarfl sun
degenerated into neutron star:

- Earth: 1.1510" Pa

-Sun: 0.9 18 Pa

- Sun degenerated into dwarf star: 0.3%° &

- Sun degenerated into neutron star: 0.3 Ra

As expected, pressures are growing up when mass and gravity increase. We can notinthly ex
high values found for degenerated stars. Moreover, pressure obtained for neutrignwathrin
agreement with the value obtained for a single neutron which is 0°2B4.0

Performing the calculations for electron, neutron and proton gave the following values:
- Electron: 2.61 18 Pa

- Neutron: 4.8 18 Pa

- Proton: 4.8 18 Pa

Even if these values are in the right range (arouriiA#) it is not acceptable that stresses produced

by neutron and protons are not in agreement with neutron star pressure. The otuyew@lgin this
difference is to consider that our spacetime viscosity calculated from equijtienfglse. Then the
density used in this equation has to be changed in order to obtain the same stress Gasgagldoy
neutron and a neutron star in liquid spacetime. Using a spacetime density value of?4 4. rh@

gives a dynamic viscosity of 1.54't@Pa.s. The corresponding radius used in equation (14)'fs1i0

or 1 fm corresponding exactly to the mean value of proton and neutron radius. Using these new values,
stresses produced in liquid spacetime by electron, neutron and proton are the following:

- Electron: 1.85 18 Pa
- Neutron; 0.34 15 Pa
- Proton; 0.34 18 Pa.

We have then the following coherent scale of stresses produced by bodiesdrsfigoetime from
atomic to astronomic scale:

- Earth: 1.15 15 Pa
- Sun: 0.9 14 Pa
- Sun degenerated into dwarf star: 0.3%* &

- Electron: 1.85 183 Pa



- Sun degenerated into neutron star, neutron and proton: G°33al0

One of the most surprising things is the value obtained for universe depisity the first chapter of
this paper, we started our general relativity calculations using the commanilyegidcritical density
value (9.24 18’ kg.m?®). Universe density determines its geometry or shape. Critical densityagives
flat shape. But we demonstrate that we need to use a universe densitytbeeatgitical density to
obtain a single dynamic viscosity value from atomic to astronomic scale. The \alioeind is 5.31
10° times greater than critical density. From a geometrical point of viewgahmthat space is curved
like the surface of a huge sphere. This result combined with recent demonsifadio accelerating,
expanding universe indicates that we are living in an accelerating, expanding spherical world.

Based on this view, we tried to modify Einstein general relativity equatiobtain both acceleration
and curvature terms. We found that the following factor "&" applied on both sides of equation (1)
could be of great interest:

C2

$= 7 (24)

The dimension of this quantity is s " meaning a volumetric acceleration. Applying this factor to

both sides of Einstein equation gives acceleration dimension in agreement eithakeservation of
an accelerating rate of universe expansion.

4.2 A generalized form of Maupertuis’Fermat principle.

De Broglie, following the approach of Maupertuis and Fermat defined the actibe asmmation of
the difference between kinetic and potential energy along a trajectory. Tbwe ‘&€t can then be
expressed by the following equation:

A= fti)l G .mu? — Ep) dt  (25)

Both quantum mechanics and general relativity equations can be derived frdorrthita showing
how powerful this principle is.

Let us divide each side of equation (25) by a volume representative ofsteendike in equations
(12) and (14). We obtain then what we called a generalized form of the action:

t1 (1
Ag = [, (E pu?— Ep/V) dt  (26)

In equation (26), the quantity "Ep/V" represents the stress value exerteglidysipacetime or aether
on the particles whatever the scale. According with this principle, the hatilt always use a path
making "Ag" an extremum, meaningAg = 0". In that way, it is interesting to notice that nature will
always follow a trajectory of minimum stress.

Finally, because of the basic hypothesis of Maupertuis/Fermat principle, trenegistf a continuous
media is absolutely necessary to apply equation (26). This clearly prowesdtemce of the aether as
support of all actions whatever the scale.



5. CONCLUSION

In this paper, we tried to apply fluid mechanics concepts in theoretical prisess.if this approach
is not new, our originality was to consider space time as a liquid. Usingaghismption and a
comparison between Einstein general relativity equation and viscous liquictdjoation, we found
that space time can be considered as a highly viscous liquid.

In a second time, at atomic scale, we modified Planck and Einstein equations taelatainships
between stress and velocity gradieite found then dynamic viscosity values comparable to those
obtained for general relativity scale. But calculations of stresses causkddi®s at atomic and
astronomic scales were not in agreement. Stress calculated in the easeuwfon star was very
different than stress calculated for a single neutron.

The only explanation we found was the value of universe density we used ttatealgscosity
through general relativity equation. Using a value greater than criticatydeoasimonly admitted, we
found a space time viscosity of 1.54"1Pa.s available whatever the scale.

Considering that this high value of universe density means a spherical geometryioivetse under
accelerating expansion, we proposed a factor, having the dimension of a volaoettaration, to
introduce in general relativity equation.

Finally, coming back to the minimum action principle introduced by Maupertuis anthFand used
by De Broglie in quanta theory, we proposed a modified form in agreement wigthrféchanics and
continuous media physics. From this equation based on stress produced by partighgsimthe

aether or liquid spacetime we conclude that the existence of a continuous nmedit b ignore
today. This conclusion signifies a coming back to the old aether theory by us of rkodetadge in

fluid mechanics.
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