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Abstract

On the basis of the very successful free volume theory applicable to wide length scales from
electrons to small molecules, macromolecules, colloidal particles and even granules, hypothetical
particles dubbed “freevons” are proposed to fill up the free volume available in any system from
microscopic atomic world to the macroscopic universe. The Eyring’s rate process theory that has
a wide applicability to many chemical and physical processes is assumed to govern the behaviors
of freevons. It turns out that for keeping the universe to expand in an accelerated manner, the
freevons must form the paired structures, like electrons paired in superconductivity state and
helium-3 atoms paired in superfluidity state; It is also predicted that a temperature induced phase
transition happening about at about 5 K and the Hubble’s constant should dramatically increase,
implying that the universe will inflate even further rapidly. The universe is therefore viewed as
particles, the stars and galaxies, dispersed in the superfluidity freevon sea and the gravity is
considered to be induced from the force density, usually defined as a negative gradient of
pressure in fluid mechanics. The Newton’s gravity equation is thus easily obtained under these
assumptions, and similarly the Coulomb’s Law can also be obtained using the same approach. In
this superfluiditiy framework, the volumes rather than the masses of particles are found to be
important in determining the gravitational forces. The expansion driving force comes from the
activity or concentration gradient of freevons formed at the beginning of the big bang, and there
is no need to postulate a mysterious dark energy or dark matter to be responsible for such an
accelerated inflation; Freevons actually can do the job. Our approach may bridge various theories
in astrophysics field and provide a possibility to use quantum mechanics to study the universe
through exploring the quantum mechanics behaviors of freevons.



I. Introduction

Modern cosmology is built on Einstein’s general relativity theory * with many additional
modifications >**°. The astonishing success of those theories proved with the cosmological scale
observations may indicate that the universe is undergoing accelerated expansion and the universe
is originated from a big bang happened more than 13.8 billion years ago. The driving forces of
the accelerated expansion is postulated as dark energy or dubbed dark matter that still remains a
big mystery. As identified in the literature ®, the dark energy is usually resulted from the
cosmological constant originally introduced by Einstein. However, the theoretical predictions
pose a dramatic 123 orders of magnitudes difference compared with the observations ®’. The
discrepancies propel more alternative theories proposed for better understanding the mystery of
universe we have experienced so far .

In the special relativity, we may already know that mass actually is a function of speed ®.
Weightlessness is frequently observed in space where the gravity is reduced or becomes zero.
These observations may imply that neither the weight nor the mass are intrinsic physical
properties. Since the mass is strongly tied with the gravity and the gravity is something of
unknown source, where and how the mass come from becomes a complicated issue, though
Higgs mechanism is thought to be responsible for mass generation in the Higgs field °. However,
the mass is the central concept in those gravitational theories and is used to determine the gravity
at the same time, like something of using a mystery parameter to define another mystery one. |If
we don’t take “mass” into the theoretical consideration, do we still run into the dilemma of dark
energy or dark matter?

In this article, “mass” concept will not be used as a primary parameter for describing
gravity. Instead, the volume will be used to derive the gravity. A particle, dubbed “freevon”
occupying free volume in any spaces, is introduced in our theory to account for the gravity, dark
energy, and dark matter. The material world we see every day and the unoccupied free spaces are
filled up with invisible freevons. Current observations support that the universe is created from
the big bang'®. If this is correct, the involved tremendous explosive chemical and physical
reactions could be described with Eyring’s rate process theory. Eyring’s rate process theory was
first formulated in 1930s to describe the chemical reactions **, but later extended to explain many
other physical processes like viscosity, diffusion, and plasticity **>. It not only can be applied to
thermal systems, but also can be applied to athermal systems like granular powders **, with the
aid of powerful free volume concept *>***’. Free volume is a spatial enclosure unoccupied by the
packing of atoms, molecules, and macromolecular chains in various materials, or particles in
colloidal suspensions and granular powders. It allows activated movements clearly correlated
with temperature, thus many physical properties and relaxation phenomena are strongly related
to how large the free volume available in the systems *3°?°. Since the free volume theory
adequately resolves how large freedom the entities have, which addresses a space related issue,



and Eyring’s rate process theory adequately describes how fast the process is, which answers a
time related question, we thus integrate these two theories together to describe many seemingly
unrelated systems like glass liquids 8, colloids %, granules **?°, electrical conductivity %%, and
Hall Effect®® with great success. With the confidence of the wide applicability of our approach,
we further extend this approach to treat the universe where time and space or simply space time
are most important parameters.

Il.  Theory

1. Freevon concept and the view of our universe

As mentioned earlier, the idea of introducing “freevon” concept should attribute to the
success of the free volume theory widely utilized in pure liquids, glassy liquids, colloidal
suspensions, polymer solutions, polymer melts, and granular matter, to explain the universal
viscosity equations governing these systems and glass transition temperatures 132214182223 = Aq
illustrated in Figure 1, the free volume is the unoccupied space in a system and exists
everywhere from very small entities like in an atom and very large entities like our universe. It is
the free volume available in these systems listed above that controls the viscosity, electrical, or
other physical properties. These “empty” spaces are largely ignored, as it is not part of real
“matter” that we are traditionally interested in; However, all evidences collected so far suggest
that the free volume plays an active and critical role, and its relationships with temperature and
particle volume fractions controls many phase transition phenomena, even the superconductivity
of materials. We therefore need to adequately address the “free volume” and pay serious
attentions on what is inside the free volume.

The free volume cannot be treated as “nothing” inside. The man-made vacuum systems
contains virtual particles that could yield flashes of light *. It is clearly evident that we need to
spend extra energy in order to create additional free space, especially when a system almost
reaches its maximum packing points; beyond the maximum packing points, it becomes
extremely difficult to further enlarge the free volume and often needs a huge effort. We therefore
postulate that the free volume is actually occupied by “freevons”, another kind of fundamental
particles that exist in the free space in every system. Freevons should be one kind of Boson
rather than Fermion, or originally a Fermion but can form a boson if two freevon pairs together,
like Cooper pair formed by electrons in superconductors. We thus will posit that any matter from
microscopic electronic scales to visible large scales is a composite of the real materials
immersing in a sea of freevons. Freevons may permeate over to any tiny free space, even
occupying the spaces left by electrons in atoms. With this multi-scale physical picture of
freevons, one may easily understand why the same free volume theory works for all systems
from microscopic to macroscopic scales. It is thus naturally to expand this theory to
cosmological scales, as huge free volumes do exist in our universe, indeed. Figure 1 could be
used as a simplified scheme of our universe, each particles may represent a galaxy; within a
galaxy, we know that the free volume still exists between stars, therefore particles can be
considered as highly porous ones and the free volume also exists inside each particle.



Figure 1. Free volume is the unoccupied space in a system and expressed in the blue color in this
illustration. The spherical shape particles in the system could be electrons, atoms, molecules,
particulates, or cosmological galaxies. Each particle may be highly porous and has free volume
inside the particles, too.

2. Application of Eyring’s rate process theory to freevons

As one may already know, the Eyring’s rate process theory has been successfully employed
to treat a broad spectrum of physical phenomena, like conductivity and electron transfer %,
viscosity of pure liquids, colloidal suspensions, polymer solution and melts, and granular
particles >**?%_ It will be employed again in this article to treat freevons for elucidating the
expansion of universe. Regarding Eyring’s rate process theory, please go to Eyring’s classic
book for detailed information . For avoiding redundancy, we will directly borrow the derived
equations from the treatment on electrons with Eyring’s rate process theory, and the velocity of
freevons, replacing electrons in the equation, may be written as %

= K+ AW g ZAZOW
vp =K A[expkBT exp— — 1)

where v, is the velocity of freevons, K* is the specific velocity rate in any direction for
undisturbed systems, K+ = "]iiexp(—AG/RT), kg is the Boltzmann constant, T is temperature, h

is Planck constant, R is the gas constant, A is the distance between the initial equilibrium position
to the final position, a is directly related to the coordinate number (c,) of freevons in the system,
a =1/c,, and w is the amount of work needed in moving a freevon from one equilibrium
position to the next. We assume that the velocity of freevons is related to how fast the whole
system is going to expand. After the big bang, the volume of the universe, V, may be assumed to



expand three dimensionally and evenly like a sphere showing in Figure 2. When the volume
expands, the radius of the sphere expands, too. We thus may assume that the volume is the
function of both the radius r and time t, V = V(r, t). The volume change rate may be written as:

dV 6V aV dr
dt 6t 6r dt (2)

Figure 2 Schematic illustrations of universe expansions

Since Z—Z = 4mr?, Eq. (2) may be re-written as:

dv = dt + 4mrdr 3)

According to the principal of total differentiation,

o%v dr
ator 87”5 (4)

The left term of Eq.(4) is the expansion rate of universe, and % should be equal to the velocity of
freevons in the system, as freevon is supposed to move as fast as the expansion: whenever there
is a free volume created, freevons are going to fill up immediately. Combining Eqg. (1) and (4)
leads to:

a2V

gV _ + aw -(1-aw
50 = 8nrK A[exp exp— —— (5)

2
Assuming z;’—av = v, where v is the recessional velocity, Eq. (5) may be written as:



v = Hyr (6)

with

_ + aw -(1-a)w
H, = 8K [exp ot~ Py ] (7)
Eq. (6) is the Hubble’s law, if the recession of two-galaxy system can be assumed as one of the
two galaxies is stationary and another galaxy is relatively moving away from the first one. In this
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scenario, the expansion may be considered as “spherical” expansion as shown in Figure 2, and =

may be called the linear expansions rate of the universe. Eq. (7) gives the Hubble’s constant,
indicating that the Hubble’s constant actually isn’t a constant, varying with temperature, the
work needed for moving a freevon from equilibrium position to the next, the distance between
the initial equilibrium position to the final position, the specific rate for the undisturbed system,
and the parameter related to the coordinate numbers of freevons. However, at any measurement
moment, these parameters could be reasonably assumed as “constants”, for the sake of how we
define the time and how the measurements are performed. Theoretically, the work w needed to
move the freevon in a distance A should be something related to the distance, and these two
parameters aren’t independent of each other. Based on how we generally define the “work™ in
physics, one may reasonably assume that w = @4 with ® a constant in a system. Therefore, one
may re-write Eq. (7) as:

(8)

Hy, = 8nK™ [exp :—G);” — exp —_(1_@@71
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Eq. (8) has four unknown parameters, a, A, K, ®. Apparently, if the expansion is accelerating, A
should increase, so does w.

Note that for the Eyring’s rate process theory to be applicable to freevons, there must be
an external field that may induce the freevons to move at certain directions; Or, the activity of
freevons should be non-uniform at the very early beginning and there is an activity gradient
existing in the universe. Otherwise, freevons may move to all random directions in three
dimensional (3D) spaces, there is no “net” expansions to happen, as the possibility of freevons to
move to any direction, including backwards and forwards, should be equal. So the parameter w is
related to an external field that exerts on freevons to move at certain direction, like an electrical
field that imposes on electrons and induces conductions at certain directions; Or, it is related to
the activity gradient, like the diffusion process observed in our daily life. Since one cannot
imagine there is another external field exerting on freevons to move meaningfully in a sense of
“net” activities, one must posit that there should be a highly concentrated freevons region at the
very early beginning in our universe. For this regards, one may need to assume that at the
singularity where the big bang starts to happen, the freevons should be already there, with a
extremely high activity or concentration; when the big bang happens, freevons starts to fill up the
voids created during the explosion or expansion; if the space is infinite, the freevons activity



gradient should exist all the time for ensuring the expansion to continue without a stop.
Therefore, for the universe to expand and obey the Eyring’s rate process theory, the universe
must expand in preferential one direction for maintaining activity gradient. In consequence, the
universe must evolve into a flat shape due to this requirement. The recent observation confirms
that the universe is pretty flat with the spatial curvature less than 0.005, indeed %°.

The equilibrium constant of the universe expansion process could be estimated with Eq.
(8). The equilibrium constant is typically defined as the activity or concentration ratio of the
final products to the reactants. Since freevons may be considered as one kind of Bosons and the
extremely high activity gradient of freevons must be maintained, the equilibrium constant of the
Eyring’s activation process during the expansion must be very small. Here we will give an
estimation on the equilibrium constant based on what we know so far. According to the

definition, K* = k"TTexp (— i—i) and AG is the standard Gibbs free energy of the activation
process from the literature %, Eq. (8) thus could be rearranged as:

= 8158 gy (=29 [ 2% _ gy ZCL=0O%
Ho = 8“5 exp (= ) [exp 15 — e =20
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= AT [exp P exp T] ©))
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The parameter A is 5.24x10! s~1k~1 if the equilibrium constant, K. = 1, where K, =

exp _ a6 , the highest possible number when the universe reaches the equilibrium status and
RT

there is no more expansion happening. When K. = exp (— i—:) =1, then K* = % From the

literature ”, one may find that K* = 7K,, hence K* = 7 in this case, where 7 is the relaxation

time related parameter of freevons. Therefore, 7 = k”% , implying that freevons may have a very

high frequency even at very low temperature close to 1 Kelvin, let alone at extremely high
temperatures when big bang starts. In addition, in reality K.«1 for the reason of the high
activity gradient, the frequency is even much higher, making the freevons very hard observable..
The latest measurement of the Hubble’s constant indicates that it is about 73 km/s /megaparsec,
—(1—0:)@7»] _

kgT
4.5x10 ~39 a very small number. This may indicate that K. could be a very small number, too,

about 4.5x10 3%, if T [exp“_m — exp —4=2O
kgT 5

indicates that the activity gradient of freevons is extremely high, which may be the reason that
the universe keeps expanding.

equivalent to 2.36x10™® s % which results in the term K.T [epo—G;‘—exp
B

]z 1. Such a small equilibrium constant



The Hubble’s constant could be evaluated against temperature and the coordinate number
related parameter using Eq. (8). According to the definition of the parameter a, a =1, if
freevons form pairs, then Eq. (9) will be simplified as:

Ho = AT |exp % — 1] (10)

If freevons form a tetrahedral lattice structure, @ = 1/4, Eq. (9) may be written as:

H() — AT [exp 02501 ex —0.75®k]

ot P Tt (11

If freevons form a body-centered cubic lattice structure, @ = 1/8, Eq. (9) may be written as:

H() — AT [exp 0.1250L1 _ —0.875@7»]

e exp T (12)

Using Eq. (10), (11), and (12), one may plot the normalized Hubble constant H,/A against
temperature under the assumption % = 10, which is shown in Figure 3. If the universe really
B

— Body centered cubic

—_— Tetrahedron
<t 100 | .
=
T
50
0
0 5 10 15 20
T(K)
@



g — Body centered cubic [
107 ¢ .
E —_ Pair
108 | —_— Tetrahedron
- 10° | E
~ 4l i
mo 10 7 \7
o —
10% ¢ 5
10" ¢
100 | L l ! ul ! ul I ul !
10~110° 10" 10% 103 10* 10° 10° 107
T(K)
(b)
— Body centered cubic
10.1 — Pair
— Tetrahedron
i 10
=1
\
——
9.9

102 10°  10* 10° 108 107

(©)

Figure 3. The normalized Hubble constant % is plotted against temperature under assumption
? = 10 based on Eg. (10), (11), and (12). For clearly demonstrating the relationship, the

B
graphs are plotted at several different scales: (a) Very low temperature range from 0 to 20 K; (b)

very wide temperature range from 0.01 to 10° K; (c) Very wide temperature range but very small
normalized Hubble constant range.

follows the Eyring’s rate process and the free volume theory, then it must obey what has been
demonstrated in Figure 3: 1) If the freevons form the pair structures, the universe is going to

9



expand in an accelerated manner, slowly accelerating from the temperature about 100 million K
when the big bang starts, maintaining at such paces for a wide temperature range, and
dramatically accelerating when the universe cools down to the current cosmologic temperature
about 2.73 K #; 2) However, if the freevons form the body centered cubic or tetrahedron
structures rather than the pairs, the universe is going to expand in a decelerated mode after the
big bang, which is obviously contradictory to the current observations, though both two cases
eventually would lead to a dramatic expansion when the temperature is low enough, very close to
1 K based on Figure 3b. Those two cases will not be discussed further due to their unrealistic

natures. Note that the value of the term ? is arbitrarily chosen as 10 in the calculation for
B

simplicity; we have tried to render different values for this term and found that the different
numbers can only move the normalized Hubble constant % up and down along y axis and will

not change the transition temperature points; 3) When freevons form the pair structures and the
temperature reaches about 5 K as shown in Figure 3a, the normalized Hubble constant seems to
go through a transition point and then dramatically speeds up. Since our current cosmological
temperature is about 2.73 K, well below the transition temperature, we should observe even more
dramatically accelerated expansion nowadays, if this prediction is correct. In a word, the
freevons must form pair structures in the universe, which is the direct consequence of the
Eyring’s rate process theory and free volume concept.

The temperature induced phase transition predicted in our expansion process due to the
pairing of freevons is very similar to superconductivity transition where electrons form the
Cooper pair structures ?* and superfluidity of helium-3 where helium-3 atoms form pair
structures **%!. In addition, for maintaining accelerated expansions, our prediction requires the
freevons to form pairs at the very early stage. Superfluidity was believed to exist inside neutron
stars even at extremely high temperatures *>*. Since freevons forms pairs and the current
cosmological temperature is low enough, it is therefore reasonably to postulate that our current
universe is in superfluidity state. Clearly, this is the direct consequence of the current framework
utilizing the Eyring’s rate process theory and the free volume concept. Our postulate is consistent
with the previous hypothesis that the non-removable background of the universe could be
considered as a superfluidity or Bose—Einstein condensate, proposed in the superfluidity vacuum
theory that intends to unify the quantum mechanics and gravity in 1976 ** and further evolved to
be called the logarithmic BEC (Bose-Einstein condensate) vacuum theory *. The recent
theoretical calculation indicates that if the spacetime is a liquid, the viscosity must be very close
to zero, a superfluid *, further supporting our result. Since our universe is in the superfluidity
state, there should be no viscous dragging force caused by the freevons. We therefore will treat
the universe as a zero viscosity fluid in next section, for the purpose of correlating this
superfluidity state of freevons with gravity.

3. Two particle systems—gravity equation and Coulomb’s law

10



Let’s consider two particles, one large and one small, dispersed in a sea of freevons that
form pair structure of zero viscosity. The volume of the small particle is V1, and that of the large
one is V,, and they are separated with a distance r. The force density concept used in fluid
mechanics will be borrowed to describe the field between those two particles. For an inviscid
ideal superfluid, the force F in a volume V enclosed by a surface area S may be expressed as:

F = —§PndS (13)

where P is the pressure, a function of both time and position, P(t, x, y, z). According to Gauss’
law®’, Eq. (13) may be re-written as:

F =—¢PndS=— [, VPdV (14)

where V is the a vector operator, V= x:—x + y% + z%. Therefore, the force density, f, may be

written as:
dF
f= i —-VvP (15)

It is the negative pressure gradient of a flow field. Again, P is the pressure, F is the force and V is
the volume. For simplicity, the pressure is assumed to be independent of time and it only varies
with the space. Every particle in the freevons sea will experience a force on the surface due to
the pressure gradient, and larger particles will have larger pulling forces due to their larger
volumes, as illustrated in Figure 4. Relatively, a gravitational potential field seems to be created
around every particle thanks to the pressure gradient. Assume that the large particle will
experience a force, F,, which would create the pulling force to the small particle. This force
exerts on the large particle surface and assumedly starts to change from the center of the particle.
It of course originates from the negative pressure gradient and may have a similar relationship
with depth or distance as the hydraulic pressure does, F, <« —VP «< —U,r, where U, may be
termed the gravitational field potential and r is the relative distance. It may be re-written as

Up = -2 (16)

r
for gaining an universal and consistent “potential” name as we use in the electric field, where the
local electric field potential is the charge quantity divided by the distance. The parameter U,
should be a constant relative to the large particle but may be inversely proportional to the
distance relative to the small particle. One may further assume that there is an imaginary sphere

based on the distance and the force density on the imaginary sphere surface will be:

dF _ sz/dr _ U2

fr = av _ avjdr _ anr?

(17)
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where f; is the imaginary force density at the distance r, V = §Hr3. Under the influence of the
force density from the large particle, a gravitational force F will exert on the small particle and
may be expressed as:

(18)

Where V;is the volume of small particle. We know that the gravitational force exerted on the
small particle from the large particle should be identical to that exerted on the large particle from
the small particle. Therefore, Eq. (18) may be written as:

__Uh _ UV
F= 4mrz  4mr? (19)
For satisfying both Eq. (18) and Eq. (19), the constant U; and U, must have the form U, =

A,V, or U; = A,V;, where A, and A, are the particle related constants. Eq. (19) now can be re-
written as:

F — _A2V1V2 — _A1V1V2 - _ CV1V2 (20)

4712 47rT2 4772

In this form, the gravitational forces from the small particle or from the large particle gain an
identical expression and the parameters A; must equal to A, , A; = A, = C. The parameter C
is a gravitational force related constant. Essentially, Eq. (20) is identical to the Newton’s gravity
equation, if the mass of the particle is defined as m = Vd, the product of the density and the
volume and d is the density of the particles. In this case, Eq. (20) may be re-written as:

— G mams __ ~mamp
F - d1d2 4'7'[7"2 - G T'Z (21)
where m; and m, are the mass of the small and large particles, and d; and d, is the density of
the small and large particle, respectively. The parameter G is the regular gravitational constant

and has the relationship with another parameter C:

G =—= (22)

- 4-TL'd1 d2

or C = 4nd,d,G. As one may see, the “mass” concept is not used in the derivation and it only
appears in the end for comparison purpose with the Newton’s gravitation equation. According to
Eq. (20), the gravitational force is related to the volumes of both particles, which makes sense as
the gravitational field can be assumed as a flow field with a pressure gradient; the force exerted
on the particles are related to the pressure gradient, the particle density, and the volumes of the
particles. Since the parameter C is known, then the gravitational field strength of both the small
and large particles may be expressed as:

Ul = 4‘7Td1V1de, U2 = 4‘7Td1V2de (23)
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Figure 4 The schematic diagram of two particles in the space.

Surprisingly, the gravitational field strength is not only dependent on the physical properties of
the particle itself, but also dependent on the density of the second particle! The only explanation
may be that the local flow field created by the first particle could be distorted again due to the
presence of the second particle; Both V,d, and d,V, may be considered “buoyancy” forces hat
the particles may experience. Again, the gravitational field can be approximated as a flow field
that can be distorted easily by the particles dispersed into it; in such a flow field, only the volume
and density matter.

The same principle may be employed to derive the Coulomb’s law for the interaction
between two stationary charges. The force density concept may be defined as the same as before;
It is this force that exerts on the small particle and generate the attractive or repulsive forces
between those two charges. In analogy to Eq. (18), one may write down the same equation below
for electrostatic interaction force:

F=fV=-22 (24)

4mr2

In the case that the electrostatic charge interaction takes place between two charge entities, the
charged particles usually are considered as “point” charges with spherically symmetric
distribution. It is thus reasonable to assume that the charge quantity q on the particles may be
directly proportional to the volume of the particles, as the charges need to distribute evenly on

13



the particle surfaces due to the repulsive forces between them. Hence one may assume q; =
k,V;. Under this assumption, one may obtain:
— Uy
F - 47Tk1r2 (25)
Since the force exerted on the small particle from the field of the large particle should be

identical to the force exerted on the large particle from the small particle, one may write the
similar equations in analogy to Eqg. (19):

F=— Uaqs _ _ _Ui% (26)

47Tk1r2 47Tk2 T2

Again, for satisfying Eq. (26), the parameters of both U; and U, should meet U; = % and

1

U, = Z—z , thus Eq. (26) may be written as:

F=-— % (27)

Apparently, Eq. (27) is the Coulomb’s law for the interaction between two charged particles.
Both Newton’s gravity law and Coulomb’s law are obtained under same assumptions that the
force density of the large particle may “emit” volumetrically and the reduction rate of the force
exerted on the second particle may be directly proportional to the force density. In both cases, the
volume under discussion seems to be extremely important. Note that the derivations above don’t
take the time variation into account and they are limited to the conditions where all objects under
consideration are stationary, or the moving speed is negligible. Otherwise, Einstein’s relativity
and the relativistic hydrodynamics involving Euler’s equations should be used *.

It’s worth to mention that we haven’t used the concept of “mass” so far in our derivations.
The mass could be defined using the Newton’s second law and Euler’s equation if the systems
are considered as ideal superfluids without viscous force, which is the case due to the super
fluidity nature of paired freevons. In case that a fluid of velocity v, mass m, and under a force F,

F = m% . Since the velocity v is the function of both time and space, one may write:
dv, = 2 dt (28)
V1= 5
referring to the velocity variation at a fixed space point during time interval dt. And
ov ov v
de—adx-F@dy-FadZ (29)

referring to the velocity variation at a given time between two points separated by dr. By
definition, Eq. (29) may be simply expressed as:

dv, = (dr-V)v (30)

14



where V is the Del operator. The total velocity variation may be written as: dv = dv, + dv, =
% dt + (dr - V)v . Thus, the force may be written:

F=m%=m(%+(v-V)v) (31)

The term %+ (v-V)vis the acceleration of the motion. Based on Eq. (14), one may easily

obtain:
m = —VVP/[(S+ (v-V)v )] (32)
or

[(% + (v Vv )] = — %vp (33)

where p = % the fluid density. Eq. (33) is the Euler equation. In this article, both volume and

force density are considered primary parameters rather than the mass, Eq. (32) tells us that the
mass is directly proportional to the product of the volume and the force density, i.e., the force
exerted on the particle divided by the acceleration that is the function of the velocity rate and the
divergence in the space. Clearly, the mass may only be a constant when the velocity is extremely
high and the volume and the force density remain a constant, too. If an electric field and a
magnetic field exist in the space, Eq. (33) should be re-written as *:

[(%+(v-V)V)] =-%[VP+q(E+v><B)] (34)

I1l.  Discussion

Freevons are hypothetically introduced in this article on the basis of the very
successful free volume concept that has been utilized to help us understand many physical
phenomena like phase transitions, glass transitions, and diffusions; Many important physical
properties such as viscosity and conductivity can be well described with the free volume concept.
It can be used to treat the systems containing entities as small as electrons, simple molecules like
water, macromolecules such as polymers, colloidal particles, and even large particles as big as
granules. It is therefore naturally to postulate that the free volume concept may be applicable to
cosmological entities like galaxies and the whole universe. Freevons are supposed to quickly fill
up the free volume available from microscopic atomic world to macroscopic universe, providing
the possibility that a single theory on freevons could be applicable to all length scales and thus
the principles and laws govern the microscopic and macroscopic worlds could be unified, which
is the original driving force for us to work on this problem.

If freevons really obey the Eyring’s rate process theory, freevons must form pairs and
behave very similarly to the paired electrons in superconductivity state, or paired atoms in
superfluidity state, to account for the accelerated expansion of the universe. There should be a
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phase transition occurring at very low temperatures and the Hubble’s constant is predicted to
dramatically increase in the future as the universe continues to cool down, which could be used
to examine if freevons really exist. Note that there is no “vacuum” state in our framework, as it is
filled up with freevons, which substantially differs our theory from the superfluidity vacuum
theory and the logarithmic BEC (Bose—Einstein condensate) vacuum theory. Our approach
actually substantiates the hypothetical superfluidity theory, bridging the accelerated expansions
of the universe with the superfluidity and most importantly building up the connections between
gravity and the accelerated expansions.

Freevons should be a kind of Bosons rather than Fermions, as one cannot imagine
that they are distinguishable. As shown earlier, freevons should have a very high frequency

dependable on temperature, 7 = KLk"TT thus high energy, too. They may carry a mass, as they

c

generate pressure gradient and induce “superficial” gravity observed in our daily life. They could
represent the dark matter and dark energy in the universe, if we really need those two terms.
Note in our framework, the dark matter and dark energy are unnecessary concepts and the
driving force of the universe expansion or inflation is the activity gradient of freevons created at
the big bang point. If freevons really exist as high energy particles, their behaviors should be
described with quantum mechanics, providing the possibilities of explaining many intriguing
cosmological phenomena with quantum mechanics, too.

We haven’t touched the black hole issue yet. But if the universe is filled with
superfluidity freevons, the traditional spacetime could be considered an inviscid fluid; Therefore,
the black holes could simply be heterogeneous regions where there are sinkholes in the bottom of
the liquid; Everything could be spirally sucked into the holes, like what we have already seen the
water flow pattern in a water tank with a drainage hole at the bottom. The gravitational waves *°
detected in 2016 could be the splash waves generated when one huge particle passes through a
black hole or when two particles coalesce together.

The universe could be analogously considered as a well dispersed colloidal
suspension, where the particles, i.e. the stars and galaxies, dispersed in a superfluidity liquid.
Since there is no viscous force in this system, the particles may move endlessly in their original
obits or speeds; the particles may occasionally coalesce together due to strong interparticle forces,
or due to the suction effect arisen from the local uneven velocity distributions of the superfluidity
liquid. We actually are living in the “freevon sea” of superfluidity property, generating pressure
to any particles dispersed in this liquids and inducing “gravity” accordingly; In the mean while,
the fluidity of these freevons will surely create expansion of universe, due to the nature of the
very high frequency of freevons.

IVV.  Conclusions
On the basis of the successful free volume theory applicable to many systems
containing entities from as small as electrons to as large as granules, freevons are hypothetically
proposed to fill up any free volume available in any system at any length scales. Under the
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assumption that the freevons would still obey the Eyring’s rate process theory as we observed in
atomic, molecular, colloidal, and granular systems, the accelerated expansion of the universe
only becomes possible when freevons form pair structures and the freevons are in superfluidity
state; there should be a phase transition at about 5 K, below this point the Hubble constant is
predicted to even more dramatically increase, implying that the expansion will accelerate even
further. The driving force of the universe expansion is the extremely high activity gradient of
freevons that must be maintained at a certain preferential direction due to the requirement of the
Eyring’s rate process theory. Therefore, the universe must evolve into a flat shape. The universe
could be considered as particles dispersed in the superfluidity freevons sea, and the gravity is
thus induced by the negative pressure gradient in the system. Under this physical picture, the
Newton’s gravity equation and Coulomb’s law for electrical charge interactions can be easily
obtained.

The approach employed in this article is exactly same as utilized in electronic,
molecular, colloidal particles, and granular systems; All those systems from electronic to
cosmological scales are therefore unified and treated with a single theoretical framework: the
combination of the Eyring’s rate process theory and free volume concept. It may shed light on
many mysteries in our universe, simplify many difficult theories, and build up the connections
between them.
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