
HAL Id: hal-01248015
https://hal.science/hal-01248015v3

Preprint submitted on 18 Feb 2016 (v3), last revised 5 May 2017 (v6)

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License

Special and General Relativity according to Superfluid
Quantum Space. Fluid Quantum Relativity.

Marco Fedi

To cite this version:
Marco Fedi. Special and General Relativity according to Superfluid Quantum Space. Fluid Quantum
Relativity.. 2015. �hal-01248015v3�

https://hal.science/hal-01248015v3
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr


Special and general relativity according to

super�uid quantum space.

Fluid quantum relativity.

Marco Fedi
*

February 16, 2016

Ministero dell'Istruzione, dell'Università e della Ricerca (MIUR), Italy

Abstract

by starting from the mathematically demonstrated quantum �uid dy-
namic reformulation of Newton's law of universal gravitation [1], it is
shown how the principle of equivalence can be likewise reformulated ac-
cording to a hypothetical super�uid quantum space. From this, special
and general relativity are incorporated in �uid quantum gravity, which
can also explain GR's curved spacetime as a �uid dynamic phenomenon.
The uni�cation of gravity and Einstein's relativity with QFT would be
easily completed without resorting to gravitons or string theory. Relativ-
ity would be moreover simpli�ed, since only a primary relativistic e�ect
would exist, mass increase, which in this work is shown as an increase
of inertia due to a gravitational force acting in the opposite direction to
motion, due to the �uid equivalence principle. Time dilation and length
contraction would be respectively second and third-order e�ects. A mi-
nor correction in the classical formula of weight seems necessary and the
nature of light is reconsidered according to super�uid quantum space.
Indications are given for experimental veri�cation.

1 Fluid principle of equivalence and relativistic

mass increase.

This work starts from the mathematically proved mechanism of �uid quantum
gravity [1], which entails that Newton's law of universal gravitation may be
�uid dynamically reproduced by placing the hypothesis that fermions absorb
space's quanta (SQ), as they would be super�uid vortices (topological defects) in
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super�uid quantum space (SQS), a theoretical framework, which seems moreover
to show how to attain a complete uni�cation of the fundamental interactions.
From this point of view, a gravitational �eld is a �ow of SQ directed toward the
center of a massive body and the principle of equivalence (both in its weak and
strong form) can be �uid dynamically reformulated (�g. 1). When the �uid in
question is SQS, the principle assumes a quantum aspect and acts as entrance
door to quantum gravity and quantum relativity.

Figure 1: Fluid equivalence principle: it is impossible to distinguish between the two equiv-

alent situations of a body moving through a �uid and a �uid moving toward the body at the

same velocity. The same would occur regarding a body interacting with SQS.

The �uid explanation of the weak equivalence principle (gravitational mass
= inertial mass) and of Einstein's equivalence principle is easily demonstrated
in �g. 1. since the total velocity of the �uid relative to the vehicle is

v(x) = vwind + vvehicle , which in �uid quantum gravity becomes:

vΦ = vsq + v (1)

where vΦ is the velocity of the �ow relative to the moving body, resulting
from the vector sum of the velocity at which the SQ are absorbed (vsq) and
the body's translational velocity (v). For instance, an acceleration of 9.81m/s2

for a body in a rocket, where all gravitational �elds tend to zero, is therefore
equivalent to being stationary in Earth's gravitational �eld, also from a quantum
point of view. If (1) is valid, there must exist a formula which equates gravity
to translational velocity. We can derive it by equating the formulas for time
dilation of special and general relativity:

t′ =
1√

1− v2

c2

=
1√

1− RS

r

(2)

hence

v2

c2
=
RS
r

=
2GM

c2r
= v2 1

c2
=

2GM

r

1

c2
=⇒ v2 =

2GM

r
(3)

and
v =

√
2rg =

√
2V . (4)
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where V is the gravitational potential and v corresponds to the SQ's drift
velocity in the gravitational �eld (and, consequently, also to the escape velocity)
while when g → 0, we can only have translational velocity, which - according to
the �uid equivalence principle (FEP)(1) -, produces the same relativistic e�ects.
For instance, since SQ's drift velocity in Earth's gravitational �eld is ∼11180
m/s (4), a body traveling at the same velocity where the �eld is irrelevant
will undergo the same time dilation caused by Earth's gravitational �eld. It is
thus demonstrated that the FEP applies to special and general relativity and
attributes the cause of time dilation only to gravity, also in special relativity.
This is a �rst simpli�cation, thanks to the quantum approach of �uid space,
which shows how Lorentz factor actually refers to an increase of gravity opposite

to motion. As discussed below, this fact can also explain the increase of inertia
in accelerated bodies, currently interpreted as relativistic mass increase. It is
also interesting to notice that the speed of light cancels in the calculations,
leading to an equation which simply relates velocity to gravity (4). From it, we
have:

g =
v2

2r
(5)

which means that the intensity of a gravitational �eld quadratically depends
on the velocity at which a mass absorbs SQ at a given distance, still according
with the CFD simulations [1].

An additional reverse demonstration of Lorentz factor as increase of gravity
opposite to motion, is obtained if we consider c as the distance traveled by light
in one second, and in (5) we set r = 4.5 · 1016m, as the notable distance d

N
.

We have c =
√

2d
N
⇒ 2d

N
= c2 and the identities:

gN =
‖vΦ‖2

2d
N

=
‖vΦ‖2

c2
⇐ v2

c2
= β2 (6)

where g
N
is the value of g calculated by using d

N
, vΦ is the relative velocity

of the �ow (1) and β refers to v2

c2 in Lorentz factor. It is interesting to notice
that β2, or g

N
in its �uid reformulation, can be described as a dimensionless

expansion parameter of compressible1 SQS, identical to that described for other
compressible super�uids by Malmi-Kakkada, Valls and Dasgupta [23](left):(

v

vs

)2

=⇒
(
‖vΦ‖
c

)2

= g
N

(7)

where the speed of sound (vs) in the super�uid can be equated by analogy to
that of light, when considering photon as a phonon through SQS (�5). According
to (6) Lorentz factor (9), conformed to the FEP, follows as:

1primordial in�ation and the expansion of the universe suggest that compressibility is a
physical property of SQS.
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~γΦ ≡ −v̂Φ arcsin′
√
gN = −v̂Φ

1√
1− gN

= −v̂Φ
1√

1− ‖vΦ‖2
2d

N

= −v̂Φ
1√

1− ‖vΦ‖2
c2

(8)
where

‖~γΦ‖ ⇐
1√

1− v2

c2

(9)

(q.v. also (47) for ~γΦ as function of ~vΦ and SQS's density) where γ is derived
as a mere function of gravity and is expressed as a vector, since it corresponds
to an increase of gravity in the opposite direction to motion (−v̂Φ), clarifying
the cause of the so-called relativistic mass increase, which would be actually
a weight increase opposite to motion (drag weight), detected as an increase of
inertia and erroneously interpreted as a mass increase.

The peculiar mathematical increase of γ as the derivative of the arcsine of√
g
N

can be understood along with the physical properties of SQS. In fact,
this implies that SQS acts as a non-newtonian dilatant �uid, showing apparent
viscosity as a reaction to shear stress brought to relativistic velocities. Indeed,
no super�uid has exact zero viscosity. SQS's minimal viscosity would then
play a decisive role, when shear stress is driven toward the speed of light by
accelerating a body (such as a subatomic particle) through SQS until it reaches
relativistic velocities. The reason why exactly c is the asymptote is discussed
below (�g.5)(�5, phonoton).

There's however no physical limit (Lorentz factor doesn't apply) to the ve-
locity of bodies which are falling in a gravitational �eld, as they fall with the
SQ (�g. 3, case A) and don't undergo SQS's γ-increasing apparent viscosity.

Indeed, from (5) we see that the intensity of a gravitational �eld (in �g.
2 mass and radius are linked as density, similarly to Gauss's law for gravity)
increases with the density of the attracting body, without any asymptote, al-
lowing the absorption of SQ to occur at vsq > c. It is assumed that this is the
case of a black hole (BH).

1.1 Black holes.

A body could then have a velocity of fall into a BH v > c but, according
to the FEP, once on the surface - if there was one - it would be suddenly in
the same situation of a body travelling at, or over, the speed of light. A case
forbidden both by Einstein's relativity and by this quantum �uid reformulation
of it (8)(�g.4, 5)(�5). Actually, the surface itself would be subject to an incoming
�ow of SQ moving at, or over, the speed of light.
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Figure 2: SQ-absorption velocity (= escape velocity) and intensity of a gravitational �eld

according to density.

Either a BH has therefore no surface and is actually a singularity or the
drift velocity of the SQ (vsq) in a BH's gravitational �eld is more realistically
/ c. Light's speed and frequency would drop almost to zero and the celestial
body would be, in any case, black. Fluid quantum gravity therefore agrees
with Chapline [24] and Vachaspati, Stojkovic, Krauss [25], where they assert
that BHs' horizons can't form. This would mean that, at a certain point, no
further matter can be added to a BH's mass (to avoid vsq =

√
2V > c). Thus,

once attracted until the surface, matter would be probably annihilated, perhaps
decomposed into SQ, according to [1], which describes fermions as super�uid
vortices of SQ. Matter decomposition into SQ would solve the BH information
paradox and BHs would appear as a sort of recycling plants of the universe. In
such circumstance, BHs' density couldn't be > 1.8517 · 1019kg/m3, calculated
as:

ρ =
3

4

M

πR3
s

(10)

BHs wouldn't be gravitational singularities but massive spheroids, whose
density provokes the absorption of SQ almost at the speed of light and matter's
decay into SQ. Of course, as far as supermassive black holes are concerned,
a greater mass doesn't necessarily correspond to a greater density and it is
impossible to theoretically vary the mass and the radius of a celestial body to
obtain vsq > c (4) without falling in the case r 6 Rs.

The fact that neither an escape velocity ve > c nor, then, event horizons
can be associated to BHs is already evident in (2) where

v2

c2
< 1⇔ Rs

r
< 1 (11)

Also by putting v = c in (4) we have that Rs is an asymptote as well as
light's velocity:

5



c =

√
2GM

r
⇒ r =

2GM

c2
= Rs (12)

hence (10) represent the universal asymptote for density in �uid quantum
relativity.

1.2 Weight in �uid quantum gravity.

When a gravitational �eld is described as a �ow of SQ, and since SQS has a
small (non zero) viscosity, like any super�uid, a di�erence occurs in the weight
force acting on a body, depending on whether it is falling (along with SQ) in a
gravitational �eld (�g. 3, case a.) or it is stationary in the �eld (case b.) and
therefore undergoes SQ's apparent viscosity.

Figure 3: Weight in �uid quantum gravity: (a) normal weight (classical formula) for a body

falling with SQ in a gravitational �eld; (b) if the body is in equilibrium in the �eld it undergoes

SQ's apparent viscosity (pink halo) and, therefore, an additional force (WΦ) in the direction

of the �ow (of the order of +10−10kg per kilogram for a stationary body on Earth); (c) the

same force acts on a body in motion outside of a gravitational �eld (FEP ⇒ apparent �ow);

(d) if a body is moving in a gravitational �eld all forces are combined.

As shown in �g. 3, when a body undergoes SQ's apparent viscosity (cases
b, c, d), which increases with velocity, an additional force (WΦ), depending
on the �uid Lorentz factor (8), acts on it, in the direction of the �ow. Since
near Earth's surface vsq = ve ≈ 11180 m/s , this e�ect isn't noticed, as it would
produce a di�erence of only 7·10−10kg per kilogram but it would become evident
in synchrotrons for accelerated particles (as in �g. 3, case c, with WΦ diverging
as v → c). This means that the relativistic phenomenon of mass increase due
to velocity is actually a weight increase in the opposite direction to motion.
Observed as an increase of inertia opposite to motion and interpreted as mass
increase.

This suggests to reconsider the formula of weight according to di�erent sit-
uations:
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where Wtot is the vector sum of the gravitational forces acting on a body:
normal weight, W, and the relativistic drag weight2 WΦ = mgΦ, concordant
with the direction of the �ow, where

gΦ =~γΦ − 1 (13)

assessing the gamma-increase of gravity (8) in the direction of the �ow and
opposite to motion. The symbol † indicates equivalent situations if a = g (equiv-
alence principle). The formula to express the total weight (also opposite to
motion) in �uid quantum gravity is therefore:

Wtot = m(g + gΦ) (14)

in Earth's gravitational �eld, where gΦu 0, and at subrelativistic velocities,
the classical formula applies. Fig. 4, shows the relativistic mass increase accord-
ing to the reformulated Lorentz factor (8), which expresses the �uid properties
of quantum space.

Figure 4: relativistic mass increase as drag weight increase, where ∆gΦ is currently inter-

preted as ∆mi. This graph can also be interpreted as a rheogram of quantum space. As shear

rates and �ow velocities move toward relativistic values, collisions among SQ intensify and

viscosities, albeit initially near-zero, critically increase, until �uid space's dilatant behavior

produces an asymptote (see also �g. 5).

This quantum �uid reformulation of gravity and relativity shows how mass
increase (we say now drag weight increase) can be considered the only funda-
mental relativistic e�ect, as discussed below (�2, 3).

2in reference to the aerodynamic drag.
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Before concluding this section, it is important to point out the di�erence be-
tween SQ's drift velocity (vsq) and the speed of action of gravity. The di�erence
is analogous to that occurring between electrons' drift velocity along an electric
wire (very slow, max ∼ 6 m/s in superconductors) and the speed of action of
electricity (pulse). This theory assesses the velocity of action of gravity at / c,
for two reasons:

1. the absorption of SQ (drift velocity) can't occur at vsq > c if a density
limit for BHs applies (10).

2. the propagation speed of a pulse through SQS exactly corresponds to the
speed of light when a photon is described as a phonon of SQ traveling
through SQS (see �5). A similar reasoning can explain why also gravita-
tional waves travel at c (� 4.1).

2 Relativistic time dilation.

Time dilation can be explained as a direct consequence of drag weight increase
(14), in other words it would be a secondary relativistic e�ect. First of all,
we know that time is never slowed down: only clocks are. In physics time is
always linked to clocks and any clock works thanks to its mechanics, by means of
energy and forces. For instance, when considering the case of a mechanical clock,
a given amount of energy (from its battery, spiral mainspring etc.) produces a
given force, which corresponds to a given movement, e.g. a tick of the second
hand. When the same clock is situated in a stronger gravitational �eld, the
weight of all its components increases and this means that a greater amount
of energy would be necessary to produce greater forces and to keep the tempo.
However, since the supplied energy remains the same and becomes insu�cient,
the clock slows down. This occurs also for caesium clocks since, once the atoms
have been launched upwards by laser beams, they fall back down under gravity:
they therefore mark time di�erently in di�erent gravitational �elds. The same

happens for a pendulum: T0 = 2π
√

`
g . Practically, every dynamic system, also

biological, based on movement (in which the weight increase of its components
can slow its mechanical processes) can be considered a clock and is subject to
time dilation. Moreover, also cosmic muons are in�uenced by gravity, thus,
their relativistic velocity (which provokes a greater gravity acting on them, in
agreement with the FEP) is able to lengthen their life, by slowing their quantum
mechanical processes. In the formula

Tc =
Ff +W

Fc
= 1 (15)

a clock is calibrated to have a period Tc = 1s, by counteracting internal
friction (Ff ) and gravitational force (W ) by means of an equal force (Fc). By
cancelling mass, we express the accelerations acting on the clock:
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Tc = ��maf

��mac
+ ��mg

��mac
=
af + g

ac
= 1 (16)

However, when a clock moves through SQS, another gravitational accelera-
tion, oriented in the opposite direction to motion and due to the FEP, starts
to act according to (8, �g.4). Therefore, in (16) we have to add drag accelera-
tion gΦ, which remains unbalanced and slows down the clock, by increasing the
weight of its components (13):

T ′ =
af + g

ac
+ gΦ > 1 (17)

(17) corresponds to (16) only if gΦ = 0 (stationary clock), otherwise T ′

refers to the travelling clock's dilated period. Thus, time dilation reduces to
the quantum relativistic increase of gravity gΦ. Below it's shown how the main
hypothesis (15) actually corresponds to Lorentz factor, i.e. time dilation in SR.
From (13) we know that: γΦ = 1 + gΦ. Hence

T ′ = Tc + gΦ = 1 + gΦ = γΦ =
1√

1− v2
Φ

c2

. (18)

We have obtained SR's formula for time dilation (Lorentz factor), now con-
formed to the FEP (use of vΦ), which can be therefore used also for gravitational
time dilation.

The use of the further GR's formula t′ = 1√
1−RS

r

is then not necessary.

Here time dilation is thence a secondary relativistic e�ect, depending on the
drag weight increase of clocks' components (Q.E.D.).

It is interesting to see that, in �uid quantum relativity, the well-known twin
paradox is easily solved by (18), as it resorts to SQ's relative velocity (vΦ)
from the FEP instead of the relative translational velocity used in the standard
Lorentz factor (equal for both brothers ⇒paradox).

This means that the SQ's velocity relative to the traveling twin is equal to his
translational velocity, vsq = vrocket (since g → 0) while for the twin on Earth we
know from (4) that v′sq =

√
2rg, which means he's only subject to the �ow of SQ

of Earth's gravitational �eld. Thus, at the end of the travel, the younger twin
will be that who has been subject to a higher value of vsq (⇒ greater gravity
⇒ greater time dilation): if the rocket has traveled at v > 11180 m/s (i.e.
greater than vsq on Earth), the brother who was inside it will be the younger
one. In �uid quantum gravity, time dilation depends on the (direct or equivalent)
gravitational �ows acting onto clocks, whose velocity has to be speci�ed for both
twins (as vΦ) and the paradox vanishes. The issue of acceleration is therefore
not necessary and we bypass Von Laue's and Halsbury's reasonings. On the
contrary, in non-quantum relativity we have only one value for velocity (the
relative translational velocity of a twin compared to the other) and the paradox
arises.
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Figure 5: Gravitational drag weight increase opposite to motion (increase of gΦ, currently

interpreted as mass increase) for a moving body, conforming to the FEP and time dilation.

Fig. 5 shows how the asymptote at c can be explained through time dilation,
which for its part depends on the increase of gravity opposite to motion, gΦ:
when the weight of a clock's parts is critically high and the clock stops, further
acceleration is impossible:

a = dv
dt , if T →∞⇒ dt→∞⇒ a→ 0.

Near the point of time freezing, clock's period (T ) diverges to in�nity, as well
as gΦ, acceleration stops and the translational velocity undergoes an asymptote.

To conclude this section, also the relativistic phenomenon of gravitational
redshift is explainable according to SQS within the e�ect of time dilation, since
an observer's clock located in a weaker gravitational �eld ticks faster. This
means that the observer will measure a longer period for light waves (⇒redshift).
Therefore, the current formula

ω1 = ω0

√
1− RS

r√
1− RS

r′

where ω1 is the observed frequency, is still valid in �uid quantum relativity
but its quantum aspect emerges when it is expressed according to the FEP:

ω1 = ω0

√
1−

(
vΦ

c

)2√
1−

(
v′Φ
c

)2
(19)

in which vΦ is the SQ's drift velocity (calculated from (4)) where the light
beam is emitted and v′Φ where the observer is situated.
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3 Lorentz-FitzGerald contraction.

Relativistic length contraction is here treated as a third-order relativistic e�ect,
in that it depends on time dilation which, for its part, depends on drag weight
increase. It a�ects measurements taken in two di�erent frames of reference in
relative motion, when compared. Also length contraction is therefore explain-
able within the theoretical framework of �uid quantum gravity. Let's consider
�g. 6:

Figure 6: Relativistic length contraction. According to an inertial frame of reference (R),

the length EE
′
, detected in the frame R′, is shorter when measured in that frame, since in a

moving frame of reference Lorentz factor has to be considered: lR′ = v ∆t√
1− v2

c2

.

Be R an inertial frame of reference and R′ a frame moving with velocity v.
The length EE

′
is measured in both frames by considering ∆t as the di�erence

t′− t, between the instants in which the detectors d2, d1 respectively align with
E, E′. The two measurements are determined by:

lR = v∆t and lR′ = v ∆t√
1− v2

c2

and since ∆t√
1− v2

c2

> ∆t =⇒ lR > lR′

Clocks tick slower in R′ then ∆t is shorter in that frame, as well as the
measured length EE

′
.

From (8), we can now replace the standard form with the corresponding
quantum formula:

~lR′ = vΦ
∆t√

1− ‖vΦ‖2
c2

(20)

which indicates the contraction of the measured length in the direction of
motion:

~lR′ = v̂ΦlR′ .
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4 How super�uid quantum space can replace Ein-

stein's curved spacetime.

It is discussed how the �uid dynamics of SQS (gravitational �ows due to fermionic
absorption of SQ [1], corresponding to the tidal forces of GR) is able to repro-
duce and justify GR's curved spacetime as a �uid space and to reproduce any
relativistic e�ect Einstein's theory predicts. This means that tensors in GR
have to correspond to the mathematical description of what occurs under the
e�ect of such �ows.

For instance, the Schwarzschild solution

ds2 =

(
1− 2Gm

c2r

)−1

dr2 + r2(dθ2 + sin2 θdφ2)− c2
(

1− 2Gm

c2r

)
dt2 (21)

may correspond to a sphere absorbing the �uid space in which it is immersed:
the geodesic of a body situated in the attraction �eld of such sphere would be
indeed identical. This is the simplest case but since both Ricci tensor, which ex-
presses how riemannian metric di�ers from euclidean space, and the Christo�el
symbols depend on a metric tensor gij ,

g00 g01 g02 g03

g10 g11 g12 g13

g20 g21 g22 g23

g30 g31 g32 g33


which refers to how to compute the distance between any two points in a

given space, Einstein's �eld equations can be thought as an elegant tool by
which the geometrical characteristics of space can be arithmetized by way of
introducing a sort of generalized coordinate system [3], which describes space
and time, depending on how mass-energy (the source of gravity) is distributed
in it, as indicated by the energy-momentum tensor Tµν . Cauchy's tensor σ11 σ12 σ13

σ21 σ22 σ23

σ31 σ32 σ33


used in �uid dynamics to describe small deformations occurring in �uids,

wouldn't be so di�erent from the metric tensor gij if we added time. Below, we
see that Einstein's tensor is de�ned as the interaction between the metric tensor
and the scalar curvature expressed by Ricci tensor (Rµν):

Gµν ≡ Rµν −
1

2
Rgµν (22)

and the Christo�el symbols can be directly derived from the metric tensor:

Γcab =
1

2

(
∂gca
∂xb

+
∂gcb
∂xa

− ∂gab
∂xc

)
. (23)
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Also in �uid quantum gravity, the source of the attraction, discretized in
GR by Christo�el symbols, is mass but it doesn't curve space, it absorbs it,
producing tidal forces analogous to those described by GR. A discretization
of space which, after all, is necessary also when performing CFD simulations.
But, albeit geometrically useful as a calculation tool, space deformation is not
theoretically necessary in the present approach: neither of Einstein's spacetime
nor of super�uid quantum space, inasmuch what is rather able to replace space-
time's curvature is �uid dynamics itself: �ows occurring in SQS, vortices etc..
In this work, gravity is only a �ow of space quanta which transports what is
immersed in the SQS, as a �oating object would be sucked into the spillway of
�g. 7.b.

Figure 7: how the presence of a massive body curves spacetime (a) or absorbs it (b), here

in analogy with a bell-mouth spillway.

In the following images, we see how �uid space can produce the same rela-
tivistic e�ects of general relativity.

Figure 8: The Lense-Thirring e�ect according to Einstein's curved spacetime (a) and to

�uid dynamics (b). Here as an analogy with the Coriolis e�ect in a cyclone.

Where the gravitomagnetic �eld related to the Lense-Thirring e�ect is ex-
pressed as

B = −4

5

mωR2

r3
cos θ (24)
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and the Coriolis force can be written, in some respects, in a not so dissimilar
form:

FC = −2mω(ωR)uR. (25)

Other e�ects which can be described by �uid dynamics are, for instance, the
gravitational lensing:

~̂α(~ξ) =
4G

c2

ˆ
d2ξ′
ˆ
dzρ(~ξ′, z)

~b

|~b|2
(26)

with b ≡ ~ξ − ~ξ′, where ξ, z are coordinates and ~̂α is the de�ection angle,
which in �g. 9.a is determined by vector interaction between light's and SQ's
momenta. The absorption of SQ is here illustrated as water �owing into a
spillway. By considering a photon as a special spin-1 phonon, as discussed in
�5, SQS interestingly curves light beams as wind curves sound waves. In this
case, gravitational lensing would rather mean that light is moving in a super�uid
medium (SQS), where �ows occur, not that space is statically curved by a mass.
Equations in (�5) seem to con�rm that.

Figure 9: Gravitational lensing (a) and the motion of a satellite (b) according to SQS, here

in analogy with a bell-mouth spillway.

Also orbital motion (�g. 9.b) is �uid dynamically explainable, when the
description of angular velocity for any inverse square law, such as that found in
the CFD simulations [1] is given as

u(θ) =
µ

h2
−A cos(θ − θ0) (27)

where A and θ0 are arbitrary constants, h the angular momentum and µ the
standard gravitational parameter GM. Beyond this newtonian formula (27),
relativistic e�ects which may occur along with orbital motion, as the afore-
mentioned Lense-Thirring e�ect, can be likewise described by �uid dynamics,
without resorting to curved spacetime.

4.1 Gravitational waves in SQS.

In �uid quantum gravity and relativity, gravitational waves are explainable
through the �uid dynamics of SQS.
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Figure 10: Gravitational waves according to �uid quantum gravity.

In �g. 10.a, a binary system of black holes (Q) in circular orbit, seen in
two di�erent mass distributions at the instants t1, t2, determines an oscillating
gravitational potential (Vq(R)), here considered in the direction of the mirrors of
an interferometer. A small variation in the distance between the mirrors occurs
and, according to GR, ∆d is interpreted as a perturbation (hij) of spacetime's
metric.

From the point of view of �uid quantum gravity, the evolving system of
masses represented by the quadrupole moment tensor

Qij =

ˆ
ρ(3rirj − ‖~r‖2 δij)d3r (28)

generates over time a changing rate of SQ absorption in the direction of the
mirrors, expressed as a variable gravitational potential

Vq(R) = −1

2

G

|R|3
∑
i,,j

Qijninj . (29)

From (4) we obtain the quadrupole potential for �uid quantum gravity:

Vq(R) = −1

2

|vΦ|2

|R|2
(30)

where vΦ expresses the absorption velocity. This means that the changing
rate in the absorption of SQ (twice the orbital frequency) causes periodic de-
compressions in SQS (�g. 10.b), locally (at the detection point) determining
the gravitational wave as

∆ρ02ωq. (31)

There would be thence a mutual dependence between ∆ρ0 and the perturbation
of the metric (gravitational wave amplitude):
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∆ρ0 ⇔ hij (32)

formulated in linear gravity as:

gij = ηij + hij (33)

When we consider orbital motion in SQS, it is conceivable that its viscosity
(extremely small but non-zero) would provoke, over time, energy loss and orbital
decay. In fact, we know that this actually occurs and the power (luminosity)
radiated from the source is expressed as:

Pgw =
dEgw

dt
=
G

c5
1

5

〈...
I jk

...
I jk

〉
. (34)

An analogous explanation may also be adduced as far as synchrotron ra-
diation for accelerated charges in circular orbits is concerned (interaction with
SQS's apparent viscosity and energy loss).

If gravitational waves actually arise from ∆ρ0, due to SQ absorption e�ected
by matter, they behave then as sound waves (pressure oscillations through a
medium). Considering this, it is very interesting to re�ect on the similar nature
of light in relation with SQS (�5). No wonder then, that gravitational and elec-
tromagnetic waves travel at the same speed c = λf . Both would be pulses of
SQ through SQS, with some di�erences though: negative pulses (SQ subtrac-
tion, causing negative pressure in SQS) produced by cosmic mass-quadrupoles
(macroscopic origin) on the one hand and positive pulses of SQ (on a quantum
scale) as far as a photon is concerned.

5 Photon as phonon through super�uid quantum

space.

The value of c is due to photon's interaction with vacuum. It is indeed derivable
as:

c =
1

√
ε0µ0

. (35)

By replacing the concept of vacuum with that of SQS, ε0 and µ0 can be
considered physical properties of the latter. Moreover, in the energy eigenvalue
of any eigenstate ψn, expressed as

En = (n+
1

2
)~ω (36)
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1
2~ω (vacuum's energy contribution) may correspond to the energy from

SQS. If quantum vacuum is SQS, then photons move through a super�uid. It
is then interesting to make a comparison with the speed of sound in a �uid:

a =

√
E

ρ
(37)

where, by setting σ = 1 in Young's modulus (E = σ
ε ), we obtain a = 1√

ερ .
When ε is seen as quantum space's deformability and ρ as its density, we have

a =
1

√
ε0ρ0

(38)

which is mathematically analogous to (35): this suggests that light can really
move through a super�uid, whose quanta, like air's molecules, possess speci�c
properties. Super�uidity would, for instance, account for photon's inde�nite
propagation, more extensively discussed below.

When travelling through a speci�c medium and at speci�c temperature,
sound has constant speed just as light and the motion of a sound source only
determines frequency shift, according to the Doppler-Fizeau e�ect which, for
light, corresponds to redshift's formula:

z =
femit − fobs

fobs
.

The photon-phonon analogy might, however, be questioned by pointing out
that there are at least a couple of fundamental di�erences between sound and
light. The latter doesn't move through a medium and the photon is also a
particle. But there are actually no di�erences when the medium is, in our case,
SQS (currently corresponding to quantum vacuum, zero-point �eld3) and the
dual nature of photon actually matches that of phonon, which also has both wave
and particles characteristics. Analogies with photons have also been encountered
in plasmons [16]. Moreover, and this is of central importance, the disproof
concerning the existence of a luminiferous aether, due to the Michelson-Morley
experiment [4], doesn't confute the photon-phonon analogy since, in that case,
the hypothesis was that of a stationary aether4 and - as a result of Earth's motion
- of an aether wind which would have in�uenced light's speed in the experiment.
While the present case is very di�erent, as it assumes that Earth - since made
up of fermions - absorbs SQ, whose �ow shapes Earth's gravitational �eld. So,
in our case, the aether and its motion simply correspond to the gravitational
�eld. Thus, when traveling parallel to Earth's surface, light should slightly
curve downward and this actually occurs according to general relativity5, albeit
this e�ect becomes evident only on astronomical distances and for much greater

3Super�uid quantum space corresponds, in my opinion, to dark energy. This would mean
that ∼68% of universe's energy is SQS itself.

4proposed by A.Fresnel in 1818
5where the angle of de�ection is: θ = 4GM

rc2
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gravitational �elds. Since they started from the wrong hypothesis, Michelson
and Morley concluded that light doesn't need any medium to propagate. Now,
SQS - along with the fact that fermions absorb it, producing gravity - might
be, in a way, a plot twist. It is now clear that SQS doesn't need gravitons or
other force carriers to explain gravity, since quantum gravity is reduced to SQ's
dynamics, as well as ocean currents don't need anything else than water and
�uid-thermodynamics to be described and understood.

Therefore, we could actually think of light as a collective, excited state of
space quanta (phonon in SQS). By considering phonons in a quantum mechan-
ical harmonic chain of N identical atoms (as they were space's quanta) whose
positions are x1, x2, ..., the potential energy is expressed as:

1

2
mω2

∑
j

(xj − xj+1)2 =
1

2

∑
k

mω2
kQkQ−k (39)

where Qk is a set of N normal coordinates de�ned as discrete Fourier trans-
forms of the conjugate momenta

∏
of x and N , corresponding to the Fourier

transforms of the momentum operator p

Qk =
1√
N

∑
l

eikalxl

∏
k

=
1√
N

∑
l

e−ikalpl

kn is the wave number of the phonon and

ωk =
√

2ω2 [1− cos(ka)].

The harmonic oscillator eigenvalues for the mode ωk are

En = (n+
1

2
)~ωk n = 0, 1, 2, 3, ... (40)

with quantized levels at

1

2
~ω,

3

2
~ω,

5

2
~ω ....

exactly matching (36), where 1
2~ω is the zero-point energy for phonon and

photon, i.e. SQS's energy. We know that phonons are bosons [13], just like pho-
tons, since they are symmetric under exchange |α, β〉 = |β, α〉 and any number of
identical excitations can be created by repeatedly applying the creation opera-
tor b†. Phonon's hamiltonian (renormalized on the right by putting 1

2~ωqk = 0)
is:
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Ĥph =
∑
k

~ωk
(
b†kbk +

1

2

)
, Ĥph =

∑
k

~ωkb†kbk (41)

and again a photon can be described as a phonon occurring in SQS, where
the necessary collective excitation is satis�ed by SQ: a discretized amount of
these (as pulse), would form a photon. Other clues are that, as well as pho-
tons, phonons possess wave-particle duality [7, 8], can form squeezed coherent
states and they can interact via parametric down conversion [14]. Moreover,
it would be now evident that light moves at the maximum, possible speed,
since a phonon, as a pulse, doesn't entail shear stress, while a body moving
through SQS provokes, as velocity increases to relativistic values, intensifying
collisions among SQ and apparent viscosity consequently increases according
to (8). While in a newtonian �uid, such as air, supersonic velocities are pos-
sible, they wouldn't occur in a dilatant space. Here the speed of light can be
considered as the speed of sound in SQS and the maximum, possible velocity.
Although SQ are not matter (required for phonons), they would transport dis-
cretized energy in form of photons, so they can theoretically replace atoms and
justify the existence of phonons in SQS. Light is the sound of space. Thus, for
any object moving through SQS, we always have v < c. Because of super�u-
idity, a phonoton (a photon described as a special spin-1 phonon occurring in
SQS) could inde�nitely propagate - overcoming the limitations of a liquid space
which would cause dissipation of light [17] - until it scatters, for instance, with
an electron. The photoelectric e�ect and Compton scattering would be indeed
still allowed, thanks to a phonoton's momentum h

λ , which for analogy is also
derivable from standard phonons' crystal momentum pcrystal ≡ ~k = h

λ , where
k = 2π

λ . Anyway a phonoton doesn't possess crystal momentum, since it doesn't
pertain to solid-state physics, thus photon's momentum h

λ directly applies. Pair
production is furthermore allowed and intelligible when electrons are described
as vortices of space quanta [1], triggerable by scattering of discrete SQ's pulses
such as phonotons. But how would the latters carry an electromagnetic �eld?
In an ideal isotropic medium such as SQS, it is plausible that phonons may
have spin= 1, as the angular momentum transmitted by the emitting parti-
cles. Theoretically, since it has been demonstrated how sound waves may spin
[19, 20], also phonons moving through a super�uid medium might accordingly
spin. This fact could trigger secondary compressive, elastic, harmonic phenom-
ena - in addition to the main one occurring along the z -axis (�g. 11.b) - which
might generate the �eld.
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Figure 11: Density (ρ) and deformability (ε) of SQS at the origin of photon's/phonoton's

transverse EM �eld (b), whose oscillations are due to harmonic, orthogonal compressions of

space's quanta, while the main pulse is moving along the z−axis. On the left (a), the probable
quantum mechanism at the origin of transversality, due to compression and spin.

The EM �eld is generated according to vacuum's permittivity (ε0) and per-
meability (µ0), here represented as SQS's deformability (ε0) and density (ρ0)
when a photon is described as a phonoton.

As inferable from �g. 11, the dimensionless equivalence ε0ρ0 = ε0µ0 is
placed. Within this framework, SQS's density and deformability indeed deter-
mine phonoton's speed (c) in vacuum (i.e. in SQS) and (38) is equivalent to
(35). To highlight the relationship between photon's electromagnetic �eld and
its total angular momentum, we also see that the latter is related to ε0, that is
- valid the equivalence - to SQS's deformability(ε0):

J = ε0

ˆ
r× (E×B)d3r (42)

and deformability is inevitably pertaining to how (mass-)energy (⇒SQ) is
locally distributed. Hence we observe the �eld's oscillation while a photon is
travelling in the direction of propagation and its translational velocity is given
as c = λν. Light's EM �eld would be therefore created by super�uid scattering
among the phonoton and the adjacent SQ: this would be the underlying quan-
tum mechanism to equation (35). A harmonic perturbation mechanism without
energy loss. And it wouldn't be an isolated case: metamaterials have been
investigated, in which light moves without energy loss [18]; energy is also con-
served in Rayleigh scattering and a fortiori when the scattering pertains to the
zero-point �eld (SQS). Fig. 11.a shows the possible quantum mechanism at the
origin of the transversality (E ⊥ B). Space's quantum ς1 moves upward against
the overlying SQ and elastic scattering occurs: because of both compression and
its spin, received from the phonoton6, an orthogonal pulse is generated in the
opposite direction to spin, i.e. harmonically rightward and leftward, according
to the varying orientation of the phonoton along the direction of propagation.

6It's assumed that SQ have no intrinsic spin.
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In some respects, a reference to the interaction among particles described in
quantum billiards might be considered.

Phonotons as discrete pulses of SQ, along with gravity described as absorp-
tion of SQ, may also explain why photons, although massless, are subject to
gravity. In both cases it's a matter of SQ's �uid dynamics. As a phonoton,
it becomes also clear why a photon can't escape from a BH, as well as sound
waves couldn't propagate if air was sucked more rapidly than sound's speed.
Also equation (7) argues for photon as a phonon in SQS and, for its part, the
concept of phonoton helps to justify the super�uid reformulation of Lorentz fac-
tor (8), by indicating c as the velocity of a pulse through SQS, obviously faster
than any accelerated body, which would undergo increasing nonlinear dilatancy
by approaching that velocity.

It is �nally questionable whether the assumed accelerating expansion of the
universe, i.e. distant galaxies' acceleration inferred from the distance-dependent
increase of redshift (Hubble's law), is really caused by acceleration or rather by
light's energy dissipation, after phonotons have propagated through SQS for
extremely long time/distances. Does Hubble's law actually represent distant
galaxies' acceleration?

5.1 Speed of light in �uid quantum gravity.

If photon is a phonon of SQ, it follows that, in a gravitational �eld, its velocity
is not costant in some circumstances, inasmuch it would also depend on the
drift velocity of SQ (corresponding to the escape velocity in that �eld, vsq =
ve). Thus, when light travels upward in the �eld, its actual speed should be
c − ve = 299781278 m/s in Earth's gravitational �eld, since ve = 11180 m/s,
vice-versa c + ve= 299803638 m/s, when the beam travels downward. This
phenomenon would be con�rmed in black holes, where light can't leave the
celestial body since, in that case, ve = c ⇒ v

light
= c−ve = 0. Or better ve / c,

according to what discussed in �1.1. In fact, we know that the speed of any wave
traveling through a medium is relative. We would consequently observe a slight
redshift when, in the �eld, the source is situated lower than the observer and
a blueshift when light travels downward. This e�ect is already con�rmed by
Einstein's redshift (gravitational redshift) and it's then questionable whether it
really depends on time dilation or on a di�erent speed of light, or on both. It
has to be pointed out that, when light travels round trip along the same path,
the possible di�erence in velocity is cancelled. For this reason, a laser beam
from Earth to Moon and back (or satellite communications) wouldn't show any
aberration as far as light's speed is concerned and a vertically placed Michelson's
interferometer wouldn't be useful to con�rm di�erent speeds of light. On the
contrary, a Hanbury-Brown Twiss interferometer might be. The use of a speci�c
interferometer to measure slight di�erences in light's speed on vertical paths
would be then the simplest way to verify �uid quantum gravity, �uid quantum
relativity and photon as phonoton.
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Figure 12: A vertically placed Michelson interferometer wouldn't be useful to detect �uc-

tuations in light's speed when light travels in the same direction of the gravitational �ow or

in the opposite direction to it. Indeed, path (1) is round trip and would cancel the possible

di�erence in velocity, nor a di�erence would arise from the joint path (1)+(2). A speci�c

interferometer would be therefore necessary.

In this case, the value of the speed of light should be actually expressed as
the scalar value of the vector

~c =
ĉ

√
ε0µ0

+ ~ve =
ĉ

√
ε0ρ0

+ ~vsq (43)

where ĉ is a versor indicating light's direction of propagation.

6 Physical properties of Super�uid Quantum Space.

SQS's physical properties so far examined in this work are:

� quantum nature ⇒ SQ

� super�uidity / quasi-zero viscosity

� compressibility

� capacity to propagate light as phonons of space's quanta, depending on
SQS's density (ρ0) and deformability (ε0).

� dilatant behavior for extreme shear stress at velocities→ c, which deter-
mines drag weight (inertia) increase (currently interpreted as mass in-
crease) and second-/third-order relativistic e�ects.

Compared to Einstein's spacetime, thought experiments which consider that
spacetime can be bent to superimpose two distant points are not allowed in
SQS. The only way to travel astronomical distances in a short time, would be
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overcoming the speed of light by cancelling SQS's minimal viscosity to avoid
dilatancy.

Let's now consider the possibility of knowing some further numerical data
concerning SQS's density, deformability, energy per cubic meter etc.

If we set a value of 1 kg for mass in the mass-energy relationship E = mc2,
we obtain, for this case: E = c2.

Now, c refers to a velocity but it also corresponds to a length: that traveled
by light in one second. This consideration has been useful also about (6). We're
then allowed to consider c2 as the size of an area, which might correspond to a
layer of SQ. In this case the energy of the layer would be:

E = c2 ≈ 8.987551 · 1016J (44)

And the energy of a cubic portion of SQS with side equal to c would be:
∼2.6944 · 1025J. We'd consequently have that:

1. the energy per cubic meter of SQS is exactly 1 J. The upper limit of Λ gives
a lower value of 10−9J but it's necessary to consider that, in �uid quantum
gravity, the energy of SQS doesn't directly deal with the gravitational in-
teraction: only when SQ are set in motion by fermionic absorption we have
gravitational �ows. Thus, a higher value wouldn't disturb the Lambda-
CDM model. If anything, a higher density of SQS (e.g. as it might have
been in the primordial universe) would imply expansion, i.e. apparent
negative gravity. But not accelerating expansion, which wouldn't occur,
since Hubble's law is most likely explainable as phonotons' energy loss in
function of distance.

2. since the mass of the considered layer is 1 kg, the mass of 1m3 is 1.11265 ·
10−17 kg. Implying that SQ are not massless: this agrees with [1], where
fermions are made up of SQ, and with SQS's dilatant behavior at rela-
tivistic shear.

3. density, ρ0, is 1.11265 · 10−17 kg/m3

4. by considering only one space's quantum in a volume of `3
p
, the maximum

number of SQ in one cubic meter is: 6.187154 · 10104. But if SQ are, more
likely, under the Planck scale, this number may be much higher.

5. the mass of a single quantum is 1.79404 ·10−122 kg, and its energy 1.79404 ·
10−105 J (however lower values under Planck scale).

6. SQS must be the elementary scalar �eld (how is it related to Higgs �eld?
Is Higgs boson a cluster of SQ or a topological defect of SQS? In both
cases it would agree with [1]).

7. the value of ε0 = 1
ρ0c2

is 1 (dimensionless, matching ε0 in Young's modu-
lus).
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8. the velocity of light is, then, essentially function of SQS's density: c = 1√
ρ0
,

con�rming light as phonons in �uid quantum space. But then, to be
accurate (43), we have

~c =
ĉ
√
ρ0

+ ~vsq ⇒ c = ~‖c‖ (45)

9. the equation E = mc2 corresponds to the relationship between the mass-
energy of a body and the mass-energy (energy density) of quantum space.
Indeed, from point 8. we have:

c2 = ρ−1
0 ⇒ E =

m

ρ0
. (46)

and Lorentz factor (scalar form) appears as a function of the translational
velocity through SQS and of its density:

γΦ =
1√

1− ‖vΦ‖2ρ0

(47)

where it's interesting to notice that, in absence of mass (6), only SQS's energy
is able to cause an increase of gravitational interaction (gΦ). That indeed occurs
when considering a given energy corresponding to c2 (44).

Conclusions and experimental veri�cations.

By hypothesizing the existence of a super�uid quantum space in place of what we
call quantum vacuum or zero-point �eld, quantum gravity is obtained by starting
from the Navier-Stokes equations without resorting to gravitons or string theory.
In a previous work [1], it has been shown how this approach would be able to
unify gravity with the other fundamental interactions and, in this paper, it
has been shown how it also implies a �uid reformulation of the principle of
equivalence, through which, special and general relativity can be merged with
�uid quantum gravity.

GR's curved spacetime may be replaced by the �uid dynamics of SQS, with-
out discarding Einstein's equations, which are simply reformulated according to
the �uid equivalence principle. Also a correction to the equations of weight has
been necessary.

Moreover, equations give evidences for considering a photon as a phonon
of SQ moving through super�uid quantum space (phonoton), without violating
the Michelson-Morley experiment. This would be, on its part, a con�rmation
to the existence of a super�uid quantum space. While gravitational waves can
be described as negative pulses through SQS. In short, a virtuous circle that
cannot be ignored and needs further investigations.

We can summarize as follows:
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1. The �uid reformulation of the equivalence principle states that transla-
tional velocity produces gravitational interaction opposite to motion and
this explains relativistic mass increase, which is actually an increase of
inertia due to drag weight increase (a gravitational force acting in the
opposite direction to motion).

2. Drag weight increase (currently mass increase) is the only fundamental
relativistic e�ect.

3. Time dilation is a secondary relativistic e�ect which depends on drag
weight increase and length contraction a third-order e�ect depending on
time dilation.

4. All relativistic e�ects due in GR to curved spacetime are obtained and
explained through the �uid dynamics of SQS, where the gravitational tidal
forces of GR correspond to the �ows of space's quanta occurring in SQS,
due to fermionic absorption (�uid quantum gravity[1]).

5. SQS is compressible, as primordial in�ation and universe's expansion sug-
gest, and its quasi-zero viscosity (super�uidity) increases and becomes
critical for shear stress driven toward c (i.e. when a body is accelerated
through SQS to relativistic velocities), determining an apparent dilatant
behavior.

6. A photon can be mathematically described as a phonon of space's quanta,
implying that light needs SQS to propagate. In this case, c refers to the
speed of light through SQS (not simply through vacuum) and indicates
that light is the sound of space.

As far as the validity of the theory is concerned, it shows �rst of all theoretical
concision, i.e. SQ absorption in fermions as the only starting condition, and
has a mathematical foundation. Hence, entia non sunt multiplicanda praeter

necessitatem. We probably don't need 26 dimensions7 in the universe, nor a
supergravity with 11 dimensions as in M-theory. Space quanta's �uid dynamics
seem to be enough to explain quantum gravity, quantum relativity, bosons,
fermions and the fundamental interactions [1]. We shouldn't be surprised if one
day the standard model will contain only one fundamental particle: the quantum
of space(ς). Not of space-time, since it has been demonstrated (�2) that time (as
physical time measured by clocks) is determined by motion, nor its quantization
as Planck time refers to a quantum of time as a particle. Since �uid quantum
relativity stands as the quantum reformulation of Eintein's relativity and is in
agreement with it (except for describing gravity as a quantum �uid dynamic
phenomenon rather than space-time's curvature, which is a pure mathematical
tool to describe the e�ects that we observe), no wonder that almost all of its
predictions correspond to those of SR and GR, making it di�cult to realize
experimental veri�cations. Which might be however carried out as follows:

7from Polyakov's equation.
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1. Thanks to a speci�c interferometer which doesn't cancel possible dis-
crepancies through round-trip trajectories (�5.1), it should be possible to
demonstrate that light has a higher velocity (299803638 m/s, for instance
by measuring a higher frequency) when traveling downward perpendicular
to a gravitational �eld and, on the contrary, a lower velocity (299781278
m/s) when traveling upward in the �eld. The di�erence should exactly
correspond to the escape velocity in that �eld. Since the observation of the
interference fringes would occur on a very short distance where the gravi-
tational �eld has practically a single, speci�c intensity, Einstein's redshift
due to time dilation should be excluded and the e�ect ascribed to di�erent
velocities of light (43), con�rming photon as a phonon in SQS (�5), the
existence of a SQS, and the gravitational �eld as the �uid dynamic e�ect
of the absorption of SQ e�ected by fermions [1].

2. when an object is in equilibrium in the Earth's gravitational �eld, its
weight exceeds a γ factor that predicted by classical physics (14), where
SQ's drift velocity (vsq =

√
2rg) is considered in the calculation of γ. A

speci�c ultra-sensitive balance would be however necessary.

References

[1] Fedi M., (October 2015) Hypothetical role of quantum space super-
�uid dynamics in the physics of particles and fundamental interactions.
https://hal.archives-ouvertes.fr/hal-01223102

[2] Alonso, M.; Finn, E.J. (1968). Fundamental University Physics Volume III:
Quantum and Statistical Physics. Addison-Wesley

[3] Borisenko, A. I.; Tarapov, I. E. (1979), Vector and Tensor Analysis with
Applications. New York: Dover Publications, Inc.

[4] Michelson, Albert A.; Morley, Edward W. (1887). �On the Relative Motion
of the Earth and the Luminiferous Ether�. American Journal of Science 34:
333�345

[5] Mermin, D. (February 1984). �Relativity without light�. American Journal
of Physics 52 (2): 119�124

[6] Wilczek, Frank (2009). The Lightness of Being: Mass, Ether, and the Uni-
�cation of Forces. Basic Books

[7] Einstein, A. (1909). �Über die Entwicklung unserer Anschauungen über das
Wesen und die Konstitution der Strahlung�. Physikalische Zeitschrift, 10:
817�825

[8] Saleh, B. E. A. and Teich, M. C. (2007). Fundamentals of Photonics. Wiley

[9] C. Burgess, G. Moore (2007), The Standard Model. A Primer, Cambridge
University Press

26



[10] Markus Pössel, (2010). �The equivalence principle and the de�ection of
light�, in: Einstein Online Vol. 04, 1020

[11] Haugen, Mark P.; Lämmerzahl, Claus (2001). Principles of Equivalence:
Their Role in Gravitation Physics and Experiments that Test Them.
Springer

[12] Mahan, G.D. (1981). Many particle physics. New York. Springer.

[13] Feynman, Richard P. (1982). Statistical Mechanics, A Set of Lectures.
Reading, Massachusetts: The Benjamin/Cummings Publishing Company,
Inc. p. 159

[14] Reiter, D E; et al. (2009). �Generation of squeezed phonon states by optical
excitation of a quantum dot�, J.Phys.: Conf. Ser. 193 012121, Institute of
Physics.

[15] Naber, G.L. (2012), The Geometry of Minkowski Spacetime, Applied Math-
ematical Sciences, Springer.

[16] Fakonas, J.S.; Lee, H. et al., (2014).�Two-plasmon quantum interference�,
Nature Photonics, 8 (4).

[17] Liberati, S; Maccione, L. (April 2014), �Astrophysical Constraints on
Planck Scale Dissipative Phenomena�, Phys. Rev. Lett. 112, 151301

[18] Li, Y.; Kita, S.; Muñoz, P. et al., (2015), �On-chip zero-index metamateri-
als�, Nature Photonics 9, 738�742.

[19] Santillán, A.O.; Volke-Sepúlveda, K. (2009), �A demonstration of rotating
sound waves in free space and the transfer of their angular momentum to
matter�, Am. J. Phys. 77, 209

[20] Jiang, X.; Liang, B. et al. (2014), �Broadband �eld rotator based on acoustic
metamaterials�, Appl. Phys. Lett. 104, 083510

[21] Maxwell, J. C. (1866). �On the viscosity or internal friction of air and
other gases�. Philosophical Transactions of the Royal Society of London
156: 249�268.

[22] Hall, H.E. (1981), �Super�uid compressibility in 3He-B�, Physica B+C,
Volume 108, issues 1�3, pages 1147-1148.

[23] Malmi-Kakkada, A.N.; Valls, O.T.; Dasgupta, C., (2014) �Hydrodynamics
of compressible super�uids in con�ned geometries�, Journal of Physics. B,
Atomic, Molecular and Optical Physics; v. 47(5)

[24] Chapline, George (July 1998). �The Black Hole Information Puzzle and
Evidence for a Cosmological Constant�, arXiv:hep-th/9807175

27



[25] Vachaspati, Tanmay; Dejan Stojkovic; Lawrence M. Krauss (June 2007).
�Observation of Incipient Black Holes and the Information Loss Problem�.
Phys. Rev. D 76 (2)

28


