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INVARIANT MODEL OF BOLTZMANN STATISTICAL MECHANICS
AND ITS IMPLICATIONS TO HYDRODYNAMIC MODEL
OF ELECTROMAGNETISM, PHYSICAL FOUNDATIONS
OF QUANTUM MECHANICS, RELATIVITY, QUANTUM GRAVITY
AND QUANTUM COSMOLOGY

Some implications of an invariant model of Boltzmann statistical mechanics to quantum nature
of (space, time, mass), physical foundations of quantum mechanics, relativity, electromagnetism and
Maxwell equations, quantum gravity and quantum cosmology will be discussed. In harmony with
Huygens’ analogy between propagation of sound in air and light in ether, propagation of light wave
is shown to involve an exceedingly thin longitudinal component besides its Maxwellian transverse
polarizations. Following Maxwell and Lorentz, an invariant hydrodynamic model of electromagnetism
is presented. It is expected that time-dependence of the speed of light, identified as root-mean-square
velocity of gravitons, could be determined by measurement of changes in period of geological events
caused by periodic cosmic radiation bursts from sources such as pulsars. New interpretation of physi-
cal foundation of quantum mechanics, Dirac wave equation, pilot waves of de Broglie-Bohm model
will be described.

Identifying physical space, Aristotle fifth element or Casimir vacuum, as a tachyonic compress-
ible fluid, in harmony with Huygens and Planck compressible ether, Lorentz-FitzGerald contractions
becomes causal (Pauli) leading to Poincaré-Lorentz dynamic as opposed to Einstein kinematic theory
of relativity. Invariant forms of conservation equations lead to hydrodynamics of universe governed by
quantum gravity as a dissipative deterministic dynamic system proposed by ‘t Hooft. The thermodynam-
ics of universe suggests possible relevance of classical Nordstrom scalar, and Abraham vector theories of
gravitation beside Einstein tensor theory. Also, some implications of the model to quantum cosmology,
loop quantum gravity (LQG), and Everett multiverse are discussed.

Key words: electromagnetism, Maxwell equations, quantum mechanics, quantum cosmology, quan-
tum gravity, relativity, T.O.E.
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HopcteectepH yHuepcuteTi, AKLL, MAAnHONC WwiTaThl, DBAHCTOH K.
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BOI\bLI,MaHHbIH, CTAaTUCTUKAADBIK M€XadHUKACbIHbIH, UHBAPHUAHTTbIK MOAEAi
)KOHEe OHbIH, IAEKTPOMarHeTU3MHiH TMAPOAMHAMMUKAABIK, MOAEAIHE,
KBAHTTbIK MeéXaHUKaHbIH, (,i)M3MKa/\I>IK1 HerisAepiHe, CaAbICTbIPpMAADBIAbIK,
KBAHTTbIK rpaBUTaUUsIFa XKoHE KBAHTTbIK KOCMOAOIrusira acepi

Makanapa boAbUMaH CTATUCTUMKAABIK, MEXaHMKACbIHbIH, MHBapMaHTTbl MOAEAIHIH KBAHTTbIK,
TaburaTbl (KEHICTiK, YaKbIT, Macca), KBaHTTbIK, MEXaHMKaHbIH (DU3MKAABIK, HETI3AEPI, CAABICTBIPMAAbIAbIK,
TEOPUSICbl, DAEKTPOMArHETMU3M >KoHe MakCBEAA TEHAEYAepi, KBAHTTbIK IPaBMTALMS >KOHE KBAHTTbIK,
KOCMOAOTMSIHBIH, Keinbip caAAapbl TaAKblA@HAAbI. [HOMreHCTIH ayaAarbl AbIObIC MEH XKaPbIKTbIH TAPaAybl
apacbiHAAFbl YKCACTbIFbIHA COMKEC, XKapblK, TOAKbIHbIHbIH TapaAybl KBAAEHEH MOASpU3auMsAaH 6acka
oTe XKyKa BOMAbIK KypaMAacC OOAIKTI KaMTHAbL. MakcBeAA MeH AOPEHLITEH HOAEK SAEKTPOMArHETU3MHIH,
MHBApPUWaHTTbl TMAPOAMHAMMKAABIK, MOAEAI YCbIHbIAFAH. [pPaBUTOHAAPAbBIH, OpTalla KBaApPaTTbIK
SKbIAAAMAbIFbI PETIHAE aHbIKTAAFaH >KapbIK, >XbIAAAMABIFbIHbIH YaKbITKA TOYEAAIAITiH NyAbcapAap
CUSIKTbl KO3AEPAEH FapbIWTbIK, PAAMAUMAHBIH, YKAPKbIAbIHAH TYbIHAQFAH TEOAOTMSIABIK, OKMUFaAap
Ke3eHiHAEeri e3repicTepai eAllley apKblAbl aHblKTayFa 60AaAbl Aen KYTiAyAe. KBaHTTbIK, MexaHMKaHbIH,
(PU3MKAADBIK, HETi3AEPIHIH XKaHa TycCiHAipMmeci, AMpak TOAKbIH TeHaeyi, Ae Bbpoiinb-bom MoaeAiHiH
MUAOTTbIK, TOAKBIHAQPbI CUMaTTaAaAbl.

© 2023 Al-Farabi Kazakh National University 3



Invariant model of boltzmann statistical mechanics and its implications to hydrodynamic model ...

DusKnKabIK, KEHICTIKTI, ApUCTOTEAbAIH OeciHLIi 3AeMeHTiH Hemece KacmMup BakyymbiH, [orreHc
neH [MAQHKTbIH, CbIFbIAATBIH 3(OUPIMEH YAECIMAE TaXMOHADIK, CbIFbIAQTbIH CYMbIKTbIK, peTiHAe, AopeHL-
Duu-Axxepasbs KUbIPbIAYAAPbl DMHILTENHHIH KMHEMATMKAAbIK, peakTUBTIAIKke Kapcbl [lyaHkape-
AOpeHL, AMHaMMKacbiHa aKeAeTiH cebenTik (MMayan) 6oaaabl. CakTay TEHAEYAEpPiHiH WMHBAPUAHTTbI
dopmanrapbl T XoodT yCbIHFAH AUCCUMATMBTI AETEPMUHUPAEHT€H AMHAMUKAABIK )KYe peTiHAE KBAHTThIK,
rpaBuTaLMsaIMeH 6acKapblAaTbiH FAAAMHbIH TMAPOAMHAMMKACbIHA BKEAEAT. DAEMHIH TEPMOAMHAMMKACHI
IMHWTENHHIH TEH30PAbIK TeopusCbIMEH KaTap KAacCMKaAblk, HOpPACTpPEM CKaASpbiHbIH kK8He
ABpaaMHbIH BEKTOPAbIK, FPaBUTALMA TEOPUSAAPbIHBIH, bIKTMMAA COMKECTIriH 6oAaxainabl. CoHaan-ak,
MOAEABAIH KBAHTTbIK, KOCMOAOIMS, UMKAAIK KBAaHTTbIK, FPaBUTALMS XXOHe DBEPETTiH KeNTiK dAeMiHe
KaTbICTbl KeNOip cCaAAap TaAKbIAAQHAAbI.

TyHiH ce3aep: >AeKTPOMarHeTM3Mm, MaKCBEeAA TEeHAEYAepi, KBaHTTbIK, MeXaHWKa, KBaHTThbIK,
KOCMOAOT M, KBAHTTbIK, FPaBUTaLMs, CaAbICTbipMaAbiAblk, T.O.E.

C.X. Coxpab

YHusepcuT HopcesecTepH, wrat MaanHoic, CLUA, r. EBaHCTOH
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MHBapuaHTHas MOAEAb CTaTUCTUHECKOM MeXaHUKM boAbLiMaHa 1 ee NOCAeACTBUS
AASA I'MApOAMHaMM‘-IeCKOﬁ MOAEAU IAEKTPOMaAarHeTuama, CbM3M‘-leCKMX OCHOB
KBAHTOBOM MeXaHWKH, TEOPUU OTHOCUTEAbHOCTM, KBAHTOBOM FpaBUTaLLMmn
M KBAaHTOBOM KOCMOAOTUMU

B cratbe 6yAyT 06CY>KAATbCSl HEKOTOPbIE MOCAEACTBUS MHBAPUMAHTHON MOAEAM CTaTUCTUYECKOM
MexaHMKM BoAbLiMaHa AAS KBaHTOBOWM NMPUPOABI (MPOCTPAHCTBA, BPEMEHM, MACChbl), (hN3MUECKMX OCHOB
KBAaHTOBOM MeXaHWKW, TeopuM OTHOCUTEAbHOCTM, IAEKTPOMArHeTM3Ma M YypaBHeHMI MakcBeAAa,
KBAHTOBOM rpaBMTaLMKM M KBAHTOBOM KOCMOAOrMW. B cooTBeTCcTBMM C aHaaoruen [lorreHca mexay
pacrnpocTpaHeHneM 3ByKa B BO3AyXe M CBeTa B 3(Mpe rnoka3aHo, UYTO pPacrnpoOCTpaHEHWE CBETOBOM
BOAHbI BKAIOUAET B Ce63 Ype3BbIUaiHO TOHKYIO NMPOAOAbHYIO COCTABASIOLLYIO, MTOMUMO MAaKCBEAAOBCKOM
rnoriepeyHor noAsgpmsaummn. Bcaea 3a MakcBeAAOM M AopeHueM rnpepcTaBA€HA MHBapMaHTHast
r’MAPOAMHAMMYECKast MOAEAb dAeKTpoMarHeTnsma. OXXMAQeTCs, YTO BpeMeHHast 3aBUCUMOCTb CKOPOCTH
CBeTa, ornpeaeAsemMas Kak CpeAHEKBAaApaTMUeckasi CKOPOCTb FPABUTOHOB, MOXET ObiThb OMpeAeAeHa
MyTEM U3MEPEeHUs M3MEHEHWI MeproAa FeOAOrMYECKUX COObITUIA, BbI3BAHHBIX MEPUOANUECKUMU
BCMAECKaMW KOCMWYECKOTO M3AYYEHMS OT TaKMX MCTOYHWKOB, Kak MyAbCapbl. byaeT onmcaHa HoBas
MHTepnpeTaums pr3myeckmx OCHOB KBAHTOBOM MEXaHWKM, BOAHOBOIO ypaBHeEHUs AMpaka, MMAOTHbIX
BOAH MoaeAn aAe bporiag-boma.

MaeHTnpmumpya hursmnueckoe NpoCTPaHCTBO, MNSATbIA IAEMEHT APUCTOTEAS WMAM BaKyym
Kasnmmpa, Kak TaxmMOoHHYIO COKMMAEMYIO XKMAKOCTb, B FTRPMOHWUK CO CxKMMaembiM 3¢hupom lMNonreHca m
lMAaHka, cokpateHus AopeHua-OuTuaxepasbaa CTAHOBSATCS MPUUMHHBIMK ([TayAu), UTO NPUBOAUT
K AMHammke [lyaHkape-AopeHua, B OTAMYME OT KMHEMATUYECKOM TeopuM OTHOCUTEAbHOCTU
JiiHwTeHa. WMHBapuaHTHble (QOpPMbl  ypaBHEHMIN COXPAHEHUS TMPUBOAST K TMAPOAMHAMUKeE
BceAeHHOM, ynpaBAsieMOM KBAHTOBOWM TrpaBuUTaLUMen KakK AMCCUMATUBHOM AETEPMUHMPOBAHHOM
AVHAMMYECKONM cucTeMol, npearoskeHHon T XoodToM. TepmoarHammnka BceaeHHoM npeanoAaraeT
BO3MOXHYIO 3HAaUMMOCTb KAQCCMYECKOM CKAAIPHOM Teopum HopaCTpema v BEKTOpPHOW Teopuu
Abparama rpaBuMTaLMM  PIAOM C TEH30PHOM Teopuen DiHwWTerHa. Takxke 06Cy>KAalTCs
HEKOTOPble MOCAEACTBUS MOAEAU AAS KBAHTOBOM KOCMOAOTMMK, METAEBOM KBAHTOBOW rpaBMUTaLMn 1
MYAbTUBCEAEHHOW DBepeTTa.

KAloueBble cAOBa: SIAEKTPOMArHeTn3Mm, ypaBHeHMS MakCBeAAa, KBAaHTOBAs MeXaHWKa, KBaHTOBas
KOCMOAOTMS, KBAHTOBasi rpaBuTaLms, oTHOCMTeAbHOCTb. T.O.E.
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Introduction

What is common amongst the diverse fields of
chromodynamics,  electrodynamics,  turbulent
hydrodynamics, astrophysics, and cosmology is
that they all involve statistical fields composed of
very large number of “particles” and particle
clusters under turbulent motion. Guided by
similarities between small scale stochastic quantum
fields [1-17] and large scale turbulent
hydrodynamic fields [18-30], a scale invariant
model of Boltzmann statistical mechanics was
recently developed and applied to the investigation
of fluid mechanics [31, 32], thermodynamics [33,
34], and quantum mechanics [35, 36, 37] at large,
intermediate, and small scales.

The present study is focused on the application
of invariant model of Boltzmann statistical
mechanics to: (I) invariant model of quantization of
space, time, and mass (II) physical foundation of
quantum mechanics and theory of relativity (III)
physical foundation of electromagnetism and
invariant Maxwell equations (IV) physical
foundations of quantum gravity and quantum

GALACTIC CLUSTER

cosmology. First, a very brief description of
invariant model of Boltzmann statistical mechanics
and conservation equations are discussed. Next,
quantization of space, time, and mass and their
invariant definitions are studied. Internal spacetime
versus external space and time are described and
the latter is identified as Rovelli thermal time.
Next, a hydrodynamic model of Maxwell theory of
clectromagnetism is presented. Finally, some
implications of invariant Schrodinger equation to
cosmology, quantum gravity, quantum cosmology,
and multiverse are discussed.

Scale-Invariant Model of Boltzmann
Statistical Mechanics and Invariant
Conservation Equations

The scale-invariant model of statistical

mechanics for equilibrium galactic-, planetary-,
hydro-system-, fluid-element-, eddy-, cluster-,
molecular-, atomic-, subatomic-, kromo-, and
tachyon-dynamics corresponding to the scale
B=g p, h f e c, m,a,s,k, andtis schematically
shown on the left hand side of Fig. 1.

UNIVERSE
LGD (J +1172)

EGD (J+5) GALACTIC CLUSTER
GALAXY LPD (J+972)
EPD (J+4) GALAXY
PLANET LHD (J+72)
EHD (J +3) PLANET
HYDRO-S YS TEM LFD (J + 52)
EFD (J +2) HYDRO-S YSTEM
FLUID ELEMENT <l4—— |~ —> LED (J + 32)
EED (J+1) mx‘é‘%‘m Le —* ~ FLUID ELEMENT
R R S
ol e R o 0
<= = e S EDDY
CLUSTER 45— 1, — STEESSs LMD (- 12)
EMD (J -1) | L CLUSTER
MOLECULE <~ L, —> = LAD (J-3R)
EAD (J -2) SR 3 . I“¥ MOLECULE
ATOM ISD (J-572)
ESD (J -3) ATOM
SUB-PARTICLE LKD (J-7/2)
EKD (J-4)
Sielind SUB-PARTICLE
ETD (J -5 LTD (J-972)
TACHYON PHOTON

Figure 1 — A scale-invariant model of statistical mechanics. Equilibrium-f-Dynamics on the left-hand-side and non-
equilibrium Laminar-B-Dynamics on the right-hand-side for scales p =g, p, h, f, e, ¢, m, a, s, k, and t as defined in [36].

Characteristic lengths of (system, element, “atom”) are (LB , 215 ,{5) and Ap is the mean-free-path.
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For each statistical field, one defines particles
that form the background fluid and are viewed as
point-mass or "atom" of the field. Next, the
elements of the field are defined as finite-sized
composite entities composed of an ensemble of
"atoms". Finally, ensemble of a large number of
"elements" is defined as the statistical "system" at
that particular scale. The most-probable element of
scale B defines the “atom” (system) of the next
higher p+1 (lower p—1) scale.

Following the classical methods [19, 38-42],
the invariant definitions of the density pg, and the
velocity of atom ug, element vy, and system wg at
the scale [ are given as [31,36]

Py = MMy = mﬁjfﬁduﬁ’ Uy = Vg, (1

-1
V=P, mBIuﬁdeuB, W=V, 2)

Similarly, the invariant definitions of the
peculiar and diffusion velocities are introduced as

Vo=V 2)

’
V. =u, - v, B B B B pel

B B i
Following the classical methods [19, 38-42],
the scale-invariant forms of mass, thermal energy,

linear and angular momentum conservation
equations at scale B are given as [31, 36]

op.
D Vv, =, 4
o1,
Oe.
—b V.(e,v,) =0 &)
o,
op,
—+ V-(piBVB) = _V'Pim (0)
o,
om,
?ﬁ +V.(m,v,) = p,0,.VV, (7)

p

involving the volumetric density of thermal energy

&y =Pyhy, linear momentum p =p v , and

i 2
angular momentum T, =p 0O,

Also, R

(sincer, | =1).
p 1s the chemical reaction rate and
};iB :};iﬁ /mg is the absolute enthalpy [36]. It is

noted that the time coordinates in equations (4-7)
also have a scale subscript {.

As discussed in an earlier study on classical
thermodynamics [34], and in harmony with
perceptions of Clausius [43, 44], atoms of the field
are assumed to have three simultaneously
independent degrees of freedom associated with
their translational, rotational, and vibrational
(pulsation) motions. Thus, in axisymmetric
cylindrical coordinates (z, 0, r), particles are
assumed to undergo internal harmonic translation,
rotation, and pulsation in two axial (z+, z-),
angular (6+, 6-), and radial (r+, r-) directions. The
classical definition of vorticity involves the curl of
linear velocity Vxv, =@, thus giving rotational

velocity a secondary status since it depends on
particle translational velocity vg. However, it is
known that particle’s rotation about its center of
mass is independent of the translational motion of
its center of mass. In other words, translational,
rotational, and vibrational (pulsation) motions of
particle are independent degrees of freedom that
should not be necessarily coupled. To resolve this
paradox, iso-spin of particle at scale f3 is defined as
the curl of the velocity at the next lower scale of

p—1[36]

W, =Vxu, =Vxv,_ =0, ()

such that rotational velocity, while having a
connection to some type of translational motion at
internal scale B — 1 retains its independent degree
of freedom at the external scale P as desired. A
schematic description of iso-spin and vorticity
fields is shown in Fig. 2.

Figure 2 — Description of internal (iso-spin)
versus external vorticity fields in cosmology [36].

The nature of galactic vortices in cosmology
and the associated dissipation have been discussed
[26, 45].
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The invariant continuity equation (4) involves
invariant form of classical formula for “chemical
reaction rate” defined as [40]

Ry =myy [ (8, / 8)duy, )

To reveal the scale invariant form of the
reaction rate R, it is noted that

> Ry =2 my [ (3, /St)duy, =

S )
=§Z4miBJ’fiﬁduiB :gzmiﬁniﬁ -

—E = %: E (m,,n,, )=
5t 4 Pig St St pellpe

= my,, [ @f., /80du,, =R, (10)

The local velocity \ in (4)-(7) is expressed in
terms of convective W, and diffusive \'A velocities
[36]

w, =V, —V,,, V,, ==D,Vinp, (11)
W =V, =V, Vg, =—a,;Ving, (12)
W =V, = Vg Vg, =—K;Vinpg (13)
Wy =V, = Voo Vi, = —KVinmg (14)

where (V. Vi Vings Vimg)  ar¢  respectively

Bg> " Ptg " phg>
diffusive, thermo-diffusive, translational and
rotational ~ hydro-diffusive  velocities  and
K, =My / Py 1s kinematic viscosity.

Because by definition fluids can only support
compressive normal forces, following Cauchy, the
total stress tensor for fluids is expressed as [46, 47]

1
P = ppdy; + (A +§115)V.v[38ij (15)

Also, the classical Stokes assumption of zero
bulk viscosity relates the two Lame constants of
ideal fluid by [47]

2

bﬁ:xﬁ+§nﬁ:0 (16)

Hence, the total stress tensor (15) becomes [36]
1
Pijﬁ = pﬁsij —gﬂﬁV-Vp&j = (ptB +ph[5)8ij (17)
where the hydrodynamic pressure is

1
Prp = (Tp T Tyyp +Tup) /3= _Enﬁv'vﬁ (18)

The occurrence of a single rather than two
Lame constants is in accordance with the
perceptions of Cauchy and Poisson who both
assumed the limit of zero for the expression [48]

Ay +m, = Li}gOR“ f(R) (19)

Therefore, in Cauchy-Poisson limit (19), as
intermolecular  spacing vanishes R —0, all
tangential stresses will vanish as was emphasized
by Darrigol [48]

“Poisson and Cauchy both assumed the limit to
be zero. Then the medium loses its rigidity since the
transverse pressures disappear”

leaving only normal stresses in (17).

Following the classical methods [19, 38-42], by
substituting from (11)-(16) into (4)-(7), neglecting
cross-diffusion terms, and applying Onsager [49]
reciprocity relations, the invariant forms of
conservation equations are written as [36]

o
Sy Vpy =Dy Vpy + R,

B

(20)

aﬂﬁ 2 N
at_JrWB'VTiB =, VT, +h,R, | pge,y (21)
p



Invariant model of boltzmann statistical mechanics and its implications to hydrodynamic model ...

oV, I
¥+WB.VV5 =KaVv, —
" o (22)
v
P L (- T
P
O,
—+wWa. Vo, =
o,
(23)
~ 72 o, miﬁ
=K, Vo, +o,Vy, ——
P

Modified form of the viscous equation of
motion (22) is to be compared with the classical
Navier-Stokes equation

@Jr v.Vv = RVZV—&—F%IEV(V.V) (24)
p

ot

The history of derivation of (24) has been
studied in an excellent investigation by Darrigol
[46]. The main difference between equations (22)
and (24) is the occurrence of the global (not

differentiable) convective velocity Wy as opposed

to local (differentiable) velocity Vg in the second

term. Thus, the former equation is more in
harmony with the pioneering studies by Oseen [50]
and Carrier [51]. As a result, in the absence of
convection, (22) reduces to nonhomogeneous
diffusion equation similar to (20) and (21).
However, the absence of local velocity results in
vanishing of almost the entire classical equation of
motion (24). In Section 6, solution of the modified
form of equation of motion (22) for the classical
problem of Stokes viscous flow across a rigid
cylinder and resolution of Stokes paradox will be
discussed.

Similarly, modified form of Helmholtz [52]
vorticity equation (23) is to be compared with the
classical equation in absence of chemical reaction

Ow

o +v.Vo=kVeo+eV.v (25)

An important difference between the modified
(23) and the classical (25) forms of Helmholtz
vorticity equation is the occurrence of convective

velocity W as opposed to local velocity 2 in the

second term. Because local vorticity @p in (25) is

itself related to the curl of local velocity it cannot
be advected by this same velocity. On the other
hand, advection of local vorticity by convective

velocity Wg in (23) is possible. Moreover, in

absence of convection (23) reduces to the diffusion
equation similar to that in (20), (21), and (22) for
mass, heat, and linear momentum transport.
However, the absence of local velocity in (25)
leads to vanishing of the entire equation.

Hierarchies of Quantum Fields with Atomic
Mass Unit, Internal Spacetime, and External
Space and Time

Like all statistical fields in the hierarchy shown
in Fig. 1, the field of stochastic chromodynamics
that is the physical space is also real. It is well
known that in late 1800’s, most scientists believed
that space was filled with a fluid called
luminiferous ether that was the seat of
electromagnetic waves. In recent investigations
[35-37], the ether was identified as the physical
space itself rather than a substance filling the space.
To use a glass of water as an example, physical
space is identified as water itself rather than the
glass. Hence, physical space is identified as a
compressible tachyon fluid in harmony with
perceptions of Aristotle [53], Huygens [54],
Newton [55], Euler [56], Maxwell [57], Lorentz
[58], Poincaré¢ [59-62], de Broglie [3], Casimir
[63], and Dirac [64] amongst many others. The
history of classical ether theories is discussed in an
excellent book by Whittaker [65].

As discussed in [36], physical space or Casimir
vacuum [63] is identified as a compressible
tachyonic fluid schematically shown in Fig. 3, from
infinite rarefaction (white hole WH) to infinite
compression (black hole BH).

Hence, four significant characteristics of ether
are (a) ether is the physical space or Casimir [63]
vacuum itself and not its occupier (b) in accordance
with perceptions of Huygens [54], ether is a
compressible fluid (c) ether is stochastically
stationary because, as emphasized by Dirac [64],
static ether cannot satisfy both relativity theory and
quantum mechanics (d) ether is an atomic thus
quantum fluid (Fig. 1).
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Figure 3 — Different degrees of rarefaction and compression
of Casimir vacuum identified as a compressible fluid. (-3)

White hole p,, = 0 (-2,-1) Anti-matter p,,, <p_ (0)
Casimir vacuum p = p (1, 2) Matter p,,, >p,  (3)
Black hole pg,, = o0 [37].

Among various properties of physical space, its
compressibility plays the most central role in
physical foundations of theory of relativity
discussed in next Section, and propagation of light
in hydrodynamic model of Maxwell [57] theory of
electromagnetism  discussed in  Section 5.
Therefore, we begin the discussion of space and
time with an important quotation from Huygens’
treatise on light concerning analogy between
propagation of sound in air and that of light in ether
[54]

“As regards the different modes in which [
have said the movement of Sound and of Light are
communicated, one may sufficiently comprehend
how this occurs in the case of Sound if one
considers that the air is of such nature that it can
be compressed and reduced to a much smaller
space than that which it ordinarily occupies,”

“Now in applying this kind of movement to
that which produces Light there is nothing fto
hinder us from estimating the particles of the ether
to be of a substance as nearly approaching to
perfect hardness and processing a springiness as
prompt as we choose. It is not necessary to
examine here the causes of this hardness, or of that
springiness, the consideration of which would lead
us too far from our subject. I will say, however, in
passing that we may conceive that the particles of
the ether, notwithstanding their smallness, are in
turn composed of the other parts and that their
springiness consists in the very rapid movement of
a subtle matter which penetrates them from every
side and constrains their structure to assume such
disposition as to give to this fluid matter the most
overt and easy passage possible. This accords with
the explanation which Mr. Des Cartes gives for the
spring, though I do not, like him, suppose the pores

to be in the form of round hollow canals. And it
must not be thought that in this there is anything
absurd or impossible, it being on the contrary quite
credible that it is this infinite series of different
sizes of corpuscles, having different degrees of
velocity, of which Nature makes use to produce so
many marvelous effects,”

Therefore, Huygens considered atoms of ether
to be further divisible and have different velocities
in harmony with infinite hierarchies of statistical
fields shown in Fig. 1. This is also in harmony with
perceptions of Lorentz [66] who believed that ether
fluid penetrates electrons as atoms of
electrodynamics field

“Now, if within an electron there is ether, there
can also be an electromagnetic field, and all we
have got to do is to establish a system of equations
that may be applied as well to the parts of the ether
where there is an electric charge, ie. to the
electrons, as to those where there is none.”

Also, the significance and central role of ether
as carrier of electromagnetic waves in theory of
electron was emphasized by Lorentz [58]

"I cannot but regard the ether, which is the seat
of an electromagnetic field with its energy and its
vibrations, as endowed with certain degree of
substantiality, however different it may be from all
ordinary matter"”

Finally, even though he believed in relational
concepts of space and time, the importance of
reality of absolute space was emphasized by
Leibniz [67]

“If space is an absolute reality, far from being
a property or accident opposed to substance, it will
have a greater reality than substances themselves,”

When physical space is identified as a
compressible fluid described by Boltzmann
statistical mechanics at thermodynamic
equilibrium, the two universal constants of nature
namely Planck and Boltzmann constants (h, k) are
related to stochastic spatial and temporal aspects of
Casimir [63] vacuum fluctuations as [34]

h=h, =m,c<}, >"?=6.626x107" J-s (26)
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k=k, =mec<v] >"=1381x107 J/m (27)

Stochastically stationary Planck and Boltzmann
constants in (26-27) lead to four invariant universal
thermodynamic properties namely gravitational
mass of photon, atomic-mass-unit amu, Avogadro-
Loschmidt number, and universal gas constant [34]

m, = (hk/c’)"* =1.84278x10™" kg (28)
amu =m,c” = (hke)"” =1.6563x107" kg (29)

N° =1/(m,c*)=1/(hkc)"* = 6.0376x10°° kmol™
(30)
R° = N°k = (k/hc)"* = 8.338 kJ/kmol-m (31)

According to (29), all atoms are composed of
photons such that at the most fundamental level,
the entire universe is constructed from physical
space i.e., Casinir [63] vacuum in harmony with
perceptions of Leibniz described in quotation
above. Possible electromagnetic nature of all matter
was anticipated by Newton [55], Lorentz [58], and
Poincaré [59].

It was emphasized by Pauli [68] that

"No quantity with the dimension of time occurs
in thermodynamics, at the most, time enters as the
concept of “before” and “after”. Therefore, in the
case of rapidly occurring processes, only initial
and final states are discussed.”

More recently, Rovelli [69] in an excellent
book about nature of time, compares Aristotle’s
concept of time as a measure of change with
Newton concept of absolute time. Also, time was
suggested to have a thermodynamic origin by
Rovelli [70,71]

“The theory seems to indicate that there is no
explanation for the peculiar properties of the time
variable at the mechanical level. We suggest that
such an explanation should be searched at the
thermodynamical level. We propose the idea that
the very concept of time is meaningful only in the
thermodynamic context”

The nature of thermodynamic, psychological,

as well as cosmological arrows of time were
discussed by Hawking [72],
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"Both Aristotle and Newton believed in
absolute time. That is, they believed that one could
unambiguously measure the interval of time
between two events, and this time would be the
same whoever measured it, provided they used a
good clock. Time was completely separate from
and independent of space. This is what most people
would take to be the commonsense view. However,
we have had to change our ideas about space and
time. Although our apparently commonsense
notions work well when dealing with apples, or
planets that travel comparatively slowly, they don't
work at all for things moving at or near the speed
of light."”

Concerning Aristotle’s notion of time, we quote
from Vladimirov et. al., [73]

"In the same manner that he denied the
existence of the vacuum, Aristotle refused to accept
the notion that time is independent of events. His
argument was that time cannot exist without
change, that is if the present were not different in
each situation but remained the same, there would
be no time,"

Therefore, perhaps from a different perspective,
it may be said that Aristotle did not believe in the
notion of absolute time contrary to assertion in the
above quotation from Hawking [72]. In other
words, if time is to be defined in terms of the state
of change which is itself known to be easily
altered, the notion of absoluteness may no longer
be attributed to such a time. It is most natural to
maintain that in the absence of all motions there is
no time at all, since the concept of time in the
absence of all motions (changes) is an empty and
meaningless concept as emphasized by Aristotle
[53].

Although the dimension of time does not
explicitly occur in thermodynamics according to
above quotation from Pauli [68], both space and
time do occur in the definition of thermodynamic
temperature as it relates to the kinetic energy of
oscillators [74]

mﬁué = mﬁ_lvz‘w_1 =kT,, =kh, (32)

resulting in introduction of the concepts of internal
spacetime versus external space and time [74].

Hence, by definition of most-probable or Wien
speed v g =A 4V, =A /T, One associates
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constant internal measures of (extension, duration)
[74]

{XWS Internal measure of extension (33)

T Internal measure of duration

ws

with every “point” or “atom” of space at constant
temperature 7, =T, ,.

According to Fig.1, the statistical field T at
scale B resides within a background ‘“space”
SBthat is the statistical ficld Sy © F, at the
adjacent B-1. For

considering astrophysics B=s at thermodynamic

equilibrium, Wien wavelength of thermal
oscillations of particles (stars) defines absolute
thermodynamic temperature T, =2 that leads to

lower scale example,

internal measures of spacetime (1,7, ) associated

with every “point” or “atom” of cosmological
space S, < F, at scale p+1=g. Hence, for the
study of dynamics of galaxies and their clusters in
cosmology, external independent space and time
coordinates (x,, t,) are defined in terms of the

internal spacetime as [74]

(X,,¥,.2,)=(N, N

xg?" Tyg?

N, L t,=N,T

tg " ws

(34)
N,) are independent numbers.

ws 2

where(N ,N N,
The external time t; in (34) is called Rovelli [69-

71] thermal time.
According to (33)-(34), both internal and
external space and time are quantized. The

thermodynamic internal spacetime (A4, T, )

are local sub-atomic dependent units of space and
time. On the contrary, the external space and time
in (34) relate to global dynamics and are both
independent and irreversible. Irreversibility of time
or Eddington arrow of time is related to
dissipations hence entropy according to second law
of thermodynamics [74]. Irreversibility of space
coordinates arises from its quantum nature through
Heisenberg [75] matrix mechanic thus leading to
noncommutative spectral geometry described by
Connes [76]. The four dimensions (x,,y,,z,,t,)

constitute Poincaré [61] and Minkowski [77]
pseudo-Riemannian space with three real space and
one imaginary time dimensions.

Because time no longer explicitly appears in
the field equations of general theory of relativity
(GTR), some authors have claimed that time may
be an illusion. However, as evident from their
definitions in (34), external space and time retain
their intuitive reality as measurable physically real
entities. Also, and most importantly, external time
and space in (34) are totally different and
independent coordinates that are not symmetric.
As noted by Verhulst [78], asymmetry of space and
time was emphasized by Lorentz in his 1915
lecture at the Royal Academy of Sciences in
Amsterdam:

“Why can we not speak of the ether instead of
vacuum? Space and time are not symmetric, a
material point can at different times be at different
spots, but not in different places at the same time”

External space and time in (34) are only
defined up to the critical atomic units (v = N, =1).

Below this atomic scale, one must move to
statistical field at the next lower scale p-1 and

employ (34) to obtain new space and time based on
ruler and clock (spacetime) of scale p-2. At

thermodynamic equilibrium between particle and
radiation i.e., background “space” of Casimir [63]
vacuum, following de Broglie’s wavelength of
matter waves, the definition of Boltzmann constant
(27) naturally leads to the concept of frequency of
matter waves [34]

Ay =h/Pp, WAVELENGTH

OF MATTER WAVE (35)
vy =k /P, FREQUENCY
OF MATTER WAVE (36)
where p, =m,v,, is root-mean-square momentum
of particle.
In usual quantum mechanics, unlike

Heisenberg [79] uncertainty principle involving
space and momentum, there is no uncertainty
relation involving time and momentum as
discussed by Schommers [80]

“Within usual quantum  theory,
coordinate and time are not symmetrical to each
other, which is in contrast to the basic results of

the special theory of relativity. In usual quantum

space-

11
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theory coordinates are operators and play the role
of statistical quantities; time however does not
behave statistically and remains a simple
parameter when we go from classical to quantum
mechanics. for this reason, there is no uncertainty
relation for the time and energy within the quantum
theory which would agree in its physical content
with the coordinate and momenta.”

However, because of the definition of
Boltzmann constant (27), parallel to Heisenberg
[79]1 spatial uncertainty principle, one can
introduce temporal uncertainty principle [35,36]

ALyAp; > h SPATIAL

UNCERTAINTY PRINCIPLE 37
AVBAﬁB >k TEMPORAL
UNCERTAINTY PRINCIPLE (38)

Temporal uncertainty principle (38) places a
limit on maximum resolution of time
measurements.

Having defined space and time, the concept of
atomic mass is examined next. Early literature
concerning gravitational, electromagnetic,
relativistic, aspects of concept of mass have been
reviewed in an excellent book by Jammer [81]. The
ambiguity associated with the meaning of mass
was emphasized by Poincaré [82]

"There is no escape from the following
definition, which is only a confession of failure:
Masses are coefficients which it is found
convenient to introduce into calculations".

Also, according to Einstein [83]

"Neither Newtonian nor the relativistic theory
of gravitation has so far led to any advance in the
theory of the constitution of matter".

Regarding another quotation from Einstein [84]

"Mass and energy are essentially alike; they
are only different expressions for the same thing”

the fact that mass [kg] and energy [J] have

different dimensions makes the understanding of
such equivalence less intuitive.

12

By invariant definition (1) in the hierarchy of
statistical fields shown in Fig. 1, one defines the
“atomic” mass unit rn at the scale gas the most-

probable or Wien mass m,, of the lower scale

B-1L.that is the internal energy of the next lower
scale g— > For example, the classical atonic mass-

unit amu at EAD scale in (29) is the most probable
mass of ESD field

m, =amu, =m 39)

that in turn is atomic internal energy of EKD field
that is photon [33,34]

amu [kg] =~+hkc = mc® [J] = G, =3k7, (40)

In (40), the origin of equivalence of dimensions
of mass [kilogram] and energy [Joule] is fully
revealed. Total internal energy or electromagnetic
mass [34] of ideal photon gas becomes

My, = N(amu) = Nﬁk =U,

=3NKT,  (41)

In his pioneering 1847 paper, Helmholtz [85]
decomposed the total thermal energy of an ideal
gas at thermodynamic equilibrium into two parts
namely kinetic energy or free heat and potential
energy or latent heat that were recently identified
as internal energy U and potential energy pV
[33,34]. Therefore, besides the internal energy (40),
stability of particles requires an external pressure
hence potential energy called Poincaré stress [34].
At thermodynamic equilibrium, due to equality of
external and internal pressures, atomic potential
energy of photon is

p.V=10,/3=kT, (42)
resulting in total potential energy, dark matter, or
gravitational mass of photon [33,34]

Mg = Mpy, =p . NV =p V= Nk, (43)

Therefore, just like monatomic ideal gas, the
total energy of photon gas at thermodynamic
equilibrium is the sum of its electromagnetic and
gravitational energy that is what Sommerfeld [86]
called “total heat” or enthalpy
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(44)

The ideal gas law (43) helps to reveal Joule-
Mayer mechanical equivalent of heat and mass-
energy equivalence discussed in an interesting but
unfortunately little known 1904 study by Olinto de
Pretto [87] who wrote:

“The vis viva mv*and the formula mv’ /8338
gives us, expressed in calories, such energy. Given
thatm =1 andv equals three hundred thousand
kilometers per second, that is 300 million meters,
which would be the speed of light, also allowed for
the ether, everyone will see that you get an amount
of calories represented by 10794 followed by 9
zeros and that is over ten million million.”

containing de Pretto formula

mc’ [kcal]=mc’ /8338 [Joule]  (45)
De Pretto number 8338 in (45) is numerically
identical to the universal gas constant in (31)
expressed in MKS units R° =8338 [J/(kmol-m]
[34]. This is because the factor of 2 in definition of
temperature 7' =27 [34] leads to modified value of
Joule-Mayer mechanical equivalent of heat

J=2J,=2x4.169=8338 [Joule/kcal] where the

classical value J =4.169~4.17kl/kcal is the

average of the two values J_ =(4.15,4.19) reported

by Pauli [68]. Hence, the ideal gas law in (43)
gives

pV = Work [J]= (N°k )(N / N°)T = NR°T

= R°[J / (kmol - m)](NT)[kmol -m] ~ (46)

By definition, thermal energy wunit kcal
corresponds to the amount of energy required to
raise the temperature of one kg of water by unity
hence 7=1m

R° [T/ (kmol-m)] = R° [J / kcal] =
=J = 8338 [J / kcal]

(47)

and (47) assumes the classical form of mechanical
equivalent of heat [34,68,86]

w=JQ (48)

Regarding mass energy equivalence, Okun
[88] has argued that amongst the formulas

E=mc’> Poincaré (49)
E,=mc’ Einstein (50)
E = mc’ (51)
E, =m,’ (52)

rather than the correct formula (49) introduced by
Poincaré [59] in 1900, the formula (50) introduced
later by Einstein [83] in 1905 is correct. Therefore,
Okun [88] has in effect challenged the validity of
the concept of relativistic mass of Lorentz [89]

m=m, =m, /VI-v’/c’

However, validity of (53) is evident from the
fact that its multiplication with square of the speed
of light results in the well-known relativistic energy
transformation formula [59-62, 83-84]

E=E, /N1-v" /¢’

In formula (54), E refers to total or relativistic
energy and hence involves total or relativistic mass
of Lorentz (53), that upon expansion in powers of

ge=(v/c)’ <<1 gives

(53)

(54)

E=mc’~mc’+m v’ /2+

(55)
+(3/8)m, v*/c’ +...

However, expansion of the formula of Okun
[88]

E=E +E, =p’c+m’c’ =
2 (56)
—mc*+ Py
2m

to the next higher order of approximation gives

13
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E=mc’+mv’/2—-(1/8mv*/c*+... (57)

that is different from (55). The discrepancy is
because (56) is equivalent to E= E «/1+v*/c’ that

does not agree with (54). Ironically, the quotation
in Okun [88] paper contains the following
statement by Einstein [84],

“The mass of a body is not a constant; it varies
with changes in its energy”

The misunderstanding could in part be due to
the fact that instead of Lorentz [89] relativistic
mass transformation (53), Einstein [84] wrote

E=m/N1-v* /¢’

Because both electromagnetic and
gravitational mass in (41) and (43) are kinetic
energy, the terminology “rest energy” used by
Okun [88] could be modified to “stochastically
stationary energy”. This is because according to the
present model, and in harmony with quantum
mechanics, the state of rest or absolutely “static”

state corresponds to Ty =L 5 =0 that is a

singularity of the field inside black hole [90] as
discussed in the last Section on cosmology.

In a related matter, it was stated by Einstein
[84] and often repeated by others, that matter
cannot be accelerated to the speed of light because
by Poincaré-Einstein formula (54), this requires
infinite amount of energy and hence is impossible.
However, this is contrary to the fact that conversion
of matter into light is very common occurrence in
nature as anticipated by Newton [55] and in fact
happens whenever we strike a match or light a
candle!

In addition to (50) corresponding to
electromagnetic mass, one must also account for
potential energy or gravitational mass associated
with Poincaré stress that is responsible for particle
stability [34,37,90]. The infinite energy just
mentioned is avoided because as matter is
accelerated by heating, before reaching the speed

of light ¢ = \/§VWk+ , it gets to the most probable
or Wien speed [90]

(58)
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2 2 A2
Vp Vg =2V, =

(59)
=2v?, /3=2¢2/3

For example, for photon gas pB=k in
enclosures, substituting from (59) in (54) results in
finite total energy given in 1905 by Hasendhrl

[91,92]

E=E /N1-v* /¢ ~
Vi 4 (60)
X m002(1+2—02) ZEmOCZ

Total atomic energy of photon in (60) is the
same as photon atomic enthalpy [36] obtained from
(44)

A~

h,=mu; =0, +p V=4kT =

=4m,v.,, =(4/3)mc’

(61)

By (61), the superluminal longitudinal root-
mean square speed of atomic photon becomes

u, =2v,, =2c/ NG) (62)

The result (62) is in agreement with the ratio
of longitudinal to transverse wave propagation
speeds in elastic media given by Achenbach [93] as

C /Cr=x=[(r+2m)/n]" =

1/2 (63)
=[(20-v)/(1-2v))] " =2/43

with Lame constant A =-2n/3, Poisson ratio
v =-1that marginally satisfies stability criteria
-l<v<1/2 [47], Ciﬁ = 2V3VB = 4V3vB+ by (3) since
<viy, >=<V. > due to Boltzmann principle of
equipartition of energy, and C3, =C; =3v.,, . The

A=-2n/3 Stokes

assumption of vanishing bulk modulus or bulk
viscosity (16). Also, as sum of two stochastic

velocities according to (3), C, =2C/ \/5 is
superluminal [94,95].

Lame constant satisfies
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To conclude this Section, it is instructive to
note that definition of (space, time, mass) of each
statistical field within hierarchies of scales (Fig. 1)

(x> > 25851y ) =

=[(N,,, N, N, )kwﬁ—l N Tpo1s N oy 1 (64)

are relegated to the corresponding entities at the
next lower scale by independent numbers

(N4> NN, N, N ). Matter is considered to

be infinitely divisible [90,96] because space, time,
and mass must follow the philosophy of
Anaxagoras [97]

“Neither is there a smallest part of what is
small, but there is always a smaller, for it is
impossible that what is should ever cease to be”

By infinite regression in (64), the reality of
space, time, and matter hence epistemology of all
existence (Fig. 1) reduces to pure numbers. This is
in harmony with the perceptions of Pythagoras and
Plato who ascribed all physical reality to pure
numbers as ecloquently described by Sommerfeld

[98]

"Our spectral series, dominated as they are by
integral quantum numbers, correspond, in a sense,
to the ancient triad of the Ilyre, from which the
Pythagoreans 2500 years ago inferred the harmony
of the natural phenomena, and our quanta remind
us of the role which the Pythagorean doctrine
seems to have ascribed to the integers, not merely
as attributes, but as the real essence of physical
phenomena”

Physical Foundations of
Mechanics and Theory of Relativity

Quantum

Our discussion of physical foundation of
quantum mechanics starts with an important
quotation from Boltzmann, who anticipated
quantum mechanics by about three decades, taken
from his pioneering and unfortunately often
neglected 1872 paper [99]

“We wish to replace the continuous variable x
by a series of discrete values ¢, 2¢, 3¢ ... pe. Hence,
we must assume that our molecules are not able to
take up a continuous series of kinetic energy

values, but rather only values that are multiples of
a certain quantity ¢. Otherwise, we shall treat
exactly the same problem as before. We have many
gas molecules in a space R. They are able to have
only the following kinetic energies:

& 2¢, 3¢, 4e, . .. pe

No molecule may have an intermediate or
greater energy. When two molecules collide, they
can change their kinetic energies in many different
ways. However, after the collision the kinetic
energy of each molecule must always be a multiple
of . I certainly do not need to remark that for the
moment we are not concerned with a real physical
problem. It would be difficult to imagine an
apparatus that could regulate the collisions of two
bodies in such a way that their kinetic energies
after a collision are always multiples of e. That is
not a question here.”

Boltzmann significant contributions to the
foundation of quantum mechanics include
statistical definition of entropy and combinatoric
methods that played central roles in Planck’s [100]
introduction of quantum of action and his theory of
equilibrium thermal radiation.

In view of Fig. 1, following Boltzmann
statistical mechanics [99], one considers a
hierarchy of statistical quantum fields composed of
(... gravitons, neutrinos, photons, electrons, atoms,
...., planets, stars, galaxies, galactic clusters, ...)
particles. If one considers a universe initially
composed of extremely large numbers of gravitons
(tachyons) as ideal superluminal gas with estimated
most probable graviton wave speed of

c, = 7.7x10"¢ [37], the entire cosmos will be

causally connected. As one lowers the temperature
by expansion, the number of oscillators hence
entropy S = 4NK [34] decreases until a critical
temperature at which Cooper pairs of gravitons
become stable. As temperature is further decreased,
more and more clusters are formed until the state of
equilibrium between ETD and END (equilibrium

neutrino-dynamics) at 7, =T} . Continued cooling

of the field results in further condensations and
formation of EKD, ESD, EAD, ... statistical fields.

The hierarchy of statistical fields in the above
thought experiment will have a corresponding
hierarchy of Maxwell-Boltzmann distributions
shown in Fig. 4
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Figure 4 — Maxwell-Boltzmann speed distribution viewed as stationary spectra
of cluster sizes for ECD, EMD, and EAD scales at T =300 m [34].

In Fig. 4, the atomic mass and mass of most
probable element of adjacent field are related as

A

mg =m, , in accordance with (40). The smallest

element or “atom” of each statistical field is a
composite boson formed by “Cooper pair” of most
probable element of the lower scale [36]. The atom
is smallest element and is therefore the most stable
element of the field. Internal energy of all elements
will be the same due to Boltzmann principle of
equipartition of energy [36]. Therefore, at
thermodynamic equilibrium, each statistical field
shown in Fig. 4 is composed of a spectrum of
cluster sizes, also called energy levels, containing a
corresponding spectrum of atoms that are under
constant random transitions between different
energy levels. Transitions of “atoms” between
different clusters, energy levels, result in emission
(absorption) of “sub-particle” in accordance with

Bohr frequency relation A, =h(v,, —v,) [101].

Atomic transitions between different clusters is in

Eddy-j
€j
cluster molecule
cji mji
Eddy-i
€j
(a)

harmony with recent cellular automaton model of
quantum mechanics [102].

Schematic diagrams of atomic transitions
between two different clusters, de Broglie [2] wave
packets, are shown in Fig. 5.

For example, at cosmic scalesp =g, transition

of a galaxy from a small rapidly oscillating cluster
(high-energy-level j) to a large slowly oscillating
cluster (low-energy-level i) results in emission of a
star s;j as a sub particle of cosmic field [37]. Hence,
according to the new physical foundation of
quantum mechanics [37], Bohr stationary states
[101] correspond to stochastically stationary sizes
of atomic clusters, energy levels, shown in Fig. 5.
Clusters or de Broglie [3] wave packets are
stabilized by an external pressure called Poincaré
stress [36]. In Fig. 5, it is noted that transition

energics A& i h(v i —Vm) are double-indexed

in accordance with Heisenberg [75] matrix
mechanics that naturally lead to noncommutative
spectral geometry of Connes [76].

element-j

Bj

subatom-ji

atom-ji ﬁ—zji

B-1;i

element-i

Bi

(b)

Figure 5 — (a) Transition of cluster cij from eddy-j to eddy-i leading
to emission of molecule m;j. (b) Generalized transition [36].
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Under the  assumption of  potential
incompressible flow, invariant Cauchy equation of
motion (6) results in invariant Bernoulli equation
that through Hamilton-Jacobi equation of classical
mechanics leads to invariant Schrédinger equations
[37,103]

2

h ~ ~
Viwg +(H, =Ty, =0 (65)
my
o, n _, .
ih—+ VW, -V, =0 (66)
Oty  2my
with wave function defined as [37]
‘Pﬁ (&,1) = p1/2¢[/3 (E1) = pl/z eik,& efthﬁ/h (67)
such that W¥ =p, accounts for particle

localization in accordance with classical results
[104]. Therefore, for incompressible potential
flows, invariant Schrédinger (65-67) governs the
dynamics of Heisenberg-Kramers virtual oscillators
[105] in all statistical fields shown in Fig. 1. Also,
in harmony with perceptions of de Broglie [2,3],
hierarchies of statistical fields in Fig.l1 are
embedded wave-packets that guide motion of
“particles” as schematically shown in Fig. 6 at
EUD, EGD, ..., EMD, and EAD scales.

The direction of peculiar velocity of
particle is that of the gradient of its velocity
potential ¥y --va&;. However, since the

i
direction of atomic, mean, and peculiar
translational velocities in (3) are the same,
quantum mechanics wave function (43) guides
the motion of particle in accordance with de
Broglie-Bohm interpretation of quantum
mechanics [3,37,106].

As one moves to smaller scales, most probable
element is composed of an entire statistical field
(see Fig. 1), one can define a new velocity potential

@y, thereby a new wave function

‘Pﬁ_l =p1/2¢{3_1. The cascade of particles as

singularities embedded in guidance waves shown
in Fig. 6 is in exact agreement with the perceptions
of de Broglie concerning interactions between the
particle and the "hidden thermostat" [3]

»
-
*

‘tu
MULTIVERSE  EUD (j*6)
UNIVERSE 'lpg
UNIVERSE  EGD (j+5) @@
GALAXY :
. l}‘m
MOLECULAR-  EMD (j-1) @
DYNAMICS
MOLECULE ) A
ATOMIC- EAD (j2) @
DYNAMICS el N

*
*

Figure 6 — Hierarchy of quantum mechanics wave functions
mi; or de Broglie guidance waves from multiverse (EUD)
to atomic (EAD) scales [90].

"Here is another important point. I have
shown in my previous publications that, in order to
Justify the well-established fact that the expression

|‘P(X,y,z, t)|2 dt gives, at least with Schrodinger’

equation, the probability for the presence of the
particle in the element of volume d/7 at the instant
t, it is necessary that the particle jump continually
from one guidance trajectory to another, as a
result of continual perturbation coming from
subquantal milieu. The guidance trajectories would
really be followed only if the particle were not
undergoing continual perturbations due to its
random heat exchanges with the hidden thermostat.
In other words, a Brownian motion is superposed
on the guidance movement. A simple comparison
will make this clearer. A granule placed on the
surface of a liquid is caught by the general
movement of the latter If the granule is heavy
enough not to feel the action of individual shocks
received from the invisible molecules of the fluid, it
will follow one of the hydrodynamic streamlines. If
the granule is a particle, the assembly of the
molecules of the fluid is comparable with the
hidden thermostat of our theory, and the streamline
described by the particle is its guiding trajectory.
But if the granule is sufficiently light, its movement
will be continually perturbed by the individual
random impacts of the molecules of the fluid. Thus,
the granule will have, besides its regular movement
along one of the streamlines of the global flow of
the fluid, a Brownian movement which will make it
pass from one streamline to another. One can
represent Brownian movement approximately by
diffusion equation of the form gp /ot = DAp, and it is
interesting to seek, as various authors have done
recently, the value of the coefficient D in the case
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of the Schrodinger eq nation corresponding to the
Brownian movement.

I have recently studied " the same question
starting from the idea that, even during the period
of random perturbations, the internal phase of the
particle remains equal to that of the wave. I have
found the value p=r1/3m, which differs only by a
numerical coefficient from the one found by other
authors.

This concludes the account of my present ideas
on the reinterpretation of wave mechanics with the
help of images which guided me in my early work.
My collaborators and I are working actively to
develop these ideas in various directions. Today, 1
am convinced that the conceptions developed in the
present article, when suitably developed and
corrected at certain points, may in the future
provide a real physical interpretation of present
quantum mechanics."

When particles act as composite bosons [107]
by forming Cooper-pairs, following classical
methods [108, 109], quantum mechanics wave
function may be expressed as products of
translational, rotational, vibrational, and potential
wave functions [110]

V=WV W gV =V V¥ ¥ (68)

VB B_l = e

At cosmological scale,, the wave-particle

duality of galaxies is evidenced by their observed
quantized red-shifts [111]. Therefore, scale-
invariance of the model (Fig. 1) and (68) leads to
hierarchy of embedded statistical fields with
translational TKE, rotational RKE, vibrational
VKE kinetic energy and potential energy PE
resulting in energy cascade shown in Fig. 7

TKE
. o RKE
COSMOLOGY ViE
i TKE
e S RKE
ASTROPHYSICS Vi
PE TKE
HYDRODYNAMICS {*ﬁ
PE TKE
S e RKE
ELECTRODYNAMICS ViR
PE TKE
RKE
CHROMODYNAMICS KE

VKE
PE —l
Figure 7 — Cascades of kinetic energy TKE, RKE, VKE

(dark energy), and potential energy PE (dark matter)
from cosmic to photonic scales [90].
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Besides its complex nature that allows for
normalization thus satisfying Born [112]
probabilistic interpretation, the quantum mechanics
wave function (67) resolves the problem of empty
waves or what Einstein referred to as
Gespensterfelder (Ghost fields) discussed by
Selleri [113]. This problem arises from the fact that
in usual quantum mechanics, the wave function is
considered to carry neither energy nor momentum
hence the name “empty wave” by Selleri [113].

“Whatever the approach, the question is
always: How can one hope to reveal the presence
of a wave which does not carry observable
amounts of energy and momentum?”’

According to the definition in (67), the
complex wave function acts as “hidden variable”
since it is related to an objectively real wave
associated with particle peculiar velocity. Peculiar
velocity of particles, although appreciated in
cosmology, have been neglected in classical fluid
mechanics. By (67), gradient of wave function
through particle peculiar velocity hence Poincaré
stress [35. 36] “guides” the motion of particle in
harmony with de Broglie-Bohm “pilot wave”
interpretation [3, 106] of quantum mechanics.

Although the validity of quantum mechanics is
fully established, there are many interpretation
problems confronting physical foundation of
quantum mechanics seven of which were discussed
in a recent investigation [37]

1.The nature of wave function and its
probabilistic interpretation.

2. Wave-particle-duality.

3. Particle-particle entanglement.

4. Double-slit experiment.

5.EPR and problem of action-at-a-distance.

6. Quantum-jumps and trajectory problems.

7. Schrodinger cat.

In the following, the new paradigm of physical
foundation of quantum mechanics [37] is applied to
present very brief response to the interpretation
problems identified in the list (1-7) above.

1. Schrédinger cat paradox is much more
complex since it involves 1. By definition of wave
function (67), both real or objective part namely
density hence particle localization as well as its
statistical complex or subjective part hence Born
[112] probabilistic interpretation become self-
evident.
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2. In (1), “atom” or particle of scale g is by
definition the most probable cluster or de Broglie
“wave packet” u, =V o of the lower scale g-1

(see Fig. 6), thus resolving wave-particle duality
problem [114].

3. By definition (1), particles or wave-packets
are local “condensation” of the participating
background field i.e., physical space in harmony
with modern QFT. Therefore, separation of two
entangled “particles” could be viewed as separation
of two droplets, Wheeler-Bohr model of particle,
schematically shown in Fig. 8.

Clearly, initially entangled droplets will retain
correlation due to the external participating field
surrounding them regardless of their separation
distance. Thus, separated particles communicate
through “ontological” [102] sub-atomic
background field accounting for what appears as
action-at-a- distance or Bell non-locality.

Figure 8 — Hydrodynamic model of fission of two
hemispherical vortices into two Hill spherical vortices [37].

4. Since physical space or Casimir vacuum is
identified as a compressible fluid, particle motion
results in sub-photonic waves in the fabric of space
or ether leading to interference patterns
schematically shown in Fig. 9.

5. The EPR paradox is resolved due to particle
entanglement in item-3 above as well as super-
luminal tachyonic signals by gravitational

radiation with estimated speed of ¢, =7.7 x10"¢

[37] making the entire universe causally connected.
Possible superluminal velocities in ether to resolve

Bell non-locality problem has been emphasized by
Eberhard [94].

:})D}iv |

Figure 9 — Double-slit experiment and interference patterns
due to formation of de Broglie guidance waves
in Casimir vacuum.

6. Each statistical field is composed of a
spectrum of clusters containing integral numbers of
identical atoms that are nonetheless distinguishable
because of their different energy. Hence, any atom
of cluster j can make transition through any
arbitrary trajectory to cluster i and emit a sub

particle with energy ¢; with exactly the same final

results (see Fig. 5). Because probability of any
intermediate energy level between levelj and
level-i is zero, transitions can only occur through
quantum jumps (see Fig. 4). At higher energies,
higher frequencies, the spacing between energy
levels decreases and the spectrum approaches a
continuum corresponding to “bremsstrahlung”
radiation for photon gas.

7. Schrodinger cat paradox is much more
complex since it involves phenomena of life and
death that are not understood. In a recent study
[89], it was noted that because of the well know
decoupling of radiation and matter fields in
cosmology, one cannot rule out possible
decoupling at sub-photonic  scales  within
hierarchies of wave functions in (68)

"’Tﬂ=d+21}‘ﬂ=d+1 — = lII|3=(]‘IICI—IIII€|—2'“

at the moment of death t =t or what Hegel called

the moment when the spirit transcends temporality
[115]. It is most fascinating that similar perception
about possible relationship between material and
non-material world was discussed by Lorentz in his
letter of 1915 to the theologian H. Y. Groenewegen
gouted in a recent wonderful book about Lorentz’
life by Kox and Schatz [116]
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“The single observation that the spirit of

different people can understand each other, that
the emotions and opinions of one are not
indifferent to another, must lead us to the
assumption of a connection between them, which
many of us would like best to imagine in such a
form that all these individual spirits are part of one
great whole, a world spirit or deity. [...] But if the
spirit is part of a great whole, just like the body is
part of the entire material world, then naturally
one arrives at the generalization that, as a rule,
every event in the psychic realm responds to a
change in the material realm. [...] The concept one
arrives at in this way is that the spiritual and the
material are inextricably connected, that they are
the two sides of the same thing, that the material
world is a representation of the world spirit”

Next, the impact of the model on theory of
relativity will be briefly discussed. Since physical
space or ether is identified as compressible ideal
gas in harmony with perceptions of Huygens [54]
and Planck [58], its density when isentropically
brought to rest will be given by [117]

(69)

where ¥ =c¢, / C, is Poisson adiabatic index. For

Casimir [63] vacuum or photon gas vy =4/3 and

assuming that transverse coordinates do not
change [118] for one dimensional compressible
flow, (69) leads to Lorentz-FitzGerlad contraction
[33, 36, 117]

V=VAI-v /', 1=LA1-V'/c,

__»

s

(70)

According to (70), compressibility of physical
space accounts for Lorentz-FitzGerald contractions
and provides a causal explanation of such
relativistic effects as noted by Pauli [118]. When
Michelson number Mi = v/c approaches unity,
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relativistic effects due to compressibility of ether
i.e., physical space, become appreciable. Therefore,
two different and experimentally distinguishable
paradigms of special theory relativity (STR) in
harmony with ideas of Darrigol [119] and Galison
[120] were recently presented [117]

(A) Poincaré-Lorentz

Dynamic Theory of Relativity

Space and time (x, t) are altered due to causal
effects of motion on the ether.

(B) Einstein

Kinematic Theory of Relativity

Space and time (x, t) are altered due to the two
postulates of relativity:

1- Velocity of light is a universal constant
independent of the motion of its source.

2- The laws of physics do not change form for
all inertial frames of reference.

Although above postulates 1 and 2 are
extremely accurate, strictly speaking they are not
valid. This is because the speed of light is not
constant but a function of temperature of Casimir
[63] vacuum and hence decreases extremely slowly
at cosmic time scales (econs) with expansion of
universe. The second postulate is not valid because
all inertial frames are distinguishable through
measurements with respect to stochastically
Stationary isotropic cosmic microwave background
radiation temperature of Penzias-Wilson [121, 122,
123] as emphasized by Prokhovnik [124].

Poincaré¢ [59, 60] and Lorentz [89] introduced
their dynamic theory of relativity in order to
explain the relativistic = Lorentz-FitzGerald
contractions causally as emphasized by Pauli [118]
and described in more details in an excellent study
by Hirosige [125]

“In contrast to Einstein, Lorentz, Poincaré, and
most other contemporary physicists saw the
Michelson-Morley experiment as one of the most
urgent problems requiring their theoretical

efforts.”

And similarly [125]

“Poincaré anticipated the principle of relativity
as an empirical law, looking forward to a theory
which could explain or prove the principle.”
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Also, Helmholtz is known to have developed
very complicated equations to describe motion of
atoms of ether according to Lorentz [126]. It is
therefore natural to search for a causal relativistic
theory of gravitation based on solution of
conservation equations (4)-(7) for Huygens’ [54]
compressible ether as discussed in Section 6 on
cosmology. Accordingly, one expects the problem
to primarily involve scalar and vector fields and
shock waves in unsteady gas dynamics. For
example, the analogy between fluid mechanics of
air and ether suggests that supersonic Ma > 1
(superluminal Mi > 1) flow of air (ether) leads to
the formation of Mach (Poincaré-Minkowski) cone
that separates the zone of sound (light) from the
zone of silence (darkness) [37, 117] as
schematically shown in Fig. 10.

Einstein [127] on the other hand, introduced
his kinematic theory of relativity based on two
postulates in order to account for asymmetries in
Maxwell [57] theory of electromagnetism when
applied to moving bodies. The fundamental
limitation of such scientific theory based on
postulates is that it cannot reveal the true
underlying causes of the observed relativistic
effects such as space and time interactions. In other
words, the kinematic theory based on postulates
(1)-(2) in paradigm B above cannot address the
exact reasons and the dynamic mechanisms that are
responsible for relativistic interdependence of
space and time.

It is also important to emphasize that dynamic
versus kinematic theories of relativity in paradigms
(A) wversus (B) above are experimentally
distinguishable. This is because higher /lower local
densities will be measured in front/rear by an
observer moving with respect to stochastically-
stationary compressible ecther as schematically
shown in Fig. 11.

Since Lorentz-FitzGerald contractions are
physically real, they only agree with predictions of
kinematic theory of relativity locally in one-
dimensional experiments. For the same reasons,
Einstein principle of equivalence is only locally
true. It is expected that future multi-dimensional
experiments will detect transverse topological
change of space curvature due to three-dimensional
nature of compressibility effects (Fig. 11) in
accordance with predictions of paradigm (A)
above. Furthermore, in dynamic theory of
relativity, spacetime is governed by
thermodynamic temperature as discussed in Section

3. For example, in the classical problem of twin
paradox, different times experienced by the twins
are real and attributed to the different biological
reaction rates in their bodies induced by the
compressibility of physical space [128] governed
by dynamic theory of relativity of Poincaré [59,61]
and Lorentz [89].

ZONE OF

Mu-v/c,  Mach SILENCE

= SO - U
Mo =ny ‘mu—\f.:rn

ELECTRONIC

Lo-v/c,  Lorenfz  SILENCE

- -
s o= =A% '3
v, =W, J_-\“ Aie,

ZONE OF

Mi-v/c,  Michelson DARKNESS

Vo =l =\E\,L--.firs

Figure 10 — “Supersonic” flows at molecular-, electro-,
and chromo-dynamics scales leading to the formation
of Mach, Lorentz, and PoincaréMinkowski cones [37].

Figure 11 — Density of a medium as measured by
an observer that is (A) stationary (B) moving
with respect to the medium.

It is instructive to compare the singular
behavior of relativistic transformations of mass
(53) by Lorentz and energy (54) by Poincare-
Einstein in Section 3 with the singularity in shock
density formula (70) of gas-dynamics. It is well
known that when Mach number

Ma =v/c exceeds unity, a shock wave occurs

leading to transition from supersonic flow

v >c,_at equilibrium cluster-dynamics ECD to

subsonic flowv <c¢_at equilibrium molecular

dynamics EMD across the shock wave [37].
Naturally, one anticipates similar shock waves to
occur at much higher velocities, when Lorentz
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number Lo=v/c, (Michelson number wmi=v/c)

exceeds unity, leading to transition
v>c, »>v<c (v>c, > v<c,) associated with

ESD and EKD scales as shown in Fig. 10 [37].
Therefore, superluminal flow of tachyons [129]
(gravitons) becomes understandable since critical
root-mean-square wave velocities (c,,,c,,c,) 1n
(Ma, Lo, Mi) are average speeds of much smaller

“subatomic” particles at the next lower scale. By
(62) in Section 3, the maximum “atomic” photon

speed shown in Fig. 10 becomes u_, =~/3u, =2c.

In regards to Lorentz perceptions concerning
reality of ether and Lorentz-FitzGerald contractions
it is important to quote directly from the treatise of
Lorentz [126]

“I cannot speak here of the many highly
interesting applications which Einstein has made of
this  principle,  His  results  concerning
electromagnetic and optical phenomena (leading to
the same contradiction with Kaufmann’s results
that was pointed out in §179') agree in the main

with those which we have obtained in the preceding
pages, the chief difference being that FEinstein
simply postulates what we have deduced, with some
difficulty and not altogether satisfactorily, from the
fundamental equations of the electromagnetic field.
By doing so, he may certainly take credit for
making us see in the negative results of
experiments like those of Michelson, Rayleigh and
Brace, not a fortuitous compensation of opposing
effects but the manifestation of a general and
Jfundamental principle.

Yet, I think, something may also be claimed in
favor of the form which I have presented the
theory. I cannot but regard the ether, which can be
the seat of electromagnetic field with its energy and
its vibrations, as endowed with a certain degree of
substantiality, however different it may be from all
ordinary matter. In this line of thought, it seems
natural mot to assume at starting that it can never
make any difference whether a body moves through
the ether or not, and to measure distances and
lengths of time by means of rods and clocks having
fixed position relative to the ether.

It is important to examine the reasons for the
dismissal of the prior ether theories [65]. As stated
in [36], classically, ether was considered as a
medium that occupied space in harmony with
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perceptions of Aristotle [53], Huygens [54],
Newton [55], Euler [56], Maxwell [57], Lorentz
[58], Poincaré [59-62], de Broglie [3], Casimir
[63], and Dirac [64] amongst many others.
However, in his kinematic theory of relativity
Einstein [127] found ether to be “superfluous”
since it is undetectable and could be replaced by
abstract concept of spacetime instead of classical
Newtonian absolute space and time. Therefore,
many physicists were convinced that Einstein
kinematic theory of relativity proved non-existence
of ether and the null result of Michelson-Morely
[130] experiments. Other physicists were
convinced because of mathematical beauty of
Poincaré-Minkowski four dimensional spacetime.
As a result, Lorentz-FitzGerald contraction as a
causal explanation of null result of Michelson-
Morely [130] experiment was dismissed as ad hoc
assumption. The author agrees with Dirac [131]
that mathematical beauty and symmetry in the
expression of the laws of Nature are extremely
important. However, perhaps it is also important to
emphasize that even when mathematically beautiful
theories have been established, in the absence of a
clear physical and intuitive explanations to
compliment such theories, the search for alternative
theories as well as different interpretation of the
existing theory should continue with open mind.
Further details about significant role of ether in
research programs of Lorentz and Poincaré are
discussed in the excellent study of Hirosige [125].

It appears that distinction between dynamic
(A) versus kinematic (B) paradigms identified
above was known to Poincaré based on
fundamental principles as suggested by the lecture
he delivered in London in 1912 shortly before he
died [132]

“Today some physicists want to adopt a new
convention. It is not that they are constrained to do
so, they consider this new convention more
convenient; that is all. And those who are not of
this opinion can legitimately retain the old one in
order not to disturb their old habits. I believe, just
between us, that this is what they shall do for a
long time to come,”

The perceptions of Poincaré concerning
relativity theory are known to be also shared by
Lorentz who stated in a 1915 lecture at the Royal
Academy of Sciences in Amsterdam [78]
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[ could point out to you [if I had more time]
how Poincaré in his study of dynamics of electron,
about the same time as Einstein, formulated many
ideas that are characteristic for his theory, and
also formulated what he calls “le postulat de
relativité¢”

It is clear that because of introduction of
privileged frame of ether, Galilean transformation
will be always violated because of the fact that all
inertial frames are in reality not precisely
equivalent. Therefore, the problem of relativity
reduces to the problem of simple allowance for the
compressibility of the manifold within which
dynamic processes occur. From the perspective of
the present field theory, the notion of STR then
states that if one desired to arrive at a constant and
finite propagation velocity within a compressible
medium, but erroneously assumes that the medium
within ~ which  the  dynamics occur is
incompressible, then the application of STR will
modify the local space and time such as to
compensate for this erroneous assumption. The
apparent artificiality of such a procedure is because
physical space for relativistic events is obviously a
compressible medium since the propagation
velocity of light is finite.

In closing this Section, it is instructive to note
that derivation of invariant Schrédinger equation
from invariant Bernoulli equation was based on
two  important  assumptions, namely (a)
incompressible flow (b) potential flow [37].
Relaxation of assumption (a) hence inclusion of
compressibility effects means including relativistic
effects (70) as discussed above. Relaxation of
assumption (b) implies presence of viscous effects
i.e., vorticity hence iso-spin (8) thus requiring
consideration of modified Navier-Stokes (19)
rather than Cauchy equation of motion (6).
Interestingly, it was precisely the viscous equation
of motion (19) that was employed in a recent
investigation [35] to derive Dirac [133] relativistic
wave equation of quantum field theory (QFT)

L 1 oY, oYy,
ih(— +olg —) + (0, ympe) ¥ =0 (71)
c ot X g

Dirac [133] arrived at his relativistic wave
equation (71) through shear genius being guided by
his superb mathematical intuition. Therefore, the
physical basis of his relativistic wave equation (71)

and hence QFT remains abstract and mysterious.
The simple derivation of Dirac equation in [35]
may help the understanding of physical foundation
of this important equation. It is also important to

note that as long as Vxv =Vxu_ is true such that
VxVv'=0 by (3), Dirac wave function ¥y

remains well defined insuring validity of (71) for
particles with spin such as election as is to be
expected. Finally, Dirac [133] anticipated that the
4x4 tensors (aj,am)in (71) may be related to

internal coordinates. Hence, in harmony with
Dirac’s mathematical intuition, it is reasonable to
suspect that tensors (a;,a,) are somehow

connected to the four-coordinates (z,,0,,r,,z;) and

the corresponding four-velocities (v, ,v,.,v .V})

discussed after Fig. 15 of the following Section.

Physical Foundation of Electromagnetism
and Invariant Maxwell Equations

It is well known that, following Faraday’s
intuitive concept of line of force, Maxwell
developed equations of electrodynamics guided by
analogy with hydrodynamics of a “fictitious fluid”
called ether. In particular, the important connection
between magnetic field and fluid rotation was
emphasized by Maxwell as described in his 1891
treatises on electrodynamics [57]:

"Whatever light is, at each point of space there
is something going on, whether displacement, or
rotation, or something not yet imagined, but which
is certainly of the nature of a vector or directed
quantity, the direction of which is normal to the
direction of the ray. This is completely proved by
the phenomena of interference."”

“The only resemblance which we can trace
between a medium through which circularly
polarized light is propagated, and a medium
through which lines of magnetic force pass, is that
in both there is a motion of rotation about an axis.
But here the resemblance stops, for the rotation in
the optical phenomena is that of the vector which
represents the disturbance. This vector is always
perpendicular to the direction of the ray, and
rotates about it a known number of times in a
second. In a magnetic phenomenon, that which
rotates has no properties to which its sides can be
distinguished, so that we cannot determine how
many times it rotates in a second."
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According to Maxwell [57], Faraday conceived
such lines of force as individually rotating lines in
accordance with the Rankine hypothesis of
molecular vortices. We quote another statement by
Maxwell [57]

"If we adopt Ampere's theory, we consider a
magnet not as a continuous substance, the
magnetization of which varies from point to point
according to some easily conceived law, but as a
multitude of molecules, within each of which
circulates a system of electric currents, giving rise
to a distribution of magnetic force of extreme
complexity, the direction of the force in the interior
of the molecule being generally the reverse of that
of the average force in its neighborhood, and the
magnetic potential, where it exists at all, being a
function of as many degrees of multiplicity as there
are molecules in the magnet."

Following Dirac [131], a hydrodynamic model
of Faraday line of force was recently introduced
[90] on the basis of flow field surrounding spinning
spherical particles in an otherwise stationary
background fluid as schematically shown in Fig. 12

(a) (b) (c)
Figure 12 — Schematic model (a) flow near a spinning particle
(b) locally conserved flow streamlines (c¢) formation of
Faraday line of force from a row of co-spinning particles and

the associated vortex field within the subquantum background
fluid [90].

In general, interactive forces between spinning
particles within participating background fluid is
very complex and depends on the orientation of
iso-spins of particles as schematically shown in
Fig. 13

As discussed in [90], due to such
hydrodynamic forces, spinning particles such as
electrons form a chain composed of alternative
particle/anti-particle or electron/positron called
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hydrodynamic model of Faraday lines of force
schematically shown in Fig. 14
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Figure 13 — Some possible interactions between spinning
spherical particles within a participating background fluid.
(a) parallel up-up (b) parallel up-down (c) co-axial up-up
(d) co-axial up-down (e) anti-parallel up-right (f) anti-parallel
down-right.

FARADAY LINE
OF FORCE

Figure 14 — Faraday line of force as electron (black) and
positron (white) string with inflow jet (IJ) of one matching the
outflow jet (OJ) of its neighbor. Also shown are alternating
outflow (OD) and inflow discs (ID) [90].

The breakage of a line of force corresponds to
creation of an electron and positron pair as
described by Dirac [131]. It is reasonable to
anticipate that what is known as “charge” is related
the magnetic field and hence to iso-spin of particles
with positive and negative charges associated with
the sense of rotation of matter and anti-matter
particles. At much smaller scales, such a
hydrodynamic model of Faraday lines of force is in
harmony with chains of quark-antiquark in
stochastic chromodynamics “like beads on a
necklace” to borrow the description by ‘t Hooft
[134].
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Therefore, in harmony with hydrodynamic
model of Faraday line of force [89] and following
Maxwell [57] and Lorentz [126], generalized
model of electrodynamics is expressed by invariant
Maxwell equations

V.D, =p, (72)
oB,
VxE, =—— (73)
B
V.B, =0 (74)
oD,
VXHB:JB+at— (75)

B

Also, following Maxwell, at any scale one
introduces a displacement vector D, defined by
(72) such that the continuity equation (4) in the
absence of reactions leads to

op, oD,
V(%vg+———=V(th——)=0 (76)
(9tB éazﬁ

Therefore, the quantity within parathesis must
be curl of a vector called Hg leading to (75).

According  to classical theory of
electromagnetism [57, 126, 135-137],
electromagnetic waves are transverse waves.
However, following Huygens’ [54] analogy
between propagation of sound in air and light in
ether, it is suggested that light waves also possess a
longitudinal polarization associated with periodic
compression and rarefaction of physical space. The
neglect of longitudinal component could be due to
exceedingly small thickness of chromodynamic
shock. For example, assuming shock thickness to

be of the order of size of nucleus o = 10_15m,
time scales of fluctuations in speed of light will be

of order 6/c~10"s and hence difficult to
detect. Longitudinal wave could account for finite
gravitational mass of photon (28) in harmony with
Higgs mechanism [138]. With vector potential A,

herein identified as velocity field, magnetic field
strength B, is related to vorticity @, by

B, =-VxA,=-Vxv, (77)

that results in Maxwell equation (74). The reason
for the choice of negative sign in (77) is to have
positive sign for the time derivative of electric field
strength defined as longitudinal acceleration

(78)

Hence, by (76) and (78), the curl of E, gives

VxE —i(V x A )——aB‘* (79)
#oa, o P ot

p i

that is Maxwell second equation (73).
The sign convention in (77) leading to (79)

ensures that a charge in electric field Eg

experiences a force Fgin the same direction as the

momentum since

B

oJ op.v.,) ov
_ 9 BV _
= =0,

F, =
ﬁtﬁ 6tﬁ &B

=pE, ®0)

in accordance with classical results.

For the important case of propagation of
electromagnetic waves in Casimir vacuum,
equations (73) and (75) result in wave equations

O°E
B 2 2
= =G VE, (81)
B
o°H
atZB =c; V’H, (82)
B

Next, a third wave equation [37] will be
associated with radial electric field intensity E

given by (78). Hence, for propagation of
electromagnetic waves in Casimir vacuum one
obtains wave equations

O’y /0ty =c; V'O, &, =(E,,, H,,E ) (83)

and corresponding momentum waves as discussed
in [37]

82CB /ﬁté = Cé VZCB , CB = (Vzﬁ’mB’VrB) (84)
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The three velocity waves (84) result in atomic
energies due to translational, rotational, and radial
harmonic motions given by

IF dz J-pm.dzB:

dts (85)
—mﬁvzﬁ/2 mgVv Hﬁ =kT,
peﬁ
= .1d0, =
o = Fudo=[5 dt, (86)

[31‘ ‘”6[3 /2= IB(O+9B kT,

£y = _[Fr dr = J—;(rﬁrﬁ. dr, =
=kT,

(87)

212 /2=m_v"

= My ®,gT, BYrp

For radial potential energy in (87) substitution

., . . 2
from definition of spring constant y,, = m,w;, has

been made. Hence, the three energies (85)-(87)

correspond to three fields (E,,H,,E ).

At thermodynamic equilibrium, the energies
due to harmonic oscillations in axial, angular, and
radial coordinate directions give atomic internal
energy or photon electromagnetic mass [34]

u :gEM :EZB+893+8rB

B =3k7,

(88)

The correction factor of 3/2 discussed by Bass
and Schrodinger [139] is no longer encountered
because the factor of 2 is taken care of by 2
coordinate directions mentioned above, and the
radial, and

factor 3 is accounted for by axial,
angular degrees of freedoms.

Finally, photon peculiar velocity (3) results in
Poincaré stress or pressure wave [37] giving
photon potential energy or gravitational mass
[36,37]

& gE

L
—mﬁ<V+B>/3:mﬁ<V+zﬁ>— T,

At thermodynamic equilibrium, Boltzmann
principle of equipartition of energy requires
equality of energy of all four degrees of freedom
[34]

(90)

Hence, total photon atomic energy or atomic
enthalpy is
Eal =Epy TEcr =€ Ezzﬁ

=4KkT,

total
+& EH‘3 +& Eipﬁ

The result (91) is in agreement with the
classical [57,126,135-137] total electromagnetic
energy

=g B?/2+uH"?/2=
tota] . N luo , (92)
=¢E ' +uH = 2k7}3 = 41<TB

since 7' = 2T as discussed in [34].
In summary, photons are assumed to have

harmonic oscillations in axial (Z +,Z_), angular
(6,,6_), and radial (

as schematically shown in Fig. 3,

r,, r.) coordinate directions

Figure 15 — Trajectory of photon “torpedo” with axial, angular, and radial harmonic velocities.
The influence of random peculiar velocity is not shown.
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Thus, we have four-coordinates (ZB’GB’rB’Z:%)

. ) ,

and corresponding four-velocity (v,g,Ve,V4.V;)
and four-energy (SZB’E 5> vﬁ,spp). The new

hydrodynamic fields
(Ezp,HeB,E ﬂpEFB) as opposed to the two classical

electromagnetic fields (E',H’). The first field is
new electric field and is called Lorentz longitudinal

model has four

electric field E, 5 =L g associated with periodic
compression and rarefaction of light wave. The last
electric field E ” is also new and corresponds to the
wave function ¥, defined in (67) hence associated

with the velocity potential of peculiar velocity
V, =—V@' that is the hidden pilot wave of de

Broglie-Bohm [3, 90, 106]. The four-waves
associated with translational, rotational, vibrational,
and “internal” degrees of freedom are
schematically shown in Fig 16.

%
/
|
%
/
.
;
;
A
;
/
/
’
7

DO NN

(c) S (d)

Figure 16 — Quantization of (a) translational (b) rotational (c)
vibrational (d) internal waves of particles.

In Section 4, it was shown that particle
peculiar velocity leads to external pressure that
was identified as Poincaré stress responsible for
particle stability [35-37]. The velocity potential of
peculiar velocity is the imaginary part of quantum
mechanics wave function (67). Since for stable
particle, external pressure must be equal to internal
pressure that accounts for the potential energy part
(71) of Helmholtz decomposition of total thermal
energy (84) identified as dark energy [33, 34].
Also, as discussed in [33], potential energy or dark
matter of scale g is identified as the total energy

(enthalpy) of the adjacent lower scale —1. Finally,
in the hierarchies of wave functions shown in (68),
internal wave function of scale g decompactifies

into four-wave functions of the next lower scale

B—1 (see Fig. 7). Therefore, the internal wave
function plays a more complex and significant role
in the hierarchical model (Fig. 1) and hence cannot
be explicitly revealed in Fig. 16.

The invariant hydrodynamic model described
above is harmonious with Maxwell [57] and
Lorentz [126] classical electrodynamics (72)-(75).
Of course closer equivalence requires addition of a
Coulomb scalar potential to account for
electrostatic forces parallel to Newton gravitational
potential. Also, in the hydrodynamic model,
Lorentz [126] force on charged particles assumes
the form

F, =ps(E, + v, xB, ) =pg(a, —2v, xap) (93)

with the two terms respectively representing linear
and Coriolis accelerations, thus providing a
reasonable hydrodynamic interpretation of Lorentz
force. Therefore, the results presented in this
Section suggest that future development of exact
hydrodynamic model of Maxwell classical theory
of electromagnetism is conceivable and in need of
further investigations.

The primary obstacle in bridging the gap
between hydrodynamics and electrodynamics
concerns uncertainty about the exact nature of
concept of electric charge. In view of the well-
known similarity between Newton law of gravity
and Coulomb law in electrostatics, it is natural to
expect that the concept of charge is somehow
related to mass. This is also supported by
occurrence of charge in the expression of electric
force when electric field strength Eg is identified as
acceleration (78). It is most interesting that the
numerical magnitude of the elementary charge of
electron is almost exactly given by

1843 xm, xc
e=——*¢ =~
F 4

1843x9.10956 x10°" x 2.998 x10°
~ = (94)

T

=1.60215C

where the proton to electron mass ratio is based on
photon mass in (28)

3

£ ~1843

m,

95)
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If instead of (95), the classical ratio
m,/m, ~1836.2 is employed in (94), one gets a

smaller value e~1.59624x107" C for elementary
electron charge.

A second major difficulty to resolve is that as
opposed to gravitation forces that are always
attractive, electromagnetic forces could also be
repulsive. Amongst many possibilities, the
observed attractive and repulsive forces between
“charged” particles could be related to the sense of
their rotation in view of Biot-Savart law [137]

H=Id¢{xt /1 (96)

Also, because of the definition of magnetic
field and its connection to vorticity by (77), the
concept of charge is expected to be related to
electron iso-spin defined in (8) as

@, =Vxu; =0, 97)

Indeed, spring constant that involves both mass
and angular frequency

X5 =0,mg (98)
has been connected to electron charge by Jackson
[136] and hence may also help in future
understanding of exact physical nature of charge in
physics.

In closing this section, it is instructive to note
that the universality of transition between turbulent
(highly dissipative) and laminar (weakly
dissipative) flows across many scales (Fig. 1)
discussed in a recent study [140], is in complete
harmony with the hydrodynamic model of
electrodynamics described above. Therefore,
starting with the pioneering discovery of
superconductivity by Onnes [141] at
electrodynamic scale, one identifies super-
luminosity (laser action) at much smaller scale of
optics or dry hydrodynamics [17], super-fluidity at
larger molecular dynamics scale, and laminar flow
at much larger hydrodynamic scale. At the
exceedingly large cosmic scales, besides the well-
known cosmic lasers due to amplification of light
waves, one anticipates much more powerful rays
associated with stimulated amplification of tachyon
waves. Hence, generalization of all such
phenomena could be referred to as matter-wave
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amplification due to stimulated emission of de
Broglie matter wave packets.

Implications to Quantum Cosmology,
Everett Multiverse, and Quantum Gravity

An important advantage of the invariant model
of Boltzmann statistical mechanics and the
associated generalized thermodynamics (Fig. 1) is
in helping to extrapolate knowledge from
intermediate scales to much larger and much
smaller scales that are less accessible to our
ordinary physical intuition. As described in recent
studies [90, 140], a factor of approximately 10"
separates the scales of five major statistical fields
in our universe starting with tachyon (graviton)-
dynamics at exceedingly small Planck scale 107°
m, followed by electrodynamics 10"® m,
hydrodynamics 10° m, astrophysics 10'® m, and
finally galactic-dynamics (cosmology) 10% m.
Each statistical field has its “atomic” particle
namely, graviton, electron, fluid-element, star, and
galaxy. In the previous Section, the intuitively
accessible hydrodynamics at intermediate scale was
employed to model extremely small scale of
electrodynamics. In the same spirit, in the present
section, physical concepts from intermediate scale
of classical hydrodynamics will be employed to
model the exceedingly large scale of cosmology.

In view of the extremely large number of
galaxies and large distances between them, flow of
galaxies in cosmology [142-145] may be assumed
as ideal gas thus follow invariant Boltzmann
statistical mechanics and the associated generalized
thermodynamics [140,146]. Hence, conservation
equations (4)-(7) describe dynamics of spectrum of
galactic clusters containing a corresponding
spectrum of galaxies as ‘“atoms” of turbulent
statistical field F, =F, that resides within a

background space S, defined as the field of

astrophysics S, =F, at the next lower scale

of p—1=s.

Ironically, turbulent hydrodynamic model of
cosmology following conservation equations (4)-
(7) is precisely the quantum theory of gravity as a
dissipative  deterministic =~ dynamic  system
recommended by ‘t Hooft [147]. At cosmic scales,
Navier-Stokes equation motion (19) and Helmholtz
vorticity equation (20) account for dissipation of
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ordered motions across hierarchy of scales into
random thermal motions. Dissipations of ordered
translational, rotational, and pulsational velocities
into random thermal velocities are schematically
shown in Fig. 17.

(a) TRANSLATIONAL
DISSIPATION

—

@

(®) ROTATIONAL
DISSIPATION

O

«© PULSATIONAL
DISSIPATION

SJ
@ h
’i* P o™ e

(d) GRAVITATIONAL

DISSIPATION K

®
&

Figure 17 — Dissipation of momentum from global
(V,.0,, W_K) to local (vz,meawr,x): (a) translational (b)
rotational (c) vibrational (d) gravitational degrees
of freedom [33].

The last type of dissipation in Fig. 17 called
gravitational dissipation [33, 147] corresponds to
dissipation of large-scale curvature to random
small-scale curvature such as a large droplet
breaking up into many small droplets in sprays.

In equilibrium galactic-dynamics EGD field at

scale P=g, every “point” of cosmic space will be

occupied by either “atom”, i.e., a galaxy or vacuum
[73]
m, = vacuum =V,

Sg=

(99)
@ = (vacuum — vacuum) = VV, =V,

Therefore, cosmic vacuum like Casimir
vacuum shown in Fig. 3 is not empty and the
model (Fig. 1) suggests a hierarchy of vacua
defined as [33]

(vacuum — vacuum), = VV,;=
(100)
= (vacmlm)ﬂ_l: VB_1

To emphasize the importance of such
hierarchies of vacua to cosmology we make the
following quotation from ‘t Hooft [148]

This means that there is one very special state
where all energies are zero: the vacuum state.
Identifying the vacuum state is particularly difficult
in our theory, but it seems that the vacuum also
poses problems in other approaches. In loop

quantum gravity, it is notoriously difficult to say
exactly what the vacuum state is in terms of the
Sfundamental loop states that were introduced there.
In superstring theory, there are many candidates
for the vacuum, all being distinctly characterized
by the boundary conditions and the fluxes present
in the compactified par of space-time. String theory
ends up leaving an entire ‘landscape’ of vacuum
States with no further indication as to which of
these to pick. It is of crucial importance in any
theory of Planck length physics to identify and
describe in detail the vacuum state.

It is emphasized that according to the present
model of physical space (Fig. 3), the only true and
absolute vacuum-vacuum is the white hole that is a
singularity of the field with exact density pg, =0-.

To describe hydrodynamics of the universe,
following Section 3, the atomic (length, time,
mass) of cosmic field are defined as the most
probable (length, time, mass) of astrophysical
statistical field

Ay Ty )= (Mg Ty oM, ) (101)

At thermodynamic equilibrium, the equality of
temperature of cosmic and astrophysical fields
I =T,=4,, gives the atomic mass unit of cosmic

field ﬁlg:m”. Also, from the definition of

kKT, =m_ v

WS WS

temperature and most probable

speed v, =A /T one obtains the atomic

w,m °
time fg =T, Of equilibrium galactic dynamics
(EGD) field.

Having defined the atomic units of space, time,
and mass, one asks the question that was asked by
both Boltzmann and Planck namely: given the total
number of atoms (galaxies) N and the total energy
H = 4NKT of the universe, what is the distribution
of sizes of galactic clusters n, that results in

stochastically  stationary cosmic field. The
probability of cluster of size N, is identified as the

inverse of what Boltzmann called number of
complexions W, that is given by Boltzmann-Planck

formula [34]

N.1(g. -1
. gDt 1

ToWg - W,

1
, P=[[B== (02
j W
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Following Planck [100], equation (102) leads to
invariant distribution for energy spectra of galaxies.

3

sngg _8nh v,

At thermodynamic equilibrium between matter
and radiation, equation (103) corresponds to Planck
[100] spectral energy distribution of equilibrium
radiation with % and Y fractions of total energy on

v;>v, and v; <vgsides of Wien frequency

v, as shown in Fig. 18.

pV = (I/4)TS = NKT

U= (3/4)TS =3NKT

g
ey, (103)
v u, € -1
10
0.8
E(v/vw)
6
0.4
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Figure 18 — Re-normalized Planck energy distributions

as a function of v /v, [36].

Comparison of astrophysical measurements
[149] with Planck equilibrium energy spectrum
at approximate temperature 2.73 m is shown in
Fig. 19.

The fluctuations of the observed temperature
perturbations in Fig. 19 corresponding to Penzias-
Wilson [121,122,123] cosmic microwave backg-

round temperature T, = 2.73 m is known to be
about VT =1/10,000 m Normalizing data in Fig.
19 with Wien frequency v/v, =v/225 leads to
v, /v, =900/225=4 as the limit beyond which

the spectral energy vanishes in close agreement
with normalized Planck distribution in Fig. 18.
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Figure 19 — Mean spectrums associated with the velocity of the solar system with respect to the CMB.
The line is the a priori prediction based on the WMAP velocity and the previous FIRAS calibration.
The uncertainties are the noise from the FIRAS measurements. The error bars are slightly misleading,
because they do not show the correlations, but the correlated errors are properly treated in the fit. [149].
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Close agreement of cosmic microwave
background temperature with Planck distribution
(Fig. 19) is strong evidence for near equilibrium
state of universe. Therefore, it is natural to expect
that distribution of speed of galaxies should follow
invariant normalized Maxwell-Boltzmann
distribution [36]

m,

Calculated Normalized Maxwell-Boltzmann
(NMB) distribution as a function of speed re-
normalized with respect to the most-probable or
Wien speed v/v_ =A_ /A at two adjacent scales

are shown in Fig. 20.

NMB distribution in Fig. 20 closely agrees with
typical observed distribution of fractions of galaxy
clusters containing N galaxies reported by Saslaw
and Crane [150], Lahav and Saslaw [151], and

wp 4 322 _-mgugl2kTy
—=4n(——) " u. e du 104 A
N (21tk1;) B p (104) Saslaw [152] shown in Figs. 21 and 22.
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SCALE B
0 2 3
| V(A /A
/‘/‘-\
5
Pﬁ_l ™,
| SCALE B—1
1
1
0 1 2 3
O 7 Do
Figure 20 — Re-normalized Maxwell-Boltzmann distribution
as a function of dimensionless speed v/ v, = A, / A [36].
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Figure 21 — Observed distribution fraction of galaxy clusters containing N galaxies [150].
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Figure 22 — Observed distribution fraction
of galaxy clusters containing N galaxies [151].

Normalizing the data in Figs. 21d or 22 with

Wien number N_ =20, leads to maximum
N /N, =60/20=3
distribution in Fig. 20.

Planck distribution of cosmic microwave
background radiation energy in Figs. 18 and 19,
Maxwell-Boltzmann distribution of galactic sizes
hence speeds in Figs. 20-22, derivation of invariant
Schrodinger equation from invariant Bernoulli
equation [37], and finally the observed quantum
Jumps in red shifts of galaxies [153] are all in
harmony with the hypothesis of quantum
cosmology. Assuming incompressible potential
flow, dynamics of universe will be governed by
invariant Schrodinger equation with peculiar
velocity of galaxies defining its wave function.
However, a more realistic model will be the
dissipative deterministic dynamic system theory of
quantum gravity proposed by ‘t Hooft [147],
involving solutions of conservation equations (4)-
(7) under relativistic (compressible) and viscous
hydrodynamics. In view of invariant Schrodinger
(65)-(67) and Dirac relativistic wave equation (71),
the present invariant hydrodynamic model may
help in closure of the gap between quantum theory
of gravitation and quantum mechanics. The
connection of quantum mechanics with Einstein
[154] GTR is less intuitive due to the complex
mathematical structure of tensors and differential
geometry of Riemann.

Interestingly, in a recent excellent
investigation by Nugayev [155], concerning the
historical development of GTR, research programs
of Nordstrom scalar theory, Abraham vector
theory, and Einstein fensor theory of gravitation
were described. Clearly, the hydrodynamic model
of cosmology involving (4)-(7) contain primarily
scalar and vector terms, and only one tensor
namely total stress tensor Pj; in (6). Therefore, it is

in agreement with NMB
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expected that scalar and vector theories of
Nordstrom and Abraham discussed in [155] will
play important roles in future development of
quantum theories of gravitation. This is in part
because scientific developments also follow
Hamiltonian principle of least energy, and
following more familiar classical hydrodynamics
with scalar and vector theories are much simpler
and intuitively accessible than complex tensor
theories of Riemannian geometry!

When physical space is identified as a fluid, it
is natural to attribute gravitational forces to
gradients of ether density hence pressure as
schematically shown in Fig. 23.

Figure 23 — Schematic diagram of motion in a “curved space”.
The particle moves along the trajectory defined
as the interface between higher density medium
A and lower density medium B.

Hence, in a recent investigation [140],
gravitational force was related to normal stress
expressed as diffusional flux of momentum

applying (11)

F
iig = Xg: pevie',iie =pevie (_Devpe /pe) (105)
leading to Newton law of gravitation as pressure

gradient of ether or Casimir [63] vacuum [140,
156]

F,=-mVp, /p =mg (106)
with gravitational acceleration defined as
g=-Vp./p, (107)

According to (105)-(107), solution of
conservation equations (4)-(7) under appropriate
boundary conditions provide (p,T,p) scalar fields
hence gravitational forces at each location.
Following Poincaré [82] description of hyperbolic
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geometry and Gauss classical definition of intrinsic
surface curvature, a one-dimensional line curvature
was recently defined as atomic line density [140] in
accordance with (64)

Also, since for ideal gas P, =PRI, density

and temperature are inversely related, by (109)
local scaler curvature is defined as deviation of
density from that of equilibrium Casimir vacuum
[37,140]

K=p—p, (109)

Hence, cosmic field involves three geometries

K > 0 Matter (Riemannian space)
(110)

K = 0 Casimir Vacuum (Euclidean space)
K < 0 Anti-matter (Lobachevskian space)

In his description of hyperbolic geometry,
Poincaré [82] introduced what is known as
Poincaré disk schematically shown in Fig. 24.

Figure 24 — (a) Poincare disk with white hole at origin
T — o0 and black hole on circumference T" — 0 (b) Circle
Limit IV (Heaven and hell) by M.C. Escher [74].

Also shown in Fig, 24, is the wonderful
woodcut print by Escher [157] called Circle Limit
IV (heaven and hell) graphically showing
hyperbolic geometry. The one-dimensional line
density as curvature (108) hence (109) may be
viewed as generalized non-Euclidean geometry that
is in harmony with perceptions of Poincaré [82] as
well as non-standard analysis discussed in [158].

The  temperature  limits (T —o,T —>0)
correspond to (white hole, black hole) at the
(origin, circumference) of Poincaré  disk.

Concerning the temperature limits in Fig. 24, it is

interesting to examine Maxwell-Boltzmann
distribution in Fig. 5 for ether or Casimir vacuum
(Fig. 3) at three different thermodynamic
temperatures as schematically shown in Fig. 25.
One notes that as temperature is increased,
eventually all photons as Bose-Einstein liquid
evaporate into gravitons and the entire distribution
function collapses on the horizontal axis that is
identified as white hole in accordance with Figs. 3
and 24. On the other hand, as the temperature is
steadily decreased, eventually all space, i.e.,
superfluid Bose-Einstein condensate solidify and
all distribution curves shown in Fig. 25 “freeze” by
collapsing on the vertical axis corresponding to
solid light or “black hole” [37,90] singularity in
accordance with Figs. 3 and 24.

BL;\(.‘K HOLE

WHITE HOLE

Figure 25 — Black-hole and White-hole limits on maxwell-
Boltzmann speed distribution as temperature of ether or
Casimir vacuum approaches zero and infinity.

Because of the change of units
(cm/m —1/100) required by Wien displacement

law A _T=029 cmK=00029m”> due to
modified dimension of absolute thermodynamic
temperature [34], the classical formula for
transformation to Kelvin absolute temperature
becomes

T(m) = °C(m)+2.731(m) (111)
The constant 2.731 in (111) is close to Penzias-

Wilson [121-123] cosmic microwave background
temperature T, = 2.73 msuggesting that the

entire universe is at ice temperature. The fact that
our universe is very close to the state of
thermodynamic equilibrium is evidenced by the
observed thermal nature of Penzias-Wilson [121-
123] cosmic background temperature
Tam ®2.73m (Fig. 19), as well as equilibrium
distribution of speed of galaxies shown in Figs. 21
and 22.

As discussed in [140], the magnitude of Planck
temperature
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T =(hc’/Gk*)"” =3.55x10” m  (112)

introduces a paradox since it corresponds to most
probable wavelength of photon thermal oscillation
that is larger than the reported size of our universe
10°. In view of Fig. 1, this suggests that our
universe with (atom, element, system) lengths

EGD (/,, A,,L,)=(10",10",10")m  (113)

is Lemaitre [159] “primordial atom” of a much
larger Everett [160] multiverse with (atom,
element, system) lengths [140]

EUD (¢, %,,L)=(10",10", 10") m (114)

This is in harmony with hierarchy shown in
Fig. 1 as well as inflationary theories of cosmology
[161-164].

Interestingly, recent cosmological observations
have revealed a small asymmetry in the power
spectrum from the right versus the left side of our
universe [165] schematically shown in Fig. 26.

A
Right Right
P Left P
kKo k
(@) (b)

Figure 26 — Asymmetry in measured cosmic power
spectrum (a) calculated (b) measured [165].

It is reasonable to attribute the asymmetry in
Fig. 26 to the fact that our universe is rotating [35].
When our universe is identified as Lemaitre [159]
“primordial atom” of a much larger Everett [160]
multiverse, finite “iso-spin” of our universe within
multiverse becomes understandable and
harmonious with the observed rotation of almost all
galaxies. Moreover, this is also in harmony with
Godel [166] wonderful 1949 study introducing
closed time-like solutions of FEinstein field
equations in rotating universe with non-vanishing
cosmological constant. Furthermore, Godel [166]
rotating universe is in harmony with Kerr [167]
solution for rotating black hole.
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In view of the scale-invariant nature of
quantum mechanics (65)-(67), it is interesting to
view the spectral sizes of ether or space “quanta” at
thermodynamic equilibrium in “empty” de Sitter
[168] universe given by Maxwell-Boltzmann
distribution [140]. At any temperature, Poincaré

thermal measure Ty =\ 4 [90] could be applied to
define respectively microscopic (intensive) most
probable atomic volume Vg and macroscopic

(extensive) system volume ¥}, as

_ N6 NS
=Ty » VB_ZVWB_NBVWﬁ

Similarly, one defines a spectrum of atomic and
cluster or “clement” volumes

I _ 13
Vg = Ay

" (115)

B

A a3 _ A ~
Vie =g - VjB_ZVijB_NiBVijB (116)

such that the total system volume in (115) can also
be expressed as

(117)

=2V
J

Therefore, according to the model (Fig. 1),
physical space is composed of a spectrum of
element volumes that contain corresponding
spectrum of atomic volumes at thermodynamic
equilibrium in harmony with modern concepts of
loop quantum gravity [147,169-175]. Clearly,
transformation of Wheeler-DeWitt equation [169-
171] into Schrodinger equation (65)-(67) through
resurrection of internal thermodynamic time [140],
will help the closure of the gap between quantum
gravity and quantum mechanics. A most
fundamental aspects of quantum gravity is the
critical role of probability due to stochastic nature
of Casimir vacuum hence universality of chance
[112,176-178] as an indispensable feature of
quantum mechanics in harmony with perceptions
of Heisenberg [75,79].

An outstanding problem of cosmology [142-
145] is the origin of initial perturbations
responsible for galaxy formation. Since universe is
a chemically reactive system [179], in view of the
scale invariance of the model (4)-(7), it is
reasonable to expect that, similar to combustion
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science at molecular-dynamic scale [40], thermos-
diffusive instabilities govern hydrodynamics of the
universe after explosion of Lemaitre [159]
“primordial atom” or Big Bang. Two examples of
thermos-diffusive instability leading to cellular
flames in rich premixed butane-air are shown in
Fig. 27.

(@ (b)

Figure 27 — Formation of cellular thermo-diffusive instability
in rich butane-air premixed flame with Lewis number based
of deficient species Le < 1 stabilized on (a) A porous sphere

(b) Stagnation-point flow against planer quartz plate.

The geometry of cellular flame depends on
boundary conditions as seen in Fig. 27. For
example, in 2-dimensional stagnation point flow as
opposed axi-symmetric one shown in Fig. 27b,
cellular flame instability leads to a row of parallel
flame stripes. Relative scale-invariant diffusivities
[36] of mass D, heat o, =0, /pc,, and momentum

I~<ﬁ =N / P in (4)-(7) govern “flame”™ instabilities

and their interactions according to hydro-thermo-
diffusive theory of laminar flames [180].

In closing this Section, it is instructive to
briefly consider another interesting and outstanding
problem of cosmology namely the lack of
knowledge of the boundary conditions of universe.
Of course, without knowing such boundary
conditions, the global hydrodynamics of universe
cannot be determined from solution of (4)-(7).
According to quantum mechanics (65-67), stability
of particle is due to an external pressure known as
Poincaré stress [36,37]. It is therefore reasonable to
attribute  stability of galactic clusters to a
surrounding halo due to chaotic random motion of
galaxies. Similarly, halos due to chaotic random
motion of stars could be responsible for stability of
galaxies.

Although the present thermodynamic model of
cosmology cannot resolve the boundary condition
problem, perhaps the following analogy will help
in visualization of the problem. A classical problem
of boundary conditions in fluid mechanics is

known as Stokes paradox and concerns solution of
equation of motion for creeping uniform laminar
flow of viscous fluid across a rigid cylinder. No
solutions that simultaneously satisfy vanishing
velocity on the rigid cylinder and uniform velocity
far away from cylinder could be found. However,
recently Stokes paradox was resolved by finding
the solution of modified form of equation of
motion (19) for viscous flow across a rigid cylinder
given by stream function [32]

Yo =—£(1-2/E+1/E%)sin®  (118)

where ¥, =¥, /RU, £&=r'/R], and R is
radius of rigid cylinder. Some streamlines
calculated from (118) are shown in Fig. 28.

¢

>

Figure 28 — Streamlines for Stokes uniform viscous
flow across a rigid cylinder [32].

The radial and angular velocities obtained from
(118) are

v, =—(1-2/E+1/&%)cos0,

(119)
vy =(1-1/E*)sin0

As seen in Fig. 28, the problem of matching of
solution to have vanishing velocities at the wall and
uniform flow in far field is resolved through
formation of two cylindrical line-vortices forming a
closed viscous boundary layer with flow
recirculation that in effect isolates the rigid cylinder
from the outer potential flow. Thus, Stokes paradox
helps to illustrate that nature in its infinite
possibilities can accommodate diverse boundary

35



Invariant model of boltzmann statistical mechanics and its implications to hydrodynamic model ...

conditions through creation of intermediary
transition layers such as the recirculation zone in
Fig. 28. Although the boundary conditions of our
universe remain to be determined by future
investigations, it is reasonable to anticipate that like
galaxies and cluster of galaxies, the boundary
condition of our universe within much larger
Everett [160] multiverse is also chaotic in nature
[78,181].

Concluding Remarks

The study was focused on some implications
of a scale-invariant model of Boltzmann statistical
mechanic to four different areas pertaining to
fundamental problems of theoretical physics. First
part concerned quantization of space, time, and
mass leading to clarification of concept of internal
time, Rovelli [70] thermal time, invariant definition
of atomic mass, mass-energy equivalence, and
Joule-Mayer mechanical equivalent of heat. In the
second part the model was applied to physical
foundations of invariant Schrodinger equation of
quantum mechanics as well as special theory of
relativity. In  particular, new  perspectives
concerning resolution of seven important problems

regarding physical interpretation of quantum
mechanics were presented.

In the third part of study the implication of the
model to Maxwell theory of electromagnetism was
studied. A hydrodynamic model of electromag-
netism was introduced leading to new perspectives
concerning the nature of electric and magnetic
fields as well as that of electric charge. Finally, in
part four of the study, some of the implications of
the model to the fields of cosmology, quantum
gravity, and quantum cosmology were addressed.
The predicted equilibrium speed distribution of
galaxies was found to be in good agreement with
existing cosmological data. Physical space or
Casimir vacuum was found to be composed of a
spectrum of quantized space volume elements each
composed of corresponding spectrum of atomic
space volume quanta in harmony with modern
theories of loop quantum gravity. The results were
found to be in accordance with quantum gravity as
a dissipative deterministic dynamic system
proposed by ‘t Hooft [147].
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