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Abstract

By interpreting inertia and gravity in terms of both classical electrodynamics and hydrodynamics, novel and
accurate formulae for inertia, gravity and the gravitational constant can be derived from a Higgs field with
precise geometric properties. Extending these formulae to general relativity, it is shown that the speed of
light, the vacuum energy density, the cosmological constant, and 4-dimensional space-time curvature can also
be derived from the same assumptions. A new model of general relativity and universal expansion based on a
dynamically oscillating space-time is proposed.
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Introduction

It is well established that the cosmic vacuum is not truly empty, but full of energy and replete with minute
particles, the nature of which are not fully understood. It has been suggested that the vacuum is dynamic and
heterogenous at very small scales, resulting in unusual quantum behaviour[1]. Questions of how phenomena
such as light and gravity arise out of an apparent vacuum have historically been explained by treating space as
containing a universal fluid medium or “ether”. Fresnel[2] described light in terms of vibrations in this medium,
while his contemporary Le Sage described gravity as a form of pressure resulting from a “gravific fluid”[3]. It
has been proposed that such a medium could provide the superstructure through which energy might evolve
into various forms of matter[4]. Einstein’s general relativity largely eclipsed the concept of a universal fluid
medium with a flexible space-time that bends in response to mass-energy, successfully describing both gravity
and time in terms of curvature in four-dimensional geometry. The limitations of current conceptions of general
relativity have led some workers to return to aspects of the universal fluid medium model, seeking to integrate
the two perspectives. For example, polarizable vacuum models describe general relativity in terms of refraction
in flat space rather than geodesics in curved space [5][6].

More recently, other workers have approached the universal fluid medium explanation for inertia and gravity
straightforwardly, describing these forces as far as possible in terms of classical hydrodynamics[7]. At first
glance this may seem like an odd approach, considering that the Standard Model in all of its complexity has not
yet been fully able to account for these forces. However, hydrodynamics is applicable when modelling certain
states of both fermionic and bosonic matter, including the quark-gluon plasma theorized to make up the early
universe[8][9]. Other theoretical models attempt to apply this to the universe in its present era of evolution.
Ciufolini and Wheeler[10] modelled inertia and gravity in terms of a rotating universe containing a dynamic fluid
with properties such as drag and shear forces, which is one interpretation of the Gédelian model[11]. Edwards[6]
derived a reasonably accurate estimate of the gravitational constant for Le Sage gravity from the assumption of
a universal medium with refractive properties affecting cosmic microwave background photons, complementing
the electromagnetic theory of Wilson[12]. Such models can be useful in many respects, but cannot lead to a
fully congruent model of the present universe unless the supposed universal fluid medium can be reconciled
with presently observed forms of matter or energy, such as that represented by so-called dark energy[13] or
already known forms of energy. The Higgs field and its quantum unit, the Higgs boson, are implicated in the
mechanism through which energetic particles gain inertial mass, and it has only been possible to integrate these
into the Standard Model as measured physics objects relatively recently [14][15]. Since mass touches on every
known physical phenomenon in some way, it may be profitable to explore the implications of the Higgs field for
alternative models.
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Fluid-like Higgs space-time
This paper makes the following arguments:

1. Expressions for quantified inertia of objects or particles can be derived from simple equations for fluid
viscosity that assume electromagnetic and hydrodynamic phenomena are to some extent interchangeable,
implying that photons may have variable non-zero inertial mass.

2. Accurate formulae for the gravitational constant can be derived from either fluid-like shear forces or
simple electromagnetic forces in a medium made up of Higgs bosons with geometrically precise properties
related to spherical wave propagation. The Higgs field is the mediator of inertia and gravity, sets the limit
on the speed of light, and can be considered synonymous with the universal medium or vacuum energy state.

3. The Einstein field equations and the vacuum energy density can be derived from a dynamic four-dimensional
space-time represented by a Higgs field with spherical-like wave propagation. Fluid-like oscillatory damping
and interference (ripple effect) due to the self-interaction of the Higgs field lead to the basic predictions
of general relativity, and suggest a universe characterized by a finite period of space-time expansion. The
cosmological constant and so-called dark energy are consequences of radiating damped oscillations in Higgs
space-time.

1. Inertia-gravity from classical electrodynamics & hydrodynamics

1.1 First concepts

This section presents a brief summary of the paper by Butto[7] in which he derives Newton’s second law of
motion from quantum mechanics and classical hydrodynamics laws, and suggests that both electrodynamic and
hydrodynamic perspectives are valid for inertia and gravity. Butto argues that the vacuum energy consists of
so-called “building block” particles that make up all matter, with a minimum wavelength corresponding roughly
to Planck units. The energy Ey;, imparted by the vacuum energy to an object moving through a vacuum would
be measured in terms of the Planck constant h and the frequency of propagation f, such that

Ey=hf (1)

from which it follows that
FX=hf (2)
F = h)\—f =1ma (3)

where

F is the Newtonian force
A is the wavelength

m is the mass

a is the acceleration

From this perspective, inertia is a product of forces caused by matter in motion within a fluid-like medium
that is itself composed of matter of an extremely fine scale. In a simple sense, masses are permeated by this
medium and constantly interact with it. If a fluid with density p is capable of penetrating objects such that it
interacts with the entire volume V proportionally to its acceleration, then

F=pVa=ma (4)

Changes in the velocity of the mass are not communicated to the whole medium instantaneously, resulting
in opposing forces in time that are experienced by the mass as inertia. This is essentially the same principle
by which gravitational waves are generated[16], although most interpretations of general relativity hold that
gravitational and electromagnetic waves propagate through space-time itself and do not require any material
medium.
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The existence of a universal medium does not violate special relativity so long as the medium is not static,
but dynamically moving along with the masses it contains. For the same reason, it is also not necessarily
inconsistent with the observation that planets maintain angular momentum in orbit around their host stars. If
the Earth were carried along by currents in a universal medium, such that these currents travel with the exact
same velocity as the Earth, we would scarcely observe any loss of momentum due to friction.

However, this still implies that even in an apparent vacuum, it is possible for objects to lose momentum due
to vacuum drag over astronomical distances if they were to move ”against the current”. Although this seems
to be impossible to measure anywhere on Earth for now, there is is tentative support for such a phenomenon
in the anomalous Sun-wards acceleration of the Pioneer 10 and 11 probes [17]'. The concept of vacuum drag
does not violate Newton’s first law of motion if we accept that the vacuum is not actually empty, but contains
forces that can oppose changes in motion.

It can also be shown that for the formula

where

Fp is the fluid drag force
A is the cross-sectional area
P is the pressure

v is the velocity

Cp is the drag coeflicient

substituting measured values of the vacuum density p, = 5.96 x 10727 kg m ™2 for p and the matter density
(space-time curvature) parameter Q,, = 0.308 for Cp[18] and v = ¢ = 299792458 m s~ ! gives P = 8.249... X
107 kg m~! s72, which is a quantity of similar form and scale to the Newtonian gravitational constant G,
which here is a measure of the degree to which vacuum drag opposes gravitational attraction[7]?. Later on we
will derive a better means of estimating G by considering both hydrodynamic-like forces and electrodynamic
properties of the Higgs field.

1.2 Inertia

1.2.1 Derivation of Newtonian inertia from dynamic viscosity In order to quantify inertia in an electro-
hydrodynamic model, it is necessary to define inertial forces both in terms of electromagnetic wave properties
and shear forces in viscous media.

E = F)\ =mc? (6)
Therefore
2 42
F= mAAf = mAf? (7)

If we take A to represent distance and f? as t% this translates as

mAf? =ma (8)
Now note the formula
oA ov
F=mé\6f? = Moy =Mey (9)

where ¢ indicates the derivative

This formula resembles Newton’s law of viscosity, which describes shear forces in fluids, and is expressed as

L A related alternative explanation for the Pioneer anomaly is mentioned briefly near the end of the paper.
2 Butto used different values of pp and © to arrive at the precise value of G, but it is not clear on what basis these values were
chosen.
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T=p— (10)

where

7 is the dynamic viscosity of system

w is the coeffient of viscosity of system

u is the flow velocity of fluid

y is the distance the from boundary layer
du

5 is the shear rate

More simply,

T = uo (11)

where o = g—“
y

If we assume that

then
FE

E E E

A VR VI R (14)
If v = ¢ then = m in these equations.
Therefore, assuming a purely relativistic situation (ie. 3= 2 = 1) where 7 = F and p = m,
T F  EXNf?
= —=_ = =\f?2 = 15
=T wm T T EA ff=a (15)
and therefore
T=ma (16)

So for any matter moving at or near the speed of light, the dynamic viscosity 7 may be used as an expression
for the force of inertia. In terms of fluids, the motion of an energetic mass induces shear forces in the local
medium, the rate of change of which is equal to of the acceleration of the reference object. The shear itself is
due to differences in the flow of the fluid that makes up the medium caused by some disturbance?.

The properties of a medium and a reference object or wave traveling through said medium are not necessarily
equivalent, however. The expanded expression for o (let us call this ¢’) can be annotated as follows:
;o ENf? _ EM)‘szRQ _ EMUR2

TR TEA Exhy By

(17)

where the subscript R refers to properties of the reference object, and the subscript M refers to properties
of the medium through which the reference object travels, which exerts a force upon it.

It is equally true that as the object travels through the medium, the medium travels through that object and
experiences a reciprocal force. If the medium itself is taken as the reference (ie. the object is the medium) then

2
; Ervm

= 1
oM Eyn (18)

3 Although the terms “object” and “medium” are used here, these are considered interchangeable with the terms “wave” and “field”.
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1.2.2 Derivation of inertial coefficient from kinematic viscosity The resistance of a fluid medium to
flow can also be expressed by

I
v=~— (19)
p
where
v is the kinematic viscosity of system
1 is the coefficient of viscosity of reference
p is the density of medium
fp=mandp=7,
m
v=E="_y (20)
PV

If, however, the wave properties of the medium and an object traveling through said medium are not equivalent,
then

2
My _ Bty (21)
my Eyog?

In plain words, the viscosity of a volume wherein an object travels through a medium is proportional to
the energetic mass of the object times the velocity of the medium, divided by the energetic mass of the
medium times the velocity of the object. This translates as a quantifiable resistance to motion per unit
three-dimensional space (volume).

The previous equation can also be expressed as the ratio

2
v _ Ervyg
1% EMURQ

(22)

Let this be called the inertial coeflicient j of the reference. We will see later how this formula might be applied
to real situations.

1.2.3 Consideration of equivalence principle According the equivalence principle, inertia is linked to
gravity, and the two apparently separate forces are really manifestations of the same force in different forms or
reference frames, akin to the relationship between electricity and magnetism, or between energy and mass[19].
The equivalence principle can be expressed as

Feo = GLAQmB = ma (23)
r
where
F is the force of gravity
G is the Newtonian gravitational constant
m, is the mass of object A
mp is the mass of object B
r is the distance between the centers of mass of objects A and B

The identity of these two forces is revealed by their relationship with mass, which can be defined in at
least two different ways. There is mass in terms of energetic content, which applies to any volume containing
non-zero energy, and there is inertial mass, which can be described as the product of the interaction of
forms of energy with the Higgs field[20]. The two definitions are not identical. Photons have energetic
mass and therefore interact with the gravitational field, but are defined as being without inertial mass, and
so not really interacting with the Higgs field, notwithstanding their seeming conversion to plasmons inside
superconductors|[21].

According to the equivalence principle, the mass m in the expression for F is equivalent to the mass m in the
expression F' = ma. In other words, gravitational and inertial masses are the same — a given value m in either
expression is the inertial mass, as well as the energetic mass[22]. How do we reconcile these two perspectives?
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1.2.4 Derivation of inertial mass expressions We have previously shown that when 5 =1,

T = puo =ma (24)
But what about values of 8 < 1?7 To understand inertia in these situations we must define the inertial mass

© in a way that applies to all inertial frames.

As described previously, the shear force expression ¢’ defines a reference object and a medium through which
the object moves:

’ EMAR2fR2

o'r = 25
R ERAM ( )
The complementary expression is
Eo ) 2f 2
0_/ — R"'M M 26
w= SR (26)
Since formulae for 7 or F' also pertain to a specific reference object in a specific medium, then
Er ER Er
_™ ___ MW _ M _Em
Pr = ENORTR Fpiv En (27)
ERAM EMAR®IR® vR®
If vg = ¢, then
Ex
=mp— 28
MR, R N (28)

This describes the inertial mass as proportional to the energetic mass times an interaction term, which is
simply the ratio of the reference energy over that of the medium®*. Now recall that

o= \f? (29)

If we take this to refer to the shear rate in the medium, ie.

on = Aufu’ (30)
then
_Br 2
T=MHROM = BT LR = &ERUMQ = TrJR (31)

(F2)Aaefu?) A Bnvr

That is, the shear force (inertia) in a simple fluid system is equal to the reference object’s inertial mass times
the shear rate in the medium. The shear rate in turn is equal to the viscosity the object experiences times the
inertial coefficient. In terms of fluids, it is intuitive that local differences in the magnitude, velocity, length or,
indeed, any basic characteristic of interacting waves generate opposing forces. It is these forces that differentiate
inertial mass from energetic mass. If opposing forces did not exist (e.g. ﬁ =1, or Z—M = 1) then the inertial
and energetic masses would be equivalent. This would only be true for a field or medium that is fundamentally

static and homogenous at all scales.

1.2.5 Energy & acquisition of inertial mass The above equations describe inertia and inertial mass as
arising from the propagation of energy in a universal medium that has non-zero energy at all points and that may
be locally heterogenous. This essentially describes the Higgs field, through which effectively massless excitation
states may become particles with detectable inertial mass, including excitations in the Higgs field itself which
manifest as Higgs bosons[14]. Although the Higgs energy is usually defined as having a stable non-zero value
at all points in space, the Higgs mechanism arises from a field with variable potential and possibly more than
one stable state[21].

Matter with energy higher than the energy of the universal field or medium, which should apply to most
matter comprised of fermionic fields, is generally expected to have an inertial coefficient > 1. Bosonic matter

4 For two stationary masses where v = c¢ this term is equivalent to j.
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such as the photon may have a much lower energy, and is expected to have an inertial coefficient << 1 except
at tremendously high energies. That is to say, at sufficiently low energies certain types of matter may have an
inertial mass so small it is not detectable, but at high energies the inertial mass will become apparent.

There is tentative evidence that even light rays may gain inertial mass at high energies. Albert et al.[23]
noted a time delay between peak y-ray emissions emitted during flares from the quasar Markarian 501 (Mrk
501), with higher-energy rays (> 1.2 TeV') appearing to arrive at the detector 4-5 minutes (240-300 seconds)
later than lower-energy rays (< 0.25 TeV). That is to say, light rays from the same source traveling through
the same medium appeared to travel 5-6 times slower depending on their energy content.

Let us assume that the luminosity of the higher-energy peaks was greatest in the range of 1.2-1.5 TeV, and
that of the lowest-energy peaks in the range of 0.22-0.25 T'eV, approximating the actual measurements. It is
possible to calculate the inertial coefficients of these light rays in the Higgs field, assuming Higgs bosons with
uniform energy of 125 GeV:

(1.2 x 1012 eV)((3 x 10® m s71)?)

T 125 < 10 eV) (3% 105 m s 1)2)) o0
L _ (15x102eV)(3x10°ms)?) o
727 (125 x 1011 eV)((3x 108 m s 1)2))
L (22x10M V) (@B x10°m 1))
137 125 % 1011 eV)((3x 105 m s1)2))
(2.5 x 101 eV)((3 x 108 m s71)2) )

47 125 x 1011 eV)((3 x 108 m s 1)2))

T3 _ 546 6.0
Jo Ja

The inertial coefficients of light rays at the higher energies, according to this formula, would therefore be between
5 and 6 times higher than light rays at the lower energies. This would correspond to a proportional slowing
of light rays through an interaction with the Higgs field at relevant wavelengths, in agreement with the actual
measurements.

It has already been suggested that the Mrk 501 anomaly may indicate distortions of a dynamic fluid-like
structure of space-time (a quantum “foam” sensu Hawking[1]) at high energies[24]. In this sense, the “building-
block” particles of Butto[7] may be better described as Planck-scale oscillations in fluid-like space-time, or as
vibrations in the Higgs field. On the other hand, the apparent time delay between spectral peaks from Mrk
501 has been attributed by other workers to a number of factors that do not contradict conventional Lorentz
invariance [25][23].

Although the above equations assume that all classes of particles interact with the Higgs field and so have at
least a very small inertial mass, complex interactions and quantization may mean there is still some minimum
energy required for these to manifest as actual effects. A key question is whether or not neutrinos, which occupy
an uncertain position in the Standard Model, really straddle the line between massive and massless. Theoretical
studies have predicted that neutrinos have massive (as much as 4.8 x 108 Gev/c?) as well as massless flavours[26],
whereas the most recent measurements suggest that neutrinos are all massive with much lower upper limits
(< 0.45 eV ¢?)[27).

These apparent contradictions begin to make more sense if the structure of the universal medium is not uniform
and unchanging, but resembles a dynamic wave function with alternating peaks and troughs. High energy
particles with relatively short wavelengths would experience interference with the vacuum energy, producing
inertial mass. Low energy particles with very long wavelengths would move out of phase with the vacuum energy
and experience little or no interference, making them effectively massless. One analogy is that of marbles and
basketballs rolling over a rough road. Marbles are on the same order of size as the small bumps and dips in the
surface of the road, and so traverse a much greater effective surface area (and therefore experience much more
resistance to their motion) relative to basketballs, which simply roll over the bumps and are too big to interact
with the dips.
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1.3 Gravity

1.3.1 Derivation of the gravitational constant A complete theory of inertia should naturally lead to
a complete theory of gravity. The Higgs boson is likely to be implicated in the generation of both forces,
with or without a supersymmetric partner particle[28]. If true, then the link between the Higgs field and the
gravitational field must lie in the link between inertial mass and energetic or gravitational mass.

We can expand the expression for the energy-dependent inertial mass of a reference object pp in a given
medium as follows:

Er _ Er En

Hr = mRE = (32)

2
vR* By

This expression contains three energies: the energies of two objects and the energy of the shared medium.
This is a strong hint. The only element missing is the shear force that introduces inertia into the system.

HROM = 77 —o9M = 7 —— 1» —TRrJ 33
ROM EM,URQM vn g Eag RIR (33)
And so we can deduce that
F.= Gmamg _ OM HRAMRB _ (TrAJRA)(TRBIRB) (34)
G r2 By 12 2
Therefore
6= O _ Aufu’ (35)
Ey Ey

This is similar to the equation obtained if we solve for G using the relationship between the Newtonian
equations for gravity and inertia:
mar? ar? B Af2ric?

Gziz

36
mpme m E (36)

Ignoring the distance factor 72 and the energy-mass conversion factor ¢? (ie. assuming both are equal to 1),
the equations are equivalent. Alternatively, we can generalize this equation to

A2 x 10770
E
The factor m is necessary to account for the fact that gravitational waves propagate radially, and are not
simply a linear interaction between two masses. The factor of magnitude 1 x 10770 (we will find out the nature
of this factor later) indicates that this is actually an extension of the simpler equation

G — (37)

A
G== (38)

Note that the relationship
_ Af2e?m x 10770 A

= (39)

¢ E B

can only be true for values such that

1

2 _
- f2rx10-70

(40)

This can be interpreted as stating that it is the inverse of the angular frequency of radial oscillations in the
underlying field, multiplied by a squared inverse acceleration 1 x 1077° m~2 s%, that sets the limit on the speed
of light. Similarly, mass can be interpreted as energy times the frequency of radial oscillations:

E
m=—= Ef?rx 10770 (41)

The inertial mass is then proportional to
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_ Eg Eg _ Erg2

_ “R —_ 2 1 —70 42
HR 02 EM EM fM mx 10 ( )

which is a function of change in radial energy density in time, expressed as energy per rad second squared.

In other words, the inertial-gravitational field and the electromagnetic field can really be seen as manifestations
of the same field. It is not hard to imagine that if the frequency of oscillations in this field could be made to
vary locally, so could the speed of light, along with the inertial and gravitational mass of particles and other
objects.

1.3.2 Inertia-gravity identity in the Higgs field Let us now assume that the field in question is nothing
other than the Higgs field, such that

)\HfH2027T X 10770 _ )\H
EH B EH

G = (43)
where

Ay is the wavelength of Higgs boson

fu is the angular frequency of Higgs boson

E'y is the mass-energy of Higgs boson

The first version of the formula lets us define the inertia-gravity relationship for point masses in terms of
shear forces:

oum x 1077 mymyp
Fo=-1H o 5 =mla (44)

where

oy = Mg fy? is the natural Higgs shear rate

myy is the mass of Higgs boson

Aaq is the initial acceleration of the reference object relative to the medium

Here the Newtonian inertia is really a special framing of shear gravity, where one of the two masses
participating in the interaction is taken to be the mass of the Higgs boson itself. The difference in acceleration
between the reference mass and the Higgs field (composed of Higgs bosons) generates a shear force, which the
reference mass experiences as inertia. The factor %2”0 can simply be ignored in framings involving a single
reference mass, because there is no distance at all between the mass and the Higgs field; indeed, the former can
be treated as a function of the latter.

If we treat energy as equivalent to mass (ie. we assume ¢? = 1) and distance as equivalent to wavelength, we
can also derive the general equation:
Mg EAEg  E

T By A2 X (45)

Fg

1.3.3 Speculation on Higgs boson properties Current measurements and estimates put the energetic
mass of the Higgs boson at around 1.25 GeV, with some specifying this value to 1.251 GeV or as high as
1.256 GeV [15][29][30][31]. The wavelength of the Higgs boson has not been measured directly, but has been
estimated as being on the order of a specific fraction of the Bohr radius, %oslm = 1.58 x 107 1¥m[32] .

The value of G is known with some confidence to be around 6.674 x 107! m3 kg~'s~2, although measure-
ments range slightly above or below this value and do not clearly converge. Schlamminger et al.[33] recently
provided a summary of historical measurements and used rigorous methods to produce a measurement of
6.67387 4 0.00038 x 1071t m3 kgt s72.

From G = )‘—5 it follows that

fau=v GEH/AH (46)

To solve for this equation G must be converted to compatible units. First we eliminate the contribution of
the distance factor 72 to obtain

Draft version 9



Fluid-like Higgs space-time

G=6674x103m " kgt s?

Since E = mc? and if ¢ = (3 x 108 m s71)%:

G = 60066 m J1 s
Since 1 eV = 1.60217... x 107'° J (the elementary charge, C):

G =3749... x 1023 m eV~ 572

Therefore we can estimate the the frequency of the Higgs boson as

74 1 23 —1 —1 —2 1.2 1 11
i = V/GEq/ g = \/(3 749 < 10 l 5;:1018 3’(1 5 X101 eV) _ 1 794 x 10251

which is in fact the angular frequency w. We can of course also solve for the angular frequency using the
Planck-Einstein equation, which shows that the above formula, although a reasonable approximation of the
angular frequency, is still an underestimate:

Ey 1.25 x 101 eV
h 6.582119... x 10-16 ¢V s

where # is the reduced Planck constant.

= 1.899... x 1026 rad s~1

OJH:

The previously cited estimates for properties of the Higgs boson are clearly not quite accurate. Firstly, I
propose that the actual wavelength is equal to, or at least very close to, % x 10718 m. This specific value is not
chosen without good reason. We should recognize the ratio % from the equation for the volume of a sphere:

4
Vo= §7r7“3 (47)

Under the influence of gravity in more or less neutral inertial frames, collections of freely moving particles
tend to arrange themselves into spheres. This familiar tendency is demonstrated by the shapes of stars and
planets, or by a free-floating volume of water on a spacecraft in orbit. Although this tendency begins to break
down at smaller scales, where other forces dominate, even atomic nuclei with balanced shells take on a spherical
shape([34]. There is no particular reason why this should be the case at such a range of scales, unless particles
attract according to a wave function that is fundamentally spherical.

The predicted value for wy is of course very close to 6w x 10%® rad s~!, such that the proper velocity is
described by
vy = Agwy = 87 x 107 m rad s !
Interestingly, this is of similar form to the square of the angular velocity of the universal fluid medium
predicted by interpretations of the Goédelian model[10], represented by
w? = 8re (48)

where ¢ is a density parameter corresponding to the vacuum pressure. The factor 87 is also recognizable from
the equation for the energy density of light[35]:

F2

where E}, is energy of light per unit volume and F'y is the electromagnetic force, and so reappears in the
Einstein gravitational constant:

(49)

_ 81G

k 4

. (50)
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1.3.4 Calculation of the value of the gravitational constant It is interesting to note that if we assume
the following values:

Ey =1.251 x 101! eV

¢ = 299792458 m 57!

Ap=32x10"%m

wy = 67 x 10% rad s~ (ie. h = f—g = 6.63676... x 10716 ¢V s)

then

Agwy2c?m x 10770
Ey

This is well within the range of 6.67387 +0.00038 x 107! m3 kg~! s~2 indicated by recent measurements[33].

But if we do not adjust the value of # and therefore allow Ey = 1.2407 x 10! eV, then G = 6.72907 x

107 m kg! rad s2. This is an inaccuracy of about 0.8% for both Ey; and G (unless we are willing to
entertain the possibility of significant inaccuracies in the measurements). This also gives us

G:

=6.67367 x 107" m kg~ ! rad s72

A
G=2R —670751x 107" m J!
Ey
which is an inaccuracy of only about 0.5%, although still outside of the range of 6.671-6.676 x 10! suggested
by the past few decades of measurements. This leaves a discrepancy of about 0.3% between the two equations

if using unadjusted constants. As mentioned previously, the two equations for G are only equivalent if ¢? =
1/f%7 x 1077, or rather

1
2
- 51
¢ wy?m x 10-70 (51)
Our current choices for resolving this problem are to assume a slightly lower value for either ¢ (=
299311870.2 m s7!) or wy (= 1.88193 x 10?6 rad s* or 15es=s rad s ). If we choose to be conserva-
tive and assume the latter, we should note that this requires Fy = fiw = 1.237 GeV, which is even lower than

what current measurements suggest. To obtain an identical and accurate value of G from both equations given
4

this value of Ey also requires Ay = 1.3245 x 107! m or 1585 m.

Given the considerable uncertainty regarding properties of the Higgs field, this would seem to be the most
likely source of the discrepancy between the predictions of the equations and the actual measurements. That
being said, it is not impossible that there are non-trivial inaccuracies in the measurement of G and other
physical constants such as h, C or even c¢ that singly or cumulatively would have the same effect. Alternatively,
the discrepancy disappears if we allow for some small factor, which for argument’s sake we will call ¢ °, that

modifies the Higgs energy in electromagnetic interactions (ie. Ey = hwpye = mgc ).

We should not then abandon the 1dea that the natural wavelength and angular frequency of the Higgs boson
may be equal or very close to Ay = g x 107 m and wy = 67 x 10%° rad s~ respectively, or that Higgs field
properties basically describe the behaviour of light. Not only does this result in estimates that are not far off
the mark but, it will be shown, this has implications for the nature of space-time.

2. Implications for general relativity

2.1 Einstein field equations

Let us return to geometrically precise assumptions for Ay and wy as previous and include a factor ¢ such that

87 = Aywy x 1077 m rad s—*

2 — ®

wp2mx10-70

G _ )\HUJH2C27T><10770 _ )\H
Epe? Eqe

5 The previously cited values of G require ¢ ~ 1.005.
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From these relationships we obtain®

k _ 87TG _ )\H2WH37T X 10777 _ )\HZWHSTFQ X 107147
B P Y O

We can now express the Einstein field equations in the form

Ap2wy 72 x 107147

Eyp?

111,1V + Aguv)
T

k = (52)
uv

where

I',, is the Einstein tensor

A is the cosmological constant

gy 1s the metric tensor

T, is the stress-energy tensor

We can see that the space-time curvature as described by I',, + Ag,,, is proportional to the wavelength and
angular frequency of the Higgs boson, while the stress-energy tensor is proportional to the Higgs energy.
In a gravity-neutral vacuum we may assume that the Einstein tensor I',, does not apply, leaving us with

— i 53
R PA k (53)

where p, is the (positive) vacuum energy density. Given that

A =p,87G (54)

For p, = 60.3 x 10727 kg m~3[36] we obtain (in standard units of seconds squared) the value

A =1.016526 x 1073% 572
And for p, = 59.6 x 10727 kg m~3[18] we obtain

A =9.9461 x 10736 572

It is worth pointing out that recently updated limits on the standard error of p, place the lower bound of
the range of expectations at about 59 x 10727 kg m3[36]. There is no harm in suggesting a value such as
pp = 59.619 x 10727 kg m~3. Note that for this value we obtain

A=1x1073% 572 =1 x 107051 (55)

This allows us to pinpoint the factor 1 x 1077 m=2 s* in the new equations for G and ¢ as simply being A? 7.
The cosmological constant may have been staring us in the face as it were, or rather, it leads us to a formulation
for which a cosmological constant is not really necessary®. With a single modification to the vacuum density
formula above we can say

A? Eq? myp?
Pa = =32 . 3.2 2H 3 (56)
81G  Agiwpicim AjPwylim
which can also be written in the form
mH‘P2 my$
PA = (57)

(% X 10718)”(\3/ Agwy )? a Vo

In other words, the vacuum density equation approximates the equation for the mass-energy density of a type
of spherical volume or field whose radius is in units of 4-dimensional space-time ({/Agwy), corresponding to
the wavelength and angular frequency of the Higgs boson (under the assumptions stated in the beginning of

2wH37r>< 10777

B2 is also a valid
H

6 Note that when k is expressed in units of mass rather than energy a factor %2 falls away so that 2H

solution.
7 Deriving A? from 87 = Agwp X 1077 m rad s~! results in units of m s3, the relevance of which we will soon see.

8 This is not to say that A actually has the exact value 1 x 1073%; in fact A = ,/ﬁ ~1.001 x 10735 m=2 s* or m s73 or s2
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this section). The Higgs field could then be seen as synonymous with space-time. This would imply that by
describing vibrations in the Higgs field, one is describing the same thing as dynamic curvature of space-time or
gravitational waves.

The metric tensor can therefore be written as

t 000 wy 0 0 0
1o s 0 0 0 g 0 0
Jov=10 0 s ol o 0 ¥y O (58)
000 s 0 0 0 g

where t indicates the time dimension and s indicates a spatial dimension.

This implies g,, proportional to ;3. That is to say that, although time has only one degree of freedom
compared to the three dimensions of space, time also describes a hyperbolic curve ¢, with respect to a unit of
curvature g, in space. This makes sense when plotted in a Cartesian system (Figure ??) where

1
St = 3 (59)

time
curvature

(ct)

space curvature (gs)

Figure 1: Hyperbolic relationship of time curvature ¢, to space curvature g,.

Across any real (positive) space with varying curvature, it is possible for time to flow at a different rate
relative to other points in space with greater or lesser curvature. Time in theory may flow infinitely quickly or
infinitely slowly, but there is no such thing as zero time within non-zero space curvature, nor is negative time
possible in any real (positive) space. This is the same basic relationship that is described by general relativity.
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2.2 Dynamic model of Higgs space-time

The traditional conception of general relativity essentially describes space-time in terms of static geodesics with
uniform curvature. In contrast, a universal fluid medium (or UFM) model implies more complex, dynamic
curvature. In a truly empty and frictionless vacuum, disturbances in space-time caused by mass-energy would
not attenuate with distance from the source, nor could matter interact with it as a medium. This would preclude
all relativistic effects, unless one were to invoke geodesic curves that exist as pure geometry not composed of
matter, but that somehow interact with matter regardless (as is the standard assumption in general relativity).
A universal fluid medium model of the universe can remain consistent with general relativity if we allow for a
field with positive mass or energy density everywhere, but that is non-uniform at very small scales, such that
there is positive vacuum friction. This would allow the field to interact dynamically with itself, not only with
other forms of mass-energy that somehow exist independently of it, but this would also set limits on how far
these self-interactions could be extended. Space-time in the Higgs field thus satisfies the requirements of general
relativity, and takes on some of the basic properties ascribed to classical fluids. Vibrations in the field can be
expected to lead to a damped oscillation effect, or ripple-like wave patterns in space-time (Figure ??), where
the deviation from a basically flat topology originates from a local energy Eg in excess of the Higgs energy Ey.
This wave behaviour for a dynamic space-time ¢, can be represented in a single-plane approximation by

—(¥Rw)(FB 7

F(su) = cos (r(PBEE) (/30p2) (60)
H

Figure 2: Single-plane representations of curved space-time with a) uniform curvature described by ordinary geodesics
and b) dynamic curvature displaying radial oscillatory damping. (Created in NumPy 2.5)

An even simpler approximation of the above would be to see space-time as dynamically bunching up or stretch-
ing out (ie. curving) in proportion to a wave flux ®, represented by the number of wavelengths encountered per
unit time by an observer at a certain point on the wave function. This flux would in turn be proportional to
the distance r from a stationary mass m that is the source of the radiating waves of disturbance, as shown by
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o= i—)t\ x %2 (61)

The bunching of space-time ripple waves as one approaches a large mass would lead to longer path lengths
in space-time from the perspective of a distant observer (Figure ??), while the reverse would occur as one
travels away from the mass. For two nearby masses, positive wave interference translates as the contraction of
intervening space-time, manifesting as gravitation (Figure ??7). Remember that we can describe the attractive

force between any pair of masses in the Higgs field separated by a known distance as

Ag mymy,
2

= 2
Eyp T (6 )

G

Acceleration of a single mass would have a similar result due to the Doppler effect, leading to the experience

of inertia (Figure ??). An accelerating observer encounters increasing resistance to motion caused by chasing

space-time waves generated by its own movement, up to the limit of radial wave propagation in the medium.
This limit is imposed by the properties of the Higgs field and is defined by

2_ _ ¥ 8 12 o2

Remember that inertia for a reference mass in a Higgs field can be expressed as

T = HROH = MR/\HWH2 (64)

2.3 Visualization

Here is an alternative way of visualizing the predictions of general relativity based on the ideas presented above.
Imagine ripples on the surface of a pond caused by dropping a stone. Let us assume the pond is a special fluid
of very high density but low viscosity, such that the stone does not sink but continues to bob up and down
on the surface, producing ripples continuously. Imagine also that the height of the wave-crests of the ripples
decreases with increasing distance from the stone while the distance between wave-crests increases.

Imagine a pair of ants, each floating on a little leaf-boat at different distances from the stone. The ant who is
further away from the stone watches the ant who is nearer to it, and who is buffeted by taller and more frequent
waves. From the perspective of the distant ant, the nearer ant seems to be moving much slower, as it takes
much longer for her to get anywhere by floating. But the nearer ant is actually floating at the same speed; it is
merely the length of the path she travels over the turbulent water that makes the journey seem slower from the
distant ant’s perspective. In fact, even if both ants were stationary relative to the stone, the nearer ant would
be covering more distance each second than the distant ant, as she bobs up and down on the waves. Since
ants do not use clocks, the time taken to crest a wave is the measure of a second. If the two ants were able to
compare, they would find that one second for the nearer ant is longer than one second for the distant ant.

As they float on the surface of the pond, our ants on their leaf-boats generate their own ripples in the water
that overlap with the ripples produced by the bobbing stone, making the wave action more intense. (Let us
assume these are special ripples that do not exert force in the direction of propagation, and so have no pushing
action.) A strange thing happens — where the ripples overlap, the pond surface effectively shrinks on the
horizontal plane. As a result, distances are diminished, and the ants find themselves drawn towards this point
as if pulled by an unseen force (Figure ??). The ant nearest the point where the stone was dropped feels a
stronger attractive force in proportion to the intensity of the wave action.

Now imagine one of our ants decides to build a tiny sail to catch the wind. As long as she collects kinetic
energy from the wind, she accelerates, and also generates ripples at an increasing rate. (This in turn should
cause a slightly stronger attraction towards the ripple source of the stone, so slight she would barely notice it
unless she were to reach a tremendous speed?). If she sails fast enough in any direction, she will begin to catch
up with the wave-crests caused by her own movement, producing the same effect as if she were traveling against
waves produced by the bobbing stone.

Now if our intrepid ant continues to move with increasing speed towards her own wave-crests, she will be
forced to sail into and over them. Even if the interaction between the water and her leaf somehow produced

9 This is proposed as a possible explanation for the Pioneer anomaly; traveling away from the Sun at around 12 km s~1, the Pioneer
10 and 11 probes have perhaps the highest sustained linear velocities of any human-made objects of similar mass [17].
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>
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X

Figure 3: Positive interference of space-time waves leads to an apparent attractive force caused by the contraction of
space-time between two masses, represented by the grey ellipse getting smaller.

waves without friction, the increasing path length would effectively provide increasing resistance to her motion
(Figure ?7). At some point it becomes impossible for our ant to go any faster, because she would have to
travel as fast or faster than her own wave-crests generated in the past, equivalent to crossing the threshold from
positive time to zero or negative time (while somehow remaining in positive space). Her speed is now limited by
the minimum length of time required for waves to propagate in the pond (or the maximum possible frequency).

2.4 Universal inflation as expansion of space-time

Considered on a grand scale, the model presented above leads neatly to a kind of super-relativistic universal
inflation. Assume that some primordial disturbance (ie. the Big Bang) were to occur within an infinite and
formerly static and homogenous universe. Hypothetical observers within the field of disturbance, who would
previously have lived in an absolutely non-relativistic universe, would suddenly become aware of finite, virtual
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b)

Figure 4: a) Increased space-time wave flux (in grey area) experienced by accelerating observers (due to the Doppler
effect) results in b) increased path length in space-time, translating as inertia. The upper limit of the path length is a
function of the maximum frequency of oscillations in the medium and determines the mazximum possible speed.

distinctions in space and time that did not exist previously. These distinctions could eventually evolve into a
system of dynamic, self-interacting fluctuations, eg. Higgs-space-time and all that arises from it. This system
could have different properties in different eras of its evolution, but at some point might settle into a stable
form somewhat resembling a fluid in certain dimensions.

At this point, similar laws apply as those that govern the “ripples in the pond” described in the visualization.
Due to self-interactive attenuation or damping, space-time will continue to expand exponentially following the
initial disturbance, ie. the more (space-)time elapses since the Big Bang, the greater the distinctions in space
and time in the virtual (relativistic) universe seem to get from the perspective of observers within it.

This does not preclude the possibility of observers of some kind that remain outside the relativistic universe,
if the field of disturbance is finite (which logically it must be, if it occurs within an infinite state). Since this
disturbed universe will expand infinitely it will, somewhat counterintuitively but by definition, come to an end
as it inevitably returns to its former infinite, non-relativistic state — a kind of death by dilution.

This perspective implies that the self-interaction of the Higgs field (or a precursor field that evolves into the
Higgs field and other phenomena of our universe) is the intrinsic source of space-time, the main factor driving
accelerated universal space-time expansion, and may be partly or wholly identifiable with dark energy[13].
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