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Relativistic Dynamical Theory for Test Particles and Photons in Static
Spherically Symmetric Gravitational Fields
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The gravitational line element in this field is used to postulate the four spacetime ele-
ment of arc vector, volume element, del operator and divergence operator for space-time
gravitational fields. A relativistic dynamical theory is then established for static spheri-
cally symmetric gravitational fields. Equations of motion for test particles and photons
are obtained with post Newton and post Einstein correction terms of all orders of ¢ 2.

1 Introduction

Schwarzschild in 1916 constructed the first exact solution of
Einstein’s gravitational field equations. It was the metric due
to a static spherically symmetric body situated in empty space
such as the Sun or a star [1].

In this article, we establish a link between Schwarz-
schild’s metric and Newton’s dynamical theory of gravitation.
The consequence of this approach is the emergence of com-
plete expressions for the velocity, acceleration and total en-
ergy with post Newton and post Einstein correction terms to
all orders of ¢72 [2].

2 Euclidean Geometry in Static Spherically Symmetric
Fields

Recall that the scalar world line element dS? in Schwarz-
schild’s gravitational field is given as

dS? = —gndr® - gnd®® - gs3dd” + goo(dx")*  (2.1)
where
2GM
goo =1 —-——|:
c°r
26Mm\™!
911 = 1 - B) s
c°r
g2 = 72,
g3 = r*sin® 6.

G is the universal gravitational constant, c is the speed of
light in vacuum and M is the mass of the static homogeneous
spherical mass (Schwarzschild’s mass) [3, 4]. Now, also re-
call that the world line element dS? from which the metric
tensor is formulated is obtained from the fundamental line el-
ement d§(r, 6, ¢). Also, from vector analysis, it is well known
that d§(r, 0, ¢) is the most fundamental quantity from which
all vector and scalar quantities required for the formulation of
the dynamical theory of classical mechanics are derived.

2.1 Element of arc vector
From equation (2.1), we realise that Schwarzschild’s gravita-
tional field is a four dimensional orthogonal vector space with

coordinates (r, 8, ¢, x°) and unit vectors (F? a, x9) and hence
the element of arc vector dS is given as

dS = [~gi)"@ry7 + [~gn]"*(d6)0
_ _ (2.2)
+[—g331"*(dp)p + [goo] /> (dx")x0

with scale factors h,., hg, hy and h,o defined as

hy = [—gnl"?,
ho = [-9221"%,
hy = [-g331'%,
ho = [gool"?.

2.2 Volume element and Gradient operators

As in Eulidean geometry in three dimensional vector space,
we postulate that the volume element dV in Schwarzschild’s
gravitational field is given by

dV = dS,dS¢dS 4dS v (2.3)

and the corresponding space element of volume

dV = dS,dSydS s, (2.4)

where
ds, = hdr,
dSe = hyd®,
dS, = hydg,
dsS 0 = hodx°.

We postulate that our complete spacetime del operator in
Schwarzschild’s gravitational field is given as

50 09

70,00 99 29
hg 00 ]’l¢ (9(]5 hxo 6)60'

V= +
h, or

2.5)

The complete spacetime divergence, curl and laplacian
operators can be defined in a similar manner[2].

Ndikilar C.E. Relativistic Dynamical Theory for Test Particles and Photons in Static Spherically Symmetric Gravitational Fields 3
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3 Relativistic Dynamical Theory for Test Particles or s

-
From the spacetime line element, the instantaneous spacetime P = (1 - u_z) molt (3.8)
velocity vector in the gravitational field can be defined[2] as ¢

ds
== 3.1
0= (3.1
or
U= uf + uph + upd + uo0i’, (3.2)

where 7 is the proper time,

26M\ 12
Uy = (1 - ) i,

cr
Ug = r@,
ug = rsin ¢
and T
Up = (1 -3, ) 1.

Hence, the instantaneous speed u is

2GM
u2=(1_ G

ctr

-1
) 2+ r26* + 1? sin” 6¢*

+(1 - ZiM)(xO)?
cr

(3.3)

Also the instantaneous spacetime acceleration vector is
given as

du
== 3.4
a=— 34
or
a = af + al + ayd + ani®, (3.5)
where
| _2GM oM 26M\7?
ar = - yr— —= — P,
ctr c2r? c2r
ag = 18 + 70,
ay = isin@¢ + rcos 00¢ + rsin O
and
d|(,_26M o
a = — - X .
YT dr c2r

Now, recall that the inertial mass m1; and passive mass m,,
are related to the rest mass my of a particle by

2\
m,:m,,:(l——) mo

3.6
> (3.6)
where in this gravitational field, u? is as defined in equation
(3.3). Also, the linear momentum of a particle of nonzero rest
mass is defined as

P = mu (3.7)

The instantaneous relativistic kinetic energy (7') of a par-
ticle of nonzero rest mass is given as

T = (m; —mg)c? (3.9)

o172
(1 - u_z) - l}moc2
c

and the instantaneous relativistic gravitational potential en-
ergy (V,) for a particle of nonzero rest mass is

or

T = (3.10)

ut\ GMmy
Vg = mpd) = —(1 - ?) T, (311)
where ® = =9 j5 the gravitational scalar potential in

Schwarzschild’s gravitational field. Thus, the total relativis-
tic mechanical energy E for a particle of nonzero rest mass is
given as

E=T+1V,

172
- mel- G- ]
c°r C

Thus, our expression for total energy has post Newton and
post Einstein correction terms of all orders of ¢™2.

The relativistic dynamical equation of motion for parti-
cles of non-zero rest mass[2] is given as

(3.12)

or

(3.13)

d— _
Ep = -m,V® (3.14)
or
d 2\—1/2 3 M2 -1/2 _
4 ( _C_z) modi| = _(1_6_2) mVd  (3.15)
or

1 2\ d =
a+ —(1-=| —whu =-Vo. 3.16
4T oe ( cz) dT(u )M (3.16)
Thus, the spacetime relativistic dynamical equations of
motion in static spherically symmetric gravitational field can
be obtained from (3.16). The time equation of motion is ob-
tained as

1 2\ d
@y + 2—(1 - _) GO =0 GID

|l

1 w2\ d )
@ (1 - —) E(u )Mxo = 0.

or

2GM)”2 ,0}
- X+

2
“r (3.18)
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Notice that the first term of equation (3.18) is exactly
the expression obtained for the general relativistic time di-
lation and hence the second term is a correction term ob-
tained from our dynamical approach in Schwarzschild’s grav-
itational field.

Also, the respective azimuthal, polar and radial equations
of motion are obtained as

i-sin 6 + r cos 80 + r sin 6

{ 2 -1 d (3.19)
(i) dewe=o
. ¥ 1 u2 -l d 2
0 + 0 + 2—62( - ?) d—T(u Jug = 0 (3.20)
and |
5\
a, + L 1- z i(’/‘z)ur
22 ¢zl dr
" (3.21)
GM 2GM
=22
r2 c2r

with correction terms not found in the general relativistic ap-
proach.

4 Relativistic Dynamical Theory for Photons

The instantaneous passive and inertial mass of photons is

given as
hy

2 “4.1

my, =my =

where h is Planck’s constant. Precisely, as in Special Rela-
tivity, we postulate that the relativistic dynamical linear mo-
mentum of photons is given as

=, 4.2)

where u is as defined in (3.2). The relativistic dynamical ki-
netic energy for photons is given as

T = (m; — mo)c® 4.3)

or
T = h(v — ).

Also, as in Newton’s dynamical theory of classical me-
chanics, the relativistic dynamical gravitational potential en-
ergy of photons(V,) is postulated to be given by

“4.4)

V, = m,®. (4.5)

Hence, in static spherically symmetric gravitational fields

hy GM
V =———. 4.6
g 6‘2 r ( )

Thus, the total mechanical energy E of a photon is given

as
hv GM

E = l’l(V - Vo) - C—ZT (47)

If the mechanical energy of the photon is Ey at r = ry then
using the principle of conservation of mechanical energy it
can be deduced that

Ey GM\™!
=) (“4-8)
or |
GM GM\~
y = vo(l - 2—)(1 - T) . (4.9)
(ol ) c°r

Equation (4.9) is our newly derived expression for grav-
itational spectral shift for static spherically symmetric mass
distributions with post Newtonian and post Einstein correc-
tions of all orders of ¢=2.

Also, the relativistic dynamical equation of motion for
photons in static spherically symmetric gravitational fields
can be obtained as

% (1 _ﬂ)_lg} _ _(1 _%)_1%

cr cr
from which the instaneous velocity and acceleration vectors
can be obtained.

(4.10)

5 Conclusion

Instructively, this approach unifies the dynamical and geo-
metrical theories of gravitation for test particles and photons
in static spherically symmetric gravitational fields. It is hoped
that if it is well developed it can account for most corrections
of theoretical results in gravitational fields. It is also hoped
that this approach can also be used to establish the long de-
sired unification of gravitational fields with other fundamen-
tal fields in nature.

Submitted on October 4, 2011 / Accepted on October 13, 2011
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The turning point and acceleration expansion of the universe are investigated according
to the standard cosmological theory with a non-zero cosmological constant. Choosing
the Hubble constariiy, the radius of the present univelRg and the density parameter

in matterQy, o as three independent parameters, we have analytically examined the other
properties of the universe such as the density parameter in dark energy, the cosmologi-
cal constant, the mass of the universe, the turning point redshift, the age of the present
universe, and the time-dependent radius, expansion rate, velocity, and acceleration pa-
rameter of the universe. It is shown that the turning point redshift is only dependent of
the density parameter in matter, not explicitly on the Hubble constant and the radius of
the present universe. The universe turned its expansion from past deceleration to recent
acceleration at the moment when its size was abuboBthe present size if the density
parameter in matter is about 0.3 (or the turning point redshift is 0.67). The expansion
rate is very large in the early period and decreases with time to approach the Hubble
constant at the present time. The expansion velocity exceeds the light speed in the early
period. It decreases to the minimum at the turning point and then increases with time.
The minimum and present expansion velocities are determined with the independent
parameters. The solution of time-dependent radius shows the universe expands all the
time. The universe with a larger present radius, smaller Hubble constafdr anshller
density parameter in matter is elder. The universe with smaller density parameter in
matter accelerates recently in a larger rate but less than unity.

1 Introduction curvature of the universe) with a cold dark matter (CDM) and

. ___aconstant dark energy density (i.e., the cosmological cons-
The measurements of type la supernovae to appearfamtert%%_ To explain the measurements of type la supernovae

thus further away than expected have indicated that the Y0 the flat universe model, the density parameters in matter

verse turned its expansion from past deceleration to recentacs qark energyi o andQ, o) at the present timetg) were

celeration [1-4]. The dark energy, a hypothetical form of N&Rosen to be

gative pressure, is generally suggested to be the cause for the 87Gpm(to)

universe to accelerate recently. The Einsteinian cosmological Qmo = T 0.3, (1)
constantA, initially assumed for a static model of the uni- 0

verse, is the simplest candidate of the dark energy [5]. Quin- A

tessence such as the scalar field from the scalar-tensor the- Qpp = Py 0.7, (2

ory or the five-dimensional Kaluza-Klein unification theory is

usually considered as another candidate of the dark energy{fiereG is the gravitational constanty,o is the mass density,

9]. Inthe black hole universe model, proposed recently by thedH, ~ 50— 70 knmys/Mpc is the Hubble constant [18-21].
author, the dark energy is nothing but the accretion of massy a holographic dark energy, the turning point redshift de-
in an increasing time rate from outside space, the mother Usiinds on a free parameter [22]. The turning point redshift is
verse [10-17]. In the black hole universe model, the cosmgs, .~ 0.72 if the free parameter is chosen to be unity. For
logical constant can be representedias 3(M/M)?, where the best fit to the type la supernova data, the free parameter
M is the universe mass ad is the time rate of the universejs around 0.2, which leads to a smaller turning point redshift,
mass. However, when the universe turns or what the redshift . o 28,

of the turning point for the universe to turn its expansion from 14 combine the measurements of type la supernovae with
past deceleration to recent acceleration has not yet been ¢q8-cosmological model, a redshift-luminosity distance rela-

sistently and precisely determined. tion is required. The often used relation is, however, a linearly
The turning point redshiftp was determined to be 0.5 approximate relation,

by combining the redshift and luminosity observations of type
la supernovae with the standard model of cosmology [2, 4]. Z du
The universe was considered to be flat (ikes O with k the d(2) = (1 + Z)fo H(u)’ ®)

6 Zhang T.X. The Turning Point for the Recent Acceleration of the Universe with a Cosmological Constant
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which is only good for nearby objects (see the detail of tte Turning Point and Expansion Characteristics of the
standard derivation given by [23]. Using this approximate Universe

redshift-luminosity distance relation to study the eXpans'W&cording to the standard cosmological theory, the expansion

of the univers_e constra_ined by the mea;urements of YP&ithe universe is governed by the Friedmann equation [25-26,
supernovae with redshift greater than unity, one cannot ac(P

rately determine the turning ppint redshift _[24] (Zhang. an ) R(t) 8iGpu(t) k& A
tan 2007). In Eq. (3)¢ is the light speedZ is the redshift H(t) = RO~ 3 RO + 3 )
of light from the object, andl,_ is the luminosity, which is
usually defined by (Friedmann 1922, 1924, Carroll et al. 1992) where the dot
L refers to the derivative with respect to tin@s the gravita-
= 2’ (4) tional constantyy (t) is the density of matter given by
L

whereL is the luminosity of the object such as a supernéva, om(t) = ,
is the apparent brightness of the object (i.e., the object emis- 4nR3(1)

sion flux measured at the Earth). andk is the curvature of the space given by -1, 0, 1 for the

In this study, we analytically derive the turning point red@jifterse to be open, flat, and closed, respectively. For the flat
only from the cosmological model without combining thg,iverse (i.e.k = 0), Eq. (5) becomes

model with the type la supernova data of measurements and

thus without using the approximate redshift-luminosity dis- 5 R(t) 2GM A

tance relation. The simplest cosmological model that des- H () = Rz_(t) = R3_(t) + 3 (7)

cribes the recent acceleration of the universe is governed by

the Friedmann equation with a non-zero Einsteinian cosmo- The solution of Eq. (7) depends on three independent pa-

logical constant [1-2, 5]. The expansion characteristics of tt@metersRy, M, andA. There are many flierent combinati-

universe described by this constat DM model depend on ons that can be considered as the three independent parame-

three independent parameters. There are mafgreint ways ters such asRp, Ho, A), (Ro, Ho, Qmp). etc. In this study,

or combinations to choose the three independent parametgshave choseRy, Ho, andQu as the three independent

But no matter how to combine, the number of independgrarameters.

parameters is always three. We have chosen the Hubble consTo describe the acceleration of the universe, we define the

tantHo, the radius of the present univeiRg and the density acceleration parameter as

parameter in matteRy o as the three independent parame- . .

ters and have further derived the turning point redshift. The o) = RORY _,  HO (®)

derived turning point redshift is only dependent of the den- R2(t) H2(t)

sity parameter in matte®y o, not dependent of the other two . . )

indye?)endent parametdﬁMgndHo if '§1e universe is flat. Tradltl_onally, a negative sign is inserted in Eq. (8) for the
Exact solutions of the Friedmann equation [25-26] Witgleceleratlon parameter.

the cosmological constant were obtained by [27-28]. T?e ':r(lj'g?:];r:zg wz;llsene?gt(e)(;sztr tggealsthgeengilzt S.?('jf;id
physical solutions, however, have not yet been analyzed with! when it v p ¢

(6)

the recent measurements of the universe, especially Ont&\%het()axpansmn of the universe. The redshift of the light is
turning point redshift. given by R(to)
The objective of this study is to quantitatively study the Zy = RO 1 9

turning point and expansion characteristics of the recent acce-
leration universe through analyzing and numerically solving The recent acceleration universe turned its expansion
the Friedmann equation with a non-zero cosmological cof@m past deceleration to recent acceleration at the moment
tant. First, for each set dflo, Qu0, andRy, we analytically When the acceleration parameter is equal to zero, i.e.,
obtain the turning point redshiftrp and other cosmological
parameters such as the density parameter in dark efisrgy q(tre) = 0.
e e e, Whre s G a he g poit - e me when

X universe neither accelerates nor decelerates. It has been re-

equation to numerically solve the time-dependent expansion, . :
. : nized for r n heoreticall rmined.
rate or Hubble parametét(t), velocity u(t), radiusR(t), and Cdb ed for years but not yet theoretically determined

. . . Differentiating Eq. (7) with r im n
acceleration paramete(t) of the universe. Third, from the erentiating Eq. (7) with respect to time to gé{t) and

. . ) ing the turnin int condition (10), we have the followin
solutions, we determine the age of the present universe. ﬁés\}it?otne turning point condition (10), we have the following
nally, we discuss the significant results and summarize our 3GM

concluding remarks. = ()’ (11)

(10)

Zhang T.X. The Turning Point for the Recent Acceleration of the Universe with a Cosmological Constant 7
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20 — v~ T T T T T T T T "1

Then, using Eq. (9), we have

3GM [ R¥(to) ) 3GM 3
= = Ztp + 1)°, 12
R3(to) (Rg(tTP) RS (e +1) (12)
where we have replacdR{ty) by Ry and denoted the redshift
of observed light that was emitted at the turning poinZhy
- the turning point redshift. From Eq. (12), the turning point
redshift can be written as

1/3
AR
Zrp=|=—==| -1 13
" [sGM) (13)
At the present timéy, Eq. (7) can be written as [
qol——
1=Quo+Qno0, (14) 0.2 0.4 06 0.8

. . Q
where the density parameters in matter and dark energy a "

defined respectively by
Fig. 1: Turning point redshiffyp versus density parameter in matter

8nGom (t 2GM
QM,O — 7T pl\/;( 0) — —. (15) QMAVO.
3Hg HORS
-~ 15 400
and A § A 300
[oN
Qprp = 32 (16) ~ 10 Z
0 5 & 200
From Egs. (15)-(16), we obtain 25 £ 100
o ~—
AR _1-Qupo = 0 T o0
3GM Qo A7) 0 5 10 15 20 0 5 10 15 20
’ t (10° Years) t (10° Years)
Then, Eq. (13) reduces 3.0 3 Y roren
2.5 ]
1—Qnn\3 0.5
Ztp = (2—““’) -1 (18) _ 2.0
Qwmo © 1.5k {o 0.0

Eqg. (18) is a new result and has not been obtained be g
fore by any one. It is seen from Eq. (18) that the turning . 10 .
pomt redshiftZrp is only quendent of the deq3|ty parame- o 5 10 15 20 o 5 10 15 20
ter in matterQy, not explicitly on another two independent } (10° Years) t (109 Years)
parameteiHy andRy.

Figure 1 plotsZrp as a function of2y. The result indi- rig 2 Expansion characteristics of the universe witgp = 0.3,
cates that, for the universe to be recently turned &e»,> R, = 15 billion light years, antH, = 50,60,70 kmysMpc. (a)

0), the density parameter in matter must®go < 2/3 (or Radius of the universR(t), (b) expansion ratéi(t), (c) expansion
Qa0 > 1/3). For the universe to be turned a1Zrp > 0.5, velocity u(t), (d) acceleration parametaft).

the density parameter in matter must b2 § Qy < 0.4.

WhenQuo = 1, we haveZrp = —1, which implies that the flat

universe will never be accelerated if the cosmological corigeluding the radius(t), expansion ratéli(t), expansion ve-
tant is zero. This is consistent with the gravitational physitggity v(t), and acceleration parametgt).

because gravity always attracts. Figure 2 plots these expansion parameteR(t), H(t),

ConsideringHo, Ry, andQu o as three independent paras(t), andq(t) — as functions of time. We have chosEp =
meters in the flat universe model, we can deternfine M, 50,60, 70 knmysMpc, Quo = 0.3, andRy = 15 billion light
A, andZrp by Eqgs. (14)-(16) and (18). Substituting the derears, which are displayed in Figure 2a. Three types of lines
terminedM and A into Eq. (7), we can numerically solve(dotted-dashed, solid, and dashed) correspond to the results
the expansion parameters of the recent acceleration univevib three diferent Hubble constants. With these three sets

-0.5
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wasfler T ] 400 (b) H(t), o(t), and q(t) as functions of time. In this plot, we
E a 300 have chosen a singldy, = 60 kmysMpc but threeQy =
= 10 N 0.2,0.3,0.4 with the saméry. The three types of lines cor-
o =601 L 200 respond to the results with threefférent density parameters.
o 5 = 004, 008 é 100 ] With these three sets of parameters, we hdve 2.4 x 10°3
= oo 0-oe T T kg, A = 80x 1073 S_Z, QA,O = 0.8,0.7,0.6, andZp =
e O S 0 S 1,0.67,0.5. The results are basically similar to Figure 2. The
0 f5(l O;OYe;rSS) 20 0 t5(1 O;OYe;i) 20 turning point redshift is single in the case of Figure 2 but mul-
tiple in the case of Figure 3. The radius-time curves (Figure
3.0 () 1.0 3a) also bend down relative to the linear relation in the past
2.5 ] 05 and go up recently, which implies that the flat universe was
20 decelerated in the past and accelerated recently. The decre-
L 1.5} o 0.0 asing profiles of expansion raké(t) with time only slightly
> 1.0 » _ different among dierent density parameters (Figure 3b). The
0.5 {703 1 expansion velocity reaches the minimum, at the turning
0.0 - -1.0 . point and approacheg atty (Figure 3c). The acceleration
0 5 10 15 20 0 5 10 15 20 parameter aty is greater if the universe contains more dark
t (109 Years) t (109 Years) energy relative to matter (Figure 3d). For dfdient density
parameter, the turning poitp is different. The acceleration
Fig. 3: Expansion characteristics of the universe Wil = parameter is negative (i.e., deceleration) before the turning

0.2,0.3,0.4 andHy = 60 knysMpc with the sameR,. (a) Radius . . . . . .

of the universeR(t), (b) expansion ratei(t), (c) expansion velocity point and p_OSItNe (e acceleratlor_}) after the turnlr_lg point.

o(t), (d) acceleration parameteft) From Figures 2 and 3, we can find the present time or the
' ' age of the present universe wig = 15 billion light year. For

a differentHo or Qum, the age of the present universe should

of parameters, we hal = 1.7,2.4,33 x 105 kg, A = be diferent. The age of the present universe determined based

55 80,108 X i0’36 2 0 o 07 .a’nd'Z 067 "77 7 onFigures 2 and 3 is plotted as a functiorHyfin Figure 4a

T 12PAD =D PR and as a function of2y o in Figure 4b. It is seen that the

Figure 2a shows thak(t) increases with time t0 appro-yge of the present universe decreases tifandQy o when

ach Ro at the pr_eser_lt timé&. In comparison with a IlnearRO is fixed. ForR, = 15 billion light year,Ho = 50 — 70

relatlor_l, the radius-time curves bend dowr_Rag 3Ru/5 and_ km/sMpc, andQu,o = 0.3, the age of the universe is in the

then slightly go up aR > 3Ry/5. The flat universe turned 'tsrange of~ 13— 19 billion years, slightly less thaﬁal_ The

expansion from past deceleration to recent acceleration at{hferse is elder if it turned earlier (i.e., smalefo) or has
time when the size of the universe was about three-fifth of the 1 51er expansion rate. '

present universe (i.e., &p ~ 2/3) due to the dark energy
or non-zero cosmological constant. Figure 2b indicates tléat
the expansion rate or Hubble parameitit) decreases with
time (orH(t) < 0) to approach the Hubble constaty at the The open or closed universe can also be recently accelerated
present time. The dotted line refersHig = 60 kmysMpc. Fi- by the dark energy. Sindeis not zero, the density parameters
gure 2c shows that the expansion velocity decreases with tiwik be quite diferent in order for the universe to be turned
to the minimum at the turning point and then increases witlom deceleration to acceleration at a similar turning point.
time to approachy = HoRp, which exceeds the light speed irmhe details on the turning point and expansion characteristics
the case oHg = 70 knys/Mpc andR, = 15 billion light years. of the open and closed universes will be studied in future.
In the early period, the expansion velocity can be much grea- Consequently, the turning point and accelerating expan-
ter than the light speed. The minimum expansion velocitydfon of the flat universe has been investigated according to
determined bymin = (2GM)Y/3AY/®. From Figure 2d, that the the cosmological theory with a non-zero cosmological cons-
universe turned its expansion from past deceleration to recgift. Choosing six sets o, Ro, andQy o, we have quanti-
acceleration can be seen in more obviously. The dotted liagvely determinedy o, A, M, Z1p, to, R(t), H(t), v(t), and
refers tog = 0. Each curve of|(t) intersects with the dottedq(t). Analyzing these results, we can conclude the following
line at the turning point. For a fierent Hubble constant, theremarks.
turning pointtrp is different. The acceleration parameter is o turn the expansion from deceleration to acceleration,
negative (i.e., deceleration) before the turning point and pogje flat universe must contain enough amount of dark energy
tive (i.e., acceleration) after the turning point. At the preseqy, , > 1/3. The turning point redshift depends only on the
time, the acceleration parameter is slightly over 0.5. density parameter in matt&fp = [2(1 — Qum0)/Qmol Y3 - 1.
Figure 3 also plots the four expansion paramei(t3, The flat universe will never be accelerated if the cosmologi-

Discussions and Conclusions
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Anisotropic to Isotropic Phase Transitions in the Early Universe
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We attempt to develop a minimal formalism to describe an anisotropic to isotropic tran-
sition in the early Universe. Assuming an underlying theory that violates Lorentz in-
variance, we start with a Dirac like equation, involving four massless fields, and which
does not exhibit Lorentz invariance. We then perform transformations that restore it to
its covariant form along with a mass term for the fermion field. It is proposed that these
transformations can be visualized as waves traveling in an anisotropic media. The trans-
formation it/h — (3 is then utilized to transit to a statistical thermodynamics system and
the partition function then gives a better insight into the character of this transition. The
statistical system hence realized is a two level system with each state doubly degenerate.
We propose that modeling the transition this way can help explain the matter antimatter

asymmetry of the Universe.

1 Introduction

The idea that the Universe is homogeneous, isotropic and that
space-time is Lorentz invariant are important pillars of theo-
retical physics. Whereas the cosmological principal assumes
the Universe to be homogeneous and isotropic, Lorentz in-
variance is required to be a symmetry of any relativistic quan-
tum field theory. These requirements have robust footings,
but there can possibly be scenarios where these ideas are not
sufficient to describe the dynamics of a system. Temperature
fluctuations in the Cosmic Microwave Background (CMB)
radiation indicate that the assumptions made by the cosmo-
logical principal are not perfect. There is no conclusive ev-
idence of Lorentz violation to date but this has been a topic
of considerable interest and the Standard Model Extension
(SME) has been constructed which includes various terms
that preserve observer Lorentz transformations but violate
particle Lorentz transformations [1]. Limits have been placed
on the coeflicients of various terms in the SME as well [2].
Another important question is the matter-antimatter asymme-
try of the Universe which is not completely resolved. Sak-
harov, in 1967 derived three conditions (baryon violation, C
and CP violation and out of thermal equilibrium) for a the-
ory to satisfy in order to explain the baryon asymmetry of the
Universe.

Origin of fermion masses is also one of the most intrigu-
ing questions which is now close to be answered by the AT-
LAS and CMS experiments at the Large Hadron Collider.
Hints of this particle have been seen and we will know for
sure this year, hopefully mid 2012, whether it exists or not. If
the Higgs does not exist than the formalism presented in this
article can also serve as a possible explanation for the origin
of mass of fermions.

In this paper we intend to describe the evolution of a
theory that violates Lorentz invariance to a theory that pre-
serves it. The fields that are involved in the Lorentz violat-
ing theory can be viewed in analogy with fields traveling in

an anisotropic medium. When the system evolves from the
anisotropic to isotropic phase the symmetry of the theory is
restored and the partition function formalism can be used to
better understand how this transition takes place. This for-
malism, we propose, can help explain the matter-antimatter
asymmetry of the Universe. The paper is organized as fol-
lows: In section 2 and 3 we describe these transformations
and propose a way to interpret them as plane wave transitions
into anisotropic media. In section 4 the partition function is
used to get a better insight into how the transformations in
section 2 occur and we conclude in section 5.

2 Transformations leading to Covariant Dirac equation

In this section we outline a set of transformations that lead
to the Dirac equation for a QED (Quantum Electrodynamics)
like theory with no interaction terms. We start with a Dirac-
like equation which involves four fields (x4, Y5, ¢ Xa)- These
fields can be redefined in a simple way such that the covariant
form of the Dirac equation is restored along with a mass term.
We assume a minimal scenario and consider just the kinetic
terms for the fields in the underlying theory. If we start with
the following equation (i = ¢ = 1):

iXaY Ooxa + sy O1xp + XY Ooxe + iXay O3xa =0, (1)

and transform each of the y fields in the following manner,

Xa(X) = €90y (x), yp(x) = Py (x),

Xe(X) = @Ry (x), ya(x) = €7 By (),

2)

we get the Dirac equation in covariant form, along with a
. : 1 s 1
mass term (using, for e.g., P ¥y = yoe=Bmy 1),

Yliy'o, — (@ + B+ 6+ o0)ymly =0, 3)

where a, 8, dando are real positive constants. For plane wave
solution for particles, ¥ = e 7*u(p), the above redefinition
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for the field y,, for example, is a solution of the following
equation:

0
a0 = —i(E — amyo)xa(x). “

with similar equations for the other fields. Equation (4), is
similar to equation (27) in reference [3] which is a solution
of the differential equation governing linear elastic motions
in an anisotropic medium (with a constant matrix, see section
IIT of the reference). With a = 0 the left hand side is just the
Hamiltonian with the plane wave its eigenstate.

Note that the manner in which we can transform equa-
tion (1) to (3) is not unique and there are various ways to do
this with different combinations of the y fields along with the
field . A mass term (myy) for the y fields could have been
added to equation (1), but the redefinitions (2) can be used to
eliminate it. So, if we want our resulting equation to describe
a massive fermion, these fields should be massless or cannot
have mass term of the form myy. This argument will be fur-
ther corroborated with the results we present in section 4. The
transformation matrices in equation (2) are not all unitary, the
matrix "% is unitary while the rest (¢#™*) are hermitian.

The fields in equation (1) can be considered as indepen-
dent degrees of freedom satisfying equation (4) in an under-
lying theory that violates Lorentz invariance. The transfor-
mations (2) can, therefore, be seen as reducing the degrees
of freedom of the theory from four to one. In such an un-
derlying theory, various interaction terms can be written for
these fields. Since we intend to obtain the free Dirac equation,
we have considered only kinetic terms involving the fields y.
A quadratic term involving different y fields (my;x ;) can be
added to equation (1) but this leads to a term that violates
Lorentz invariance in the resulting Dirac equation. A quartic
term (cx;xiX ;X ;) is possible and would result in a dimension
6 operator for the field  with the constant ¢ suppressed by
the square of a cutoff scale. So, with the restriction that the
resulting Dirac equation only contains terms that are Lorentz
scalars the number of terms we can write for the y fields can
be limited. In other words we impose Lorentz symmetry in
the resulting equation so that various terms vanish or have
very small coefficients.

3 Visualizing field Redefinitions

Space-time dependent field redefinitions in the usual Dirac
Lagrangian result in violation of Lorentz invariance. For ex-
ample, the field redefinition ¢y — e~*"%y leads to the Lorentz
violating terms in the Lagrangian [1]. This particular redefini-
tion, however, would not lead to physically observable effects
for a single fermion. A transformation of this type amounts
to shifting the four momentum of the field. It can also be
viewed in analogy with plane waves entering another medium
of a different refractive index which results in a change in the
wave number of the transmitted wave. Similarly, transforma-
tions (2) can be interpreted as transitions of a wave from an

anisotropic to isotropic medium or vice versa as done in the
Stroh’s matrix formalism [3]. For plane wave solutions of ¢,
the y fields have propagative, exponentially decaying and in-
creasing solutions (for example, e*"*, ¢*"). This wave be-
havior is similar to that in an anisotropic medium or a medium
made of layers of anisotropic medium. The eigenvalues of the
Dirac matrices being the wave numbers of these waves in this
case. The coefficients in the exponent relates to how fast the
wave oscillates, decays and/or increases exponentially. The
transfer matrix in Stroh’s formalism describe the properties of
the material and in this case can possibly represent the prop-
erties of the anisotropic phase from which the transition to the
isotropic phase occurs.

Therefore, we can visualize a global and local transforma-
tion as transitions of plane waves to different types of media.
The wave function of a particle (E > V) which comes across
a potential barrier of a finite width and height undergoes a
phase rotation (¢/'y/) upon transmission. If the width of the
barrier extends to infinity, the wave function can be viewed as
undergoing a position dependent phase rotation (e**y). The
transformations (2) can similarly be seen as a plane wave en-
tering an anisotropic medium. Another phenomenon called
birefringence in optics can be used to explain why these four
fields map on to the same field . Birefringence results in a
plane wave splitting into two distinct waves inside a medium
having different refractive indices along different directions
in a crystal. These analogies can serve as crude sketches to
visualize how the transformations in equation (2) can occur.

In the usual symmetry breaking mechanism a Higgs field
acquires a vacuum expectation value (VEV) and the resulting
mass term does not respect the symmetry of the underlying
group. For example, in the Standard Model, due to its chiral
nature, a Higgs field is introduced in order to manifest gauge
invariance. Once the Higgs field acquires a VEV the mass
term only respects the symmetry of the resulting group which
is U(1)gm. In our case the mass term arises after symmetry
of the Dirac equation is restored. Consider the simple case
where we have one field y, in addition to the field i

iy Boxa + iy = 0, 5)
and this field transforms to the field ¥ as y,(x) — elam’’ % Y(x)
, leading to the Dirac equation. In order to discuss the symme-
tries of the above equation let’s assume that the two indepen-
dent degrees of freedom are described by the above equation.
Equation (5) then has two independent global U(1) symme-
tries and the resulting equation has one. In fact, there is a list
of symmetries of equation (5) not possessed by (3), for ex-
ample invariance under local transformations, y, — €%y’
(i, j = 1,2,3), where b; can be a constant vector, the matrix
7o or any matrix that commutes with yq (e.g., 07j, ys5¥;). This
implies invariance under global and local SO(3) transforma-
tions (rotations of the fields y, but not boosts). Similarly,
Y — e %Dy’ is a symmetry, where A can be a constant or the
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matrix iypys which commutes with the three Dirac matrices
v;. After the transformation y, — ™"y the equation is no
more invariant under these symmetries and the SO(1,3) sym-
metry of the Dirac equation is restored along with a global
U(1) symmetry.

4 Partition Function as a Transfer Matrix

In the early Universe, a transition from a Lorentz asymmetric
to a symmetric phase could possibly induce transformations
of the form (2). Let’s again consider the simple example in
equation (5). For this case the eigenvalues of the Dirac ma-
trix o define the wave numbers of the waves traveling in the
anisotropic medium. The direction of anisotropy in this case
is the temporal direction, which means that the time evolu-
tion of these waves is not like usual plane waves. It is not
straight forward to visualize the fields, the dynamics of whom
are described by the anisotropy of space time, but we can use
the partition function method to get a better insight into this.
We can, by using this formalism, calculate the temperature at
which the transformations in equation (2) occur.

We next perform a transition to a thermodynamics system
by making the transformation it — S, where 8 = 1/kT [4].
The partition function is then given by the trace of the trans-
formation matrix e,

Z = Tr(e™) = 26P™ + 27, (6)

This partition function is similar to that of a two-level sys-
tem of spin 1/2 particles localized on a lattice and placed in
a magnetic field with each state, in this case, having a degen-
eracy of two. The lower energy state corresponding to spin
parallel to the field (E = -m,Z, = ®"). In this case the
doubly degenerate states correspond to spins up and down of
the particle or anti-particle. For N distinguishable particles
the partition function is ZN . N here is the total number of
particles and antiparticles of a particular species. So, we are
modeling our system as being on a lattice with the spin along
the field as representing a particle and spin opposite to the
field representing an antiparticle.

The evolution of this system with temperature represents
the time evolution of the system in equation (1). In other
words the partition function describes the evolution of these
waves from anisotropic to isotropic phase as the temperature
decreases. For a two level system the orientation of the dipole
moments becomes completely random for large enough tem-
peratures so that there is no net magnetization. In our case we
can introduce another quantity, namely a gravitational dipole,
which would imply that the four states (particle/antiparticle,
spin up/down) of N such particles at high enough tempera-
tures orient themselves in a way that the system is massless.
This just serves as an analogy and does not mean that the
masses are orientating themselves the same way as dipoles
would do in space. The anisotropic character can be seen as
mimicking the behavior of the field in a two level system. The

population of a particular energy level is given by

Ne*Pm
@) = g’ %)
which shows that the number density of particles and antipar-
ticles vary in a different way with respect to temperature.
In the early Universe, therefore the anisotropic character of
space-time seems to play an important role such that parti-
cles and anti-particles behave in different manners. As the
temperature decreases the number density of the anti-particles
decreases and is vanishingly small for small temperatures (~
e~?™). When the decoupling temperature is attained there is a
difference in the number density of the particles and antipar-
ticles as described by equation (7). This leads to an excess
of particles over antiparticles. The decoupling temperature
of a particular species of particle with mass m and which is
non-relativistic is given by, kg7 < 2m. Below this tempera-
ture the particles annihilate to photons but the photons do not
have enough energy to produce the pair. This can be used to
get the ratio of antiparticles over particles (matter radiation
decoupling). For Bm ~ 0.5, we get
n, —ng

1z
— =~ 0.6,
np

®)

which implies an excess of particles over antiparticles and
thus can serve as another possible way to explain the mat-
ter antimatter asymmetry of the Universe. This number is
very large compared to the one predicted by standard cos-
mology (~ 107). The above expression yields this order for
Bm ~ 107° which implies a large temperature. For electrons
this would imply a temperature of the order 10'®K which is
large and the electrons are relativistic. So if we assume that
the decoupling takes place at a higher temperature, the baryon
asymmetry can be explained. Even without this assumption
the conditions proposed by Sakharov can also enhance the
number of particles over the antiparticles. Sakharov’s condi-
tions involve the interaction dynamics of the fields in the early
Universe whereas in our case the statistical system serves
more as a model describing the dynamics of space-time to
a more ordered phase.

Statistical mechanics, therefore, enables us to visualize
this transition in a rather lucid way. In a two level system the
net magnetization at any given temperature is analogous to
the excess of particles over antiparticles in the early Universe.
The time evolution of this anisotropic to isotropic transition
is modeled on the evolution of a statistical thermodynamics
system with particles on a lattice placed in a magnetic field.
The particles on the lattice are localized, static and have no
mutual interaction. The free energy of the system is given by:

F = —NkgT In{4 cosh [mB]}. 9)

From this we can calculate the entropy S, heat capacity

14 Muhammad Adeel Ajaib. Anisotropic to Isotropic Phase Transitions in the Early Universe
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Fig. 1: Plot of heat capacity Cy for the mass of electron, up quark,
neutrino and W boson. The maximum of the heat capacity of the
electron occurs at 4.8 x 10°K, for the up quarks is 1.9 x 103K, for
neutrinos is 291K and for the W bosons is 7.8 x 10*K. We use
kg = 8.6 x 107 eV/K and m, = 0.03 eV.

Cy and mean energy U of the system:

s = (£
aT J,
= Nkgln {4 cosh[mB]} — Nmkgftanh [mB] (10)
U = F+TS =-Nmtanh[mp] (11)
ou

Cy = |—=| = Nkgm’B*sech’ [mp] (12)
aT ),

In Fig. 1, the peaks in the heat capacity represent phase

transition of a particular particle species. These are second
order phase transitions and the peak in the heat capacity is
usually referred to as the Schottky anomaly [5]. Note that the
phase transition we model our system on is a magnetic one.
So, modeling the complex system in the early Universe on a
lattice with spin 1/2 particles can reduce the complications of
the actual system by a considerable amount.

The Schottky anomaly of such a magnetic system, there-
fore, represents phase transitions in the early Universe. For
a particular species of particles the Schottky anomaly shows
a peak around mc?> ~ kT. The phase transition for the elec-
trons occurs at the temperature where nuclei start forming in
the early Universe. For the quarks the transition temperature
refers to confinement into protons and neutrons. Similarly, W
boson’s transition occurs at the electroweak breaking scale.
The W boson, being a spin 1 particle, is not described by the
Dirac equation, but the heat capacity entails this feature of
showing a phase transition for the energy scale relevant to the
mass of a particle.

The curve for neutrinos implies that the transition tem-
perature for neutrinos is around 291 K, which means that
the density of antineutrinos from the big bang for present

neutrino background temperatures (~ 2 K) is not negligible.
The ratio of antineutrinos over neutrinos for 7 = 2 K, is
ny/n, ~ 107990 g, = 2 eV) and for an even lower neu-
trino mass m, = 0.1 eV the ratio is ny/n, ~ 107%, which for
other more massive particles is much smaller. A cosmic neu-
trino and antineutrino background is one of the predictions of
standard cosmology but is still unobserved. This model pre-
dicts an antineutrino background much less than the neutrino
one.

In Fig. 2, the plots of mean energy and entropy are shown
in dimensionless units. In the massless limit for fermions the
entropy attains its maximum value of Nkgln4. The plots show
that the energy of the system approaches zero as the temper-
ature approaches infinity. This situation is analogous to the
spins being completely random at high temperatures for the
two level system. The same way that the magnetic energy
of the system on the lattice is zero at high temperatures, the
mass of this system is zero in the very early Universe. As the
temperature decreases the energy of the system attains it min-
imum value (U = —Nm) and the particles become massive at
the temperature less than the value given by the peak of the
heat capacity. The entropy for high temperatures asymptoti-
cally approaches its maximum value of NkgIn4.

According to the statistical thermodynamics model that
describes this transition, as this phase transition occurs an-
tiparticles will start changing into particles and as can be seen
from the figure the system will move towards all spins aligned
parallel with the “field”, i.e., towards being particles. From
Fig. 2 we can see that the energy of the system starts attain-
ing the minimum value as the temperature decreases where
all particles are aligned with the field and are “particles”. The
plot of entropy vs. temperature also represents an important
feature of these transformations. The entropy decreases with
decreasing temperature and this represents the transition to a
more ordered phase using equations (2). The plots of energy
of the system U in Fig. 2 show that the system will eventu-
ally settle down to the lowest energy state which in this case
means that the system will have almost all particles with neg-
ligible number of antiparticles. In short, the plot of the heat
capacity reflects the phase transitions, the plot of energy U
represents the transition from massless to massive states and
the plot of entropy represents the transition of space time to a
more ordered phase.

The Big Bang theory is one of the most promising can-
didates to describe how the Universe began. According to
this theory, the Universe expanded from a singularity where
curved space-time, being locally Minkowskian, eventually b-
ecame flat. It is possible that there even was a transition to the
Minkowski space from a non-Minkowski one. If the Universe
began with a state of maximum entropy than we can very well
assume that space-time was not Minkowskian even locally.
The fields that dwell in space-time are representation of the
symmetry group that describes it. The y fields in the underly-
ing theory, described by equation (1), are therefore, not rep-
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Fig. 2: Plot of entropy and energy for a particle of mass m. For large
enough temperatures the energy of the system approaches zero and
the entropy approaches the limiting value of Nkgln4.

resentations of the Lorentz group. The CPT theorem assumes
symmetries of Minkowski space-time in implying the simi-
larities between particles and antiparticles. If the underlying
theory is not Minkowskian than particles and antiparticles can
behave differently and this is what the model described in this
section implies.

Finally, we would like to point out that the occurrence
of the Schottky anomaly has motivated the study of negative
temperatures [6]. Note that the partition functions is invari-
ant under the transformation 7 — —T but the equations for
the free energy, entropy and energy are not. The existence
of negative temperatures has been observed in experiments.
Negative temperatures, for example, can be realized in a sys-
tem of spins if the direction of the magnetic field is suddenly
reversed for a system of spins initially aligned with the mag-
netic field [5]. Similarly, as described in reference [6] the al-
lowed states of the system must have an upper limit. Whereas
this is not the case for the actual particles in the early Uni-
verse, the statistical mechanics system on which it can be
modeled on has this property. A negative temperature sys-
tem would eventually settle down to the lower energy state
(U = Nm) which in our case would mean that the Universe
would ends up having more antiparticles than particles. This
is yet another interesting insight we get by modeling the early
Universe on a two state system.

5 Conclusions

We analyzed transformations that restore the Dirac equation
to its covariant form from an underlying theory that violates
Lorentz invariance. The fields in the underlying theory are
massless and the transformations yielding the Dirac equation
describe a massive fermion field. The transformations per-
formed, we suggest, can be interpreted as waves traveling
in an anisotropic medium. The partition function formalism
then, enabled us to model these transformations on the evolu-
tion of a system of spin 1/2 particles on a lattice placed in a
magnetic field. Symmetry breaking in this case takes place in
this lattice, the partition function of which characterizes the
transition. Also, since space-time is not Minkowskian in the
underlying theory, the CPT theorem does not hold, implying a
difference in the behavior of particles and antiparticles. This

is in agreement with the analogy created with the statistical
system whereby spin up and down particles behave in differ-
ent ways with the evolution of the system. This formalism
can arguably serve as another possible way to explain the ori-
gin of fermion masses till the final results related to the Higgs
boson are presented in 2012.

We then showed that this model can describe the anis-
otropic to isotropic phase transitions in the early Universe.
Three important features of the early Universe are depicted
in this model: (1) The heat capacity shows the occurrence of
phase transitions. (2) The mean energy of the system shows
how the particles become massive from being massless. (3)
The plot of entropy shows that the transition to a Lorentz sym-
metric phase occurred from an asymmetric one. At any given
temperature the net magnetization measures the excess of par-
ticles over antiparticles. We then suggest that this model can
be used to explain the matter antimatter asymmetry of the
Universe.
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In this brief paper, we show the neutrino velocity discrepancy obtained in the OPERA
experiment may be due to the local Doppléeet between a local clock attached to a
given detector at Gran Sasso, €&y, and the respective instantaneous clock crossing
Cg, sayCc, being this latter at rest in the instantaneous inertial frame having got the
velocity of rotation of CERN about Earth’s axis in relation to the fixed stars. With this
effect, the index of refraction of the Earth crust may accomplish a refradiigetdy
which the neutrino velocity through the Earth crust turns out to be small in relation
to the speed of light in the empty space, leading to an encrusted discrepancy that may
have contamined the data obtained from the block of detectors at Gran Sasso, leading
to a time interval excessthat did not provide an exact match between the shift of the
protons PDF (probability distribution function) by TQ&nd the detection data at Gran
Sasso via the maximum likelihood matching.

1 Definitions and Solution Oxyz frame. But, under gedanken, at this instgntaccord-

Firstly, the dfect investigated here is not the same one tH3P 1© OcXcycZe = Oxyz, there is a clockCe attached to
was investigated in [2], but, throughout this paper, we wifi€ détector at Gran Sasso that crosses the (ioint. 4. z,)
use some useful configurations defined in [2]. The relative YUIh velocity given by Eq. (1). Sinc€g crosseLc, the

locity between Gran Sasso and CERN due to the Earth da ppler efect between the proper tic-tac rates measured at
rotation may be written: each location o€c andCg, viz., measured at their respective

locations in their respective reference frames (the reference
is — ilc = 2wRsinad,, (1) frame ofCg is the OcXgyczs = Oxjz in [2], also inertial
in relation to the fixed stars), regarding a gedanken control
wheree, is a convenient unitary vector, the same used in [2i¢-tac rate continuosly sent b, say via electromagnetic
w is the norm of the Earth angular velocity vector about ifilses fronCc, is not transverse. Since the points at which
daily rotation axis, being given by: Cc andCg are at rest in their respective reference frames will
instantaneously coincide, better saying, will instantaneously

Re = i 2) intersect, att, accordingly toCc, they must be previously
cosd approximating, shortening their mutual distance during the
whereRe is the radius of the Earth, its averaged valRge= intervalt, — ét, << t, along the line passing through these
6.37 x 10°m, anda given by: clocks as described in i world.

Suppose&C: sendsN electromagnetic pulses @s. Dur-
3) ing the Cc proper time intervalt, - 6t,) -0 = t, — 6t, *

1
a = (g - ac), 2 e : . .
2 within which C¢ emits theN electromagnetic pulses, the first

whereac andag are, respectively, CERN’s and Gran Sasso‘%\%nitlt(ed pulsedtrave'lts) tgebdistamgtrv].— &ﬁ) acr;.d reacheshthe
longitudes ¢ WE —). Consider the inertial (in relation to®'°¢ Ce. as described bfic. Within this distance, there

the fixed stars) reference fran@:xcyczc = Oxyz in [2]. are/N equally spaced distances between consecutive pulses as

This is the lab reference frame and consider this frame with — . . .

. . . . . *The initial instantC¢ starts to emit the electromagnetic pulses is set

its Iocgl cquks at each spatlal position as being |degl!y SYBzero in both the frame®cxcycze = Oxyz and Ogxayazs = Oz

chronized, viz., under an ideal situation of synchronicity bgsro also is the instant the neutrino starts the travel to Gran Sasso in

tween the clocks 0Ocxcyczc = Oxyz. This situation is the Ocxcyczc = Oxyz hence the instant the neutrino starts the travel to Gran

expected ideal situation for the OPERA collaboration rega@‘alsso and the emission of the first pulseQgyare simultaneous events in

. L. . cXcycZc = Oxyz. These events are simultaneousOgXgyczs = OXjz

Ing SynChron'C'ty in the instantaneous lab (CERN) frame. too, since they have got the same spatial coordirate z = 0 along the
Now, consider an interaction between a single neutriogz: = Ozdirection as defined in [2]. The relative motion between CERN

and a local detector at Gran Sasso. This event occurs abgGran Sasso is parallel to this direction. The only offerdince between

; ; ; ; — these events is theftiérence in theixc = x coordinates, beingc = 0 for
given spacetime pointt,, x,,y,,2,) in Ocxcycze = Oxyz the neutrino departure an¢ = L = 7.3 x 10° m for Cc, being these lo-

The interaction i_nStam' is measuret_j by_ a local clodBc at  cations perpendicularly located in relation to the relative velocity given by
rest at(x,,y,,z,) in the lab frame, viz., in th®©cxcyczc = the Eq. (1).
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described in th€c world, sayic:

NAc =c(t, - 6t). (4)

Also, since the clock€c andCg will intersect att,, as
described iMlDcxcyczc = Oxyz, during the intervabt,, the
clock Cg must travel the distancewRsina §t, in the Cc

From the Egs. (6) and (12), we have got the relation be-
tween the neutrino arrival instarytas measured by the CERN
reference frameQcxcyczc = Oxyz, and the neutrino arrival
instantt® as measured by the Gran Sasso reference frame,
OcXcycZs = (3)"@2, at the exact location of the interaction
at an interation location within the Gran Sasso block of de-
tectors, provided thefiect of the Earth daily rotation under

world to accomplish the matching spatial intersection at th& assumptions we are taking in relation to the intantaneous

instantt,, hence the clockg travels the 2Rsina 6t, in the
Cc world, viz., as described bc in OcXcyczc = Oxyz

Ac

= 2wRsi =N—>—
NAac wRSsina 6t, = 6t, NZszina

(®)

Solving fort,, from the Eqgs. (4) and (5), one reaches:

(1+ )

Now, from the perspective &g, in OgXsyczs = OXijZ,
there must beN electromagnetic pulses covering th
distance:

C
2wRsina

_ Nic

t, c

(6)

c(t? - 6t%) - 20Rsina (% - otS), @)

wheret® - 5tC is the time interval between the non-proper in-
stants® = t, = 0, at which theC¢ clock sends the first pulse,

and the instanf® —6t®, at which this first pulse reach€g, as
described byCs in its world OgXgyczs = Giﬁ. Within this
time interval t® — 6t, Cg describes, in it®sXcycze = OKjZ
world, the clockCc approximating the distance:

2wRsina (t2 - 6t9), (8)

with the first pulse traveling:

c(t8 - otS), (9)
giving the distance within which there must Bé equally
spaced pulses, say, spacedAey as described bg in its
OgXcycZs = OXyz world:

Ng = (¢ — 2wRsina) (tf - 6tVG). (10)

With similar reasoning that led to the Eq. (5), now in the
OcXsycZs = OXyz Cs world, prior to the spatial matching

intersection betwee@c and Cg, the Cc clock must travel
the distanceN g during the time intervabt®, with the Cc
approximation velocity @Rsina:

A
_ G G _ G
Ng = 2wRsina 6t] = 6t = NZwRSin(x' (11)
From Egs. (10) and (11), we solve ft:
A 1
g : (12)

t) = - - .
v NZszma [1- (2wRsina) /c]

18

movements of these locations in relation to the fixed stars as

previously discussed:

t& -1

ﬁ = j—i [1- (2wRsina)? /2| = ij—:

wherey > 1 is the usual relativity factor as defined above.
Now, Ag/Ac is simply the ratio between the spatial dis-

placement between our consecutive gedanken control pulses,

being these displacements defined through our previous para-

graphs, leading to the Egs. (4) and (10). Of course, this ratio

is simply given by the relativistic Doppleiffect under an ap-

e . . ; .

proximation case in whicBc is the source an@g the detec-

tor. The ratio between the Egs. (10) and (4) gives:
— st )

| (£ - ot
= [1- (2wRsina) /c] o)
But the time intervalt, — 6t,) is a proper time interval
measured by the source cloCk, as previously discussed. It
accounts for the time interval between the first pulse sent and
the last pulse sent as locally describeddyyis its OcXcycZc

= Oxyz world. These two events accur affdrent spatial
locations in theCg detector clock worldDgXgycZs = f))”(ﬁ,
sinceCc is approximating tcCg is this latter world. Hence,

t, — ot, is the Lorentz time contraction ¢f — 6tC, viz.:

(13)

s

G G

do (14)

t, —ot, =y (S - 6t%)

(tS - ot°)
t, — ot,

With the Eqgs. (14) and (15), one reaches the usual rela-
tivistic Doppler dgfect expression for the approximation case:

|

With the Eq. (16), the Eq. (13) reads:

t¢ _
tl = [1 — (2wRsina)? /cz]

]—1/2

=y = [1- (2wRsina)? /¢? (15)

A _
Ac

1- (2wRsina) /c
1+ (2wRsina) /¢’

(16)

Y211+ wRsina) /¢t =

_ Y
"~ 1+ (2wRsine) /¢’
Since(2wRsina) /c << 1, we may apply an approxima-
tion for the Eq. (17), viz.:

(17)

, 1(2Rsina)’

y=~1 5 = (18)

i
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and: t
[1+ (2wRsina) /¢t ~ 1 - (2wRsina) /c, (19)

from which, neglecting the higher order terms, the Eq. (17)
reads:

G : B
tL I~ 1 — M (20) N Light Pulses
t, c
2wRsin
f_”=_£%7£” 1)

From this result, the clock that tag the arrival interaction
instantt® in Gran Sasso turns out to measure an arrival time
that is shorter than the correct one, this latter givent,by
With the discrepancy, given by the value measured by the
OPERA Collaboration [1], sincg is simply given byL/v,,
whereL is the baseline distance between the CERN and Gra
Sassoyp, the speed of neutrino through the Earth crust, one
obtains a value fors,. We rewrite the Eq. (21):

2wRsina L

G
e=t’—-1t, =
Y c v

v (22)

With the values w = 7.3 x 10°s1, R = Rzcosd =~
6.4x 1P mx cos(n/4) = 4.5x 1P m, sina ~ sin(77/180 = ) _ _ _
12x 10t ¢c = 30x 10°ms? andL = 7.3 x 1P m. also Fig. 1: Spacetime diagram for the phenomenon previously dis-
with the discrepancy, given by the Eq. (22), being, say;\ljzlsei'f Juk:@rze?/?:uglz géﬁzeogsgég gig:tuve portions, respec-
€ = —62x 107%s, the neutrino velocity through the Earth y P y '
crust reads:

- ~1
v, ~31x 10 ms™, (23) 2 Spacetime diagram: a detailed explanation

being the refraction index of the Earth crust for neutrino given i ) i )
by: Fig. 1 depicts the results we previously obtained, to which

c we will provide interpretation throughout this section.
Ngy = — = 97. (24) .
vy The method we had used as a gedankenexperiment to send
In reference to the matching PDF (probability distribu light pulses is depicted via the Fig. 1. There are two dif-
tion function) in the OPERA experiment, one would hagrent situations, since we want to determine, via the appli-
a discrepancy between the maximum likelihood distributiG@tion of N gedanken pulses, in which reference frame the
obtained from the block of detectors at Gran Sasso and th€raction of a neutrino at a point within the block of detec-

translation of the PDF due to the protons distribution by FOfPrs at Gran Sasso actually had its interaction instant tagged.
given by, in virtue of the Eq. (22): One should notice the Opera Collaboration shifted the PDF

of the protons distribution to the time location of the inter-
2wRsina L actions at Gran Sasso, but one must notice the proton PDF
v, was not at the same instantaneous reference frame the block
of detectors was. Hence, when one shifts the proton PDF dis-
TOF, - TOR; ~ -62ns (25) tribution, one is assuming this shifted distribution represents
under the reasoning and simplifications throughout this papBg interactions at Gran Sasso in the same reference frame
One should notice the resoning here holds if the discrepa®éyihe produced protons. This latter situation of shifting the
turns out to be encrusted within the time translation of tfRF data of the protons is represented by the péiint the
PDF data, but suchfiect would not arise if the time intervalFig. 1, viz., the pointA represents the protons PDF distri-
TOF, were directly measured, since, in this latter situatiohyition at its shifted position, and the clock that measures the
such interval would only read/u, . shifting process is at rest in the CERN reference frame pre-
- _ viously discussedDcXcycze = Oxyz, being our previously
e, et Ao 5SS o0 S S*Bained, given by ihe ne segmesA n he Fig. 1, wit
tudes of CERN and Gran Sasso are, respectivefpe3n19°qE) and the method ol sent pulses firstly accomplished in this ref-
13degzamingseqE), erence frame. Note that = OA is not the time a photon

TOF, = TOF, + € = TOF, —
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would spend to accomplish the shifisince one would expect References

this from the shifting the OPERA Collaboration statistically ;. the oPERA collaboration: Adam T. et al. Measurement of the
accomplished, once the Collaboration would be intrinsically neutrino velocity with the OPERA detector in the CNGS beam.
assuming the time shift TQFas actually being the time in- ~ arXiv:1109.48972011 (http/arxiv.orgabg1109.4897).

terval the protons PDF would spend to match the distributiod- Assis A.V.D.B. On the Neutrino Operain the CNGS Be&mgress in

at the detection location, which would lead to a neutral shift °"Ysics2011, v.4,85-90.

in comparison with the detected distribution obtained from
the Gran Sasso detectors in a case in which the protons PDF
travelled at, viz., a fortuitous shift would be simply pointing
out to a velocity discrepancy in relation ¢o The time inter-

val the protons PDF actually spent to reach the Gran Sasso
detectors was not directly measured, and the physical shift
that actually occurred was, by the reasonings of this paper,
t,. Now, since the interactions at Gran Sasso occurred in the
OcXeycZs = (5)“(92 reference frame, the clock that tagged a
neutrino interaction, measured via our gedanken method of
N sent pulses, now being applied in the Gran Sasso reference
frame, has its world lin&’B in the Fig. 1, viz,tvG = G'B,

i.e., the line segmer®’B in the Fig. 1 has our previously ob-
tainedt® as its lenght. Hence, once the OPERA Collaboration
tried to matcht, andt®, they, unfortunately, would obtain a
discrepancy given by the Eq. (22), since tdigerentframes
raise and do not match. Finally, we would like to point out
that, in the Fig. 1:0E is our previously defined, — 6t,, EA

is our previously definedt,, G’'G is our previously defined

t¢ — 6t andGBiis our previously definedt®. Also, as said
before, A is the time location the proton PDF was actually
shifted by the OPERA Collaboration, although they had apri-
oristically assumed a TQFshift for the protons PDF, and

the time location a Gran Sasso local clock actually tagged a
neutrino event.

3 Conclusion

It is interesting to observe that even with a velocity having
got two orders of magnitude lesser thaa neutrino may be
interpreted as having got a velocity greater tlamlepend-

ing on the method used to measure neutrino’s time of flight,
with the Earth crust presenting an index of refractign> 1,

due, also, to the local Doppleffect between the clocks at-
tached to Gran Sasso and the respective intersecting ones in
the CERN reference frame, as discussed throughout this pa-
per, in virtue of the Earth daily rotation.
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*the propagation axis of this photon does not appear in Fig. 1, since
its propagation axiQx, is not depicted in the Fig. 1, which is not relevant
for our analysis here. This same irrelevance for the propagation axis of the
neutrinos holds here.
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In conventional theoretical physics and its Standard Model the guiding principle is that
the equations are symmetrical. This limitation leads to a number of difficulties, because
it does not permit masses for leptons and quarks, the electron tends to “explode” un-
der the action of its self-charge, a corresponding photon model has no spin, and such a
model cannot account for the “needle radiation” proposed by Einstein and observed in
the photoelectric effect and in two-slit experiments. This paper summarizes a revised
Lorentz and gauge invariant quantum electrodynamic theory based on a nonzero electric
field divergence in the vacuum and characterized by linear intrinsic broken symmetry. It
thus provides an alternative to the Higgs concept of nonlinear spontaneous broken sym-
metry, for solving the difficulties of the Standard Model. New results are obtained, such
as nonzero and finite lepton rest masses, a point-charge-like behavior of the electron due
to a revised renormalization procedure, a magnetic volume force which counteracts the
electrostatic eigen-force of the electron, a nonzero spin of the photon and of light beams,
needle radiation, and an improved understanding of the photoelectric effect, two-slit ex-

periments, electron-positron pair formation, and cork-screw-shaped light beams.

1 Introduction

Conventional electromagnetic theory based on Maxwell’s
equations and quantum mechanics has been successful in its
applications to numerous problems in physics, and has some-
times manifested itself in an extremely good agreement with
experiments. Nevertheless there exist areas within which
these joint theories do not provide fully adequate descriptions
of physical reality. As already stated by Feynman [1], there
are unsolved problems leading to difficulties with Maxwell’s
equations that are not removed by and not directly associated
with quantum mechanics. It has thus to be remembered that
these equations have served as a guideline and basis for the
development of quantum electrodynamics (QED) in the vac-
uum state. Therefore QED also becomes subject to the typical
shortcomings of electromagnetics in its conventional form.

A way to revised quantum electrodynamics is described in
this paper, having a background in the concept of a vacuum
that is not merely an empty space. There is thus a nonzero
level of the vacuum ground state, the zero point energy, which
derives from the quantum mechanical energy states of the
harmonic oscillator. Part of the associated quantum fluctua-
tions are also carrying electric charge. The observed electron-
positron pair formation from an energetic photon presents a
further indication that electric charges can be created out of
an electrically neutral vacuum state. In this way the present
approach becomes based on the hypothesis of a nonzero elec-
tric charge density and an associated electric field divergence
in the vacuum state. This nonzero divergence should not be-
come less conceivable than the nonzero curl of the magnetic
field related to Maxwell’s displacement current.

The present treatise starts in Section 2 with a discussion
on quantization of the field equations. This is followed in
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Section 3 by a description of the difficulties which remain in
conventional theory and its associated Standard Model. An
outline of the present revised theory is then given in Section 4,
and its potentialities are presented in Section 5. A number of
fundamental applications and new consequences of the same
theory are finally summarized in Sections 6 and 7.

2 Quantization of the field equations

As stated by Schiff [2] among others, Maxwell’s equations
are used as a guideline for proper interpretation of conven-
tional quantum electrodynamical theory. To convert in an
analogous way the present extended field equations into their
quantum electrodynamical counterpart, the most complete
way would imply that the quantum conditions are included
already from the outset.

In this treatise, however, a simplified procedure is ap-
plied, by first determining the general solutions of the basic
field equations, and then imposing the relevant quantum con-
ditions afterwards. This is at least justified by the fact that the
quantized electrodynamic equations become identically equal
to the original equations in which the potentials and currents
are merely replaced by their expectation values, as shown by
Heitler [3]. The result of such a procedure should therefore
not be too far from the truth, by using the most probable tra-
jectories and states in a first approximation.

3 Difficulties in conventional theory

As pointed out by Quigg [4] among others, the guiding prin-
ciple of the Standard Model in theoretical physics is that its
equations are symmetrical, and this does not permit masses
for leptons and quarks. Such a feature also reveals itself in
the symmetry of the conventional field equations of QED in
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which there are vanishing divergences of both the electric and
magnetic fields in the vacuum, as given e.g. by Schiff [2].

In the Dirac wave equation of a single particle like the
electron, the problem of nonzero mass and charge is circum-
ambulated by introducing given values of its mass m, and
charge e. With an electrostatic potential ¢ and a magnetic
vector potential A, the equation for the relativistic wave func-
tion has the form

aomec¥ + @ - [(h/D) VY — (e/c)AY] + ep¥ = —%gt‘{’ (1)
where @; are the Dirac matrices given e.g. by Morse and
Feshbach [5].

To fulfill the demand of a nonzero particle mass, the sym-
metry of the field equations has to be broken. One such pos-
sibility was worked out in the mid 1960s by Higgs [6] among
others. From the corresponding equations a Higgs particle
was predicted which should have a nonzero rest mass. Due to
Ryder [7] the corresponding Lagrangian then takes the form

L= _%FWF“V + |(8ﬂ + icA,l) qﬁ}z -m*¢ P — AP P (2)

where ¢ represents a scalar field, A, a vector field, and F,, =
d,A, — 0,A, is the electromagnetic field tensor. The quantity
m further stands for a parameter where m”> < 0 in the case
of spontaneous symmetry breaking, and the parameter A is
related to a minimized potential. The symmetry breaking is
due to the two last terms of the Lagrangian (2). The latter is
nonlinear in its character, and corresponds to a deduced rela-
tion for the minimum of the vacuum potential. Experimental
confirmation of this mechanism does not rule out the applica-
bility of the present theory to the problem areas treated in this

paper.

3.1 Steady states

Conventional theory based on Maxwell’s equations in the
vacuum is symmetric in respect to the field strengths E and
B. In the absence of external sources, such as for a self-
consistent particle-like configuration, the charge density p ,
divE and curlB all vanish. Then there is no scope for a local
nonzero energy density in a steady state which would oth-
erwise be the condition for a particle configuration having a
nonzero rest mass. This is consistent with the statement by
Quigg [4] that the symmetric conventional field equations do
not permit masses for leptons and quarks.

The fundamental description of a charged particle is in
conventional theory deficient also in the respect that an equi-
librium cannot be maintained by the classical electrostatic
forces, but has been assumed to require extra forces of a non-
electromagnetic origin, as proposed e.g. by Heitler [3] and
Jackson [8]. In other words, the electron would otherwise
“explode” under the action of its electric self-charge.
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The electron behaves like a point charge with a very small
radius. Standard theory is confronted with the infinite self-
energy of such a system. A quantum electromagnetic renor-
malization procedure has then been applied to yield a finite
result, by adding an infinite ad hoc term to the Lagrangian,
such as to obtain a finite result from the difference between
two “infinities” [7]. Even if such a procedure has turned out
to be successful, it can be questioned from the logical and
physical points of view.

3.2 Wave modes

In a state of explicit time dependence, the conventional sym-
metric wave equations by Maxwell in the vacuum with van-
ishing electric and magnetic field divergences can be recast
in terms of a Hertz vector I1, as described by Stratton [9] and
Halln [10] among others. These equations result in two partial
solutions, IT; and Il , denoted as an electric and a magnetic
type which are given by the fields

E; = V(divIL)) — (1/c¢*)8°, /67 (3)
B; = (1/c)curl(d11, /1) 4)
and
E, = —uocurl(dIl,/6¢) (5)
B, = poV(divIl,) — (uo/c*)0° T, /0. (6)

Here ¢? = 1/upe with p denoting the magnetic perme-
ability and ¢ the dielectric constant in the vacuum. Using the
results obtained from equations (3)-(6) and given in current
literature, the integrated angular momentum in the direction
of propagation (spin) can be evaluated for plane, cylindrical,
and spherical wave modes. This is made in terms of the elec-
tromagnetic momentum density

1
gZEQEXBZ—S

7
> )
where S is the Poynting vector, and of the density
S
S=rXx— (8)
C

with r standing for the radius vector. The results are summa-
rized as described by the author [11]:

o For plane waves propagating in the direction of a rect-
angular frame (x, y, z) the field components E, and B,
vanish as well as the spin. A three-dimensional distur-
bance of arbitrary shape at a given instant can in princi-
ple be constructed by Fourier analysis from a spectrum
of plane waves. At later instants, however, such a dis-
turbance would rapidly disintegrate [9].

e Cylindrical geometry has the advantage of providing
a starting point for waves which propagate with con-
served shape in a defined direction like a photon, at
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the same time as it can have limited dimensions in the
transverse directions under certain conditions. With an
elementary wave form f(r)exp[i(—wt + kz + ng)] in a
cylindrical frame (r, ¢, z) with z in the direction of prop-
agation, the dispersion relation becomes

K* = (w/c)* - kK )

This leads to local spin densities s,; and s,, of equation
(8) in respect to the z axis where

|s.1] and |s,| o« K2n [J,(Kr))?sin2ng  (10)

for the two types of equations (3)-(6), and with J,(Kr)
as Bessel functions. Consequently, the local contribu-
tion to the spin vanishes both when n = 0 and K = 0.
With nonzero n and K the total integrated spin also van-
ishes.

e When considering spherical waves which propagate
along r in a spherical frame (7, 6, ¢) of unbounded space
at the phase velocity w/k = ¢ with a periodic variation
exp(ing), the field components are obtained in terms of
associated Legendre functions, spherical Bessel func-
tions, and factors sin(ny) and cos(ng) [9]. The asymp-
totic behavior of the components of the momentum
density (7) then becomes

groc1frt ggec 1/’ gyecl/r (1D
The momentum g, along the direction of propagation
is the remaining one at large distances r for which the
spin thus vanishes. From the conservation of angular
momentum there is then no integrated spin in the near-
field region as well. This is confirmed by its total inte-
grated value.

From these results is thus shown that the conventional
symmetric equations by Maxwell in the vacuum, and
the related equations in quantized field theory, do not
become reconcilable with a physically relevant photon
model having nonzero spin.

In addition, a conventional theoretical concept of the
photon as given by equations (3)-(6) cannot account for
the needle-like behavior proposed by Einstein and be-
ing required for knocking out an atomic electron in the
photoelectric effect. Nor can such a concept become
reconcilable with the dot-shaped marks which occur at
the screen of two-slit experiments from individual pho-
ton impacts, as observed e.g. by Tsuchiya et al. [12].

4 An outline of present revised theory

As stated in the introduction, the present theory is based on
the hypothesis of a nonzero electric charge density in the vac-
uum. The detailed evaluation of the basic concepts of this the-
ory has been reported by the author [13, 14] and is shortly out-
lined here. The general four-dimensional Lorentz invariant
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form of the corresponding Proca-type field equations reads

u=1,234 (12)

where

A= (A, @) (13)
c

with A and ¢ standing for the magnetic vector potential and

the electrostatic potential in three-space,

Ju =@, icp) = p(C,ic) j=pC = edivE)C 14
and C being a velocity vector having a modulus equal to the
velocity constant ¢ of light, i.e. C?> = 2. Consequently
this becomes a generalization of Einsteins relativistic veloc-
ity limit. In three dimensions equation (12) in the vacuum
results in

1B OE
U2 _ o (divE)C + 2= (15)
Ho ot
0B
1E = —— 16
cur 5 (16)
B = curlA, divB =0 (17
O0A
E=-Vo- 2= 18
¢ £y (18)
divE = 2. (19)
€

These equations differ from the conventional form, by a
nonzero electric field divergence in equation (19) and by the
additional first term of the right-hand member in equation
(15) which represents a “space-charge current density” in ad-
dition to the displacement current. Due to the form (14) there
is a similarity between the current density and that by Dirac
[5]. The extended field equations (15)-(19) are easily found
also to become invariant to a gauge transformation. The same
equations can further be derived from a Lagrangian density

L= %Eo(Ez —-BH-pp+j-A. (20)

In this context special attention will be paid to steady
states for which the field equations reduce to

CeurleurlA = —~C(V2¢) = £.C Q1)
€

and to wave modes for which

2
(% - CZVZ)E + (CZV + C%) (divE) =0. (22

The main characteristic new features of the present theory
can be summarized as follows:
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e The hypothesis of a nonzero electric field divergence
in the vacuum introduces an additional degree of free-
dom, leading to new physical phenomena. The associ-
ated nonzero electric charge density thereby acts some-
what like a “hidden variable”.

e This also abolishes the symmetry between the electric
and magnetic fields, and the field equations then obtain
the character of intrinsic linear symmetry breaking.

e The theory is both Lorentz and gauge invariant.

e The velocity of light is no longer a scalar quantity, but
is represented by a velocity vector of the modulus c.

5 Potentialities of present theory

Maxwell’s equations in the vacuum, and their quantized
counterparts, are heavily constrained. Considerable parts of
this limitation can be removed by the present theory. Thus the
characteristic features described in Section 4 debouch into a
number of potentialities:

e The present linear field equations are characterized by
an intrinsic broken symmetry. The Lagrangian (20) dif-
fers from the form (2) by Higgs. The present approach
can therefore become an alternative to the Higgs con-
cept of nonlinear spontaneous broken symmetry.

¢ In the theory by Dirac the mass and electric charge of
the electron have been introduced as given parameters
in the wave equation (1), whereas nonzero and finite
masses and charges result from the solutions of the
present field equations. This is due to the symmetry
breaking of these equations which include steady elec-
tromagnetic states, not being present in conventional
theory.

e As a further consequence of this symmetry breaking,
the electromagnetic wave solutions result in photon
models having nonzero angular momentum (spin), not
being deducible from conventional theory, and being
due to the current density j in equations (14) and (15)
which gives a contribution to the momentum density
).

e This broken symmetry also renders possible a revised
renormalization process, providing an alternative to the
conventional one in a physically more surveyable way
of solving the infinite self-energy problem. This alter-
native is based on the nonzero charge density of equa-
tion (19).

e In analogy with conventional theory, a local momen-
tum equation including a volume force term is obtained
from vector multiplication of equation (15) by B and
equation (16) by E, and adding the obtained equa-
tions. This results in a volume force density which does
not only include the well-known electrostatic part pE ,
but also a magnetic part pC x B not being present in
conventional theory.
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6 Fundamental applications

A number of concrete results are obtained from the present
theory, as fundamental applications to models of leptons and
photons and to be shortly summarized in this section.

6.1 An Electron Model

Aiming at a model of the electron at rest, a steady axisym-
metric state is considered in a spherical frame (r, 6, ¢) where
A =(0,0,A) and j = (0,0, ¢p) with C = +c representing the
two spin directions. Equations (21) can be shown to have a
general solution being derivable from a separable generating
function

F(r,0) = CA—¢ = GoG(p,0) = GoR(p)T(6)  (23)
where Gy stands for a characteristic amplitude, p = r/ry is
a normalized radial coordinate, and r( is a characteristic ra-
dial dimension. The potentials A and ¢ as well as the charge
density p can be uniquely expressed in terms of F and its
derivatives. This, in its turn, results in forms for the spatially
integrated net values of electric charge g, magnetic moment
My, mass mg obtained from the mass-energy relation by Ein-
stein, and spin sy.

A detailed analysis of the integrals of gy and M, shows
that an electron model having nonzero gy and M only be-
comes possible for radial functions R(p) being divergent at
the origin p = 0, in combination with a polar function 7'(0)
having top-bottom symmetry with respect to the midplane
0 = n/2 . Neutrino models with vanishing g and M, become
on the other hand possible in three other cases. The observed
point-charge-like behavior of the electron thus comes out as a
consequence of the present theory, due to the requirement of
a nonzero net electric charge.

The necessary divergence of the radial function R leads
to the question how to obtain finite and nonzero values of all
related field quantities. This problem can be solved in terms
of arevised renormalization procedure, being an alternative to
the conventional process of tackling the self-energy problem.
Here we consider a generating function with the parts

R=p7e”, v>0 (24)
n
T=1+ Z {@y_1 Sin[(2v — 1] + as, cos(2v0)}
v=1
=1+a;sin@+arcos20+azsin30+ ... 25)

where R is divergent at p = 0 and T is symmetric in respect to
0 = m/2. In the present renormalization procedure the lower
radial limits of the integrals in (go, My, mg, So) are taken to
be p = € where 0 < € <« 1. Further the concepts of first
and second counter-factors are introduced and defined by the
author [13,15], i.e.

fi=cace=rGo  fo=cge =Gy (26)
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where ¢, and cg are corresponding constants. Consequently
all field quantities (go, Mo, mg, So) then become nonzero and
finite at small €. This revised renormalization procedure im-
plies that the “infinities” of the field quantities due to the di-
vergence of R at p = 0 are outbalanced by the “zeros” of the
counter-factors f; and f5 .

The quantum conditions to be imposed on the general so-
lutions are the spin condition

so = xh/4n 27
of a fermion particle, the magnetic moment relation
Momo/qoso =1+06y Om =1/2nfy =0.00116  (28)

given e.g. by Feynman [16], and the magnetic flux condition

Tror = I50/40] (29)
where I';,; stands for the total magnetic flux being generated
by the electric current system.

From these conditions the normalized electric charge ¢* =
lgo/el , with g* = 1 as its experimental value, can be ob-
tained in terms of the expansion (25). In the four-amplitude
case (ai,a», as,aq) the normalized charge ¢* is then found
to be limited at large a3 and a4 in the azas-plane to a nar-
row “plateau-like” channel, localized around the experimen-
tal value ¢ = 1 as shown by Lehnert and Scheffel [17] and
Lehnert and Hk [18]. As final results of these deductions all
quantum conditions and all experimentally relevant values of
charge, magnetic moment, mass, and spin can thus be repro-
duced by the single choices of only two scalar free parame-
ters, i.e. the counter-factors f; and f, [15,17,18]. This theory
should also apply to the muon and tauon and corresponding
antiparticles.

With correct values of the magnetic flux (29) including
magnetic island formation, as well as the correct magnetic
moment relation (28) including its Land factor, the plateau
in azas-space thus contains the correct experimental value
q" = 1 of the elementary charge. There are deviations of only
a few percent from this value within the plateau region. This
could at a first sight merely be considered as fortunate coinci-
dence. What speaks against this is, however, that changes in
the basic conditions result in normalized charges which dif-
fer fundamentally from the experimental value, this within an
accuracy of about one percent. Consequently, omission of the
magnetic islands yields an incorrect value g* ~ 1.55, and an
additional change to half of the correct Land factor results in
q* ~ 1.77. That the correct forms of the magnetic flux and
the magnetic moment become connected with a correct value
of the deduced elementary charge, can therefore be taken as
a strong support of the present theory. Moreover, with wrong
values of the magnetic flux and Land factors, also the values
of magnetic moment M, and mass my would disagree with
experiments.
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The Lorentz invariance of the electron radius can be for-
mally satisfied, in the case where this radius is allowed to
shrink to that of a point charge. The obtained results can on
the other hand also apply to the physically relevant situation
of a small but nonzero radius of a configuration having an
internal structure.

The configuration of the electron model can be prevented
from “exploding” under the influence of its eigencharge and
the electrostatic volume force pE. This is due to the presence
of the magnetically confining volume force pC x B [18].

6.2 A Photon Model

Cylindrical waves appear to be a convenient starting point for
a photon model, due to the aims of a conserved shape in a
defined direction of propagation and of limited spatial ex-
tensions in the transverse directions. In a cylindrical frame
(r, ¢, 7) the velocity vector is here given by the form

C = ¢(0, cos a, sin @) (30)

where sin @ will be associated with the propagation and cos &
with the spin. In the case of axisymmetric waves, equation
(22) yields

w=kv, v=c(sina) a3

for normal modes which vary as f(r) expli(—wt + kz)]. The
angle a should be constant since astronomical observations
indicate that light from distant objects has no dispersion. The
basic equations result in general solutions for the components
of E and B, in terms of a generating function

F(r,z,t) = E; + (cota)E, = G(G,
G = R(p) expli(—wt + kz)]

(32)

and its derivatives. The dispersion relation (31) shows that
the phase and group velocities along the z direction of prop-
agation are smaller than ¢. Not to get in conflict with the
experiments by Michelson and Moreley, we then have to re-
strict ourselves to a condition on the spin parameter cos @, in
the form
1 2
O<cosa<xl vic=1- E(cosa) . 33)
From the normal mode solutions, wave-packets of narrow
line width can be deduced, providing expressions for the cor-
responding spectrally integrated field strengths E and B. The
latter are further used in spatial integrations which lead to a
net electric charge ¢ = 0 and net magnetic moment M = 0,
as expected, and into a nonzero total mass m # 0 due to
the mass-energy relation by Einstein, as well as to a nonzero
spin s # O obtained from the Poynting vector and equation
(8). There is also an associated very small photon rest mass
mo = m(cosa). Thus a nonzero spin and a nonzero photon
rest mass become two sides of the same intrinsic property
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which vanishes with the parameter cos a, i.e. with divE. Due
to the requirement of Lorentz invariance, a nonzero cos a thus
implies that a nonzero spin arises at the expense of a slightly
reduced momentum and velocity in the direction of propaga-
tion. This is a consequence of the generalized Lorentz invari-
ance in Section 4.

In this connection it has to be added that the alternative
concept of a momentum operator p = —i#iV has been applied
to a massive particle in the Schrdinger equation [2]. As com-
pared to the momentum density g of equation (7), however,
the operator p leads to physically unrealistic transverse com-
ponents for a cylindrically symmetric and spatially limited
wave-packet model of the photon.

With a radial part of the generating function (32) being of
the form

R(p) =p’e™® (34
there are two options, namely the convergent case of y > 0
and the divergent one of y < 0. In the convergent case com-
bination of the wave-packet solutions for a main wavelength
Ao with the quantum conditions

m=h/cdy s=h/2n (35)
results in an effective transverse photon radius
Ao
F=— > 0. 36
: 2n(cos @) Y (36)

In the divergent case a corresponding procedure has to be ap-
plied, but with inclusion of a revised renormalization being
analogous to that applied to the electron. With the corre-
sponding smallness parameter € the effective photon radius
then becomes

6/10 (37)

F=

—_— 0.
2r(cos @) v<

The results (36) and (37) can be considered to represent two
modes. The first has relatively large radial extensions as com-
pared to atomic dimensions, and for €/(cosa) < 1 the sec-
ond mode leads to very small such extensions, in the form
of “needle radiation”. Such radiation provides explanations
of the photoelectric effect, and of the occurrence of the dot-
shaped marks on a screen in double-slit experiments [12].
The two modes (36) and (37) are based on the broken sym-
metry and have no counterpart in conventional theory. They
can also contribute to an understanding of the two-slit exper-
iments, somewhat in the sense of the Copenhagen school of
Bohr and where an individual photon makes a transition be-
tween the present modes, in a form of “photon oscillations”
including both a particle behavior and that of wave interfer-
ence, as stated by the author [19]. Such oscillations would
become analogous to those of neutrinos which have nonzero
rest masses.
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The nonzero electric field divergence further leads to in-
sintric electric charges of alternating polarity within the body
of an individual photon wave packet. This contributes to the
understanding of electron-positron pair formation through the
impact of an external electric field from an atomic nucleus or
from an electron, as proposed by the author [20].

There is experimental evidence for the angular momen-
tum of a light beam of spatially limited cross-section, as men-
tioned by Ditchburn [21]. This can be explained by contribu-
tions from its boundary layers, in terms of the present ap-
proach.

The wave equations of this theory can also be applied to
cork-screw-shaped light beams in which the field quantities
vary as f(r) exp[i(—wt + g + kz)] and where the parameter /n
is a positive or negative integer. The dispersion relation then
becomes

w/k = c(sina) + (m/kr)c(cos @). (38)

The normal modes and their spectrally integrated screw-
shaped configurations then result in a radially hollow beam
geometry, as observed in experiments described by Battersby
[22] among others.

For the W*, W~ and Z° bosons, a Proca-type equation
being analogous to that of the present theory can possibly be
applied in the weak-field case. This would then provide the
bosons with a nonzero rest mass, as an alternative to the Higgs
concept.

With the present theory of the vacuum state as a back-
ground, fermions like the electron and neutrino, and bosons
like the photon, could be taken as concepts with the following
characteristics. The fermions can be made to originate from
the steady-state field equations, represent “bound” states, and
have an explicit rest mass being associated with their spin.
This does not exclude that moving fermions also can have
wave properties. The bosons originate on the other hand from
the dynamic wavelike field equations, represent “free” states,
and have an implicit rest mass associated with their spin.
They occur as quantized waves of the field which describe
the interaction between the particles of matter.

7 New consequences of present theory

Among the fundamental new consequences which only come
out of the present theory and also strongly support its rele-
vance, the following should be emphasized:

e Steady electromagnetic states lead to rest masses of
leptons.

e A nonzero electronic charge is by necessity connected
with a point-charge-like geometry.

e A deduced electronic charge agreeing with the experi-
mental value results from correct forms of the magnetic
moment and magnetic flux, but not from other forms.

e A confining magnetic force prevents the electron from
“exploding” under the influence of its eigencharge.
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e Electromagnetic waves and their photon models pos-
sess spin.

o There are needle-like wave solutions contributing to the
understanding of the photoelectric effect and of two-slit
experiments.

e The angular momentum of a light beam can be ex-
plained.
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Parameterized Special Theory of Relativity (PSTR)
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We have parameterized Einstein’s thought experiment with atomic clocks, supposing
that we knew neither if the space and time are relative or absolute, nor if the speed of
light was ultimate speed or not. We have obtained a Parameterized Special Theory of
Relativity (PSTR), first introduced in 1982. Our PSTR generalized not only Einstein’s
Special Theory of Relativity, but also our Absolute Theory of Relativity, and introduced
three more possible Relativities to be studied in the future. After the 2011 CERN'’s
superluminal neutrino experiments, we recall our ideas and invite researchers to deepen
the study of PSTR, ATR, and check the three new mathematically emerged Relativities
4.3,4.4,and 4.5.

1 Einstein’s thought experiment with the light clocks

There are two identical clocks, one is placed aboard of a D'
rocket, which travels at a constant speedith respect to

the Earth, and the second one is on the Earth. In the rocket,
a light pulse is emitted by a source frofsto a mirrorB that
reflects it back toA where it is detected. The rocket’s move-
ment and the light pulse’s movement are orthogonal. There i<
an observer in the rocket (the astronaut) and an observer
the Earth. The trajectory of light pulse (and implicitly the dis
tance traveled by the light pulse), the elapsed time it needs
travel this distance, and the speed of the light pulse at whi

is travels are perceivedftiérently by the two observers (de- ! [
pending on the theories used — see below in this paper). Figure 2
According to the astronaut (see Fig. 1):
, 2d
At = < 1) Whence Einstein gets the following time dilation:
whereAt’ time interval, as measured by the astronaut, for the At
light to follow the path of double distancel2while ¢ is the At= = (6)
speed of light. 1-2

According to the observer on the Earth (see Fig. 2):
2l =vAt, s=]|AB = |BA|
d=|BB|, |=|AB]|=|0A '

whereAt is the time interval as measured by the observer tha more general case when we don’t know the speetl
the Earth. And using the Pythagoras’ Theorem in the rigiie light as seen by the observer on Earth, nor the relationship
triangleAABB, one has betweemAt’ andAt, we get:

25— 2 N T = 2 1|2 + (VA1) A’
s=2Vd2+12=2 d+(7 , 3 XAt = 2 d2+(7). (7)

but 2s = cAt, whence

whereAt > At/

2
@ 2 Parameterized Special Theory of Relativity (PSTR)

Butd = 5L, therefore:

2
CAt=2 d2+(”—§t) . @)
At 2 J(CALY (At g
Squaring and computing fart one gets: xat= 2 )\ ) ®)
At = 2_Cd ! . (5) or
-g XAt = VC2(AV)2 + v2(AV)2 . 9)
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Dividing the whole equality byt we obtain: References
> 1. Einstein A. Zur Eletrodynamik bewegteiiper.Annalen der Physik
At 1905, v. 17, 891-921.
X= q[v?+C?|— (10) - .
At 2. Smarandache F. Absolute Theory of Relativity and Parameterized Spe-
cial Theory of Relativity and Noninertial Multirelativity. Somipress,
which is thePSTR Equation 1982, 92 p.
3. Smarandache F. There is No Speed Barrier in the Universe. Liceul Ped-
3 PSTR elapsed time ratior (parameter) agogic Rm. \alcea, Physics Prof. Elena Albu, 1972.
: : 4. Rabounski D. A blind pilot: who is a super-luminal observer8gress
We now substitute in a general case in Physics 2008, v. 2, 171.
At
=71€ (0, +), 11
Ar = TE(0+) (11)

wherer is the PSTR elapsed time ratio. Therefore we split
the Special Theory of Relativity (STR) in the below ways.

4 PSTR extends STR, ATR, and introduces three more
Relativities

4.1 Ifr= /1- % we getthe STR (see [1]), since replacing
x by ¢, one has

At )\
?=v?+c? (E) , (12)
2 2 3 At 2
@ @\ (13)

or & — /1- £ €[0,1] as in the STR.

4.2 Ifr = 1, we get ourAbsolute Theory of Relativitigee
[2]) in the particular case when the two trajectory vectors are
perpendicular, i.e.

X=V2+c2=|7+d. (14)

43 If0< 1< 4/1- 5, the time dilation is increased with
respect to that of the STR, therefore the spgexb seen by

the observer on the Earth is decreased (becomes subluminal)
while in STR it isc.

44 If \J1-% < 1 < 0, there is still time dilation, but
less than STR’s time dilation, yet the speeds seen by the
observer on the Earth becomes superluminal (yet less than
in our Absolute Theory of Relativity). About superluminal
velocities see [3] and [4].

4.5 Ifr > 1, we get aropposite time dilatiorfi.e. At" > At)

with respect to the STR (instead &F < At), and the speer

as seen by the observer on earth increases even more than in
our ATR.

5 Further research

The reader might be interested in studying these new Relativ-
ities mathematically resulted from the above 4.3, 4.4, and 4.5
cases.

Submitted on February 6, 2012 ccepted on February 12, 2012

Florentin Smarandache. Parameterized Special Theory of Relativity (PSTR) 29



Volume 2 PROGRESS IN PHYSICS April, 2012

The Surjective Monad Theory of Reality:
A Qualified Generalization of Reflexive Monism

Indranu Suhendro
www.zelmanov.org

What remains of presence and use in the universal dark (or perhaps, after all, in a too
luminous, sight-blinding place), when mirrors are traceless as if without glass, when
eyes are both mindfully and senselessly strained: wakeful but not ultimately cognizant
enough — being a splendid spark at best, but incapable of self-illumination and shed-
ding light on existents as if (situated) in themselves —, when no reflection remains
within and without? Indeed, only that exceedingly singular, somewhat pre-existent
(i.e., pre-reflexive) Motion and Moment without reflection inheres, which is our char-
acteristic redefinition of Noesis or Surjectivity. This, since Reality can in no way be re-
duced to Unreality, even in such noumenal darkness where existence and non-existence
are both flimsy, for otherwise at once — at one universal Now and Here — all would
cease to exist, “before before” and “after after”; and yet all that, nay Being itself, al-
ready exists with or without (the multiplicity of) reflective attributes, i.e., without the
slightest chance to mingle, by both necessity and chance, with Non-Being and hence
with multiplicity! That is simply how chanceless Reality is in itself, suddenly beyond
both the possible and the impossible, such that even Unreality (as it is, without history),
which is a lingering “backwater part” of the Universe after all, can only be (i.e., be
“there”, even if that simply means “nothing”, “nowhere”) if and only if Reali§, i.e.,
if Reality is One even without operational-situational sign or space in the first place, and
not the other way around. Such, then, is what chance, i.e., the chance of reflection, may
mean in the Universe — and not elsewhere: Reality is such that if it weren’t Such, both
Reality and Unreality would be Not, ever. He who fails to see this at once — as One —
will not be able to understand the rest of the tale, Here and Now (or, as some say, “Now-
Here”, “Nowhere”, or as Wittgenstein would have put it, “senselessly”), with or without
the Universe as we commonly know it. — A first self-query in epistemic solitude.

1 Introduction: silently in the loud background of first-time attempt at modeling Reality. It is not a theory in the
things sense of mental speculation and inspirational belief: it is Pres-
“Come, like a gush of early bewilderment abrupti§nce and Idea before and after philosophy, and a direct pre-
arriving at the edge of time. Let us sort ourselvegentation and “surdetermination” during philosophy. Thus, it
out from the loudness of things hére. is not a mere representation, for it does not even begin with
reflection. Rather, the entirety of reflection is but momentous
The present elucidation is not a “consciousness study”ahd strengthened only by what truly precedes and surpasses
is a conscious expression of Reality. It is a symptom of cah-It is not a psychological documentary multi-linearly tinged
sciousness, a deliberation of knowing. Or, as some wowlith philosophical armor and scientific draping. It is not a
say, ‘it's a proof, like music, rain, or a tempest”. It is gredictable philosophy in the rear. Itis not a lucrative science
self-orchestrated pulsation and presencing without truncatamthe world knows it. It is a mirror for worlds, anti-worlds,
even by silent objectivity, just as one may paint certain scers®l all the non-worlds. And sometimes this very mirror does
of Sun-brushed magnolia eyes and long coral noons, or pemish, for absolute certainty’s sake.
haps the deep winter rain and the seamless Moon-lit snow —This is an exposition to be enjoyed the most by self-
simply like a mindful artist reminded of nudity during cersimilar “stray falcons”, who can’t help with their epistemic-
tain cavernous moments, nearly without a mirror capturingtellectual speed and Genius, whose taste — upon the wind
his inward constellation of motions. And so he moves, asaitd beyond distant hills — is beyond that of the herd and
is, simultaneously before and after reflection, as if movinge faltering, image-dependent, super-tautological world as a
away from time itself. And so it moves, the entire reflectiowhole. It is not intended to be a secure throne in the sky
included. nor a comfy haven on the Earth. Also, it is definitely not
Despite the possibly glacial theoretical sounding of ttier the hideous, vainly copious one-dimensional intellect de-
titte and the way the text shall proceed from here (perhapsweid of the valley’s #ection and the seasons’ intimation. It
consistently), it is essentially not another viscid gathering isf a silence-breaking tempest and a self-sustaining root in
scholastic words on monism, let alone an ecstatic, bemusieel most evident evening, entirely independent of the small
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sparks of the present age of thought. It calls upon witnessliggence) is at the very core of this form of materialism. Yet,
the Witness (and the Witnessed) in infinite exhaustivenessnsider this now-generic example as, e.g., conveyed by Vel-
intimidation, and silence. mans [1]. Suppose, convinced like many merely collectivistic
It is incumbent upon the reader to acknowledge that theientists today, one acce@#, then by definition one also
present exposition’s veracity is to be grasped not by merelgcepts the whole world (nay, the Universe) as contained in
studying it, but by “studying it, not studying it, not-not studythe material brain. But most of every-day objects, including
ing it, and by none of these” (as to why, it shall be clear latethe skies and the horizons, seem to be located “out there” —
While Reality is not situational (as we shall see), the surrapat is, outside the brain. Thus, in order to encapsulate all
titious meta-situation here is that, while there is an entire hikat in a single material brain, one must accept that there is a
tory of human ideas in the background of the world at afigeal skull” (whether or not certain “noumena” are known to
instant, its content moves not on any regularly known grounde here) whose size is beyond that of the skies and the hori-
of being, so basically even the intrepid reader cannot competes, since physically the brain is contained in a skull. The
with its velocity and vortex, for it is ahead of his reading, béreal skull” would then be related to individual skulls through
hind it, within it, and without it. And it is none of these. some kind of “statistical-holographic averaging”. Th&ek-
Still, let the burning lines of the night and the time-spa@nce between “is” and “seems” becomes so arbitrary here, as
of the intellect’'s long orbit be epistemologically intimatedve can easily see.
For even if there is nothing to be seen and understood by On the other hand, the history of human thought presents
the reader here, that one shall still see “seeing” itself, beyamsl with “Pure Idealism” IPl) — such as that advocated by
mere “spiritism”, however indferent. Berkeley in one of its versions — where the world is but a
And so here falls headlong the platitudinous introductomgental entity, purely located inside the mind. By “world”,
tone first. Granted, it shall evaporate away soon enough, omgemean all that can exist as a single situational adage and
the most unlikely epistemic sensitivity happens to the readeorollary of reflective facts, including qualia (the trans-optical
At the forefront of humanity — which is definitely a con+eality of color) and psychosomatic sensations. According to
scious, self-reflective episode in the evolution of the cosméd, there is “no world out there”. In this approach, the mind
according to the famous Anthropic Principle of cosmology distinguished from the material brain, with the brain being
and cosmogony — there is no need to explain why one needsaterial self-representation of the mind, and everything is
to fully explore the nature of consciousness philosophicathgcessarily contained in the mind — yet with serious trou-
and scientifically, i.e., unless one is a dead-end dogmakkis for, likeBN, it is without clear epistemic qualifications
who, however taut, probably dares not “swear upon his owggarding the notion of individual and multiple entities: ac-
life, as to whether or not his beliefs are universally true afteording to this theory, one might be tempted to see whether
all”. or not the Universe too ceases to exist, when an arbitrary mind
The present semantic-ontological exposition centdesyone’s mind) dies out. Non-epistemologically positing es-
around a further (or furthest possible) development of teentially “eternal souls” does not really help either. (As re-

theory of consciousness called “Reflexive Monisi/®M) — gards qualia, we shall readily generalize this notion to include
hereby referred to as the “Surjective Monad Theory of Realet just color, but also subsume it in the category spanned by
ity (SMTR. the pre-reflexive “Surject”, i.e., “Qualon” — precisely so as

By contrast, the version of realism called “Biological Natot to take the abstract phenomenological entity for granted.)
uralism” (BN) posits that consciousness is merely an emer- Such radical, self-limited approaches leave room for both
gent property of inanimate matter: everything that exists“@ogmatism” and “relativism”, and consequently have their
necessarily inside the material brain, possibly as a quantawn drawbacks as shown, e.g., in Velmans’ studies. Indeed
state. Thus, there is “no world inside the mind” — and dno the face of Reality, one cannot help but be radical and iso-
there is no “mind” (only a material brain) — and consciougated, whether shivering or rasping, but true epistemological
ness is but a field (electromagnetic, perhaps) activity involyualification (herein to be referred to as “eidetic qualifica-
ing the neuronal circuitry. Connected to this (and the thedign”) is quite profoundly something else. Velmans himself
of “Artificial Intelligence”, Al), is the theory of Multiple In- — formerly a proponent oBN — is a cogent philosophical
telligences M1), which advocates “consciousness” as a cqgiroponent ofRM and has indeed very extensively explored
lective state of material brains via a global circuit mechanisthjs reality theory, especially its aspects pertaining to cogni-
necessitating the existence of multiple participants — ultive psychology. Yet, we shall naturally go even beyond him
mately leaving no room for an individual brain, let alone an “imbibing Reality”, hence the present theory as our basic
individual mind in the Universe (and hence, one could say, aotological paradigm.
room for a real solitary Genius at all, sinb#l -consciousness  As is evident,RM is a version of realism adopted by
is always a collective pseudo-democratic state, no matter himwmkers such as Spinoza, Einstein (but not specifically its as-
transparent), for phenomenal multiplicity (rather than tlesciated pantheism), and Velmans — which goes beiwd
self-cognizant, inhering presence of a single universal intahd Pl. Reality is said to isomorphically partake of events
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(mental and material instances) both inside and outside {Bgis a collection of emergent realities isomorphic to the en-
brain — and the mind. tirety of {A}, and the super-set () is “eidetically symmetric”
Let us attempt to paraphragdM as follows: the most (the meaning of which shall become clear later) with respect
fundamental “stfi” of the Universe is a self-intelligent, self-to its elements, it contains the full logical span &’} “non-
reflexive (“autocameral”) substance beyond both (the cod: “non-non-A”, and that which is “none of these” (how it
monly known) mind and matter, possibly without an “outdiffers from traditional Buddhist logic will become clear later
side” and an “inside” in the absolute sense (think of@ldiis as well). As such, one may inclusively mention a maximum
strip or a Klein bottle, for instance). And yet, locally andpan of truly qualified universals, including ontological neu-
“conspansively” (for the original use of this term, see aldmlities. This gives us a “surjective determination of Reality”,
[2]: here “conspansion” is to be understood as self-expresswimose fundamental objects are related to it via infinite self-
and self-expansion within the semantics and syntax of univdifferentiation, as distinguished from Unreality.
sal logic), it produces intrinsic mind and extrinsic matter — While so far the reader is rigged with limited equipment
as we know them. — for, at this point, we have not introduced the essence and
In our present theory, this underlying substance is furtiegical tools of the present theory to the reader — we can
identified as a non-composite self-intelligent Monakevertheless roughly depict Reality accordingly, i.e., we shall
(“Nous), without any known attribute whatsoever other thastart with “thinking of thinking itself” and “imagining the
“surjective, conscious Being-in-itself”: we can make no medark”. For this we will need one to imagine an eye, a mir-
tion of extensivity, multiplicity, and the entire notion ofror, a pitch-dark room (or infinite dark space), and circumfer-
knowledge set at this “level” of Reality, whether subjectivelgntial light. Then, the following self-conclusive propositions
or objectively, or both simultaneously. Otherwise, inconsitllow:
tent inner multiplicity associated with reflection would some- P;. In the pitch-dark room (“Unreality”), there exists an
how always have to qualify (i.e., ontologically precede) Beirldltimate Observer (“Eye”) that sees the pure, luminous mir-
not only as being self-situational or self-representational, mat. The mirror is the Universe — henceforth called the
also as being “accidentally none of these”. Such is absufillirror-Universe” —, which is a “bare singularity” with re-
for then it must also hold in the sheer case of Non-Being, i.spect to itself, but which is otherwise multi-dimensional (for
without both existence and such multiplicity-in-itself and instance, n-fold with respect to the four categorical dimen-
for-itself. Being pre-reflexive, and hence pre-holographic asibns of space-time, matter, energy, and consciousness, let
pre-homotopic, the true meaning of this point shall fiere- alone the Universe itself).
lessly self-evident as we proceed from here. This is the reasonP,. The circumferential light augments both the mirror
why our Noushas no superficial resemblance with arbitragnd the sense of staring at it, resulting in the image of an “eye”
phenomenal intelligence, let alone substance. (or “eyes”, due to the multiple dimensions of the Mirror-
And yet the very same Monad sets out the emergent prajriverse) and a whole range of “eye-varied fantasies” —
erties of reflexivity, holography, and homotopy with respeuathich is the individual mind and a variational synthesis of
to the Universe it emergently, consciously sees (tirat very image with the dark background — where that
“observes”, as per the essential element of quantum mechahich is anyhow materialized readily borders with Unreality.
ics: the observer and elementary particles are both fundamen-P;. The circumferential light is, by way of infinite self-
tal to the theory). It is necessarily, inevitably “intelligentdifferentiation (and transfinite, self-dual consciousness), none
since it positively spans (knows) thef@girence between exis-other than (universal) consciousness.
tence and non-existence and thereby fully augments this dis-P,. Reality is the Eye, the Consciousness, the Mirror,
tinction in that which we refer to as the Universe or Realitythe Image, and the “Eye-without-Eye”. This can only be
Trace, which individual intelligences may reflect in variousnderstood later by our four-fold universal logic encompass-
degrees of “motion” and “observation”. Otherwise, no one ing the so-called “Surjectivity”"Noesi3 — with the introduc-
extension would ever know (or have the slightest consciaitn of “Surject” at first overwhelming both “Subject” and
power to know) the distinction between existence and nd®bject” (in addition to “Dimension”) in this framework, but
existence; between the conscious and the unconscious —amave shall see, only this very “Surject” ultimately defines
further between absolute singular existence and various effidement” (and not just a universal continuum of three-
temological categories of multiplicity. Verily, this forms thelimensional space and sequential time) and “Uniqueness”
basis of our paradigm for a fully intelligent cosmos — an@nd not just the “totality of consistent and inconsistent
further qualified versions of the Anthropic Principle. facts”) four-fold: “within”, “without”, “within-the-within”,
Furthermore, our framework manifests a theory of Rand “without-the-without”, ultimately corresponding to the
ality via four-fold universal (trans-Heraclitean) logic, whiclparamount qualification of Reality for itself and, subsequent-
is beyond both conventional (binary) and fuzzy logics — &g its associated “class of Surjects” in the noumenal and phe-
well as beyond Kantian categorical analysis. Given a supeomenal world-realms.
set (A, B}), where{A} is a collection of abstract principles, Before we proceed further by the utilization of the above
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similes, we note in passing that the underlying mongdese are devoid of real ontological-epistemological weight in
of any reflexive model of the Universe is none other thaur view.
mind and matter at once, when seen from its phenomenal- The new ontological constitution under consideration is
organizational-relational aspect, a property which constitufesir-fold and asymmetric in the sense that there exist four
— or so it seems — both the semantics and syntax of the Uleivels necessitating both the Universe and Unreality, i.e., Re-
verse, especially when involving conscious observers suclahty, the Reflexive Mirror-Universe, the Projective World-
human beings. That is, noumenally (in-it-self, for instanddultiplicity, and Unreality, whoseidetic connective distan-
in the Kantian sense), the Universe is consciousness-in-itsedfs (i.e., “foliages” or “reality strengths”) artelically (i.e.,
and phenomenally (in relation to the way its intelligibility inmulti-teleologically) direction-dependent and not arbitrarily
heres by means of extensive objects), it is a self-dual reabgmmetric among themselves unless by mearidaasis by
with a multiverse of material and mental modes of existenaehich the very theory is said to kmdetically qualified(i.e.,
But, as we shall see, there is a lot more to our adventure tlgaaalified byEidos or Suchness — be it Alone without even
just this: hence our generalization. specific reference to the Universe at all, or when noumenally
So much for a rather selfffiacing introduction, in antici- and associatively designated as All or All-in-All) — and
pation of the irregular dawning of things on the reader’'s melmence self-unified and self-unifying with respect to an en-
tal window. Before we proceed further, let us remark on thieely vast range of phenomenological considerations.
rather speculative nature of “excess things” regarding the sub- It is to be noted that Surjectivity, as implied by the very
ject of RM in general: while, in general, mind cannot be rderm Noesis in our own specific terminology is associated
duced (transformed) into matter and vice versa, there exisith Nous or the Universal Monad, which is none other than
subtle interactive links between them that should be crucialhe First Self-Evident Essen¢brough whose first qualitative
discerned by pensive research activities so as to maximally‘igeing-There” Ontos qua Qualoythe ontological level, and
late the philosophical dialectics of consciousness and technot just the spatio-temporal level, is possible at all, especially
logical endeavors, i.e., without causing philosophy, yet agadts, a definite, non-falsifiable concentration of knowledge.
to get the “last mention”. For, to partake of Reality as much Thus, in particular, the classical Socratic-Hegelian dialec-
as possible, humans must simply be as conscious as possiigie of thesis, anti-thesis, and synthesis is herein generalized
to include alsaNoesis but rather in the followingasymmet-
2 The gist of the present epistemology: the surjective ric, anholonimicorder: Noesigvia the Ontological Surjective
qualon “Surject, i.e., “Qualori), Synthesigvia the Epistemological
“Mere eruditic logic often turns — as has beelReflexive ‘Dimension, i.e., “Prefect), Thesis (via the Re-
generically said — philosophy into folly, sciencdlective Dimensional Object-Subjedt i.e., “Affect’), Anti-
into superstition, and art into pedantry. How farThesigvia the Projective DimensionaSubject-Objeét i.e.,
away from creation and solitude, from play andpefect). This corresponds to the full creation of a new
imagination, from day and night, from noon and silyhijosophical concept, let alone the Logos, by the presence
houette it is! How Genius is premsely everything self-singular points and infinitely expansive perimeters.
other than being merely situational, alone as the L . -
Universe” The ontic (i.e., single monad) origin of the noumenal
Universe is Reality itself, i.e., Reality-in-itself (Being-qua-
Herein we present a four-fold asymmetric theory of Redbeing) without any normatively conceivable notion of an in-
ity whose essence — especially when properly, spontanedesnally extensive (self-reflexive) contingency (e.g., the usual
ly understood — goes beyond the internal constitutions atwhtext of cognition, information, syntax, simplex, and evo-
extensive limitations of continental and analytic philosophidgtion) of inter-reflective, isomorphic, homotopic unity and
including classical philosophy in its entirety (most notablynultiplicity at all, let alone the immediate self-dual presence
Platonism, neo-Platonism, atomism, dualism, and peripatetfcsubjects and objects (i.e., representational and observa-
traditions), monism (Spinoza-like and others), sophistic retéenal categories, such as space-time and observers).
tivism and solipsism (which, as we know, has nothing to do Thereafter, extensively, upon the emergence of the notion
with the actuality of the Einsteinian physical theory of rebf a universe along witkiniversality i.e., reflexivity(encom-
ativity), dogmatic empiricism and materialism, Kantianisipassing, by noumenal and phenomenal extension rbiét-
and neo-Kantianism, Hegelianism and non-Hegelian dial¢ion and projection— with the former being universal, ulti-
tics (existentialism), Gestalt psychologism, symbolic logimately akin to singularity and non-dual perception but still,
hermeneutics, and all phenomenology. This, while leaviigan austere sense, other than Reality itself, and with the lat-
the rather arbitrary self-triviality of major super-tautologicdkr being somewhat more inter-subjective and arbitrary, still
(collectivistic, ulterior, inter-subjective) and post-modermordering with the dark, shadowy vanity of Unreality), Real-
post-structural strands of thought in deliberate non-residitglis said to encompass primal, pre-geometric (i.e., “mirror-
negligence — for, abruptly starting at the level of axiologhess”, trans-imaginary, ogualic) singularities and transfor-
and being generically “not even wrong” in short or at lengtimational multiplicities (modalities) at successive levels capa-
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ble of fully reflecting essence and existence in the four-fotd “pseudo-science” whenever touching upon aspects other
Suchness of within”, “without’, “within-the-withirf, and than traditional science, for one must be most acutely aware
“without-the-without where original noumena inhere onlyof the profound tedium prevalent in much of the arbitrary lit-
by means okidetic-noetic instancéSurjectior) without the erature of post-modernism and so-called “theosophy” in ac-
necessity of phenomena whatsoever, but only the presenceiaf relation to pseudo-science, pseudo-spirituality, pseudo-
the so-called Surject — that which is not known to regu- philosophy, and pseudo-artistry.) Rather, whenever we use
lar epistemologies, for in a sense it is other than “subjecthese terms, we would only like to further present them in
“object”, and “dimension”. Only then do both noumena antie twice-innermost and twice-outermost sense: phenomeno-
phenomena appe#afo-cognitivelyby means of reflexive om-logical instances have inner and outer meaning, and yet we
nijectivity involving arbitrary subjects, objects, and epistemevish to also encompass the “twice-inward” (twice-Unseen,
logical dimensions (i.e., in fundamental semantic triplicity)wice-Real within-the-within) and “twice-outward” (twice-
which in turn is responsible for the reflective and projectivdanifest, twice-Real without-the-without) akin to Reality be-
self-dual modes of all abstract and concrete phenomenal ex@d simple constitutional duality and arbitrary individual
tences — hence the emergence of the universal syntax, nefrdgments. This is simply a prelude to an amiable over-all
as circular self-causality. description of the four-fold Suchness of Reality and its self-

In elaborating upon the above allusions, we shall also igualified primal noumena, which is not attributable to simple,
troduce a post-Kantian four-fold universal logic (not to beidetically unqualified “bi-dimensional” entities (whose com-
confused with four-fold Buddhist logic or that which is asmon qualification is solely based on “this” and “other”, “yes”
sociated with non-relativistic, semantics-based process md “no”, or at most “yes aridr no”).
losophy) associated with an eidetically qualified kindhoh- Now, in order to be trans-phenomenally readable, we may
composite consciousnesghich enables us to epistemologigive the following list of five primary eidetic redefinitions
cally generalize and elucidate the metaphysics (logical in{eerollaries) essential to the outline of things here:
rior) of the so far sound-enough theory of Reflexive Monism __
(i.e., “sound-enough” at least at the “mesoscopic” stage of
things, and in comparison with the majority of competing
paradigms).

In connection with the elucidatory nature of this exposi- — Monad N) (Nous Monados Ontos qua Qualon the
tion, we shall adopt a style of narration as intuitive, lucid, and  first intelligible self-qualification (Qualior’) of Re-
prosaic as possible — while being terse whenever necessary 2lity and hence its first actual singularity, the noetic-
—, due to the otherwise simple ambiguity inherent in the as- ~ Presential U(N)” of “Universum” (i.e., "Qualori),
sociation of Reality with a potentially inert scholastic theory ~ With or without singular internal multiplicity of reflex-
(while there is subtle isomorphism between Reality and lan- V€ things (i.e., Versum, or possibleextensq other
guage at a descriptive stage, to the Wittgensteinian extent, as than a“bare” eidetic (and hence noetic) being in and of
recorded in [5], that “that which can be spoken of, must be ~ Reality-in-itself (i.e., by its simply Being-There). Such
spoken of clearly, and that which cannot, must be withheld in 1S beyond both the traditionaitont and “Plator, let
utter silence”, how can Reality only be a “theory” or “philos-  @lone the infinitesimals. It is simply the noumenal All
ophy” after all?): the profundity of the former is ultimately and All-in-All, as well as the first eidetic-archetypal
senseless and immediate, with or without deliberate system- Singularity, with or without phenomenological
ization on our part, while the latter is but a singular, cognition- allness” (reflexive enclosure);
based contingency-in-itself (a logical enveloping singularity — Universe U) (Universum Kosmo$: the noumenal-
and yet always not devoid of the multiplicity of perceptual phenomenal four-fold Universe, i.e., the surjective, re-

Suchnessy) (Eidog: that which is manifestly There,
as qualified by Being-in-itself, with or without existen-
tial reflexivity (the multiplicity of forms and mirrors);

things, including those of plain syntactical undecidability). flexive (multi-dimensionally reflective-transformation-
S o S ) al), projective, annihilatory universal foliation, ultima-
3 Peculiar eidetic re-definitions: aprioristic terminology tely without “inside” nor “outside”. The multi-space

and essence
“May | suspect, friend, you know — arbitrarily —
what appears. But, tell me, what IS?

All by the Surjective Monad — simultaneously a multi-
continuum and multi-fractality, being simultaneously
Euclidean and non-Euclidean, geometric and pre-
It is important to note that some of the eclectic terms em-  geometric, process and non-process (interestingly, see
ployed throughout this exposition do not essentially depend how all these seemingly paradoxical properties can ex-
on their scholastic historicity. It is immaterial whether or not ist in a single underlying multi-space geometry as de-
they have come into existence through the collective jargon of  scribed in [7] — see also a salient description of the
the multifarious schools of all-time philosophers. (Needless essentially inhomogeneous physical cosmos in relation
to say, the same applies to scientific-sounding terms, without to random processes as presented in [12]). In other
any attempt towards imparting to the reader’s mind a sense words, Reality’s singular Moment and infinite Reflex-
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ivity, with or without phenomenal space and time; cal and epistemological gatheredness). In other words, Re-

— Reality (M) (Ontos qua Apeiron that which is the ality is not diversifiable — and made plural — within and
Real-by-itself. The self-subsistent Reality of Realityithout, since it has no categorical “inside” nor “outside”,
in-it-self (with or withoutrealities— i.e., with or with- €specially with respect to the discriminative entirety of cog-
out internal self-multiplicity), the Surjective Monad hition. Even absolute non-existence can only be conceived
the Reflexive Universe, and Unreality. Here the aul. and necessitated by, Reality as a category — hence, in
terity of the symbolic, presential letteM” (for the es- the absence of multiple intelligible things other than the sup-
sentially “Unlettered”) inheres absolutely without anfposedly primal “opposite” of pure existence, there is no ac-

vowel such that it is said that “nothing enters into it ani@ality of absolute non-existence that can necessitate Reality
nothing comes out of it”; as it is, nor is there anything phenomenal and noumenal that

can cause it to mingle, in and across phenomenological time

the first self-disclosing instance (“instanton”) of Reaf”—“_]d space, Wlt.h chanpe, causa!lty, gnd medlatloq, let "’?'O”e
th singularly inconsistent multiplicity and Unreality. It is

ity, or such self-evident instances in existence. Real S :
poundless not because it lies in infinite space, or because it

is said not to act upon itself, for it is simply beyond ca h finit ltilicity inh b it
egorical stillness and motion, and so it “acts” only upo'ﬁ where infinité muttiplicity inheres, or because 1t IS a rep-

the first reflexive mirror, the Universe, thereby C‘,:lpglt_asentation of eternity, or even because a finite entity is ulti-
ble of infusing new uni\;ersally isomor;:)hdjﬁ”erentia mately annihilated by “not knowing” and “non-existence” in
(“solitons”), i.e., new noumenal instances and new ph e face of some infinite unknown, but because its ontological
nomenolog'ical ’events in the Universe (with respect 8nk or weight (i.e., ontic-teleological reality) is without ei-
its trans-finite nature). In relation to it, the Universe | er immediate or extensive multiplicity in its own interiority
like a light-like (hoI.CJgraphic homc’)topic) mirror-OF reflexive dimensionality, not even the entirety of *knowl-
canvas, a ground-base yet evér in motion, upon whi ge”. If this weren't so, a single arbitrary reflective quan-

the “Lone Artist” paints his “Surjects”. This is none could then also be shown to inhere intransitively (without

other than the innermost nature of Genius (which dﬁ_xistential predication), independently of Being, at any on-

fers, as we shall see here (i.e., by this more univeré%llo_g'Cal IeveI,J_ust as Bemg can aI_wayg necessitate it _p_red-
icatively. for things to be situated in existence (extensivity),

ualification) from mere superlative talent, just as ei=". . . : ’
getic surject?vity is beyond rgere reflexivity) J éelng (Reality) must be there first absolutely without min-
) o , ling with Non-Being (Unreality)unlike the way things may
As can be seen, each of the notions above is Seh_c's'ng“gﬁénomenologically mingle among themselesit consis-
thesg realities are self-similar among themselves, without Ct%ﬁtly or inconsistently). The metaphysical connection (the
egorical .parallel apart from tlhe'ontolog|cal Ieyel. In Oth%rimplex of meta-logic) among ontological categories herein
words, simply because Reality is One (Self-Singular), wiffj st then be, as will be shown shortly, asymmetric and an-
or without reference to regular phenomenological (arithmefs|onomic. Or else, there would be no discernment of the
cally countable) oneness, so are the Mirror, the Image, &jjls|ogical weight of some absolute presence-essence (not in

— Surject ) andor Surjectivity @dg) (Noesis Epoché:

the Shadow in essence. o _ the way suggested by mere “essentialism”, where even in the
As we shall witness in this exposition, all That (_Rea“%ase of arbitrary entification, essence must always precede
Monad, Universe, Unreality) can be given as follows: existence), and there could be no logic whatsoever at sub-
. sequent levels of cognition, and isomorphism would be lim-
M : N(U(g.dg)) ~ S, q 9 P

ited to the arbitrariness of inconsistent, self-flawed cognitive

where “.” denotes eidetic-noetic Presence (or Moment) adigcrimination even on the phenomenological scale of things,
“~" represents transcendental equality as well as tramgiichis not as trivial as the “arbitrariness of arbitrary things”.
individual self-similarity among the equation’s constituents. This way, the Essence of Being is its odeing-qua-
This, in a word, is more than fiicient to end our exposi- Being which is identical, only in the “twice-qualified” sense,
tion at this early stage — for it is a self-contained proof afith the Being of Essence itself, i.e., "within-the-within” and
consciousness for itself —, as it is mainly intended for spotwithout-the-without”. Only in this ontological instance does
taneous cognizance, but we wish to speak more amiablyeafetic asymmetry vanish.
things along the epistemological perimeter of the intellect. It is not “logical”, and yet it is “not illogical” either — for

Non-composite Oneness belongs to Reality, so to spethle entirety of “logic”, “anti-logic”, and “non-logic” can only
without having to be qualified or necessitated by that whitie traced (conceptualized) in its presence, with or without
is other than itself, simply because the self-necessary andttienecessity of accidental particularities. For instance, then,
possible (existent), even the impossible (non-existent), aghen we say “universe” without this qualification, we can
only be cognitively perceived “there” in and of the Real, natill come up with the notion of “multiverse” while often still
“elsewhere” by any other means, and not even by any pretaining space-time categories or attributes, or a plethora of
sential concentration of singular multiplicity (i.e., ontologischizophrenic universes “apart” from each other in one way
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or another, and yet we cannot anyhow apply the same splitting As we have previously implied, it is important to dis-
and extensivity, or dieomorphism, to Reality itself in ordertinguish between the phrase “four-fold” in our new frame-
to make it appear as a co-dependent and fierdintial among work and that found, e.g., in Buddhist empirical dialectics.
others outside its own necessity. In the latter, being of empirical-transformational character

Reality, therefore, is not a set, not a category, not a furat-most, there is no trace of essential relationship or logi-
tor (or functional), not of the likeness of both objective targal enclosure with respect to the more contemporary Kantian
gible matter fnaterig and subjective abstract formffma, and Fichtean categories pertaining to “das Ding an sich” (the
qualid). It is neither regular nor aberrant, as commonsenbéng-in-itself). Rather, in that ancient framework, given an
and traditional phenomenology would have “being” definaxbject of contemplatiod belonging to phenomena and sub-
at best as “inconsistent multiplicity in and of itself”. It is noject to process — and ultimately embedded in a universe of
a representation of something that has to have a normativiimite contingency regarding the past, present, and future
representation, be it abstract or concrete, conscious or uncen-the associated dialectical possibilities, of the utmost ex-
scious. It simplylS, even when there is no language angnt, are: ‘A", “non-A", “non-non-A”, and “none of these”,
count to express this, without the notion that consciousnadé®ady (though not gticiently, as we shall see) in contrast to
is “always conscious of something” in association with the more usual forms of binary logi@& roughly tangible ex-
internal multiplicity of knowledge. However, the four-foldample would be the irreversible transformation of watéy’[*
asymmetric universal logic to be sketched in the followirigto milk (“non-A”), into vapor (“non-nonA”), and into curds
section is Reality’s exception just as Reality is its exceptiofinone of these”), by the process of powdering, mixing, and
we can truly say a great deal of things by means of it, espeating however complete.
cially consciousness. Though bearing superficial visceral resemblance with this

Know intuitively (at once, or never know at all) that ifin the use of the similarly expressed four identifiers, our log-
Reality weren't Such, both Reality and Unreality would natal strand is more of ontological “unbracketed” (i.e., non-
only be unthinkable and imperceptible (however partial), thejusserlian) dialectical nature, and not of mere process-based
would not be, whether in existence or non-existence, in pewpiricism, existentialism, and phenomenology (i.e., non-
eternity, at present, or in the here-after, in infinite contitdeideggerian). Rather, we subsume the entire phenomenal
gency, finite extensivity, or universal emptiness, and theserld of entification, process, and contingency already in the
would be no universe whatsoever, finite or infinite, soméirst and second categories (65*and “non-A"), as we shall
where or nowhere, transcendent or immanent, — and naee, thus leaving the two last categories as true ontological
of these —, and no one would any likely embark upon writategories. We assume that the reader is quite familiar with
ing this exposition at all! essentially all kinds of dialectical preliminaries, so we shall

Such is our blatant methodology Byrjectivityand eide- proceed directly to the new elements of the four-fold analysis
tic redefinition, instead of both psychologism and the Hussere wish to immediately convey here.
lian phenomenological method of “bracketing”, which often In accordance with the ontic-teleological unity given in
amounts to either the “arbitrarily subjective over-determintire preceding section, we keep in mind four major consti-
tion” or the “arbitrarily objective suppression” of certain ontuents responsible for the presence of definite universal exis-
tological constitutions already present among phenometeice, hereafter denoted as the following “eidetic simplex”:
categories.

{MO} : {S(Suchness)J (Universe) N(Monad) M(Reality)} +

4 Beyonq K"?‘”t- pheno_rr_1eno|ogy, and refl_exiv?ty: a four- +{phenomenal instancg3(phenomenal entirety)
fold, eidetically qualified universal logic with asym-

metric, anholonomic categorical connection where the first group belongs uniquely to Reality)@and the
“Now, | must tell you of something more tangibléecond is due to empirical-dialectical process-based observa-
than all solid objects and more elusive than altion whose phenomenological entirety is denoted>byT his
traceless things in the heavens and on the Eartfepresentation implies that the identification is made fidm
Behold the highest branches of the tree of knowlp O, i.e., from Reality to phenomena, yielding a true unitary
edge — untouched by reflection —, of which thgntic-teleological state for any given elementsofThe ana-
night-in-itself is the garden. lytic union betweerM andO, in this case, is none other than
We are now in a position to outline the underlying featurdise Universe, i.e.lU as a function of its underlying noetic
of our model of universal logic, which shall manifest the arsurjectivity (g, dg).
alytic epistemological sector of our present theory. In doing Now, just asM is singular and four-fold with respect to
so, we will also make an immediate amiable comparison withe above representation, sods Due to the union between
the crux of Kantian epistemology, for the present case canMeand O, there exist common elements betwddnand O
seen as a somewhat more universally deterministic genepalssessing true ontological weight: the “within-the-within”
ization thereof. element and the “without-the-without” element. In short,
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given an arbitrary phenomenal instarsewe can write, ac- arbitrary observer will not qualify as a decisive representa-
cording to the underlying representation tion: in that case, the leaf still falls due to, e.g., the law of
gravity, for the macroscopic laws of physics are “arbitrarily
objective-compulsive” in relation to the arbitrary observer. In
without-the-without) other words, such a subjective observer is always objectified
(or “subjectified away”) by that which is other than himself,
which in this case is the totality of the manifest laws of Na-
O(A) = (A, non-A, non-nonA, none of these) ture. Hence, his _subjectiye s_elf is boun_ded by a kind of t_em-
poral self-determined objective dogmatism as well, and if he
where we shall simply call the four ontological entries “cat@ttempts to be objective, he is soon limited to being subjective
gories” — for the sake of brevity. enough. In all this, he is composed of fundamental indetermi-
Let us note the following important identifications for theacy not intrinsically belonging to himself — as approached
associated elements: givAras an object, there is guaranteed;om the “below limit” —, but which is a surjective determi-
in the empirical necessity of phenomenological space-tirmation from the “above limit”, i.e., from the Universe itself.
an entity other tharA — in fact a whole range of limitless  Rather strikingly, the situation is fundamentallyfdient
instances of otherness —, including that which is categorizéthe observer is the Universe itself: whether or not the leaf
by traditional Buddhist logic as either “non-naXi-or “none falls, it depends on Noesis, according to the representative
of these”, especially in the residual sense of a given underdpnstitution of the Universe in our “Reality equation” above.
ing process, as we have seen. But, in our approach, theseltwother words, there exists a so-called “Ultimate Observer”
are not yet eidetically qualified and simply exist as part of tlag a “surjective instanton” with respect to the entire Mirror-
infinite contingency of phenomena — and so we can regardniverse of reflexivity. Since this observer exists at the self-
already as both entity and process, without the need to makailar singular ontological level of Suchness, it is again self-
use of the earlier formalized aspects of Buddhist logical regingular without parallel and indeed without any logical ex-
resentation. As such, a phenomenal objetias no “inside” traneous qualifier (and quantifier), thereby encompassing the
other than the entire phenomenal contingency in the formRéal, the Mirror, the Image, and the Shadow, in the manner of
immediate “otherness” (e.g., any “ndxi): this, when ap- Reality. In other words, such an observer is none other than
plied to an arbitrary organic individual, without negating thReality, in relation to the Universe. Needless to say, that need
existence of the extensive world, negates the presence obabe “Reality-in-itself” in the rough sense of the phrase, de-
non-composite “soul” once and for all (but not the “soul-inspite existing also at the primary ontological level and in lim-
itself” as an eidetically qualified microcosm), which remairitless eidetic oneness with Reality. Rather, it is most uniquely
true in our deeper context of representation. none other than it— and nothing else is directly (presentially)
Meanwhile, at this point, we shall call the traditionally unkike such “Non-Otherness” with respect to Reality itself. Re-
decided Kantian categories into existence instead, accordipgctively, such an observer is noetic, i.e., the essence is of
to which “non-nonA” (“without-the-without”) is the entire the level of the Surjective Monad, and such identification is
fluctuative phenomenological s8t which is devoid of abso- already beyond all practical phenomenology even in its ex-
lute individual entification, simply due to the fact that Kantended descriptive form.
tianism is undecided abogtin-itself, yet leaving it there, as  Hence, up to the most lucid isomorphism, the “within-the-
it is, in existence. This arises in turn simply because of thgthin/non-nonA” element of an eidetically qualified entity
inherent Kantian empirical undecidability between pure sufg} (which, unlike an ordinary entity subject to Buddhist and
jectivity (“spiritism” and “relativism”) and pure objectivity Kantian dialectics, definitely possesses genuine, empathic in-
(“material dogmatism”) — alluded to elsewhere in a precedrardness and outwardness) can be identified as none other
ing section. than the Universe, which in turn is the noumenaltself,
However, given our ontic-teleological equation, the prevhile the corresponding “without-the-withgobne-of-these”
sent theory overcomes such undecidability on the episterafement as Reality itself, whereas the conventional modes of
logical level of things, including the phenomenological probwithin” ( A;) and “without” (A,) are, respectively, the ab-
lem of the inconsistency of a singular entity (such as the phgract phenomenologicaland the concrete (or material) phe-
nomenal mind and its knowledge and abilities): singular yebmenologicalA. Hence the following representation:
still constituted by its inevitable inner multiplicity of reflec-
tive objects. It is as follows. {A} = {A1, A2, U, M}.
Given, for instance, the classic example of “a leaf falling
off a tree in a forest”: does it fall, after all, when there ié straightforward example @A} is the Universe itself, i.e.,
no one observing it? Our response to this, accordingly, is ] ] ]
that it truly depends on what kind of observer is presef/niversum = {the Material Universe, the Abstract Uni-
i.e., how he is categorically qualified in Reality. Thus, an verse, the Universe-in-ltself, Realjty

O = (without, within, within-the-within,

the following representation:
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Or, in subtle correspondence with that, we may think of ttemponents” (but which in turn would carry us away from
categorical representation of thought itself, which has ite deeper ontological representation).

equal parallel among arbitrary phenomena other than what Finally, as we have seen, our all-comprehensive “Reality
is similar yet other than it (i.e., its possible anti-pod): equation” (i.e., all the above in a word) is

{Thought = {Thought, Anti-Thought, Unthought, Realjty M:N (U(g, dg)) ~8S.

Thus, phenomenally, thought always entails anti-thouglAtnd we can say something fundamental about the state of

both are two intelligible sides of the same coin on the phReality and the Universe as follows:

nomenological horizon. However, note that such anti-thought

is not equivalent to the further eidetically qualified {MO} = All-Real (M andO are Real and Self-Evident)

Unthought. Simply speaking, this very Unthought somehow

allows not the entirety of phenomena to perceive Reality as {OM} = Ultimately Unreal (leaving Real onliy),

thinkable in the first place. In this light, the famous dictum by

Descartes, “I think, therefore | am,” is indeed far from com- {MO} # {OM] (the Reality-condition of asymmetry

plete. The more complete phrasing would be something like: and anholonomicity)

“I think, therefore | am, | am not, | am not-not, and none of

these.” And this too, in the face of Reality, would still depernice., the eidetic “distance” (connective foliage) between Re-

on the eidetic qualification of the one expressing it. ality (M) and OthernegRhenomenad) is not the same as
“Away” from all matter and abstract dynamical physicahat between Otherng®henomena() and Reality M) —

laws, the Universe can thus be identified as a singuiarpart owing to the non-reality of arbitrary phenomena with

surjective-reflexive mirror of “superluminosity” upon whictrespect to Reality —, which is why Reality is said to “contain

Reality “acts” trans-reflectively througNoesisand Differ- all things, and yet these contain it not”, so long as arbitrari-

entia (especially the qualified infinitesimals), hence the soess is the case. In this instance, we mfprédessly wit-

briquet “Mirror-Universe” (which is particularly meaningfulness the generally eidetic, anholonomic, asymmetric connec-

here, and may or may not be related to the use of the phrastdn between categories in the Universe, with respect to Re-

the description of an exciting geometric structure of the phyality. (These categories, in the main, being ontology, episte-

ical Universe as revealed in [8] and based on a chronometnielogy, axiology, and phenomenology.) The word “anholo-

cally invariant monad formalism of General Relativity as ouhomic” clearly points to the path-dependence, or more pre-

linedin[4, 9, 11]). Itis said to be “superluminal” in referenceisely the direction-dependence, of our epistemological con-

to the state of “universal unrest” as measured against all #igeration: eidetically, surjectively approaching things from

rest of individual phenomena in the cosmos, somewhat in &8 non-dual ontic-teleological Reality will be substantially

sociation with the ever-moving, massless photon as compadggerent from arbitrarily, phenomenologically approaching

to the rest of physical entities (but this is only a gross, fairRReality from(the transitive state gfthings

illegitimate comparison, as we do not aim at sense-reduction Eidetic symmetry, thus, only holds in an “exotic case”

at all). possessed of Qualon, whereby an entity is eidetically quali-
Other examples include fundamental categories suchfiad, so that it truly bears “resemblance” in “substance” with
space-time, energy, matter, consciousness, etc. the Universe and Reality. Ordinary phenomenal symmetry

Note that, generally speaking, the abstract phenomehe!ds in commonsense cases of isomorphism between things
logical category (e.g., the concept, instead of the actu#l stin the same category or in extensively parallel categories
of a tree) is not the same for any entity as the noumenal gagross boundaries, e.g., between one particle and another in
egory. Further, whenever an arbitrary, fluctuative entiy>  collision, between an actual ball and a geometric sphere, be-
(without eidetic qualification) is represented according to tha&een physics and mathematics, or between language and the

above scheme, we should have instead world. In this respect, traditional philosophy (as represented
chiefly by ontology and epistemology) qualifies itself above
<A>=< A, Ay, {U}, (M} >, such phenomenological parallelism, especially with the very

existence of the epistemology of aesthetics, but anyhow re-
i.e., although{U} and{M} are present in the above represemains “infinitely a level lower” than Reality. (Such is in
tation, as if being<A>’s linearly valid components in theircontrast to a famous, epistemologically trivial statement by
respective contingencyA> possesses no universal similariStephen Hawking, somewhat in the same line of thinking as
ity with {U} and{M}, let alone with just Reality, but only with some of those working in the area of Artificial Intelligence
A; andA; (subject to phenomenological mapping or transfofAl) or certain self-claimed philosophers who enjoy meddling
mation) — which is whyJ andM appear “bracketed away”with “scientists” and “technologists” regarding the current
therein, for otherwise they would best be written as “nudtate of science and the eventual fate of humanity, which can
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be roughly paraphrased as: “The only problem left in philos- We now wish to briefly review certain aspects of a model
ophy is the analysis of language,” where the one saying tbfsquantum gravity as outlined in [3]. This consideration may
“intuitively” mistakes post-modernism for the entirety of phibe skipped by those interested only in the supra-philosophical
losophy. One, then, might be curious as to what he hasagpects of the present exposition. But, as we shall see, there is
store to say about art in general, let alone Being!) an intimately profound universal similarity between a primary

It is important to state at this point that the kind of corinderlying wave equation there and our “Reality equation” as
sciousness possessing eidetic-noetic symmetry (with resggesented here, elsewhere.
to the Universe and Reality) is none other than Genius, or In the truly epistemological dimension of this theory,
Noesis itself, whose nature we shall exclusively elaborageavity and electromagnetism are unified by means of con-

upon in the last section. structing a space-time meta-continuum from “scratch”, which
allows for the spin of its individual points to arise from first
5 The Ultimate Observer in brief geometric construction and principles, without superficially

. _ _ R _ embedding a variational Lagrangian density in a curved back-
fWh(:r:S 'O?Ik'“tg athhO' How far away is the Realnd as well as without first assuming either discreteness or
rom the reflection: continuity. As a result, we obtain a four-dimensional asym-

We can very empathically say that the Ultimate Obsengr tric, anholonomic curved space-time geometry possess-

is such that if that One stopped observing the Universe ?Bgecurvature, torsion, and asymmetric metricity (generally

" Lo X . aking, the distance between two poiAtand B, on the
way of Surjection (SurjectivityNoesi$, and not only in terms o . ” : :
: ... _fundamentally asymmetric, “multi-planar” manifold, is not
of phenomenological abstract laws and concrete entities,, it

would all cease to exist at once — at one Now — “before fhe same as that betwe@hand A). The symmetric part of

fore” and “after after”, noumenally and phenomenally. Thl.ﬁ]e metr!c uniquely corresponds to graylty wh|!e t_he ant

. A : ... Symmetric part thereof to electromagnetism (which is a gen-
again, is beyond the level of omnijective reality (omnijectiv="_ . . ) .
. . X P : eralized symplectic (pure spin) structure), resulting altogether
ity) or conscious surrealism (of “altered consciousness

states”) and mere inter-subjectivity, for it is an cideticalll @ unique, scale-independent spin-curvature sub-structure.

y A . ) :
gualified noetic determination without parallel and residue. A f|ve_ d|men3|qnal pr_lase space then exists Only n purely
. . B . eometric fluctuation with respect to the four-dimensional

The respective observer, then, is called a “noetic o

ver” h the Univer ven before the Univer ﬁ/sical manifold, in contrast to regular Kaluza-Klein and
fe er. ne eyes h te eh_se”e e‘th e” qte € ?S string theory approaches. Thus, we do not even assume
conscious enough fo €ye him:, with all Its noumenai an uantization”, along with continuity, discreteness, and em-
phenomenal instances, and the Universe takegssentia beddability;
(forma) only throggh.hlm. The level of imagination of SLfCh An important result is that both the gravitational and elec-
an observer, which is equivalent to the very form and inte- magnetic sectors of the theory are “self-wavy”, and the en-
rior of the entire Universe, is not as naive thinkers wou '

tentiall t (with | like “anvbod e space-time curvature can be uniguely given by the wave
potentially sugges (W' N expr?ss sl0gans fike -anyboay Caf}, ion of the Universe for all cosmological scales, serving
dream anything into life” and “anything is possible for any.

one™)- first of all. he is eideticall dlified by Realit aés a fundamental fluctuative radius for both the monopolar
)('j Ih' ' IS €l Id ﬁ’ qub“ ) yth Uly ?neta-particle and the Universe. Needless to say, here the Uni-
regards nis very presence and his observing the n'yeR}seer’se and such a meta-particle (monopole) are roughly one
Thus, It cannqt be just an arbitrary observer, Igt alone COlld the same. Also crucial is the fact that outside matter and
fcu_)usne?s ti m,, ph((ajr1“on1_e_?a,l and sdo bOt.h ‘VF’,',C‘?" su“pe_r fl((\E,\'Féctromagnetic sources (as both are uniquely geometrized by
sclence-tiction” ana S,,pm ual pseudo-science _(|.e., SCINRe dynamics of torsion in our theory, while in turn the tor-
tific pseudo-sgntuahty ) uIFlmater fai at_thls point, Ieavmgsion is composed of the dynamics of the anti-symmetric part
only |T1detﬁrm|rl;ate non.—;m}/ersall'surrrt]aallsfm. in the f of the metric responsible for individual spin “kinemetricity”),
. What has been said of Reality thus far, in the foreggz,, v yniquely emerges in an electromagnetic field. An-
ing twice-qualified ontological fashion, has been said enou er instance is that both gravity and matter appear therein

clearly, exhaustively, and exceptionally. Still, let's continugS “emergent” with respect to the entire geometric quantum

to throw some endless surjective light at any of the betttﬂ ictuation whose primary nature is electromagnetic.

knc;wr:.slclences (such as phySIICS elmd F:osmology) andhf';lltt ®To cut the story short, our quantum gravitational wave
so far little-understood (or completely misunderstood) phi OQQuation is as follows:

ophy of universal aesthetics (i.e., the nature of Genius).
(DD -R) U (g.dg) =0,

6 Onamodel of quantum gravity and quantum cosmol- here DD is the generalized (anholonomic) wave-operator
ogy: the all-epistemological connection — constructed by means of the generalized covariant deriva-
“Of geometry and motion, however, | must SpeaQ\’/e D —, Ris_ the spi_n—curvature sca_laﬂ, is the wave_ func-
no matter how faint. tion of the Universey is the asymmetric metric, ardy is the
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asymmetric metrical variation. In contrast to the “spinless detkonal wave equation of geometric optics, therefore com-
scription” of the Klein-Gordon equation of special relativistipletely encompassing the wave-particle duality: therein a par-
guantum mechanics and the originally non-geometric Diricle is a localized wave of pure spin-curvature geometry. Or
equation, our wave functiob is an intrinsic spin-curvatureto be more explicit: elementary particles, including light it-
hypersurface “multivariant” (i.e., the hypersurface charactaself, propagate with certain chirality (helicity) arising purely
istic equation) and, upon the emergence of a specific toroigabmetrically due to individual-point spin and manifold tor-
guantum gravitational geometry, becomes none other thanghmn, in two geometric transverse and longitudinal modes
generator of the most general kind of spherical symmetry (ésence the existence of two such completely light-like sur-

pecially useful in the description of particle modes). face vectors in the case of photons, whereby a photon can be
A complementary wave equation is also given there in thegarded as a null surface of propagation with transverse and
form of a completely geometric eikonal equation: longitudinal null normal vectors emanating from it, which is

i the ground-state of all elementary particles).
) n. . _BIP
g (DiU)(DU) = -RU"— 1, In short, the theory yields a completely geometric descrip-
which goes over to unity in the case of massive particles (oti#n of physical fields and fundamental motion for all scales,
erwise yielding a null electromagnetic geometry in the cagepecially as regards the question: “why is there motion in

of massless photons), for which the Universe, rather than phenomenal stillness?” — which is
1 quite comparable to the generically winding epistemic query:
R=R(g,dg) — Uz “why is there existence, rather than absolute non-existence?”.

The full extent of this physical theory is not quite an ap-
Among others, such fundamental equations of ours resgtppriate subject to discuss here, but we will simply leave it
along with the following comprehensive tensorial expresg the interested reader for the immediate comparison of our
ions: following two equations:

Ri = WA(U) gk (for gravity and matter)

) (DD - R) U (g,dg) = 0 (for the phenomenal Universe)

Fic = 2W(U) gjig (for electromagnetism)
where the operations “( )" and “[ ]” on tensorial indices de- M : N (U(g, dg)) ~ S (for the noumenal Universg)
note symmetrization and antisymmetrization, respectivel . . : .
and summation is applied to repeated tensorial indices of[\'/vyég' e:]efhr;eﬁ:)tuomtgr?aﬁn;nnéfeiteﬁgﬁts:;?IS?1li\(;zlrsceosnnectlon be-
all space-time values. Note that the above second-rank spin- P ‘

curvature tensor, represented by the maRjix consists fur- Addltlonally, our model O.f quant_um gravity a_lso reyeals
L . . .why the physical Universe is manifestly four-dimensional,
ther of two distinct parts built of a symmetric, holonom|lcn terms of the above-said generalized symplectic metrical
gravitational connection (the usual symmetric connection of 9 ympi¢ .
i tlructure, and whether or not the cosmos originates in time
or instance, due to a “big bang” ensuing from the standard

General Relativity) and a torsional, anholonomic mater
connection (a dynamical material spin connection Consmc}éssical homMOGeneoUs. Non- i itational model of
ing the completely geometrized matter tensor). ' 9 S quantum gravita |onla_ modet o
The strong epistemological reason why this theor osmolo_gy) — Wh'Ch the“deflnlte arlswe_r Now IS- it does
among our other parallel attempts (see, e.g., the work on bé but it can be Sa'd. fo be emergent as itis entirely qual-
geometrization of Mach'’s principle by the introduction of 'e.d (necessnated), in the .ontlc—teleolqgmal Sense, .by that

furthest completely geometrized, chronometric (co-movinﬁf{‘mh IS other than space-time categories, and in th|s_sense

physical cosmic monad as outlined in [10] — and the i (e Universe is bpth.preceded and surpgssed by Reality a}nd
yet, due to Noesis, is never apart from it. As there remain

of some of the Author's other works therein), qualifies ascate ories of infinities, certain physical-mathematical singu
genuine unified field theory and a theory of quantum grav- 9 ' pny 9

ity is that, among others, its equation of motion (namelam'es may locally exist in the fabric of the cosmos rendering

the geometric Lorentz equation for the electron moving int\ge space-time mameld non—sq’nply (;or_1nected » but across
ch local boundaries the cosmic origin itself cannot truly be

gravitational field) arises naturally from a forceless geodegl%. L . L :
motion, that the theory gives a completely geometric ener ._|d’to“be (traceak:)l.e) !n.t|me, fpr the Universe-in-itself is Re
o ity's “Now-Here”, infinitely prior to, and beyond, the evo-

momentum tensor of the gravo-electromagnetic field — pl"jsgonar and vet also encompassing it
room for the natural emergence of the cosmological term q y y P g
well as the complete geometrization of the magnetic mon®- canius: a conversation with noumena — closure
pole — and that the theory, without all the previously men-
tioned ad hoc assumptions (such as the use of arbitrary em-
bedding procedures and the often “elegant” concoction of epi- . . .

. o . . . ing unto itself. If only it were to happen up above
stemologically unqualified Lagrangian densities, with non- instead of down here, among us, the celestial do-
gravitational field and source terms), naturally yields the mains would all be ter}ifyingw cleansed at orice.

“That leaf, which silently yellows and falls, is —
more than all smothering possibilities — a happen-
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We are now at a psychological and intensely persorsmaring spontaneity of his infinite ecstasy. Rather, Genius is
stage where we can truly speak of the nature of Genius in fimply beyond ecstasy and despondence, as well as beyond
solitude of certain unsheltered sentiments and unearthedgisde and self-deprecation, the way people are used to these
sures belonging to the individual who sees the longdéetms. In any case, it is a state of universal sensitivity, inspi-
evening all alone, to which he lends all of his insight. Thatation, solitude, and creativity, which is the Eye of Creation,
he verily sees not outside the window, but entirely in himwvhereby Reality is comprehensively “likened” to a form en-
self. The only helplessly beautiful solace he has, then, ariseing from Noesis.
simply from his soul seeing things this way. By “soul”, we This way, most people are mistaken in their belief that
mean that which moves from the pre-reflexive Surject to tkeenius and talent are equivalent, for Genius is, indeed, “sep-
reflexive realms as none other than the microcosm, such tated from all else by an entire world, that of noumena”, and
others can hardly notice that he is happening to the Universs situated “within the spectrum of all linearly predictable
as much as the Universe is happening to him. expectations and contingencies”, as Goethe, Schopenhauer,

Weren't Genius synonymous with Infinity — while in thewilde, Emerson, Weininger, and Wittgenstein would have
synoptic world of countless impalpable beings, like a coagreed. Mere belief, assumption, or syllogismfiolessly
trasting taciturn ghost, he is often an infinitely stray, perpetdevoid of authentic realization, let alone Reality: itis not even
ally long personification (acute inwardness) of the noumenedrthy of the simplest meta-logical refutation.
world along outwardly paradoxical, tragic banishing slopes Indeed, Genius is in no way the superlative of talent. Tal-
—, Kierkegaard would not have swiftly declared, ent is, at most, phenomenal-reflective, while Genius is

“The case with most men is that they go out into lifeumenal-surjective and noumenal-reflective. It has been
with one or another accidental characteristic of persaid that Genius does not act as a role model for talent at

sonality of which they say; Well, this is the way | am. dll: with respect to the latter, the former may appear inanely
cannot do otherwise. Then the world gets to work dRrurky and most wasted, simply because the latter lacks that
them and thus the majority of men are ground into comthich is infinitely other than the entire contingency of multi-
formity. In each generation a small part cling to theiP!€ reflections and projections. _ _

‘| cannot do otherwise’ and lose their minds. Finally The world of Genius is Moment, Universality, and Cre-
there are a very few in each generation who in spite 80N where the entirety of noumena is revealed to the per-
all life’s terrors cling with more and more inwardnes$°na without residue, which is the greatest, most absolute ku-
to this ‘I cannot do otherwise’. They are the Geniuse40S in existence, be it in the presence or absence of an au-
Their 'l cannot do otherwise’ is an infinite thought, fodience. The world of talent is ordinary — no matter how

if one were to cling firmly to a finite thought, he woul@ugmented — time, space, and imitation, i.e., the relative in-
lose his mind. tegral power of the inter-subjective contingency and tautology

of phenomenal recognition and security.

The ocean of Genius is the heaviest self-necessity of
“The age does not create the Genius it requires. Thgaatly spontaneous assaults and pervasions on any shore
Genius is not the product of his age, is not to be eyjithout sparing both any large accidental object and a sin-
plained by it, and we do him no honor if we attempt tgie grain of sand: it evokes creation and destruction entirely
account for him by it... And as the causes of its ap; jts own being in this world. The pond of talent, amidst
pearance do not lie in any one age, so also the Cogregs; is the relative confidence of “sedimental measurement
sequences are not limited by time. The achievemegiyj experimentation”, albeit still related to intensity.
of Genius live forever, and time cannot change them. The intentionality of Genius is a self-reserved “Parsifal”
By his works a man of Genius is granted immortals yniversality, while that of talent is always other than the
ity on the Earth, and thus in a three-fold manner h@ing-in-itself (and so, for instance, a talent associated with
has transcended time. His universal comprehensiggience tends not to embrace the essence of science itself,
and memory forbid the annihilation of his experiencegnich is one with the essence of creative art and epistemic

with the passing of the momentin which each occurreghjiosophy, but only something of populistic, tautological
his birth is independent of his age, and his work nevegcientism).

Similarly, Weininger is known to have exclaimed,

dies” The essence of Genius is Reality, not just situational
(For more such non-dissipating, spectacular universalith” — not the normative, often progressive, collective
overtures, see [6].) truths of talent and society.

Peculiar to Genius is, among other solitary things, an in- The way of Genius in the world is traceless originality
finite capability for intricate pain (inward ailment), for perand thus defies all sense of imitation and expectation. Who
petual angst, which people often misrepresent as arising freinall discover the traces of fish in water and those of birds
mere anti-social loneliness or lack of amusement. But thisthe sky? And yet, this matter of Genius is more than that:
aspect of Genius cannot be partitioned arbitrarily from tihe is diferent from all similarities and fierences, absolutely
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independent of representation. Hence it is said of men of GeCreation, not school, not training.

nius — for instance by Weininger — that “their parents, sib- Genius is the cold North Atlantic, not the luxurious Ti-
lings, and cousins cannot tell you anything about them, fianic. Genius is the Siberian currents, not the avoidance of
they simply have no mediational peers, no genial othernessinter for more festive humidity. Genius is the entire Sonora,
By contrast, talent is still psychogenetically and methodologet urban life of chance-fragments. Genius is character, not
ically inheritable. yielding sexuality. Genius is Moment, not societal time. Ge-

The life of Genius is that of utter sensitivity, and not justius is Mystery, not public space. Genius is Memory, not
volitional silence and loudness. It is one of transcendestandard coordination. Genius is Nature, not information —
tal consciousness and intensity, and not constituted of manel so not recognition. Genius is the full eclipse as it is, not
choice and chance. prediction. Genius is the entire night, not a system.

As the hallmark of the Genius is authenticity and creativ- Genius is Motion-in-itself, not a planned sequence. Ge-
ity, which is not situated within the rhyme and rhythm of aius is real individuality in the Universe, not composite insti-
mere choice of life-styles, he can do no other than this, atudional, societal, cultural pride. Genius is the singular con-
no one needs to tell or teach him anything. quest, not an artificial war. Genius is the universal meteor, not

Individuals of Genius exist as universal gradations of tlaecelebratory fire-cracker. Genius is the rareness of a tsunami,
pure eidetic plenum, and not as part of the mere ascendingolcano, or an earthquake, not reported abrupt casualties.
levels of talent. Thus, the particularity of Genius is always gsenius is solitude, not sold and given democracy, and not a
multaneously universal: it is both twice-qualifiedlton? and republic. Genius is the abyss and the sudden voice and force
“Plator’’, Instanton and Soliton. He possesses the entiretsising from it, not typical antiquity, Victorianism, and post-
of Object, Subject, Dimension, and Surject to unbelievabit@dernism.
lengths. Genius is the Universe, not a specific age of trends, not a

Indeed, as has been generically said: “science becordestined place of people.
pure imagination, art pure life, and philosophy pure creation”, Genius is Reality, hot a situation, not an option, not a col-
there in the vicinity of Genius. lection of societal facts.

Genius is Michelangelo, not Rafaelo. Genius is Leonardo, Genius is Genius, not talent.
not rhetoric. Genius is Mozart, not the Royal Court. Genius Genius is a word not yet spoken (enough) by other sen-
is Beethoven, not the audience and merely connected héant beings. And, respectively, a drop not yet consumed, a
ing. Genius is Zola, not psychotherapy. Genius is Kafka, maeaning not yet sighed, a clarity not yet impregnated. A birth
stability. Genius is Rembrandt, not feminism. Genius is Tatot yet celebrated, a sudden electricity not yet channeled, a
stoy, not chastisement. Genius is Johann Sebastian, nothiln@anity not yet recognized.

Bach family. Genius is Klimt, not neurasthenics and Venus. Often, in relation to tragedy, Genius emerges as a funeral
Genius is van Gogh, not art exhibitionism. Genius is Glinlsong, preceding all births and surpassing all deaths, which
and Gould, not musical recording. Genius is Abel and Gaeople find hard to canonize. Amidst their superficial merri-
lois, not the Parisian Academy. Genius is Kierkegaard, maent, a man of Genius is like the night that falls on their eyes
Hegelianism. Genius is Weininger, not Aryanism. Geniad sinks in their souls — to be forgotten at their selfish ease.
is Wittgenstein, not philology. Genius is Kant, Einstein, aride is the loneliness of the day on a deep cogitator’s pane, one
Zelmanov, not the herd of “scientism”. Genius is Goethe, nwith the blue nacre of things.

Prussia. Genius is Cezanne, not Europe. Genius is EmersonWhy then would Genius be most exclusively, among oth-
not America. Genius is Neruda, not Chile. Genius is Tagosss, associated with tragedy? It is because most people would
not India. not mind partaking of “joy as it is”, with or without antici-

Genius is the Renaissance in motion before everyone gdation and as much and gauche as possible, yet they are ever
is capable of naming it, not its “timely and subsequemhpotent and apprehensive when it comes to facing “the other
crumbs”. Genius is Dream, not sleep. Genius is Insight, ribing asiitis”, i.e., tragedy. As Genius is the only spontaneous
the day. Genius is Vision, not a report or a documentary. Ggnera capable of infinitely imbibing the noumenal “thing-in-
nius is the austere summit, not the floating clouds. Geniustgelf”, in universality and in particularity, in representation
the ocean, not a river. Genius is gold, not the muddy collieand in person, a man of Genius would principally never shun
not the mining. Genius is youth, not childhood, not adolesagedy. His objective is inevitably the surjective pure intima-
cence, not adulthood, and absolutely not old age. Geniusias of it.
all-life, not imitation. Genius is all-death, not barren con- Thus, tragedy has sought the Genius even from before
stancy and consistency. Genius is acutely conscious suicttle, dawning of the world. Indeed, he would even volun-
not helplessness — but definitely not all suicides are Geniteer for it. And the entire Universe volunteers for it too, in
Genius is love, not crude relationship. Genius is music, notdind through his very individuality. This is why, the theme of
censed instrumentation. Genius is Self, not super-tautologitafjedy (or death) is rather universal: it is consciously fre-
composition. Genius is sheer nostalgy, not learning. Gengusented only by very few men and yet by the entire Universe
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itself. These men, without losing their Self, which is Real- In this savage world of heavily fabricated walls, who then
ity and the Universe — unlike the way most people undexould want to taste a most tender, fateful wet drop of dew
stand it —, embrace phenomenal selflessness and defeand-honey oozing from the pristine skin of Genius, in the rain
lessness with full noumenal understanding and bursting inmd{ragedy and in the weft of huge solitude, which might just
cence: they are “too close” to the torrents of the most unlikelyste like the Universe — all of the Universe?
visitation of kisses, “too close” to thunder in the heavy rain, Who, then, would be able to recapture the moments of
“too close” to the Sun in elevation and peaking radiation, “td&enius, once they pass for good? Would they ever be able
close” to the soil and dust in every heavenly intimation, “tam simply rediscover the soul of Genius among many roots,
close” to the nakedness of Nature in everything raw and futorns, and tremors and still multiply the silent understanding
“too close” to the chiseled understanding of certain wintesf love and life that hides in a wide ocean that shall never want
banished seeds and underground grains, “too close” to thelepart from humanity?
Cornelian female breast of surreptitiously migrating strengths Who, then, would abandon the ever-putrefying cowar-
and silences. They are “too close” to their own prodigiowlice, soulless collectivism, and mere conformity with much
male latitude, in their expensive self-immolating Siriusian nof this unconscious world and sit with Genius just for one
clear moods, eventually being poured out of life onto the canore night — where there shall be no more secrets in the
vas of death as the most splendid of selfless, will-less, unadidrkness’ midst, other than shadowless man, without flight
terated presence of colors and paintings, while thus rendeffirggn destiny, naked, engraved, and unshaken on the scarlet
themselves too far from incidental admirers other than Relbrizon behind a thousand prison features? Who shall be
ity itself. Such is glory: only due to that does deeply crimsdaved and sought by freedom this way?
compassion whiten in this world for a few sensitive others Genius is a most shunned resonance behind all languages:
to see. both “knowing” and “not knowing” recognize it not. Whereas
Though this world may see naught but sad wrinkles, tpeople are sole humans, a man of Genius is, infinitely more
love of Genius is strong in its own unseen furrows, at the careutely, the most solely human: he is the one who under-
of stars, in the fire of molten things. Genius is strong thougtands love and sacrifice the most, who breathes limitlessly
weak and peevish in appearance: it is exalted in everythimgpn the flanks of wild flowers and hidden rivulets, yet no
that takes roots and bears its own growth, in everything unire among sole humans dares to love him with enough vast-
versal Reality wishes to see for itself. The Crucified is sudess of space. Indeed, he is the drops and substances in the
a rare taste in people’s veins to devour. So either they unwvaih, all the non-existence in dust.
their own souls in the tragedy of Genius and then die to live When an individual of Genius desires existence in this
anew, or live the life of a heathen forever. world, he comes yielding against everyone else’s direction,
When will this world fall into indigenous silence, like Ge-cutting the evening on its very edges, unfolding horizons —
nius, but not in certain sleep? Where is the soft hand okeen if that means undoing fancy rainbows. And when he
lovely, caring female weaver upon Genius’ crushed, blackgrearns for an ultimate self-exile, he rushes towards death un-
ing fingers emerging from the rugged Earth and its ravinestditionally, just as he once arrived in this world not by
In an aspect that relates the solitude of Genius and the cositbw walking, purblind wandering, and empty gazing, but by
nuity of mankind, known and unknown Geniuses have betire crackling spontaneity that impulsively and immeasurably
digging the Earth for eons, for this world’s most conscioderms fateful symmetries through the soul’s pure motion.
dreams, so that humanity may gush out with Nature’s own The life of Genius leaves this world a silent place under-
blood of youth: such is done among tormenting rocks, yetgnound for the most solitary and distinguished of understand-
order to reach above the Sun — yes, with the entire humanihg, knowledge, tenderness, and pain. Only a few, therefore,
Who would glue his petty, cowardly self to the secret, yghow what a “most original Genius” truly means. If only
infinitely open, wounds of Genius? Either humanity caresge=ople knew the universal responsibility set upon the shoul-
Genius the way Genius would touch humanity, until nervegers of Genius, and not just its apparent glories, very few of
whips, and scourges become impalpable in humanity’s céhem would dare to aspire to the rank of Genius. Instead,
stitution of clay and fire, and of some might of the Unknowithey would be fairly content with talent alone. For, in rela-
or it perishes altogether with selfficient Genius not repeat-tion to humanity as a “non-ideal savior”, Genius lives with
ing itself for its cause ever again. such a palpitating, lonely chest and uplifting sensitivity in the
And to humanity it will then be said, “Either gaze at thearrowness of time’s remaining passage. (As Schopenhauer
red branches in the park of lovers, where Genius lives amiice declared,Great minds are related to the brief span of
dies unnoticed, where life fills its own cup through entwineg@me during which they live as great buildings are to a little
hearts, lips, and arms through the sacrificial life of Genigguare in which they stand: you cannot see them in all their
at unseen roots, or, perchance, seek another countenancenagnitude because you are standing too close to them.
other reality altogether and die without Reality ever sketching As regards the history of infference and war that has be-
you in its own bosom.” fallen mankind, the heavens, some say, can't be errant. But

Indranu Suhendro. The Surjective Monad Theory of Reality: A Qualified Generalization of Reflexive Monism 43



Volume 2 PROGRESS IN PHYSICS April, 2012

what idea do they have of a man of Genius whose heart of iinfully possesses it; and yet too often the zoo honors the
mense autumns is like a shattered clock, which he hears tiokast and prides itself in the act only in order to praise it-
ing mercilessly every second until its near cease, even wisetf. Genius exists independently of such a contingency and
its fire — of awakening blood — moves from his heart’s soltautology. The entire gist of societal-phenomenal intention-
tude, to his soul’s labyrinth, to his lips, to the desire to poality approaches not the abyss of the Genius, who, alone, is
sess, to nearness, to excitement, to the redemption of huntha-monad, center, mind, and heart of the Universe. He is the
ity? When the only place he can carry humanity to — for thentirely unabridged, naked pulse of Nature. It is the Genius
moments and lost wings to take, to hold, to secure — is o merely not “eyes the abyss” and “is conversant with it”,
ship of winter, passing through wounding seas, violent windsjt who also exists there with absolute self-certainty, inde-
and threshing floors? When he himself is one of the branclpemdently of all the objects outside the abyss (out there in the
of the long, solitary night — of azure fate — and hardly world), and independently of the entire abyss itself. He is not
resting place for another soul’s existence? a mere philosopher of “mereology” either. He never has the
A man of Genius loves humanity beyond its occasiona¢ed to question his own existence nor to “unveil himself”,
self-pity and vain arrogance, without knowing how to carmyhatsoever. He is not a mystic in this sense (and in that of
the luster and growth of the garden of passion and intimagfttgenstein): it is not mysticism that is mystical, it is the
elsewhere other than through the often awkward abruptnesy things already are in and of his nature; yet this he often
and intensity of each second. And so, wordlessly, certgirojects onto people as “mysticism” in order to be “roughly
hidden things are written in blood and yet shared in moisnderstood”, i.e., when forced to speak to the world.
ture, freely given and fully experienced — just as the cup, Indeed, Genius is more of the Universal Mind that estab-
potion, and tavern are spun only at night — even while pdishes (and not just imparts to others) the “Suchness” of the
sonal hope, let alone a future, ever shies away for himself, tdmiverse entirely through itself and moves things that way
soon enough nearly everyone’s eyes are to shut at lengtliram the infinite past to the infinite future, through the infinite
sleep, not knowing that Reality itself is present in the darkesbment, instead of just a mere saint and mystic who has to
ravine of their modulations. find his way, by following the ways of other adepts, in much
Men of Genius do not cross poignant, dark reefs to meralf/the Unknown. It is the Pure Sword that still glitters and
taste the deeps of depravity for themselves, but to make chmctions (i.e., moves) in the darkest stretch of space, with
tact with the entirety of humanity and to love the uncorr without the presence of mirrors and lights. And it is not
sciously tragic as it is. But, of conversing with the severifyst a spark, nor a mere brilliance: Genius is the wholeness of
and weather of naked love in the most drenching downpounafique illumination and pure presence.
sentiments, who shall readily repay these men by communing The Universe of Genius individuality is four-fold, encom-
in their names, even without having seen them? passing an infinite amount of noumenal uniqueness (not just
Who, then, can cover the perimeter of Genius like a puttetality”) and a most extensive category of phenomenal
ring? In the Genius, life passes in a single heartbeat, anddes of existence. Thus, again, it contains:
he happens to the world like the grip of the strangest spon-_ Reality: Eidos-Nous— the Surjective Monad, Abso-
taneous intimacy upon the furthest comprehension of sincere  |yte Unique Singularity,
!overs. The nakedne_ss of Genius is Just as day and night are_ The Mirror-Universe — the Reflective Whole, Singu-
inseparably present in the world, unveiling each other — and larity, Transcendence
thus essentially beating in each other — more than just taking ’ ' . . .
turns and partaking of chance. — The_ Injggery-WorId — the Projective Particularity,
Verily, before the whole world of people ever does it, Ge- Multiplicity, Inmanence,
nius is the poetry that immediately captures the high flares— Unreality —the Absolute Darkness
of every joy and the disconcerting depths of every trageds., its being-there, entirely in the greatest genus of individu-
there has ever been and will ever be so long as humanity atiten, is essentially without chance and residue.
ists. By the very personification of Genius is the most distant The man of Genius, as such, needs no “belief” nor “hy-
fate of humanity drawn near and the nearest pitfalls therguafthesis”, nor even any “transcendental method”, be it of re-
redeemed. ligious, philosophical, or scientific dialectical nature, for he,
People do the Genius absolutely no honor by merely pthe Eye-Content of Infinity and the Sign-Severity of Oneness,
jecting phenomenal attributes and expectations — and ibyhe whose essence is All-in-All, the All-One, the Unique:
merely scholastically and naively reflecting — upon hiniwithin”, “without”, “within-the-within”, and “without-the-
When, coincidentally, certain men of Genius happen to iéthout”. And this is more than just saying that his individual
situated in certain domains of the society (instead of livirentification is the microcosm — and that he is a particulariza-
in relative obscurity and epistemic solitude), which is a vetipn of the Universe.
rare case, it is to be understood that a zoo that proudly keepsUnlike a mere saint who is the ultimate phenomenal (lin-
a lion or a falcon, has no way of knowing whether or naar, diametrical) opposite of a mere criminal, a person of Ge-
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nius possesse&nimus(Anima “animate animal”), with re- mates sand-grains and yet annihilates shores and settlements,
spect to the entire Imagery-World, and is therefore the mastis Genius the one most capable of sorrow and joy; rage
unpredictable, spontaneous, intense, and creative in his @red calmness; destruction and creation — of both infinitely
nomenal actions, beyond the entirety of collective anthropoemanticizing and molding the modes of existence.

morphic morality, if not ethics. And, unlike a mere criminal Thus, while there can be countless linearly, smoothly pre-
who is the phenomenal opposite of a mere saint, Geniuglistable talented, institutionalized people in the world, “who
fully, intrinsically possessed of Noesis. Thus, a single mare just happy and successful enough” without the tinctures of
ment of Genius in the Universe enriches existences infinitalggedy and without possessing the Surjective Monad of Ge-
whether the individual is “animal-like” (in terms of instinctnius, there is indeed no Genius without a trait of tragedy, for
but not merely psycho-pathological: for instance, even wheagedy is the only melodrama in the Universe used as a lan-
madness seems to have befallen a man of Genius — as Aglaage to convey and gather known and unknown multitudes:
is said to excessively bear the world on his shoulders, aloités a forceful communication among breaths made possible
more than any other —, it is so without the Genius losirig a largely superficial world and in a truly secluded corner
his persona at all, for his essence is absolutely non-composit¢he Universe — however with the possibility of commu-
Individuality and Universality, inwardly and outwardly; madnication across it. Of this universal epistemic disposition,
ness is a mere “surrealism” the Genius deliberately embraties Genius would rather embrace moments of melancholia
in order to relatively, specifically “seal” his ffering without and quiver like certain autumnal sitar-strings, than be merely
ulterior motives other than “inward romanticizing” (for in-happy. Again, while not being a merely fateful one, he never
stance, Goethe and Kafka), and the same can be said abowuthh@as tragedy: he voluntarily internalizes any tragedy (espe-
case of a suicidal Genius) of tragedy-in-itself, or whether hediglly the tragedy of other men of Genius, whether known
deliberately an entirely new humanity — and, again, not just unknown) and still gives it a breathing space and pulse in
a new species — beyond the external world’s understandiiige Universe (and indeed binds it as a cosmic episode), when

The Genius is he who knows the saint more than the saimbst people are wary of it. Nor does the Genius withhold
knows himself, and he who knows the devil more than tleenquest merely for the sake of mercy. He is the virtuoso,
devil knows himself: needless to say, he definitely knovasid not just the actor. He is also at once the script, the stage,
Kant better than Kant knows himself (indeed, he who undéite spectator, and the actor — the very life of the play. In
stands Kant, goes beyond him and thereby “bedevils” hithe cosmic sense of the ultimate unification of observers and
while most others are stuck, without soul, in mere scholashservables, he is self-observed, self-observing, self-existent.
tic documentaries on Kantianism). Whether or not he speaks As such, the following can be said about the dominion
of what people call “morality”, it is entirely up to him: inand nature of Genius, which belongs to no school and species
any case, he alone personifies Reality and gives its most eluall. An individual of Genius is entirely his very own genus,
sive aspects to his subjects. Unlike the sadist, lieminot more than a species, of Universality: without him, the Uni-
from the outward surreal vacuum of space and, unlike therse is not the Universe, and Reality would never “act upon
masochist, from the inward intimidation of time (again, sétself” and “beget an archetype”. No one can teach Genius
Weininger’s psychological essay on aspects of sadism amything. No school, nor training, nor erudition can beget,
masochism in [6]). His deliberate transgression of establidét alone produce, the conscious existence of Genius. Its
ed, normative mores is equally non-understandable by msta-human dominion is that of non-composite Self-Will an-
sentient beings as his infinite capacity for tenderness and seffating the infinitesimals (i.e., meta-particulars) of the Uni-
lessness. In any of these acts, he truly owns his momertsse. Its person is the one most capable of infinite self-
either by throwing universal light into utter darkness or hgifferentiation (besides his intrinsic, immutable uniqueness),
annihilating even light in every phenomenal perception. precisely because the Universe — the infinite Memory (Holo-
one respect, he is indeed ageless Momentum: he is child-liggphy), Moment (Presence), and Mystery (Precedence) —
though not exactly a child, and he is sage-like, though ristnever exhausted when it comestelientiation, especially
exactly a sage. self-distinction.

As the Genius is he who phenomenally contains the most Genius is the very vein and veil of Nature. Once people
variegated manifold of attributes, names, and characters,ohéiscernment and reflection witness the Genius’ unfolding
thus has to represent an entirely new genus of humanitgha heavens by climbing them up, at once they shall also wit-
whole new epoch in the evolution of the cosmos, beyond thess that he has no ladder nor means, that he is the creator
level of acceptance of present humanity. He remains humaheven the Unknown and of perceptual noema. Or even if at
simultaneously aloft as the sky — proud as a mountain first it appears to them that the Genius uses a ladder or means
and fragile as the sand of time — humbled as a valley — hsuch as any transcendental logical method of deduction or
yond mere acceptance and refusal, and even beyond contemy-style of art), it will entirely fall back upon themselves af-
plation. Just as the heavens send down the rain just as machveing self-thrown, at them and away from him, by himself,
as they reflect sunlight, and just as the great ocean gently iatid there is no fear in the Genius regarding this, for, again, he
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is everywhere Reality’s exception just as Reality is his exceps. Zelmanov A.L. Chronometric invariants and comoving coordinates
tion. His sheer independence is the sine qua non of existence.in the general relativity theoryboklady Acad. Nauk USSR956,

Thus, where are the kisses to leap towards the solitude of “* 1::7(3)’ 815_?]1? s | . den

; ; ; ; . Suhendro I. A hydrodynamical geometrization of matter and chrono-
2
Genius, to C,Onsume it for last? Hidden in the pL.”e Seetﬁg metricity in General RelativityThe Abraham Zelmanov Journ&010,
of an ocean’s changeless soul, the love of Genius for the | 3 102-120.
Real a.nd the Human IS hardly reachable. Even if Genll:IS 8} Zelmanov A. L. Chronometric Invariants — On Deformations and the
pears in the faintest human form, among other things in the curvature of Accompanying Space. Sternberg Astronomical Institute,
perpetual sand of existence, people still find it unreasonable Moscow, 1944 (_published as Zelmanov A. L. Chrono_metric Invariants
to intimate it. Instead, they readily besiege and confine its — On Deformations and the Curvature of Accompanying Space. Amer-
. Lo ! - . ican Research Press, 2006).
very incarnation into disappearance, ridicule by ridicule, be- ) )
. . . . 2. Shnoll S.E. Cosmophysical Factors in Random Processes. Svenska

trayal by _beFrgyaI, kiss _by_ k.|ss._ But they can imprison Ot fysikarkivet, Stockholm, 2009.
the most invisible, most infinitesimal — the most artful grain
(meta-particle) in the Universe. Like unknown butterflies and
fresh grapes, however short-lived, the Genius swiftly takes
for farewell upon the eyelids of beauty, coming home not any
later at the coronet noon of that which has communed with
him in existence and appearance.

Only Genius knows Genius, and this is no sentimental
exaggeration — whether the inter-subjective world of people
(not the world-in-itself) is awake or asleep, it is bound to be
troubled by the very person. Indeed, for most, “he draws near
from farness, and he draws far from nearness”, with respect
to perception and non-perception, by the very essence and
form of Reality — and Unreality —, for the distance between
Genius and people is not the same as that between people and
Genius.

Footnote

Suggested parallel reading in philosophy, psychology, math-
ematics, and physics, especially for the sake of the reader’s
perspicacity of the present novel epistemological (meta-
logical) work in simple comparison with other works dealing
with theories of Reality and the Universe.
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Macro-Analogies and Gravitation in the Micro-World:
Further Elaboration of Wheeler's Model of Geometrodynamics
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E-mail: belyakov.lih@gmail.com

The proposed model is based on Wheeler's geometrodynamics of fluctuating topology
and its further elaboration based on new macro-analogies. Micro-particles are conside-
red here as particular oscillating deformations or turbulent structures in non-unitaty
coherent two-dimensional surfaces. The model uses analogies of the macro-world,
includes into consideration gravitational forces and surmises the existence of closed
structures, based on the equilibrium of magnetic and gravitational forces, thereby sup-
plementing the Standard Model. This model has perfect inner logic. The following
phenomena and notions are thus explained or interpreted: the existence of three genera-
tions of elementary particles, quark-confinement,“Zitterbewegung”, and supersymme-
try. Masses of leptons and quarks are expressed through fundamental constants and
calculated in the first approximation. The other parameters — such as the ratio among
masses of the proton, neutron and electron, size of the proton, its magnetic moment, the
gravitational constant, the semi-decay time of the neutron, the boundary energy of the
beta-decay — are determined with enough precision.

The world ... is created from nothing, examples. Thus another approach towards understanding
provided the structure ... micro-phenomena is proposed. Herein, straightforward nu-
P.Davies  merical results are obtained only on the basis of the laws of
) conservation of energy, charge and spin, and evident relations
1 Introduction between fundamental constants, without any additional coef-
The Standard Model of fundamental interactions (SM) isfigients. These results, being the basic points of this model,
result of the attempts of thousands of researches in the coik§éfy the model's correctness.
of decades. This model thus bears rather complicated mathe-The geometrization of the physics assumes the interpreta-
matical techniques which hide the physical meaning of tlien of micro-phenomena by topological images. Many such
phenomena. works have been outlined now: for example, the original ele-
Is this process inevitable? And also: can further math@ents of the micro-world, from which particles are construc-
matical details make the Standard Model able to explain vied according to Yershov’'s model [1], are preons, which are,
tually everything that takes place in the micro-world? May generally speaking, local singularities.
be necessary to add SM by the concept proceding not from Wheeler's idea of fluctuating topology is used here as an
electrodynamics? This problem statement is grounded, bgginal model of a micro-element of matter: in particular,
cause another adequate model allows us to consider mi@lectric charges are considered therein as singular points loca-
phenomena from another side, and so it remains accessdi@tbat a surface and connected to each other through “worm-
for more number researchers. holes” or vortex current tubes of the input-output kind in an
According to contemporary statements, objects of thdditional direction, thus forming a closed contour.
micro-world cannot be adequately described by means of A surface can be two-dimensional, but fractal, topologi-
images and analogies of the surrounding macro-world. Bually non-unitaty coherent at that time. It can consist of vortex
certain analogies successfully interpreting phenomena of thkes linkage which form the three-dimensional structure as
micro-world and explaining their physical essence exist. dtwhole.
will be shown further in the present exposition. This paper follows [3], where numerical values of the
This work uses conceptualization of another class of prglectric charge and radiation constants were obtained. It is
sical phenomena, and its possibilities are demonstrated. ®hiswn in [3] that from the purely mechanistic point of view
model has the inner logic which does not contradict confihe so-calledcharge only manifests the degree of the non-
med aspects of SM. Besides, it explains some problems whecfuilibrium state of physical vacuum; it is proportional to the
are not solved at the present time. momentum of physical vacuum in its motion along the con-
It is necessary to outline a survey illustration of our maeur of the vortical current tube. Respectively, the spin is pro-
del worked out in the spirit of Wheeler's geometrodynamicgortional to the angular momentum of the physical vacuum
The logic of the model, and its adequacy, is justified by mamgth respect to the longitudinal axis of the contour, while the
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magnetic interaction of the conductors is analogous to the feolume, the second — a pressure. In other words, this for-

ces acting among the current tubes. mula coincides with the expression of the local velocity of
The electric constant in the framework of the model issound inside continuous medium. It is interpreted in this case
linear density of the vortex tube: as the velocity of the longitudinal wave along the tube of the
M 16 contour. The Iongitudinal_ wave.transforms into the transverse
0= = 3.233x 10 kg/m, (1) surface wave from the viewpoint of an outer observer at the

boundary of thex- andY-regions.
and the value oinverse magnetic constaistassociated with  According to [3], the mass of the contour is given by

a centrifugal force: M = ccz)/sme = 448 x 10Pm.. This value equals approxi-
1 mately thesummary mass of VWW-bosongthe dimensionless
— =% =2906n (2) light velocity cg = ﬁ is introduced here). One can state
Ho therefore that the vortex current tube is formed by three vortex

appearing by the rotation of a vortex tube of the nasand threads rotating around the principal longitudinal axis. These
of the radiusre with the light velocityc. This force is equi- threads are finite structures. They possess, by necessity, the
valent to the force acting between two elementary chargesright and left rotation; the last thread (it is evidently double
the given radius. Note that Daywitt has obtained analogowie) possesses summary null rotation. These threads can be
results in [4]. associated with vector bosows', W-, Z° which are conside-

One must not be surprised that the electrical charge Ihed as true elementary particles as well as the photon, electron
dimension of impulse. Moreover, only the number of electrand neutrino.
charges is meaningful for the force of electrical and magne- This structure is confirmed by three-jet processes obser-
tic interaction, but not the dimension of a unit charge. So, feed by high energies — the appearance of three hadron stre-
example, the Coulomb formula takes the form: ams by the heavyr-particle decay and by the electron and

positron annihilation. The dates about detection of three-zone

(3) structure of really electron exist [5].

Other parameters of the weak interaction correspond to
wherer is the relative distance between the charges expresedgiven model. So, the projective angle is an addition to
in the units ofre. theWeinberg angle of mixing,gof the weak interaction. The
_ The co-called standarq proton—ele.ctron contour _i”ters%ﬁojective angle is determined in [3] as arc  _ 618°,
ting Fhe surface at the poinys" an'd p IS conS|dereq in [3] wherea is inverse to the fine structure consta;t. The value
and in further papers. The total kinetic energy (_)f_t_h_ls conto&hzqw — 0.231 is determined experimentally, ig, = 28.7°
equals the energy limit of the electron. Possibilities of t dZ - g, = 613°. Based exactly on the value of this angle

modgl explainjng dferent phepomena of the micro-world e electric charge is calculated precisely, the numerical value
considered with the help of this standard contour. of which has the form [3]:

172
Fe = _2
Mol

2 On the connection between the electric and the weak

interactions &0 = meCy'® cosqy x [m/sec]= 1.603x 107° kg nysec (5)

The electric and weak interactions are united in the uniforg1 Eermions and bosons

contour. The form of our model continuum in a neighborhood

of a particle is similar to the surface of a hyperboloid. It i§ iS necessary to note that vortex structures are stable in this
conditionally possible to separate the contour into two reg@se if they are leaned on the boundary of phase division, i.e.
ons: the proper surface of the region (the regigrand the 0on the two-dimensional surface.

“pranches”, or vortex tubes (the regit}, as shown Fig. 1. A The most close analogy to this model, in the scale of our
perturbation between charged particles along the sudase world, could besurfaces of ideal liquidvortical structures
transmitted at light velocity in the form of a transverse surfadieit and subsequent interaction between them, forming both
wave, i.e. the electromagnetic wave. The perturbation aldigjef of the surface and sub-surface structures.

vortex tubes byY spreads in the form of a longitudinal wave Vortex formations in the liquid can stay in two extreme
with the same velocity of transmission, as it will be shown.forms — the vortexat the surfaceof radiusry along thex-

Express the light velocity from (1) as: axis (let it be the analog of a fermion of the masg and the
vortical current tubeinder the surfacef the angular velocity
s |1 v, the radiug, and the lengtlh, along theY-axis (let it be the

c= \/;0 % (4) analog of a boson of the massg). These structures oscillate

inside a real medium, passing through one another (forming
wheresis some section, for instance, the section of the vortar oscillation of oscillations). Probably, fermions conserve
tube. Upon dimensional analysis, the first factor is a specifieir boson counterpart with half spin, thereby determining
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their magnetic and spin properties, but the spin is regenerated the number of photorzsn the contour for the case of the
up to the whole value while fermions passing through bosdacay of the contour (ionization) is

form. The vortex field, twisting into a spiral, is able to form

subsequent structures (current tubes). z~nt. (11)

The possibility of reciprocal transformations of fermions . . . .
: . The following evident relation ensues from the expression
and bosons forms does not mean that a micro-particle can

stay simultaneously in two states, but it shows that a m& sthe linear densityo (1):

(an energy) can have two states grabss from one form to l, m M 5
another —=—=—=(an". (12)
. . . . . fe M Me
It is easy to note that this model of micro-particles gi- _
ves an overall original interpretation of the employed notions: In other words, the relative length of the current tube ex-
mass defeandsupersymmetryAt the same time, our modelpressed through the unitsequals the boson mass M expres-
does not require us to introduce additional particles (supged th_rough the units. _ _
players) which have remained undetected until now by expe- Using the parameters obtained in (8), (9), (10), (11) from
riments and, evidently, will not be discovered. (6) and (7), we find:
1) for the first particle, assuming that it is a proton
4 The determination of the relation of the masses pro-

ton/electron 2¢o

1/4

n=n,= ( = ) =0.3338 (13)

In order to compare masses of fermions, it is necessary to a

consider them as objects possessing inner structure. Let us) for the second particle, assuming that it is an electron

introduce the analog where the vortex tube is similar to a jet

crossing the surface of liquid inside a bounded region and ori- 2¢o

ginating ring waves, or contours of the second order (which N=nNe= (?

originate, in turn, contours of the third order, etc.). Let this

region of intersection correspond to a micro-particle. Then Taking into account properties of fermions and bosons in

it is considered now as a proper contour and can be char@id- model, we conjecture that the boson thread is able to pack

terized by parameters of the contour: a quantum numpextremely compactly into thefermion formby a process of

the radius of the vortex threaglthe circuit velocityy and the oscillation along ther-axis. This packing is possible along all

mass of the contouv!. four coordinates (degrees of freedom), because this structure
Let us proceed to determine the quantum numbers f&n form subsequent structures. Using (10) and (12), we find

micro-particles. We express the typical spin of fermions tHat the relative linear dimension of a fermion along e

rough parameters of their characteristic contour, being r@¥is is proportional to the radius of the vortex thread. It can

1/8
) - 05777 (14)

tricted to self-evident cases, namely: be expressed by the formula:
1) the spin of the particle equals the momentum of the |\l 2/3
contour as a whole: LAY LT 072 R G i ) (15)
h le fe)\le (an)7/2
— = Myr, (6)
An For instance, substituting into the above-obtained formu-

2) the spin of the particle equals the momentum of tl@sn = np, we find the characteristic dimensions of the proton
contour, related to the unity element of the contour structdiucture expressed through the unitsthe radius of the vor-

(the photon): tex threadr = 0.103, the linear dimension along tixeaxis
' h Mot rx = 0.692 and the length of the vortex threlgd= 2092. For
il (7) the electron, by the substitution= ne, we have, respectively:
. g 0.0114, 0.1014 and 6266.
whereh = 2ramecre is the Planck constant. Of course, the expression (15) has only qualitative charac-
The parameters d¥l, v, r following from the charge con- ter, but it can be used for the calculation of thass relation
servation condition are determined as [3]: of arbitrary fermions, assuming that the respective masses are
proportional to their four-dimensional volumes:
M = (an)’m, 8)
4 14
Myp Ixp Ne
y = C1/3L (9) Ee = r—Xe = n_ . (16)
0 (an)z, p
For the given couple of particles, we have the relation
r=c¥3 e (10) (os777\1 ©ie oy ; ;
=% G (337%) " = 2160, therefore it is evident that this couple is
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enveloping contour B o follows from the Dirac equation (the phenomeiZdtterbewe-
[ =2092 . . .
\ [5660,r =4 gungd). Evindently, it follows from geometric reasons:
o
critical contour dy = M =2423% 10_12m, (18)

proton, r=0.6 [ =259, r=669 2

X

which coincides with the Compton wavelength, where
“Zitterbewegungis confirmed by experiments [6].
Analogously, the parameter, determines the length of

the contour of the proton of the diametyr = @ enve-
loping the extremely contractgat — e -contour, parameters
of which reach critical values with = c, Fig. 1. It follows in
BB this case from (9):

transit contour

’ r=76i5
neutrino

1/6
Np = Niin = 0? =0.1889 (19)

current tube
il vortical thread
r=0.1
and using (12) we find furthey = c/°re = 669¢ ~ d,.

b The excitation of elementary particles gives a set of their

Fig. 1: The contours: scheme of the contours of the proton, and thne(l)n-st_able forms. S0, fermions can have_more porous and

sizés kin the units orfe'). ' VWiuminous packing of boson thre_ads, fprmmg hype.rons, gtc.
Apparently, some preferred configurations of packing exist,

but the most compact is a proton, for which the volume and

really protonandelectron Thus the given relation is equal tdhe mass of the particle anginimalfor baryons.

the mass of the proton expressed by the units of the electron

mass. It is more evident, because the boson mass of a par-Three generations of elementary particles

ticle m,; is almost equal to the fermion masg, , and itis A micro-particle is considered in our model as an actual con-
non-randomly so. Let these masses be equal, then the mgfe yherefore any contour connecting charged particles can
precise value is the boson mass accord|_ng 'FO (12), b_ecau%(le'éompared with a particle included in a greater contour; i.e.
does not depend on the photon numbevhich is determined yho mass of a relatively lesser contour is assumed to be the
by means of the approximated formula. Then we can COrgelq of o hypothetical fermion (e.g. a baryon as the analog
also the valuene using the relation (16), and accept that it§¢ 5 proton for greater one), as shown in Fig. 2. Thus, there
value is equal t0 0.5763. Itis necessary to correct the profaly, exist correlated contours of the first and following orders
mass and electron charge by the cosine of the Weinberg giiiing several generation of elementary particles. It is clear
gle. We obtain, as the final result, an almost exact valueqk; o quantum numbers correspond to every particle de-

the observed proton mass: pending on its classification: 1) the particle is considered as
mp ) a fermion (the analog of the proton being part of the greater
m (anp)” cosgy = 1835 (17) " contour of the following class); 2) the particle is considered as

a boson (the mass of the contour of the previous class of parti-

The Weintl)(ﬂg angle has also a geometric interpretationsfiss). Fermion and boson masses are equal only for a proton,
COSQy = (%) "% Which confirms indirectly the correctnesdesides they have the same quantum numbke.3338.
of the expression (16) also. The analog of a proton for the-contour is the mass of

The masses of other particles expressed through the utties standard contouM = ¢Z°me. We find from (16) its
of the electron mass are calculated: for the fermion — accquantum numben, = 0.228. The analog of a proton for
ding to (16), assuming that, is the quantum number for anthe r-contour is the mass of thecontour, and, is determi-
arbitrary fermion, and for the boson — according to (12). ned from extreme conditions, i.e. when— 1,r — 1 and

The quantum numbers for the electmanand the proton n; = Nyjn = 0.1889. Then we find from (16) the mass of fhe
n, are their inner determinant parameters, emerging into tantour or ther-analog of a proton which equal6x 10Pm.
influence zone of these particles. The parameiatetermi- It is logical to assume that by analogy with the second
nes the length of the enveloping contour of the electron @ass that this mass also consists of three bosons (the middle
a circle of the lengtH, = (ane)’re, corresponding to threemass of every boson.@® x 10°m, i.e. 1030 GeV), which
inscribed circles of the diametel;. The vortex threads ro-corresponds to the upper bound of the mass of the unknown
tate inside these circles. This diameter equals the Compktiggs boson. Thus, in reality, thecontour is the largest and
wavelength, i.e. the amplitude of electron oscillations, whit¢he last one in the row
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proton electron mu-particle - i
o aicle 1.217 ,0.217
Ng a

Mk = — o058

a 9.74
N K = % = 7.65x 10 kg/m?®, (23)
@ - o @ :
. L Itis possible to ascribe these averaged parameters to some

particle — aquark existing only inside the phase transfer
region. At once note that a quark by this interpretation is not
a specific particle but only a part of the mass of a proton,
obtaining critical parameters. The value of the mass can be

O U or A e determined from the formula (16 = 129m. It is easy to

mu-analog of the proton  tau-analog of the proton  (the last one) calculate further other parameters of an electronic quark. It

is possible to verify that the density of a quark is between the

Fig. 2: Scheme of the families of the elementary particles. fermion and boson densities of a proton, and its size goes in
to the size of a nucleon.

Assume that the relation between the masses of baryonsThe critical velocity of a vortex current is determined

and their leptons in the following classes of particles, i.£0m the known hydrodynamic equation:

between masses of theanalog of the proton and a muon, 172

and ther-analog of a proton and a taon, is the same as for Vi = (&) , (24)
a proton-electron contour: it equals 2092. Then, using the Pk

obtained value, we can estimate the masses of other leptons, . . , iy , M .
A48T where in this case is the critical velocitypy = g is the cri-

The mass of anuonequals®gag;~ = 214m, whereas the tical density, w is the volume of the quarlpy is the pressure

mass of aaonequals®%4? = 2892m. in the critical section, or the energy related to a corresponding
They- and ther-analogs of protons as baryons do not agpjume. The energy of the standard contour eqoals? [3],

tually exist, but their boson massesy()’me and @n.)’meare and the critical volume is determined asv, wherez is the

close to the masses of lightest mesons — kaon and a coyRlgber of quarks.

of pions. Substituting the indicated values and expressing also

through (9), we find from (24) the number of quarks as

=0.480 (22)

6 On the proton’s structure

Continuing a hydrodynamic analogy, we assume that any _ (an)*me _ 1392 (25)
charged particle included in a contour of circulation is the - C§/3mk o
region where a flow of the medium intersects the boundary
betweenX- andY-regions: the phase transformation is reali- This result shows that the flow of the general contour must
zed in this boundary and the parameters attaiical values splitintothree partsn the region of the proton so as to satisfy
Let us now introduce the notion trrhe density of a fermidthe conditions of critical density and velocity. The relation of
Y

and a boson masgix = V"V‘— andp, = /. Neglecting their boson masses of an electron and a proton equals the same

exact forms, assume three-dimensional volumes of fermieague. In fact, using (12), we obtai;'ég = (2_)2 =3.0.
1 1 - 1 . p . p -
and bosons in the simplest form: a fermion — as a sphere |t means that in order that the conditions of current conti-

Wy = 53(, a boson thread — as a cylindey w r2l,. nuity and charge steadiness in any section of the contour are
Using (10), (12), (15), (16), we obtain, after transformatjealized,inverse circulation currentsnust arise in a neigh-
ons, their respective densities: borhood of a proton. It can be interpreted as a whole that

penléalos zones with diferent signs of charge exist in a proton. Using a
Px= % (20) minimalnumber ofnon-recurrent force current linesve can
=G express schematically current lines in a proton in a unique
pe(@n)® way, as shown in the Fig. 3
Py="a3 > (21) As seen, there exist two critical sections with a conditio-
% nally plus current (up in the scheme) and one section with a

wherepe is the density of the electron for a classical volumgonditionally minus current (down in the scheme), where th-
':—;5 = 4.071x 10" kg/m®. ree current lines correspond to a general current in the
Of course, the densities of fermion and boson massessopeme. Therefore, the fermion surface of a proton is cons-
the critical section are equal. Then we find by = p, the tructed: the regions where force lines intersect the critical
critical quantum number and the density: sections on the line 0 — 0 inside a proton will be projected
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on this surface in the form2/3, +2/3, —1/3 from the total .
charge according to the number and direction of the force li- +213 103 +2/3
nes intersecting this surface.

Therefore, it is more correct to associate quarks not with
critical sections but witlsteady ring currentscontaining one

B

or two closed single contours intersecting the critical sec- 0
tion, as follows from the scheme. Therefore the masses of
guarks can be determined a8 br 2/3 from the summary- My+ My+

calculated 12.%n, i.e. they must be equal, respectively, to
4.3me and 8.6m¢ , which coincides in fact with the masses of
light quarks determined at the present time.
Parameters of quarks @f andr-classes are calculated
analogously by substitution of muon and taon quantum num-
bers in place ofe, respectively, (Table 1). 1
Of course, the proposed structure of the proton is a hy-
pothesis of the author only. Nevertheless, the definite nuRig. 3: Scheme of the proton: distribution of the current lines inside
bers and masses of quarks here do not contradict the onegltshproton.
tained by other methods earlier. Concerning¢bafinement
or non-flying of quarks: this phenomenon is self-evident, be- ,
cause a proton in the presently given model has no combifggeen the bosqn mass 9f a contour a”;@'laslepton' we find the
parts, but it has only local features in its structure. The déR2SS of the fermion for this contoum, = 5553 = 129m..

2092
sity of a proton in critical-value regions is considerable Iegqs This result turns out to be independent. The obtained va-
than its fermion density: they are, probably “holes” and,

e M coincides with a total mass of the quark and confirms
course, they cannot be distinguished as individual particlHqs"’lt in the process od-capture the temporal contour is ac-
On the other hand, only regions of critical sections, being

ally formed, which is analogous to earlier considered con-
advanced frontal velocity pressure (dynamical pressure), tQurs (section 5) where one of the critical sections of a proton
observed by experiments partons

as a lepton is present.

We can deduce one more reason on behalf of the st tedRecall that our model_ contour h_as the properties Qf ideal
model: the Georgi-Glashow hypothesis of a linear potent'{ﬂu'd’ therefore closed_ fing f(_)rmat|ons as parts of th's. con-
exists. According to this hypothesis, between infinitely healfpuum aré absolutely inelastic and gbsolutely Qeform|ng a.t

same time. The contour connecting the patrticles, by their

guarks there must act, independently from a distance, a fo . :
g{ther coming together, transmits a share of energy-

of attraction (approximately 14 tons). Current tubes are j :
linear objects in our model. mpmen.tum to the inner structurg pf the proton, deforms and
Concerning the force: its limiting value can be expre538 gnr:stltlfelf :ﬁ thé(-regltt)n, then_ Itis f:(k]traci[edtamgrlnf |
here as the sum of electrical forces’ projections relative to fgich takes the momentum (s_,pl_n) ot the electron (Fig. 1). In
center of the right triangle. The forces act in pairs betwe er Words, this process is S|m!lar tq a separ.atlon of charge
critical sections carrying an elementary charge by the con id spin — the phenomenon, fixed in h_yperfme conductors
c]’ which vortex tubes are supposedly similar to.

tion that the distance between them is minimal (according A simil tour is f db t of th Ki
(10), for a quarkr = 0.023%¢). Then, taking into account similar contour 1S formed by every act of the weak in-

(3), e findFe = 362530 — 133% 105 N or 13.3 tons teraction, and it corresponds to the exchange of intermediate
' €7 hor? ' ' ' bosons. The relative slowness of this process is connected
7 The weak interaction and the neutrino with thetime constant.t The typical value ot, taking into

h h ¢ I , ve il account a spiral derived structure, determined by the time du-
The stated scheme of a proton allows us to give a native illiigsy \yhich a circulating current passes with the velosity
tration to the proton-neutron transitions in the weak intera

X X clrﬁ'rough all line of the “stretched” counter (the size Wf,
ons. For example, in the case of the so-called hunting pheﬁgﬁarticles) For the standard contour we have
menon é-capturg if a proton and an electron bring together '

up ton < 1) an intermediate contour is formed, connecting B Ry (re/r)
the particles temporarily. The boson mass of the contour, in t= (48847 Vv
addition, must be more than the sum of the combined boson

=1.25%x 10 sec (27)

masses of the proton and the electron, precisely: where 4.884 is the quantum number for a standard contour
[3], r andv are determined by (9) and (10) by the giverR,
M = (an)®me + myp + Mye. (26) s the Bohr first radius.

It follows from the logic of the model, that a neutrino is a
Letn =1, thenM = 27108m.. Using the general relationparticle analogous to a photon, but it spreads inYtiregion,
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i.e. ittransfers energy along the vortex tube of the contour. éssine of the Weinberg angle is considered, aad= 1. In
known, two kinds of these particles: a neutrino — with a lefis casdy, = 59774r., which corresponds to the vaIL%
spiral and an anti-neutrino — with a right spiral, correspoaxactly. In other words, for the contopt—e:

ding to two poles of a general contour. Because a neutrino

is a closed structure and exists only in tii@egion, it has Iy = / Mp \/TWOX [sec]= & (32)
no considerable charge and the mass in a fermion form (i.e. Me COSCw T

in form of theX-surface objects). Probably, a neutrino has a pg extension of the contour is now impossible, because
spiral-toroidal structure and thus it inherits or reproduces (dr the mass of the proton is involved in the contour of circu-
pending on the type of the weak interaction) the structure|Qfion  Thus the parametetsandr; are limited and equal
the vortex tube of the contour. to 0.0125 and B50 x 10°r,, respectively, i.e. the length

of contour tubes equals the radius of the vortex thread of an
. o ) . electron, approximately (section 4), and the distance between
Consider a possibility of existence of the mentioned closgttm equals the limiting size of the hydrogen atom E3gQ.
contours at the express of an equilibrium between magnetige |ast result is confirmed by the fact that the maximal level
forces of repulsion and electrical forces of attraction. Let 8% energizing of hydrogen atoms in the cosmos, registered at
fOI’mally write this equa“ty for tubes with OppOSitely directe%e present time by means of radio astronomy, does not ex-
currents, neglecting the form of the contour and its possilleedn = 301 [8].

completeness, and expressing the magnetic forces through they) | et|, be equal to the Compton wavelengih= 2rare.

8 On the magnetic-gravitational interaction

Ampere formula in the “Coulomb-less” form: In this case}; andr; are equal to 0.604 and2R27 x 10°re,
5 respectively, i.e. the length of contour tubes corresponds to
22,2y = ZeaZe2 HoME C , (28) the diameter of a nucleon, and the distance between them —
r? 27ri x [sec] to the size of the most atomic size?B). Thus, taking into
- ccount (30) and the expression fy, we can express the
wherez,, 7,2 , Z1, Zeo, 1i, |; are gravitational masses angroton radius in the form:
charges expressed through masses and charges of an electron,
a distance between current tubes and theirs length. 03/3
Substitutinguo from (2), we derive from (28) the cha- Mp=go5 = 0302 =851fm (33)
racteristic size of the contour as theean-geometriof two ) . .
linear values: which corresponds to the size of the proton, determined by

the last experiments (842 fm) [9].
N e L2 The equality (29) ofx = A is observed, if the relation
he= hini = Ze1Ze2 V2ryeo x [sec) (29) 2% — 434. This value can be interpreted as the product of

) ) _ the masses of two quarks, z,,, included in the contour of a

(12), (29), we obtain for a contour with a unit charge the Va- ¢) The critical contour of = c. Herel; = Ccl)/G- M= 03/3,
luesl; andr; , where the lengths are expressed by the unfEs:
of re:

c;’* by the units ofre. The equality (29) is fulfilled
e provided that the relatio 12"2 ~ 1. A fraction of the impulse
0 (30) Iis transmitted to its own current (quark) contour of the proton

Iz’ by a further contraction of the contour, because the velocity

|4 of circulation cannot exceed the light velocity.
ri = % (31) d) The contour is axially symmetric and is placed at the
Co intersection of regionX andY, which corresponds to a tran-

The contour can be placed both in tkeegion (for exam- Sient state between a proton and a neutron. It is logical to as-
ple, a contourp*— e7) and in theY-region (inside an atomic sSume that the mass of the contour is situated in a critical state
nucleus). A deformation of the contour, for example, its colthich is intermediate between fermion and boson forms. Itis
traction by the e-capture, takes p|ace by means qj.tﬂecay pOSSible to suppose, aCCOfding to the considered model, that a
energy. When a proton and an electron come together, ené}@?()n thread is contracted already into a contour by the |ength
and fermion-mass increase of the contour occurs, while tkebut it is not packed yet into a fermion form.
boson mass decreases, but the impulse (charge) is conservedn this casd; = r; = Iy = ¢5/°r,, and the equality (29)

Consider some characteristic cases of a contour contrisdulfilled provided that the relatiof’22 ~ 1/3. The limit
tion and of a further transition of the nucleon from a protdmpulse of this contoul = wgglkc = ﬁ, consequently it
form into a neutron one. could correspond to one excited quark contour.

a) Write the equality (29) fomp*— e -contour, where The size of the magnetic-gravitational contour is correla-

Zy = mecLopsqw is the relative mass of the proton, where thed with the size of an atom depending on the value of gravi-
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tational masses involved in its structure; the product of the8e The determination of the mass and lifetime of the neu-
masses is in the limits (&...43)mZ in the intervals of the tron

main quantum numbers = 1,...,8. Moreover, in the re- o ho\tron is somewhat heavier than a proton, which is due

. . Zg1Z52 H - . . .
gion X the relationz 57 is proportional to the degree of déy, yhe excited condition of its own current (quark) contours.

formation of the conto_ur, i.e. to the relation of the size of tr@ut in SM, only one quark from among the three undergoes
symmetric contoul W',th respect to the sr_naﬂ axis of the de ansformation by the proton-neutron jump. Let us assume
forming one; the coficient of proportionality izonstanind that this quark contour obtains in addition the energy of a
equal to (84 ~ 1/,3' . ) . symmetric contour (which is considered in this situation as
The contour is reoriented into the regil¥rby the proton- . ovn contour of a particle of the masgy), which leads

neutron transition. However in this case, in the regiothere 1 i< sjze extension and, respectively, to the increase of the
is a sole solution which determines the critical contour b¥1ucleon Mass

v = ¢ Hereli = ¢¢®, ri = 1, Ik = ci/® by the unitsre. The
contour is inserted in the current tube with the gizand the
inverse relation is realized exactly for this contour:

Let us equate a total-energyfidirential, obtained by a nu-
cleon, to the rotational energy of a symmetric contour except
the initial rotational energy of a quark contour:

ZaZeo _ Ik
Z1z  3ri

(34) (M — mp) &  eolor? - mov

COSCw 2’ (38)

) /gTakmg into account that for the symmetric CONtOMI= \ypqre,, is the peripheral velocity of a symmetric contour,
Co Te and using the formula (29), we have, after transformg—the peripheral velocity of a quark contoérr,n( is the ave-
tions, raged mass of a quark contour (section 6). Starting from the
Co (35 mc’:lSseszg/gmB and 12.9n,, theirs quantum numbers are de-

— =3
2nyeg X [sed] termined from the formula (16), the rotational velocities —

The uniqueness of the solution indicates that, by the trafRM (9). Substituting these values we obtain .after transfor-
sition of a proton into a neutron, the contour is isolated infBations the expression (by the unitestefandre):
the regionY, namely with the corresponding critical parame- 9/7
ters, and corresponds to a neutrino. My — Mp = Tie [CSW - mk_] CoSQy = 2.53me, (39)
The expressions (32) and (35) are exact, as the values 2
and 3 reflect the geometry of the space and its threei;| . . .
dimensionality. It is possible to deduce from them the foly erer.ie is the radius of the vortical thread of the electron
mula of thegravitational constantising the least quantity Ofdetermlne_d from (10). . .
values possessing dimensions, and to obtain also the mor After discharge of a neutrino and deletion of three enclo-
exact expression for the Weinb’erg angle. So, removing §1ee8 current lines, there remains one summary contour in the

) ) . neutron. This contour consists of three closed force lines. Its
expression foey, we find from (35), after transformations, . : . :
size can maximally reach the size of a symmetric contour by

5/9rg

c5/9 means of the obtained energy. This contour forms three vor-
=— 9% -66733x10 " m¥seckg, (36) tex threads by the length with co-directed currents. These
67pe x [seC] threads rotate relative to the longitudinal axis and have the
from (32) and (35): bpson masses,. The equality of magnetic and inertial (cen_—
trifugal) forces for vortex threads must follow from the equi-
ﬂzcg/g mp librium condition. By analogy with (28), we have:
= — =0.877 7
COSOw T m 0.8772 (37)

M5 ZeaZeopoMBc?l,
Note that the expression fershows that the gravitational fi 2nr; x [sec]
constant is an acceleration, i.e. the velocity at which the s

e . . L .Q\ﬁierevo is theperipheral velocityof vortex threads. Taking
cific volume of matter in the Universe changes, in view of iS40 account (1), (2), (12), we find from (40):

(40)

expansion.
Thus, the analysis of a magnetic-gravitational equilibr- VZe1Zep Te
ium, additionally and independently, confirms the existence Yo = m, (41)

of three zones in the proton structure and the correspondence

to the masses of light quarks of the active parts of the prehere the velocity does not depend on the length of the vortex
ton mass, included in the circulation. The conditions statddeads and the distance between them.

in sections 4, 6, 8 reflectfierent aspects of the unit structure A spontaneous, without action of outer forces, neutron-
of a proton as a whole. decay is realized just owing to the own rotation of vortex
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threads, causing a variation of its inner structure. In othtée critical valuet:l/e’me The velocity of rotation of the con-
words, the excited contour deforms and is turned into anotigjr by the |mpulse transmission will %L and thes-decay
configuration with less energy, which corresponds to the ini-

tial energy of the proton. This process must characterize its¥#ergy isEs = §-; then its maximal value, transmitted additi-
by theconstant of timavhich can be determined as a quotienally to the electron and neutron contours, and, consequen—
ent from a division of the characteristic linear size in terniy, to the electron and the neutrino, occursdvt= 200 Me.

of the peripheral velocityy. As the diameter of the tube isSubstituting the values, we obtain the boundary value of en-
not determinedk; is not determined, then it is expediently t@rgy: Ez = 1.72 (in the units ofn.c?) or 0.88 MeV.

consider the length of a symmetric transient contelyras a The same result can be obtained by means of another,
characteristic size. In this case, the constant of time takesithdependent way, if we assume that the transient contour is

form for unit charges: symmetric from an energetic viewpoint (but not from a geo-
| metric one). Assume that the limit energy of the mass of a
=T \or 02/9 x [sec]= 603 sec (42) fermion contour equals the energy of rotation of this mass in

o a boson form, i.emyc? = m»2. Introduce also into the ex-

On the other hand, the constant of time can be determirfg@ssion of the impulse the value of the spin of the contour:
also from energetic reasons, taking into account tiemince it allows us to characterize the process of gdecay more
of the masses of nucleons. objectively. Correct to this end the quantum numhgfor

Let a neutron lose step-by-step the transmitted total dRe unit relative mass (the mass of an electron) in the case of
ergy (m, — my)c? by portions which are proportional to thearbitrary spm It is evident that, taking into account of (7) and
energy of an electromey2, whereve is the electron’s own- (14), Nei = &%, Wherek is the relation between an arbitrary
contour rotational velocity during the time equal to the perigdPin value and the spin2
of vortex threads rotation inside the current tube. Determine Taking into account the aforesaid equalities and using the
this characteristic time a§ = 251 sec, then, taking intoformulas (9), (12), (16), we obtain as a result the expression
account (9), (39), (41), we obtain the period of the total difor the impulse of the contour which is analogous to (44), in

persion of the energy by a neutron: the units ofmec:
K7/126Lo
_ lp= —2 . (45)
_ V27 (m, — mp) x [sec] _ 628 sec 43) A= (ang) 4B

Fie COSC It gives, fork = 2, the value of the impulse 47.96.c,

The obtained constants of time correspond to the half-lideinciding with the result of the formula (44).
of a neutronry». By definition,r1,2 = In2 x 7, wherer, is Thus we have showed that, by the transient condition of a
the lifetime of a neutron; its value which is obtained by oraicleon, the symmetric contour obtains temporarily the spin
of the recent studies is 878.5 sec [10], thgn = 609 sec. 1 (joining the spin of an electron'd, which then takes a neu-
Note that the contour of a neutrino also consists of thre@o).
different vortex fields and probably undergoes periodically This energy of thg-decay for isotopes can be higher, and
small variations of time when forming three configuratiorits maximal value can be determined. According to our mo-
relative to a chosen direction. This result, probably, can alel, a symmetric contour can transfer the limit impulse which
plain the problem of solar neutrinos and their possible vareguals one third of a charge (section 8, d). Then, taking into

tions. account (5), assuminyls = 2c€§’3me and introducing the
Weinberg angle, we obtain as a result the simple expression

10 Onthep-decay energy of theg-decay limit energy in the units of.c2:

The energy of the excited contour of a neutron by its decay 13

is transmitted to an electron and an anti-neutrino extracted £ - S COSQw _ 326 (46)

by this process. Taking into account (1), (9), (16), we can Alim = 18

express, in relative units, the additional impul;;:ez nso!kvi or 16.7 MeV.

transmitted to a nucleon from the symmetric contour: In fact, the maximal value of the-decay energy among

nc37/% different isotopes is registered for the transitiof?-N C'?
5= @an)? =47.92mecC. (44) (16.6 MeV), which coincides with the calculated value. The

value of the impulse which corresponds to the given energy

This impulse is distributed between the contours of a ndolows from the formula (45) bk = 28. In other words, the
trino and an electron with the total makt;, and these con- obtained spin is proportional to the number of nucleons in the
tours are present in any process of the weak interaction. nucleus (for a nitrogen, 28= 14).

In addition, the mass of a neutrino contouciégme, and In the case oé-capture only a neutrino is extracted, then
the mass of an electron contour also cannot be smaller tihgn= 1/3’r‘ne, and the typical energy of the neutrino must be
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1.75 MeV.
Namely, such contours, possessing symmetric forms and

balanced energies (quarks), are the base of the microstructure

of particles:threequarks for baryons angvo — for mesons.

Partially, fork = 1, the contour, possessing the spi,lhas Particles Calculated dat{# Actual data

the mass 146.4n.. Consequently, two such contours, de-

. . . . . Family 1

pending on their properties of combination, can form mesons
more easily — pions, and their excited states — , i.e. heavigr" " 1835 1836
micro-particles. Electron 1 1

Thus, the results obtained in sections 8, 9, 10 in the frame- Quark 12.9(4.3;8.6) | 3.93;9.37
work of our model correspond to well-known parameters and Family 2
admissible limits. Various coincidences of the calculated var ,.-analog of the protormy, 4.48x 10P 4.92x 10P T
lues with reality (_e.g. the number of_quarks, the sizes of the™, - 214 206.8
axes of characteristic contours, the size of the proton, the gr = ark 8780 3230 276
vitational constant, the fference of the masses of nucleons, Family 3

the half-life of the neutron, thg-decay energy) cannot have
accidental nature: they prove that the structure satisfying the-analog of the protom, 6.31x 10° ?

magnetic-gravitational equilibrium condition really exists in| 7ePton 2892 3480
the micro-world r-quark 233000 | 348000; 8260

Other parameters
11 The magnetic moments of the proton and the neutron | charge of the electron, kg/s | 1.603x 1072 | 1.602x 1079

The anomalous magnetic moment of the pratgrin the gi- (Nungr?erbof the ?tL;]arkSh

on the basis of the phase
ven model can be galculgted as follows. Thelvadydepe.nds transit condition) 3.2 3
on the boson configuration of a proton and is determined r

" Number of the quarks

lative to theY-axis whereu,, is the product (chargerelocity (on the basis of the magnetic
xpath). We thus have, for a vortex thread, a peripheral velg- gravitational equilibrium) 3 3
city v and a circumferencer. Substitutingy andr from (9) Interacting force among
and (10), we obtain as a resullt: the quarks, N 133x 10° 14x10°
Weinberg angle 28.2° 287°
mCoC&rle 26
K= an) S 1.393x 10 *° an, (47) Compton wavelength, m 2423x 1012 | 2.426x 10712
. . S . The gravitational constant,
which differs insignificantly from the experimental value. m3/kg se@ 6.673x 10711 | 6.673x 10711
The magnetic moment of the neutron equals two thirds of ragius of the proton, fm 851 842

the proton’s magnetlc.moment', ie. proportlgpal to thg reduct 5 o etween the masd
tion of the number of intersections of the critical sections by of the proton and the mass
current lines for a proton (six instead of nine, existing in a| of the neutronme 2.53 2.53
proton, see Fig. 3). Naturally, the sign of the moment chan- Semi-decay of the neutron

ges in addition, because three positive enclosed currents grékinematic estimation), sec 603 609
removed. Semi-decay of the neutron

. energetic estimation), sec 628 609
The calculated values of some parameters with respe :f( g )

to reality, or obtained earlier by other methods, are given in

tUItimate high energy of

thep-decay, MeV 16.7 16.6
Table 1. ;
Magnetic moment of
. the proton, arh 1.39x 10726 1.41x 10726
12 Conclusion
. . . o Magnetic moment of
This work is an attempt to add a physically descriptive inter{ the neutron, ath -092x10% | -0.97x 10726

prEtatlo_n to_some phenomena of the micro-world _usflng both *Masses of the particles are given in the mass of the electron.

topological images of Wheeler's geometrodynamic idea and ithe summary mass of the W, Z-bosons.

further macro-world analogies. This approach allows us to

include into consideration inertial and gravitational forces. Table 1: The actual numerical parameters, and those calculated ac-
This model has a logical demonstrative character and getding to the model suggested by the author.

termines a scheme for the construction of a possible theory

adding up the Standard Model (SM) of particle physics. The

new theory must use such mathematical apparatus, in the fra-

mework of which vortex structures and their interactions
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could be described. As often mentioned by the author, the
contours will be mapped out by singular configurations of
force lines of some field.

Nevertheless, the present model gives a correct interpre-

tation even in the initial, elementary form where only laws
of conservation are used. It explains some phenomena mi-
sunderstood in the framework of SM and allows us to obtain
gualitative and, sometimes, quantitative results by calculation
of important parameters of the micro-world.

In part, this model predicts that it is impossible by means

of experiments conducted at the BAC to obtain new particles
— dubbed “super-partners”: rather, it is necessary to seek
new massive vector bosons in the region of energies approxi-
mating 1000 GeV.
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Quantum Uncertainty and Relativity

Sebastiano Tosto
Italy. Email: stosto@inwind.it

The major challenge of modern physics is to merge relativistic and quantum theories
into a unique conceptual frame able to combine the basic statements of the former with
the quantization, the non-locality and non-reality of the latter. A previous paper has
shown that the statistical formulation of the space-time uncertainty allows to describe
the quantum systems in agreement with these requirements of the quantum world. The
present paper aims to extend the same theoretical model and approach also to the special

and general relativity.

1 Introduction

Merging quantum mechanics and general relativity is surely
the most challenging task of the modern physics. Since their
early formulation these theories appeared intrinsically dis-
similar, i.e. conceived for different purposes, rooted on a dif-
ferent conceptual background and based on a different math-
ematical formalism. It is necessary to clarify preliminarily
what such a merging could actually mean.

A first attempt was carried out by Einstein himself in the
famous EPR paper [1] aimed to bridge quantum behavior and
relativistic constraints; he assumed the existence of hypothet-
ical “hidden variables” that should overcome the asserted in-
completeness of the quantum mechanics and emphasize the
sought compatibility between the theories. Unfortunately this
attempt was frustrated by successive experimental data ex-
cluding the existence of hidden variables. The subsequent
development of both theories seemed to amplify further their
initial dissimilarity; consider for instance the emergence of
weird concepts like non-locality and non-reality of quantum
mechanics, which make still more compelling the search of
an unified view.

The most evident prerequisite of a unified model is the
quantization of physical observables; being however the gen-
eral relativity essentially a 4D classical theory in a curved
non-Euclidean space-time, the sought model requires new hy-
potheses to introduce the quantization. A vast body of litera-
ture exists today on this topic; starting from these hypotheses
several theories have been formulated in recent years, like the
string theory [2,3] and loop quantum gravity [4], from which
were further formulated the M-theory [5] and the supersim-
metric theories [6]. The new way to represent the particles as
vibrating strings and multi-dimensional branes is attracting
but, even though consistent with the quantization, still under
test. Moreover the quantization of the gravity field is not the
only problem; additional features of the quantum world, the
non-locality and non-reality, appear even more challenging
as they make its rationale dissimilar from that of any other
physical theory. The quantum mechanics postulates a set of
mathematical rules based on the existence of a state vector |y)
describing the quantum system in Hilbert space and a Hermi-
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tian operator corresponding to a measure, whose outcomes
are the eigenvalues that represent the observables; the evolu-
tion of a system is represented by an evolution operator 7'(¢)
such that [y(¢)) = T(¢) [(0)) operating on the state vector at
the initial time. To these rules overlap also the exclusion and
indistinguishability principles to formulate correctly the state
vectors. The relativity rests on physical intuitions about the
behavior of masses in a gravity field and in accelerated sys-
tems; it postulates the equivalence between gravitational and
inertial mass and aims to build a covariant model of physical
laws under transformation between inertial and non-inertial
reference systems.

Apart from the apparent dissimilarity of their basic as-
sumptions, a sort of conceptual asymmetry surely character-
izes the quantum and relativistic theories; on the one side
abstract mathematical rules, on the other side intuitive state-
ments on the behavior of bodies in a gravity field. If the
unification of these theories concerns first of all their basic
principles, the task of introducing into a unified model even
the concepts of non-locality and non-reality appears seem-
ingly insurmountable. Eventually, a further concern involves
the choice of the mathematical formalism appropriate to the
unified approach. In general the mathematical formulation
of any theoretical model is consequence of its basic assump-
tions. The tensor calculus is required to introduce covariant
relativistic formulae in curvilinear reference systems; is how-
ever its deterministic character really suitable to formulate a
non-real and non-local theoretical model? This last remark
is suggested by previous papers that have already touched on
this subject.

Early results showed that a theoretical approach based on
the quantum uncertainty only, introduced as a unique assump-
tion to calculate the electron energy levels of many-electron
atoms/ions and diatomic molecules [7,8], could be subse-
quently extended to the special relativity too [9] while be-
ing also consistent with the concepts of non-localism and
non-realism of quantum mechanics. Despite this encouraging
background, however, so far the implications of the concepts
introduced in the quoted papers have not been fully investi-
gated and systematically exploited. In these early papers, the
connection between quantum approach and special relativity
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was preliminarily acknowledged through gradual results pro-
gressively obtained, concerning however other less ambitious
tasks; for instance, to assess the chance of superluminal speed
of neutrinos [9]. The decisive strategy to this purpose was to
regard the concept of uncertainty as a fundamental law of na-
ture and not as a mere by-product of the commutation rules of
operators. The statistical formulation of the quantum uncer-
tainty has been proven effective on the one side to explain and
account for all of the aforesaid features of the quantum world,
i.e. quantization and non-reality and non-locality, and on the
other side to obtain as corollaries the basic statements of spe-
cial relativity too along with the invariant interval and Lorentz
transformations. So it seemed sensible to exploit more pro-
foundly these early achievements before proceeding towards
a more advanced generalization including the general relativ-
ity too.

The present paper aims to collect together and push for-
ward these preliminary results through further considerations
having more general and systematic character; the approach
proposed here is purposely focused towards a unifying task
able to combine together quantum and relativistic require-
ments within the same conceptual frame. For this reason the
present paper heavily rests on previous results introduced in
the quoted references. While referring to the respective pa-
pers when necessary, some selected considerations very short
and very important are again reported here for clarity of ex-
position and to make the present paper as self-contained as
possible.

The paper consists of three parts. The first part, exposed
in section 2, merely summarizes some concepts already pub-
lished and some selected results previously achieved; these
preliminary ideas are however enriched and merged together
with new suggestions. The second part, section 3, stimulates
further considerations approaching the intermediate target of
merging together basic concepts of quantum mechanics and
special relativity. The third part, section 4, aims to show that
effectively even the most significant Einstein results of gen-
eral relativity are compliant with the quantum approach here
proposed.

The foremost concern constantly in mind is how to trans-
fer into the beautiful self-consistency of relativity the alien
concepts of quantization, non-locality and non-reality of the
quantum world.

2 Preliminary considerations

The present section collects some ideas and results reported
in previous papers concerning the statistical formulation of
quantum uncertainty. Two equations sharing a common num-
ber of allowed states

AxAp, = nh = AeAt 2,1

are the only basic assumption of the present model. No hy-
pothesis is made about size and analytical form of these ran-
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ges, which are by definition arbitrary. These equations disre-
gard the local values of the dynamical variables, considered
indeed random, unknown and unpredictable within their un-
certainty ranges and thus of no physical interest. The concept
of uncertainty requires the particle delocalized everywhere in
its space range Ax without any further detail about its ac-
tual motion; in practice the theoretical approach describes a
system of quantum particles through their uncertainty ranges
only exploiting the following positions

Px — Apy, x — Ax, t — At, € > Ae. 2,2)

The first relevant consequence is that the calculations
based on these ranges only waive in fact a specific kind of
reference system. Consider for instance Ax = x — x,: the
lower boundary x, describes the position of Ax with respect
to the origin O of an arbitrary reference system R, the upper
boundary x its size. So, owing to the lack of hypotheses or
constraints on x, and x, the considerations inferred through
the ranges (2,2) hold in any R whatever it might be, Cartesian
or curvilinear or else; also, being both boundary coordinates
X, and x arbitrary and unknowable, their role as concerns size
and location of Ax in R could be identically exchanged. Hold
also for the other ranges, e.g. for ¢, and ¢ of At = ¢ — ¢, the
same considerations introduced for x, and x, in particular the
arbitrariness of the time coordinates in the reference system
where is defined the time length Ar.

If in R both boundaries are functions of time, as it is to be
reasonably expected according to egs. (2,1), then not only the
range size is itself a function of time dependent on the rela-
tive signs and values of X and x,, but also the results hold for
reference systems in reciprocal motion; indeed a reference
system R, solidal with x, moves in R at rate X, and possi-
ble acceleration ¥,. Nothing indeed compels to regard %, as a
constant, i.e. R, could be non-inertial or inertial depending on
whether the concerned physical system admits or not accel-
erations. As any outcome inferred through the positions (2,2)
holds by definition in an arbitrary reference system R or R,,, it
is clear since now the importance of this conclusion in relativ-
ity, which postulates covariant general laws of nature. Intro-
ducing local coordinates requires searching a covariant form
for the physical laws thereafter inferred; once introducing ar-
bitrary uncertainty ranges that systematically replace the local
coordinates “a priori”, i.e. conceptually and not as a sort of
approximation, hold instead different considerations.

This topic will be concerned in the next subsection 4.1.
Here we emphasize some consequences of the positions (2,2):
(i) to waive a particular reference system, (ii) to fulfill the
Heisenberg principle, (iii) to introduce the quantization thro-
ugh the arbitrary number n of allowed states, (iv) to overcome
the determinism of classical physics, (v) to fulfill the require-
ments of non-locality and non-reality [9]. Hence appears sen-
sible to think that an approach based uniquely on egs. (2,1)
through the quantum positions (2,2) is in principle suitable to
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fulfil the requirements of special and general relativity too,
far beyond the conceptual horizon of the quantum problems
to which the quoted papers were early addressed. While be-
ing well known that the concept of uncertainty is a corollary
of the operator formalism of wave mechanics, the reverse path
is also possible: the operators of wave mechanics can be in-
ferred from eqgs. (2,1) [9]. The operator formalism is obtained
introducing the probability IT, = 6x/Ax for a free particle to
be found in any sub-range dx included in the whole Ax during
a given time range Jt; it is only required that the sub-range be
subjected to the same conditions of arbitrariness and uncer-
tainty of Ax. Analogous considerations hold in defining the
probability I1, = 6¢/At for the particle to be confined during a
time sub-range 67 within a given dx, while At is the time range
for the particle to be within Ax. These probabilities allow to
infer the operators
Py — iE 9 €—> +——
* i 0x’ | Ot

As intuitively expected, the space and time sub-ranges dx
and ot describe a wave packet having finite length and mo-
mentum that propagates through Ax during Az. The positions
(2,2), directly related to egs. (2,1), and the non-relativistic po-
sitions (2,3), inferred from eqgs. (2,1), compare the two pos-
sible ways of introducing the quantum formalism. This result
is important for two reasons: (i) it justifies why eqs. (2,1)
lead to correct quantum results through the positions (2,2);
(ii) the connection and consistency of the positions (2,2) with
the familiar wave formalism (2,3) justifies the starting point
of the present model, eqs. (2,1) only, as an admissible option
rather than as an unfamiliar basic assumption to be accepted
itself. Although both eqs. (2,1) and the wave equations in-
troduce the delocalization of a particle in a given region of
space, in fact the degree of physical information inherent the
respective approaches is basically different: despite their con-
ceptual link, eqs. (2,1) entail a degree of information lower
than that of the wave formalism; hence they have expectedly
a greater generality.

Consider a free particle. Egs. (2,1) discard any informa-
tion about the particle and in fact concern the delocalization
ranges of its conjugate dynamical variables only; accordingly
they merely acknowledge its spreading throughout the size
of Ax during the time uncertainty range Ar. Being also this
latter arbitrary, the information provided by eqs. (2,1) con-
cerns the number of states n allowed to the particle and its
average velocity component v, = Ax/At only. The wave me-
chanics concerns and describes instead explicitly the particle,
which is regarded as a wave packet travelling throughout Ax;
as it is known, this leads to the concept of probability density
for the particle to be localized somewhere within Ax at any
time. The probabilistic point of view of the wave mechanics,
consequence of Il and II;, is replaced in eqs. (2,1) by the
more agnostic total lack of information about local position
and motion of the particle; this minimum information, con-

(2.3)
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sistent with the number of allowed states only, corresponds
in fact to the maximum generality possible in describing the
physical properties of the particle. The fact that according to
egs. (2,1) the particle could likewise be anywhere in all avail-
able delocalization range, agrees with the Aharonov-Bohm
effect: the particle is anyhow affected by the electromagnetic
field even in a region of zero field, because the probabilis-
tic concept of “here and then there” is replaced by that of
“anywhere” once regarding the region of the concerned field
as a whole 3D uncertainty volume whose single sub-regions
cannot be discerned separately. These conclusions also ex-
plain the so called “EPR paradox”: the idea of spooky action
at a distance is replaced by that of action at a spooky dis-
tance [9], because the positions (2,2) exclude the concept of
local positions and thus that of a specific distance physically
distinguishable from any other distance. Just because ignor-
ing wholly and in principle the particle and any detail of its
dynamics, while concerning instead uncertainty ranges only
where any particle could be found, the indistinguishability of
identical particles is already inherent the eqs. (2,1); instead
it must be postulated in the standard quantum wave theory.
The number n of allowed states is the only way to describe
the physical properties of the particle; this explains why n
plays in the formulae inferred from eqs. (2,1) the same role
of the quantum numbers in the eigenvalues calculated solv-
ing the appropriate wave equations [7]. An evidence of this
statement is shortly sketched for clarity in section 3.

The generality of eqs. (2,1) has relevant consequences:
the approach based on these equations has been extended to
the special relativity; instead the momentum and energy op-
erators of eqs. (2,3) have limited worth being inherently non-
relativistic. In effect the probabilities I1, and I1, have been in-
ferred considering separately time and space; it was already
emphasized in [9] that I1, and II, should be merged appro-
priately into a unique space-time probability I1(x, 7). The ne-
cessity of a combined space-time reference system will be
discussed in the next section 3. This fact suggests that a gen-
eral description of the system is obtainable exploiting directly
egs. (2,1), which by their own definition introduce concur-
rently both space and time coordinates into the formulation
of quantum problems; in short, the present paper upgrades
the early concept of uncertainty to that of space-time uncer-
tainty in the way highlighted below.

It has been shown that eqs. (2,1) also entail inherently
the concepts of non-locality and non-reality of the quantum
world: the observable outcome of a measurement process is
actually the result of the interaction between test particle and
observer, as a function of which early unrelated space and
momentum ranges of the former collapse into smaller ranges
actually related to n according to eqs. (2,1); accordingly, it
follows that the quantized eigenvalues are compliant with the
non-locality and non-reality of quantum mechanics. This col-
lapse is intuitively justified here noting that any measurement
process aims to get information about physical observables;

Sebastiano Tosto. Quantum Uncertainty and Relativity



April, 2012

PROGRESS IN PHYSICS

Volume 2

without shrinking the initial unrelated ranges, thus reducing
their degree of initial uncertainty, the concept of measurement
would be itself an oxymoron. These results prospect therefore
a positive expectation of relativistic generalization for the po-
sitions (2,2). Due to the subtle character of the connection
between quantum and relativistic points of view, the present
paper examines more closely in the next section the first con-
sequences of the considerations just carried out, previously
obtained in the quoted papers: the first goal to show the suc-
cessful connection of egs. (2,1) with the special relativity, is
to infer the invariant interval and the Lorentz transformation.

3 Uncertainty and special relativity

The special relativity exploits 4-vectors and 4-tensors that
consist of a set of dynamical variables fulfilling well defined
transformation rules from one inertial reference system to an-
other. For instance, the components u; of four velocity are
defined by the 4-vector dx; as u; = dx;(cdt)™' (1 — (v/c)>)~/2,
being v the ordinary 3D space velocity; the angular momen-
tum is defined by the anti-symmetric 4-tensor M* = 3 (x'pk -
x*p’), whose spatial components coincide with that of the
vector M =r X p.

Despite the wealth of information available from such
definitions, however, the central task always prominent in the
present paper concerns their link to the concepts of quantiza-
tion, non-locality and non-reality that inevitably qualify and
testify the sought unification: if the final target is to merge
quantum theory and relativity, seems ineffective to proceed
on without a systematic check step after step on the compli-
ance of such 4-vectors and tensors with the quantum world.

To explain in general the appropriate reasoning, compare
the expectations available via tensor calculus and that avail-
able via the positions (2,2): having shown previously that
egs. (2,1) are compliant with the non-reality and non-locality,
this means verifying the consistency of the former definitions
of angular momentum or velocity with the concept of un-
certainty. Since both of them necessarily exploit local co-
ordinates, then, regardless of the specific physical problem
to be solved, the previous definitions are in fact useless in
the present model; the local coordinates are considered here
worthless “a priori” in determining the properties of physical
systems and thus disregarded.

Merging quantum and relativistic points of view compels
instead to infer the angular momentum likewise as shown in
[7], i.e. through its own physical definition via the positions
(2,2) to exploit egs. (2,1). For clarity this topic is sketched in
the next sub-sections 3.4 to 3.7 aimed to show that indeed the
well known relativistic expressions of momentum, energy and
angular momentum of a free particle are inferred via trivial
algebraic manipulations of eqgs. (2,1) without exploiting the
aforesaid standard definitions through local 4-coordinates.

Let us show now that the basic statements of special rela-
tivity are corollaries of egs. (2,1) without any hypothesis on
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the uncertainty ranges. First, the previous section has shown
that once accepting the positions (2,2) all inertial reference
systems are indistinguishable because of the total arbitrari-
ness of their boundary coordinates; if in particular both x,
and ¢, are defined with respect to the origin of an inertial
space-time reference system R, then the arbitrariness of the
former require that of the latter. So in any approach based on
eqgs (2,1) only, all R are necessarily equivalent in describing
the eigenvalues, i.e. the observables of physical quantities.
Second, it is immediate to realize that the average velocity
vy = Ax/At previously introduced must be upper bounded.
Consider a free particle in finite sized Ax and Ap,, thus with
finite n; if v, — oo then At — 0 would require Ae — oo,
which in turn would be consistent with € — oo as well. Yet
this is impossible, because otherwise a free particle with finite
local momentum p, could have in principle an infinite energy
€; hence, being by definition an allowed value of any physi-
cal quantity effectively liable to occur, the value of v, must be
upper bound. Third, this upper value allowed to v,, whatever
its specific value might be, must be invariant in any inertial
reference system. Indeed v, is defined in its own R without
contradicting the indistinguishability of all reference systems
because its value is arbitrary like that of both Ax and Az; hence
the lack of a definite value of v, lets R indistinguishable with
respect to other inertial reference systems R’ whose v/, is ar-
bitrary as well. If however v, takes a specific value, called
¢ from now on, then this latter must be equal in any R oth-
erwise some particular R could be distinguishable among
any other R’, for instance because of the different rate with
which a luminous signal propagates in either of them. Thus:
finite and invariant value of c, arbitrariness of the boundary
coordinates of Ax and equivalence of all reference systems in
describing the physical systems are strictly linked. One easily
recognizes in these short remarks, straightforward corollaries
of egs (2,1), the basic statements of the special relativity.

This result legitimates thus the attempt to extend the out-
comes of the non-relativistic approach of the early papers
[7,8] to the special relativity. Before exemplifying some spe-
cific topics in the following subsections, it is useful to note
that egs. (2,1) can be read in several ways depending on how
are handled the ranges in a given R.

The first example is provided by the ratio Ax/At: if the
particle is regarded as a corpuscle of mass m delocalized in
Ax, thus randomly moving throughout this range, then Ax/At
is its average velocity component v, during A¢, whatever the
local features of actual motion within Ax might be. Inter-
esting results can be inferred hereafter in a straightforward
way. It is possible to define Ap, /At equal to Ae/Ax for any n,
thus obtaining the concept of average force field component
F, = Ap,/At throughout Ax, or the related average power
Ag/At = F,v, and so on. This is not mere dimensional exer-
cise; these definitions hold without specifying a particular ref-
erence system and will be exploited in the following to check
their ability to get both quantum and relativistic results.
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In the next subsection will be examined in particular the
ratio Ap,/Ax to introduce the curvature of the space-time
simply via uncertainty ranges, i.e. in the frame of the un-
certainty only. In these expressions, the ranges play the same
role of the differentials in the respective classical definitions.
This suggests how to regard the concept of derivative entirely
in the frame of eqs. (2,1) only, i.e. as ratio of uncertainty
ranges. The fact that the size of the ranges is arbitrary sug-
gests the chance of thinking, for mere computational pur-
poses, their limit sizes so small to exploit the previous def-
initions through the differential formalism; for instance it is
possible to imagine a particle delocalized in a very small, but
conceptually not vanishing, range dx without contradicting
any concept introduced in the positions (2,2), because re-
mains valid in principle the statement dxAp, = nfi despite
the random values of x between x, and x, + dx tend to the
classical local value x,. It is also possible to define very low
values of v,, i.e. dx/At < c, because Ax and At are indepen-
dent ranges and so on. Furthermore, hypothesizing 7 so small
that all ranges can be even treated as differentials, let us try
to regard and handle the ranges of eqs. (2,1) as if in the limit
case n = 1 they would read (dx)(dp,) = i = (dt)(de). This
means that, for mere computational purposes, the case n = 1
is regarded as a boundary condition to be fulfilled when cal-
culating the sought physical property.

To check the validity of this point through an example
of calculation involving v,, rewrite eqs. (2,1) in the forms
Ap./At = Aeg/Ax and Ae = Ap,.Ax/At that however will be
now handled likewise as if dp,/dt = F, = de/dx and de =
v dp, to assess the results hereafter obtainable. In agreement
with these computational notations, which however do not
mean at all regarding the formal position Ax/At — dx/dt as
a local limit, let us consider a free particle and write

&= [V.(dp,/dv,)dV.. 3,1

Although these positions are here introduced for calcu-
lation purposes only, since actually the uncertainty ranges
are by definition incompatible with the concept of differential
limit size tends to zero, nevertheless it is easy to check their
validity recalling that in a previous paper [9] simple consider-
ations based on eqs. (2,1) only allowed to infer p, = sv,/c?;
this equation is so important that its further demonstration
based on a different reasoning is also provided below in sub-
section 3.4. Replacing in eq (3,1) and integrating yields € =
¢ [v[d(ev’)/dv]dv’, easily solved in closed form; the so-

-1/2
lution € = const(l - (vx/c)z) Y yields by consequence also

) 2\~1/2
Px = UxC const(l — (vy/c) ) . Ifv, — 0 then p, — 0O; yet

nothing compels also the vanishing of . Calculating thus the
limit p, /v, for v, — 0 and calling m this finite limit,

lim Px _ m,

(3.2
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one infers the integration constant const = +mc?; follow im-
mediately the well known expressions

pe = 2mo(1 - @0/?) ",

—12 (3,3)

€= imcz(l - (ux/c)z)

The double sign corresponds in the former case to that of
either velocity component, in the latter case to the existence
of antimatter. Moreover exploit also Ap,/At — Ag/Ax = 0;
regarding again this equation in its computational differen-
tial form dp,/dt — de/dx = 0 and solving it with respect to
vy, as if the ranges would really be differentials, one finds of
course vy = —Ax/At. These results are important: handling
the ranges as differentials entails just the well known rela-
tivistic results, which appear however to be limit cases i.e.
boundary conditions of the respective definitions via uncer-
tainty ranges; this confirms that the intervals appearing in the
invariant interval and in the Lorentz transformation of length
and time must be actually regarded as uncertainty ranges, as
pointed out in [9], so that also the transformation formulae get
full quantum meaning. This holds provided that the ranges
related to 7 be really so small with respect to distances and
times of interest to justify the integral calculus; this is cer-
tainly true in typical relativistic problems that usually concern
massive bodies or cosmological distances and times.

So far the particle has been regarded as a corpuscle char-
acterized by a mass m traveling throughout Ax during the time
range At. According to the positions (2,3) and owing to the
results [9], however, the particle can be identically described
as a wave propagating throughout the same space range dur-
ing the same time range; also to this purpose are enough eqgs.
(2,1), the basic assumptions of the wave formalism are un-
necessary.

Let us regard Ax as the space range corresponding to one
wavelength and the related Ar as a reciprocal frequency w =
Ar~': so one finds Ae = nfiw with w = 2av, in which case
Ax/At = wA = v as well. In principle one expects from this
result that in general an average velocity v; corresponds to
the frequency w;, thus v, to w, and so on. Suppose that,
for fixed Ax, a time range A’ and thus a frequency «’ ex-
ist such that the right hand side turns into a unique constant
velocity, whose physical meaning will appear soon; then, us-
ing again the differential formalism, d(17') = —172dA and
Adw’ + w'dAd = 0 combined into A(dw’ — Aw'd(A71) = 0
yield v'/2n = dw’/dk where k = 2x/A. Being v" arbitrary
like Ax, including the trivial factor 27 in v/ = v'/2nx yields
V" = dw' [dk. So are defined the phase and group velocities v
and v” of a wave, which of course coincide if v does not de-
pend on w; this is possible because Ax and At are independent
ranges that can fulfil or not this last particular case. Moreover
egs. (2,1) also yield immediately Ag/Ap = dv/d(1™") = v.
Eventually, dividing both sides of AxAp, = nf by At yields
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FAx = nhw; since dF/dv has physical dimension of momen-
tum, being all range sizes arbitrary the last equation reads
in general p = h/A. These reasonable results are distinc-
tive features of quantum mechanics, here found as corollaries
by trivial manipulations of eqs. (2,1). If both corpuscle and
wave formalisms are obtained from a unique starting point,
egs. (2,1), then one must accept the corpuscle/wave dual be-
havior of particles, as already inferred in [9]. This justifies
why these equations have been successfully exploited in the
early papers [7,8] to describe the quantum systems.

After having checked the compliance of eqs. (2,1) with
the fundamental principles of both quantum mechanics and
special relativity, we are now justified to proceed further to-
wards the connection between the theories. Eqs. (2,1) al-
low describing various properties of quantum systems, e.g.
in the frame of space/time uncertainty or energy/momentum
uncertainty, as better specified in the next subsection. Note
that the invariant interval, inferred itself from eqgs. (2,1) only,
is compliant with the non-locality and non-reality simply re-
garding the space and time intervals as uncertainty ranges; by
consequence merging quantum mechanics and special rela-
tivity simply requires abandoning the deterministic meaning
of intervals defined by local coordinates, which have classi-
cal character and thus are exactly known in principle. Indeed
we show below that the invariant interval consists of ranges
having fully quantum meaning of space-time uncertainty. In
the frame of eqs. (2,1) only, the concept of time derivative
necessarily involves the time uncertainty range; an example
is Ax/At previously identified with the velocity v,. This lat-
ter, even though handled as dx/dt for computational purposes
only, still keeps however its physical meaning of average ve-
locity.

These considerations hold in the reference system R whe-
re are defined eqs. (2,1) and suggest a remark on the alge-
braic formalism; once trusting on eqgs. (2,1) only, the concept
of derivative is replaced by that of ratio between uncertainty
ranges. These latter indeed represent the chance of variabil-
ity of local quantities; so the derivative takes here the mean-
ing of correlation between these allowed chances. Of course
being the ranges arbitrary and unknown, this chance is ex-
tended also to the usual computational concept of derivative,
as shown before. Once having introduced through the un-
certainty the requirements of quantum non-locality and non-
reality into the relativistic formulae, a problem seems arising
at this point, i.e. that of the covariancy.

This point will be concerned in the next section 4, aimed
to discuss the transformations between inertial and non-inerti-
al reference systems. For clarity of exposition, however, it is
better to continue the present introductory discussion trusting
to the results so far exposed; it is enough to anticipate here
that the arbitrariness of the quantum range boundaries, and
thus that of the related reference systems as well, is the key
topic to merge the requirements of uncertainty and covari-
ancy.
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3.1 The space-time uncertainty

This section aims to show that the concept of space-time is
straightforward corollary of the space/momentum and time/
energy uncertainties. Eqgs. (2,1) represent the general way of
correlating the concepts of space, momentum, time and en-
ergy by linking their uncertainties through the number n of
allowed states; just their merging defines indeed the eigenval-
ues of any physical observable. On the one side, therefore, the
necessity of considering concurrently both time and space co-
ordinates with analogous physical meaning appears because
of the correlation of their uncertainties; for instance the par-
ticular link underlying time and space ranges through c al-
lows to infer the invariant interval and the relativistic expres-
sions of momentum and energy. On the other side the concept
of quantization appears strictly related to that of space-time,
since the concurrence of both Ax and At that defines n also
introduces in fact a unique space-time uncertainty. These el-
ementary considerations highlight the common root between
relativity and quantum theory, which also accounts for the
non-locality and non-reality of the latter according to the con-
clusions emphasized in [9].

Egs. (2,1) consist of two equations that link four ranges;
for any n, two of them play the role of independent variables
and determine a constrain for the other two, regarded there-
fore as dependent variables. In principle this means that two
independent ranges introduce eqs. (2,1) vian. As Ap, and Ae
include local values of physical observables while Ax and At
include local values of dynamical variables, it is reasonable
to regard as a first instance just these latter as arbitrary inde-
pendent variables to which are related momentum and energy
as dependent variables for any n; however any other choice
of independent variables would be in principle identically ad-
missible.

For instance, let us concern AgAx/(v,/c) = nhc consid-
ering fixed the energy and coordinate ranges. Two limits
of this equation are particularly interesting: (i) v,/c — 0,
which requires in turn n — oo, and (ii) v, < ¢, which requires
Ax<nfic/Ae for any given n. Consider the former limit rewrit-
ing identically (Ap,/v,)v,Ax = nh, which reads v, AxAm = nh
according to eq (3,2); since for a free particle v, is a constant,
then A(mv,) = Ap, i.e. p, = mv,. Guess the related classical
energy regarding again Ae/Ap, = v, as de/dp, = v,, whence
de = v,mdv, i.e. € = mv§/2 + const. As expected, these ex-
pressions of energy and momentum result to be just the non-
relativistic limits of eqs. (3,3) for v, < c. This is because we
have considered here the space coordinate separately from the
time coordinate: despite the time range has been somehow in-
troduced into the previous reasoning through the definition of
vy, yet it occurred in the way typical of the Newtonian me-
chanics, i.e. regarding the time as an entity separated from
the space coordinate, and not through the link between Ap,
and Ag provided by n.

We also know that the classical physics corresponds to
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the limit n — oo [9]; thus eqs. (2,1) require that the non-
relativistic limit v, < ¢ and the classical physics limit n — oo
are actually correlated. Indeed, egs. (3,3) have been obtained
handling the ranges as differentials just thanks to small val-
ues of n. Of course such a correlation is not required when
regarding quantum theory and relativity separately, it appears
instead here as a consequence of their merging. Since forn —
oo the difference between n and n+ 1 becomes more and more
negligible with respect to 7, this latter tends to behave more
and more like a continuous variable. It has been shown in [9]
that just the quantization entails the non-real and non-local
features of the quantum world; instead locality and reality
are asymptotic limit properties of the classical world attained
by the continuous variable condition n — co. Now it appears
that just the same quantization condition of n requires also the
relativistic properties of the particles, which indeed are well
approximated by the corresponding equations of Newtonian
physics in the limit n — oo i.e. v, < c¢. Otherwise stated, the
special relativity rests itself on the quantization condition re-
quired by the space/momentum and time/energy uncertainties
merged together; these latter are therefore the sought unique
fundamental concept on which are rooted quantum proper-
ties, non-reality, non-locality and special relativity.

3.2 Energy-momentum uncertainty and Maxwell equa-
tions

Let us start from Ae = v,Ap,; being as usual Ae = € — ¢,
and Ap, = p, — po, this uncertainty equation splits into two
equations € = v,p, and &, = v,p, defined by the arbitrary
boundary values of energy and momentum. Consider first the
former equation; dividing both sides by an arbitrary volume
V and by an arbitrary velocity component vi, the uncertainty
equation turns dimensionally into the definition Jf = Ch,
of a mass flow; indeed J,% is the flux of the mass m initially
defining momentum and energy of the particle, C? is the cor-
responding amount of mass per unit volume. Calculating
the flux change between any x and x + dx during d6f, one
finds 6]3 = v,6C% + C36v,. This result can be exploited in
various ways. For instance in a previous paper it has been
shown that eqs. (2,1) lead under appropriate hypotheses to
the result J)% = —DAC3/ox [10], being D the diffusion co-
efficient of m. The particular case of constant v, in the ab-
sence of an external force field acting on m during the time
range 6t = 0x/v, yields 6],% = —[0(DAC? /dx)/dx]6x. Since
6J§/6x = —8C%/6t, because (5./)%/5)6 and 6C% /6t have oppo-
site sign under the hypothesis of gradient driven mass flow
in the absence of sinks or sources in the diffusing medium,
one obtains the 1D Fick law 6C% /6t = d(DICS [6x)/dx, triv-
ially extensible to the 3D case. In general, under the con-
strain of constant v, only, the vector equations corresponding

to JS = C%, and 6J° = —0,6C" read
¥ =y, V.- J¥ = -aCct/or. (3.4)

Multiplying by e/m both sides of these expressions, one
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obtains the corresponding equations for the flux of charge
density C,, i.e. J. = C,v. An analogous result holds for
the second part €, = v,p, of the initial uncertainty equation,
rewritten now as J,, = C,,v with C,, = Ce,,/m; the physical
meaning of e,, will be remarked below. Put now C = C, + Cy,
and J = J, + J,.; then, replacing J® and C* of the mass con-
centration gradient equation with J and C, it is possible to
introduce an arbitrary vector U_ such that the second equa-
tion eq (3,4) reads

oC

V.VxU_.=V.J+ =
x U J+ " (3.5)

as it is clear because the left hand side is null. So one obtains

VxU_ = U,

+1J, V.U, =¢,
(3,6)
J=J.+Jm, C=C,+Cy.

The second equation defines U,. Since C = C, + Cy,, the
vector U, must reasonably have the form U, = H + E, where
H and E are arbitrary vectors to be defined. As also J is sum
of two vectors, U_ is expected to be itself sum of two vec-
tors too. For mere convenience let us define these latter again
through the same H and E; there is no compelling reason to
introduce necessarily further vectors about which additional
hypotheses would be necessary to solve the first eq (3,6). Ap-
pears now sensible to guess U_ = ¢(H — E), with ¢ mere di-
mensional factor, for four reasons: (i) U, + ¢~ 'U_ = 2H and
U, — ¢ 'U_ = 2E, i.e. U_ and U, can be expressed through
the same vectors they introduce; (ii) the same holds for the
scalars ¢ U, - U_ = H? — E? and U% - c2U? = 4E - H;
(iii) the same holds also for ¢c"'U_ x U, = 2E x H and (iv)
U? + ¢2U? = 2(H? + E?). If H and E are now specified
in particular as vectors proportional to magnetic and electric
fields, then the proposed definitions of U_ and U, entail a
self-consistent set of scalars and vectors having some interest-
ing features: the scalars (ii) define two invariants with respect
to Lorentz transformations, whereas the vector (iii) is propor-
tional to the Poynting vector and defines the energy density
flux; moreover the point (iv) defines a scalar proportional to
the energy density of the electromagnetic field; eventually the
integral [U, - U_dV over the volume previously introduced
is proportional to the Lagrangian of a free field.

Although egs. (3,5) and (3,6) are general equations stra-
ightforward consequences of charge flows, simply specifying
purposely them to the case of the electromagnetic field fol-
lows the validity of the form assigned to U_ because of such
sensible outcomes. The first eq (3,6) reads thus cVX(H-E) =
OH+E)/ot + (J. + J,n). In principle the terms of this equa-
tion containing H, E, J, and J,, can be associated in various
ways, for instance is admissible ¢V x H = dH/dt + J,,;; in-
tegrating this equation is certainly possible but the solution
H = H(x,y,z1t,J,) would be of scarce interest, i.e. one
would merely find the space and time profile of a possible
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H consistent with J,,. The same would hold considering the
analogous equation for E. A combination of mixed terms that
appears more interesting is

V-E=¢C,, V-H=C,,
3.7
—chEza—H+Jm, chHza—E+JE.
ot ot

In this form, the interdependence of the magnetic and
electric field vectors H and E through J, and J,, yields the
Maxwell equations formulated in terms of charge and current
densities. These equations, also inferred from egs. (2,1), have
been written having in mind the maximum generality; C,
and C,, are proportional to the electric charge and magnetic
charge densities, J, and J,, to the charge and magnetic current
densities. While C, is known, an analogous physical mean-
ing for C,, is doubtful because the magnetic “monopoles” are
today hypothesized only but never experimentally observed.
Although it is certainly possible to regard these equations
with C,, = 0 and J,, = 0, nevertheless seems formally at-
tractive the symmetric character of the four equations (3,7).
Note however in this respect that rewriting E = E, + Q and
H =H, + W, where W and Q are further field vectors whose
physical meaning is to be defined, with the positions

0
C;:V'Q’ VXQ=07 J/e:_Q,
ot
oW
me—V'W, VXW:O, Jlmzﬁa
the equations (3,7) turn into
V-E,=C,-C,, V-H, = pm,
OH, JE,
—VxE, = +Jm  VxH, = =Je+ e,
ot ot

having put here C,,, = 0 and J,, = 0. In practice rewriting H
and E as a sum of vectors H, and E, parallel to them plus W
and Q fulfilling the aforesaid conditions one obtains a new set
of Maxwell equations whose form, even without reference to
the supposed magnetic monopoles, is however still the same
as if these latter would really exist. Note eventually that be-
side eqs. (3,7) there is a further non-trivial way to mix the
electric and magnetic terms, i.e.

V-E=C,, V-H=_C,,
H E (3.8)
—chE=8—+J€, chH=8—+Jm,
ot ot

expectedly to be read with C,, = 0 and J,, = 0. Work is in
progress to highlight the possible physical meaning of Q and
W and that of the eqs. (3,8) still consistent with eq (3,6).
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3.3 Uncertainty and wave formalism

Start now from eqs. (3,3) that yield &2 = (cp)? + (mc?)?; so
the positions (2,3) define the known 2D Klein-Gordon equa-
tion =%y, /20t = =0y, /0x> +(mc/h)*,, whose extension
to the 4D case is trivial simply assuming ¥, = ¥,(x,y, z,t)

v, 2 (@)2
c2or? n)

— V2, + Ky, =0, 3.9)

Eq. (3,9) is equivalent to 0%% = 0 inferred from Osy, =
0, where the total momentum operator Qs is defined as

Os=a h 9 ho +a
=aj-— == mc,

> ji@xj Yoot >
J= 1,2,3, aj~aj/ :6j,j’~

Thus Os is the sought linear combination a;P;+(asi/c)H+
asmc of the momentum P; and energy H operators (2,3) via
orthogonal unit vector coefficients a; and a4i/c and as; this
combination of space and time operators defines the wave
equation corresponding to the relativistic egs. (3,3).

Replace now ¢, with ¢ = ¥, +a-A+bypineq (3,9); aand b
are arbitrary constants, A and ¢ are functions of x;, ¢ that must
still fulfill eq (3,9). Assuming constant both modulus and
direction of a with respect to A, trivial calculations yield three
equations. One is once again the Klein-Gordon equation for
¥,; moreover subtracting and summing to the two remainder
terms the amount a - J/c, where J is a further arbitrary vector,
the condition a-J/cb = —p yields the following two equations

8290
202 Vi + kK —p =0,
PA J G10)
_ 2 2 _2_
g~ VATKRA- T =0.

In principle this result is anyway formally possible with
the given b, which links the equations through p and J = pv
according to eqs. (3,4). The condition on b requires a-J/cp =
a’ - J'/cp’; so in general J is not necessarily a constant. Let
us specify now this result. If A and ¢ are proportional to
the magnetic and electric potentials, then p and J are charge
density and flux; in effect the particular case ¢ o r~! agrees
with the physical meaning of the former, whence the meaning
of the latter as well. The fact that ¢, differs from ¢ = ¢, + a-
(A — Jp/cp) by the vector A — Jp/cp # 0 suggests defining
a = £J//c in order obtain the scalar J' - A/c — @J’ - J/pc?,
ie. J-AJc—p'ev - v/c?; & is a proportionality factor. So
putting ¢ = ¢’q, with g proportionality factor, the result is
J -A/c—p'¢ withg™! = v/ - v/c?. In this way one obtains
U=, +EJ - Alc—p'¢'), while egs. (3,10) are the well
known Proca’s equations in vector form.

Note that & has physical dimension field=2, which indeed
justifies the particular way of defining a, while the scalar
in parenthesis characterizes the wave function of a particle
moving in the presence of magnetic and electric potentials.
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Since a free particle has by definition kinetic energy only,
the scalar additive to i, is a perturbative term due to the
magnetic and electric potentials; so it should reasonably rep-
resent a kinetic energy perturbation due to the presence of
magnetic and electric fields. This suggests that the complete
Lagrangian T — U of the particle moving in the electromag-
netic field should be therefore given by the linear combination
of the scalar just found and the free field scalar cU_ - U, =
H? — E?, i.e. it should be obtained by volume integration of
J -AJc—-p'¢ + x(E* — H?), being y an appropriate coeffi-
cient of the linear combination of potential and kinetic energy
terms.

This topic is well known and does not deserve further
comments. It is worth noticing instead that egs. (3,10) can be
also obtained introducing the extended space-time momen-
tum operator O collecting together the space and time op-
erators of the positions (2,3) in a unique linear combination
expressed as follows

0, = aja/(?xj + a4i0/0(ct) + asi/ x5 + ag0/0x¢ + a70/0x7,

where x5, x¢ and x; are to be regarded as extra-coordinates.
Putting xs = 71/mc, the wave function that yields directly both
egs. (3,10) with this operator reads accordingly

W=, +a (A= Jxk/c)xs + (o — px2)xr.

Still holds the position a;-a; = ¢; » that regards again the
various a;, with j = 1..7, as a set of orthogonal unit vectors in
a 7D dimensional space where is defined the equation O%zﬁ =
0 containing as a particular case the Klein-Gordon equation.
The sixth and seventh addends of O; are ineffective when
calculating 03%, which indeed still yields the free particle
equation; however just these addends introduce the non-null
terms of Proca’s equations in the presence of fields.

In summary, the free particle eq (3,9) is nothing else but
the combination of the two eqs. (3,3) expressed through the
wave formalism of quantum mechanics; its successive manip-
ulation leads to define the Lagrangian of the electromagnetic
field in the presence of magnetic and electric potentials while
introducing additional extra-dimensions. It appears however
that the chance of defining 3 extra-dimensions to the familiar
ones defining the space-time is suggested, but not required in
the present model, by the relativistic wave formalism only.

3.4 Uncertainty and invariant interval

In [9] has been inferred the following expression of invariant
interval

Ax® = AP = 65 = AxX? = PAr? (3,11)

in two inertial reference systems R and R’. Owing to the
fundamental importance of this invariant in special relativ-
ity, from which can be inferred the Lorentz transformations
[11], we propose here a further instructive proof of eq (3,11)
based uniquely on the invariance of c¢. Consider then the un-
certainty range Ax = x — x, and examine how its size might
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change during a time range At if in general x = x(Af) and
Xo = X,(Al).

Let be 6. = Ax + vAt the range in R that generalizes the
definition Ax/At = v, to 6. # O through a new velocity com-
ponent v # v, taking also into account the possible signs of v.
Regard both ¢, as possible size changes of Ax during the time
range At in two ways: either (i) with x, replaced by x, = vAt
while keeping fixed x or (ii) with x replaced by x + vAr while
keeping fixed x,. Of course the chances (i) or (ii) are equiva-
lent because of the lack of hypotheses on Ax and on its bound-
ary coordinates. In both cases one finds indeed §, = Ax + vAt
and 6_ = Ax — vAt, which yield § = (6, +6.)/2 = Ax;
so the range size Ax, seemingly steady in R, is actually a
mean value resulting from random displacements of its lower
or upper boundaries from x, or x at average rates v = X, or
v = X as a function of time. Of course v is in general arbi-
trary. The actual space-time character of the uncertainty, hid-
den in § , appears instead explicitly in the geometric mean
< 0 >=< 6.6, >= (Ax* — v’ Ar?)'/? of both time deforma-
tions allowed to Ax. Note however that the origin O of the
reference system R where is defined Ax appears stationary in
(ii) to an observer sitting on x, because is x that displaces, but
in (i) O appears moving to this observer at rate ¥x,. Consider
another reference system R’ solidal with x,, thus moving in
R at rates +x,. In R’ is applicable the chance (ii) only, as x,
is constant; it coincides with the origin in R’ and, although
it does not in R, yet anyway X%, = 0. So the requirement
that both (i) and (ii) must be equivalent to describe the defor-
mation of Ax in R and R’, otherwise these reference systems
would be distinguishable, requires concluding that the chance
(ii) must identically hold itself both in R and R’. This is pos-
sible replacing v = X = c in < § >, which indeed makes in
this particular case the deformation rate (ii) of Ax indistin-
guishable in R and R’: in both systems %, = 0, as x, is by
definition constant, whereas x also coincides because of the
invariancy of ¢; when defined through this particular position,
therefore, < 6 > is invariant in any R and R’ in agreement
with egs. (3,11). These equations have been written consider-
ing spacelike intervals; of course an identical reasoning holds
also writing eqgs. (3,11) as timelike intervals.

3.5 The invariancy of eqgs. (2,1)

The following considerations concern the invariancy of egs.
(2,1) in different inertial reference systems. The proof is ba-
sed on the arbitrariness of the range sizes and on the fact that
in any R and R’ actually # is indistinguishable from n’ perti-
nent to the different range sizes resulting from the Lorentz
transformations; indeed neither n nor n’ are specified and
specifiable by assigned values, rather they symbolize arbi-
trary numbers of states. Admitting different range sizes in
inertial reference systems in reciprocal motion, the chance of
any n in R corresponds to any other chance allowed to n’ in
R’. However the fact that the ranges are arbitrary compels
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considering the totality of values of n and »’, not their sin-
gle values, in agreement with the physical meaning of egs.
(2,1). Hence, despite the individual numbers of states can be
different for specific AxAp, in R and Ax’Ap’. in R’, the sets
of all arbitrary integers represented by all » and n’ remain in
principle indistinguishable regardless of how any particular n
might transform into another particular n’.

The fact of having inferred in [9] the interval invariant
in inertial reference systems, the Lorentz transformations of
time and length and the expression p, = &v, /c?, should be
itself a persuasive proof of the compliance of eqs. (2,1) with
special relativity; now it is easy to confirm this conclusion
demonstrating the expression of p, in a more straightforward
way, i.e. exploiting uniquely the concept of invariancy of c.
The present reasoning starts requiring an invariant link be-
tween Ap, = p1 — p, and Ae = &1 — g, in Ae = Ap,Ax/At.
This is possible if Ax/At = ¢, hence Ap,c = Ag is a sensi-
ble result: it means of course that any local value & within
Ae must be equal to c¢p, calculated through the correspond-
ing local value p, within Ap, although both are unknown. If
however Ax/At < c, the fact that the arbitrary v, is not an
invariant compels considering for instance vfAx/At = gc**!
with k arbitrary exponent and g < 1 arbitrary constant. Then
(Apv¥)c**lg = Ae provides in general an invariant link of
Ap,v* with Ae through c¢**!¢. Is mostly interesting the chan-
ce k = 1 that makes the last equation also consistent with the
previous particular case, i.e. (Ap,/vy)c’g = Ag; so one finds
g10./c? = p1 = &,V /¢ — p, with v/, = v,/q. The arbitrary fac-
tor ¢ is inessential because v, is arbitrary itself, so it can be
omitted; hence p, = ev,/c? when considering any local val-
ues within the respective ranges because of the arbitrariness
of p,, D1, €, €1. At this point holds identically the reasoning
of the previous subsection. Rewrite As — (Ap,/v,)c? = 0 as
5. = As + (Ap,/v)c® # 0 with v # v, to calculate § = As

and < 8 >= +./Ag? - (Apy/v)*c*; one concludes directly
that the invariant quantity of interest is that with v = ¢, i.e.

8&. = £ +/Ae? — Ap2c? that reads

Ae® = 68 + Ap>c’. (3,12)

So & = (mc*)* + p2c? once having specified g, with the
help of eq (3,2). This is not a trivial way to obtain again eqs
(3,3). In general the ranges are defined by arbitrary boundary
values; then & and &, can be thought in particular as arbitrary
values of &, thus invariant themselves if calculated by means
of egs. (3,3). So, despite the local values within their own
uncertainty ranges are unknown, the range Ae defined as the
difference of two invariant quantities must be invariant itself.
Consider thus in particular the interval of eq (3,11). It is in-
teresting to rewrite this result with the help of eqgs. (2,1) as
(nh)>Ap;? — A(nh)?Ae™? = §s* = Ax’? — 2 Ar'’?, which yields
therefore

8p,6s = nh = 6p’Ss, (3,13)
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Ap' A€

VA& = (chp’ )

So 6px = Opx(Apx, Ag), whereas O0p. = Op.(Ap, Ag’)
as well. Both ds and dp, at left hand side are invariant: the
former by definition, the latter because formed by quantities
Ag and Ap, defined by invariant boundary quantities &1, &,
P1, Po of the egs. (3,3). Being the range sizes arbitrary and
not specifiable in the present theoretical model, the first eq.
(3,13) is nothing else but the first eqs. (2,1) explicitly rewrit-
ten twice with different notation in invariant form. This fea-
ture of the first eq. (3,13) confirms not only the previous rea-
soning on n and n’, thus supporting the relativistic validity
of egs. (2,1) in different inertial reference systems, but also
the necessity of regarding the ranges of special relativity as
uncertainty ranges; in other words the concept of invariancy
merges with that of total arbitrariness of n, on which was
based the previous reasoning. In conclusion: (i) disregard-
ing the local coordinates while introducing the respective un-
certainty ranges according to the positions (2,2) is enough to
plug the classical physics into the quantum world; (ii) replac-
ing the concepts of space uncertainty and time uncertainty
with that of space-time uncertainty turns the non-relativistic
quantum physics into the relativistic quantum physics; (iii)
the conceptual step (ii) is fulfilled simply considering time
dependent range sizes; (iv) if the deterministic intervals of
special relativity are regarded as uncertainty ranges, then the
well known formulae of special relativity are in fact quantum
formulae that, as a consequence of eqs. (2,1), also fulfil the
requirements of non-locality and non-reality. Accordingly, it
is not surprising that the basic postulates of special relativity
are in fact corollaries of egs. (2,1) only, without the need of
any further hypothesis.

opl =+

3.6 The angular momentum

Let us show how the invariant interval of eq (3,11) leads to the
relativistic angular momentum. Expand in series the range
0s = VAx? — c2A2 noting that in general

Va2 -2 =q- (b/a +(b/a)’ /4 + (bla) /8 + ) b/2.

Calculated with an arbitrary number of terms, the series
expansion can be regarded as an exact result. Thus write
0s = Or, —0r;/2 where 8r; = cAt [cAt/Ax + (cAt/Ax)3 4 + ]
and or, = Ax. Being Ar and Ax both arbitrary, 6r, and or;
are independent ranges. Regard ds as the x-component of an
arbitrary uncertainty vector range 6s = J0ry — or;/2 and re-
peat identically the reasoning introduced in [7] and shortly
sketched here; the subscripts stand for “space” and “time”.
Insert Js in the classical component M,, = ds X op - w of an-
gular momentum M along the arbitrary unit vector w. The
analytical form of the function expressing the local value p
does not need to be specified; according to the positions (2,2)
p is a random value to be replaced by its own uncertainty
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range op to find the eigenvalues of the angular momentum.
For the mere fact of having introduced an invariant interval
into the definition of angular momentum, therefore, M,, re-
sults defined by the sum of two scalars M, ; = 0r; X op - W
and M, = —0r; X 6p - w/2. So M, s = W X Or; - Ip, i.e.
M, s = op-0l; with 6I; = wXor;. If op and 61 are orthogonal
then M,, s = 0; else M, s = dp;,01,, defined by the conjugate
dynamical variables 6p;, = op-6l,/ |0L,| and 61, = |61, yields
immediately by virtue of eqs. (2,1) M, = +Ih with [ arbi-
trary integer including zero; instead of n, we have used the
standard notation / for the eigenvalues of angular motion of
the particle. Identically one finds also M,,, = £I'f/2, with I
arbitrary integer including zero too. Hence M,, = +li+1'fi/2.

The first addend is clearly the non-relativistic component
I of angular momentum already found in [7], the latter yields
an additional component /'71/2 of angular momentum. Hav-
ing considered the invariant range Js rather than the space
range Ax only, the further number /" of states is due to the
time term of the space-time uncertainty; putting At = 0, i.e.
omitting the time/energy uncertainty and thus the time coor-
dinate, 6r, = 0 and M, coincides with the non-relativistic
quantum component of angular momentum only.

Four important remarks concern:

(i) the number / of states allowed for the non-relativistic
angular momentum component coincides with the quantum
number of the eigenvalue of the non-relativistic angular mo-
mentum wave equation;

(i) the concept of space-time uncertainty defines the se-
ries development of the particular invariant range s as sum
of two terms, the second of which introduces a new non-
classical component of angular momentum /' /2;

(iii) the local momentum p and local coordinate s within
the ranges op and ds are not really calculated, rather they
are simply required to change randomly within the respective
ranges of values undetermined themselves; (iv) the bound-
ary coordinates of both §p and ds do not appear in the result,
rather is essential the concept of delocalization ranges only to
infer the total component as a sum of both eigenvalues.

The component M,, = +lii + sh, with s = [’/2, requires
introducing M = L + S. In [7] the non-relativistic M2, has
been calculated summing its squared average components be-
tween arbitrary values —L and +L allowed for +/, with L
by definition positive, thus obtaining M2, = 3 < (Al)> >=
L(L + 1)i*. Replace now +/ with +[ + s; with j = [ + s rang-
ing between arbitrary —J and J, then M? = 3 < (%j)> >=

J
327 + 1) Y (1j)* = #*J(J + 1) being J positive by defini-
Iy

J J
tion. The obvious identity 3 /> = 2 j2 requires that J con-
-J 0

sistent with M? takes all values allowed to | Jj| from |l — s| up
to |/ + s| with / < L and s < S. Since no hypothesis has been
made on L and S, this result yields in general the addition rule
of quantum vectors. Also, holds for S the same reasoning car-
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ried out for L in [7], i.e. only one component of S is known,
whereas it is immediate to realize that §2 = #*(L’ /2 + 1)L’ /2.

The physical meaning of S appears considering that: (i)
I'fi/2 is an angular momentum, inferred likewise as and con-
textually to /7; (ii) I’ results when considering the invariant
space-time uncertainty range into the definition of M,,; (iii)
[ and I are independent, indeed they concern two indepen-
dent uncertainty equations; the former is related to the angular
motion of the particle, the latter must be instead an intrinsic
property of the particle, as I is defined regardless of whether
I =0or!# 0. Since in particular I’ # 0 even though the or-
bital angular momentum is null, S can be nothing else but the
intrinsic property of the particle we call spin angular momen-
tum. Indeed it could be also inferred in the typical way of rea-
soning of the special relativity i.e. introducing observers and
physical quantities in two different inertial reference systems
R and R’ in relative constant motion; so, exploiting exactly the
same procedure considering couples or and op together with
or’ and op’ fulfilling the Lorentz transformation one finds of
course the same result.

It is significant the fact that here the spin is inferred thro-
ugh the invariant interval of eq (3,13), i.e. exploiting egs.
(2,1) only. This is another check of the conceptual compli-
ance of these equations with the special relativity.

3.7 The hydrogenlike atom/ion

The following example of calculation concerns first the non-
relativistic hydrogenlike atom/ion. Assume first the origin O
of R on the nucleus, the energy is thus & = p*/2m — Ze*/r
being m the electron mass. Since p*> = p? + M?/r?, the po-
sitions (2,2) p, — Ap, and r — Ar yield & = Ap?/2m +
M?/2mAr? — Ze?/Ar. Two numbers of states, i.e. two quan-
tum numbers, are expected because of the radial and angu-
lar uncertainties. Eqgs. (2,1) and the results of section 3.3
yield & = n?h?/2mAr? + I(1+ 1)l? ] 2mAr? — Ze? | Ar that reads
e =g, + 11+ D% /2mAr? — E,/n*> with E, = Z?¢*m/2h* and
g, = (nh/Ar — Ze’?m/nh)?/2m. Minimize & putting &, = 0,
which yields Ar = n*h?[Ze*m and &,y = [I(I+1)/n>—1]E, /n*;
sol < n—11in order to get € < 0, i.e. a bound state.
Putting thus n = n, + [ + 1 one finds the electron energy
levels e,; = —E,/(n, + [ + 1) and the rotational energy &,,; =
I(I + 1)E,/n* of the atom/ion as a whole around O. So &, =
&0t — €. Repeat the same reasoning putting O on the cen-
ter of mass of the system nucleus + electron; it is trivial to
infer E!, = Z*¢*m,/2h* and A¥’ = n*h?/Ze*m,, being m, the
electron-nucleus reduced mass. If instead O is fixed on the
electron, i.e. the nucleus moves with respect to this latter, then
E] = Z%¢*A /2% and Ar” = n’h?[Ze*A, being A the mass of
the nucleus. Thus various reference systems yield the same
formula, and then again €}, = &/,,—&,, and &},,, = &};,—&.}, yet
as if the numerical result would concern particles of different
mass.

The ambiguity between change of reference system and
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change of kind of particle is of course only apparent; it de-
pends merely on the erroneous attempt of transferring to the
quantum world dominated by the uncertainty the classical
way of figuring an “orbital” system of charges where one of
them really rotates around the other. Actually the uncertainty
prevents such a phenomenological way of thinking: instead
the correct idea is that exists a charge located somewhere
with respect to the nucleus and interacting with it, without
chance of specifying anything else. This is shown noting that
anyway one finds E,; = —Ze*/2Ap with Ap symbolizing any
radial range of allowed distances between the charges, regard-
less of which particle is actually in O. Since the total uncer-
tainty range 2Ap is the diameter of a sphere centered on O,
the different energies are mere consequence of different de-
localization extents of a unique particle with respect to any
given reference point.

This reasoning shows that different ranges of allowed ra-
dial momenta entail different allowed energies: if the particle
of mass m is replaced for instance by one of lower mass, then
Ap increases while therefore Ap, decreases; i.e. E, reason-
ably decreases along with the range of allowed radial mo-
menta. Of course it is not possible to infer “a priori” if these
outcomes concern the motion of three different particles or
the motion of a unique particle in three different reference
systems; indeed no specific mass appears in the last conclu-
sion. The allowed radial momenta only determine &, de-
fined as —F, of two charges —Ze and e at diametric distance
with respect to O times n~2; this latter is the fingerprint of the
quantum delocalization meaning of Ap. So E, is defined by
the mass m of the particle whose energy levels are of interest;
for instance in the case of a mesic atom m would be the mass
of a negative muon.

Note that g is the intrinsic energy of the system of two
charges, regardless of the kinetic energy of the atom as a
whole and the rotational energy, i.e. Ae = & — &, = (Il +
1)E,/n?. The physical meaning of the boundary coordinates
of Ax and At has been already emphasized.

Let us consider now the boundary values of other uncer-
tainty ranges, examining also the harmonic oscillator and the
angular momentum. The vibrational and zero point energies
of the former nfiw and hiw/2 define Ae = g, — &;, = nhw; i.e.
the lower boundary of the range is related to an intrinsic en-
ergy not due to the oscillation of the mass, likewise as that of
the hydrogenlike atom was the binding energy. In the case of
angular momentum AM,, = M,, — I'fi = Ih, with M, = M,y ,,
i.e. the lower boundary of the range is still related to the in-
trinsic angular momentum component of the particle; from
this viewpoint, therefore, the spin is understandable as the in-
trinsic property not dependent on the specific state of motion
of the particle with respect to which the arbitrary values of [
define the range size AM,,. The same holds for the relativis-
tic kinetic energy of a free particle; the series development of
the first eq (3,3) shows that its total energy is the rest energy
plus higher order terms, i.e. one expects As = & — mc?; also
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now the lower boundary of the range is an intrinsic feature of
the particle, not related to its current state of motion. Classi-
cally, the energy is defined an arbitrary constant apart; here it
appears that this constant is actually an intrinsic property of
the particle, not simply a mathematical requirement, and that
a similar conclusion should hold in general, thus expectedly
also for the relativistic hydrogenlike energy. Let us concern
the relativistic case specifying the energy ranges in order to
infer the binding energy &,; < 0 through trivial manipulations
of eq (3,12) Ae* = ¢>Ap?* + 2. This expression is the 4D
extension of that considering the component Ap, only; what-
ever the three space components and their link to Ap might
be, their arbitrariness allows to write again Ap = p; — p,
and Ae = & — ¢,. The first steps of calculations are truly
trivial: consider cAp/de. then calculate (cAp — Ag)/de., so
that (cp; — Ag)/de. = b+ Va? — 1 — a with a = Ag/de. and
b =cp,/de.. Next (cp; — As)z/ésg yields trivially

A&? (cAp)* 1
(cpr — A& (cpi — Ae)’ (b + V21— a)z'
A reasonable position is now (cp; — Ag)? = (cAp)z: in-
deed the left hand side Ag?/(cAp)> = 1 for b — oo, i.e. for

oe. — 0, agrees with the initial equation. Trivial manipula-
tions yield

Py, !
As \/1+(b+ \/az—l—a)_2
Ae cpo
cAp = x(cp; — Ae), a= g, = (;Z .

This result has not yet a specific physical meaning be-
cause it has been obtained simply manipulating the ranges
Ag, 0¢. and cAp. Physical information is now introduced tak-
ing the minus sign and calculating the non-vanishing first or-
der term of series development of the right hand side around
b = co, which is 1/2b?; the idea that specifies the result is
thus the non-relativistic hydrogenlike energy —(aZ/n)*mc?*/2
previously found. Requiring b = n/aZ, the limit of the ratio
cp1/Ae is thus the energy in mc? units gained by the electron
in the bound state with respect to the free state. To infer a
recall that n = [ + 1 and note that the second equation +Ae =
cpo—cpy £cp reads +Ae = cp, or +Ae = cp, —2cpy; divid-
ing both sides by d¢,, the latter suggests cp;/de, = Qaz)!
in order that +a = n/aZ or +a = (n— 1)/aZ read respectively
ta=(+1)/aZorxa=1/aZ,ie.a=(1+1/2+1/2)/aZ.

In conclusion the relativistic form of the binding energy
&l 18

Zz
= |1+ (@2) -1

2
(n+ NGH1/2)P=1=(+ 1/2))

with j = [ +£s. If n —» oo then &; — 0, while the non-
relativistic limit previously found corresponds to aZ — 0.

Eel

mc?
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3.8 The pillars of quantum mechanics

Let us show now that the number of allowed states introduced
in egs. (2,1) leads directly to both quantum principles of ex-
clusion and indistinguishability of identical particles. The re-
sults of the previous section suggest the existence of different
kinds of particles characterized by their own values of /. If
this conclusion is correct, then the behavior of the particles
should depend on their own /. Let us consider separately ei-
ther possibility that I is odd or even including 0.

If I'/2 is zero or integer, any change of the number N of
particles is physically indistinguishable in the phase space:
are indeed indistinguishable the sums 2?7:1 lj + NI'/2 and

2?1:1] lj + (N + 1)I’/2 controlling the total value of M, be-
fore and after increasing the number of particles; indeed the
respective /; and lji of the j-th particles are arbitrary. In other
words, even after adding one particle to the system, M,, and
thus M? replicate any possible value allowed to the particles
already present in the system simply through a different as-
signment of the respective /;; so, in general a given number
of allowed states determining M,, in not uniquely related to a
specific number of particles.

The conclusion is different if I’ is odd and /’/2 half-inte-
ger; the states of the phase space are not longer indistinguish-
able with respect to the addition of particles since M,, jumps
from ...integer, half-integer, integer... values upon addition
of each further particle, as any change of the number of par-
ticles necessarily gives a total component of M, and then a
resulting quantum state, different from the previous one. In
other words any odd-/’ particle added to the system entails a
new quantum state distinguishable from those previously ex-
isting, then necessarily different from that of the other parti-
cles. The conclusion is that a unique quantum state is consis-
tent with an arbitrary number of even-I’ particles, whereas a
unique quantum state characterizes each odd-/’ particle. This
is nothing else but a different way to express the Pauli ex-
clusion principle, which is thus corollary itself of quantum
uncertainty. Recall also the corollary of indistinguishability
of identical particles, already remarked; eqs. (2,1) concern
neither the quantum numbers of the particles themselves nor
their local dynamical variables but ranges where any particle
could be found, whence the indistinguishability.

We have shown that a unique formalism based on egs.
(2,1) only is enough to find the basic principles of both spe-
cial relativity and quantum mechanics; also, quantum and rel-
ativistic results have been concurrently inferred. The only es-
sential requirement to merge special relativity and quantum
mechanics is to regard the intervals of the former as the un-
certainty ranges of the latter. The next step concerns of course
the general relativity.

4 Uncertainty and general relativity

In section 3 the attempt to generalize the non-relativistic re-
sults of the papers [7,8] was legitimated by the possibility of
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obtaining preliminarily the basic postulates of special rela-
tivity as straightforward corollaries of egs. (2,1). Doing so,
the positions (2,2) ensure that the special relativity is com-
pliant with the concepts of quantization, non-reality and non-
locality of quantum mechanics [9]. At this point, the attempt
of extending further an analogous approach to the general rel-
ativity is now justified by showing two fundamental corollar-
ies: (i) the equivalence of gravitational and inertial forces and
(i) the coincidence of inertial and gravitational mass. These
concepts, preliminarily introduced in [9], are so important to
deserve being sketched again here.

Once accepting eqgs. (2,1) as the unique assumption of the
present model, the time dependence of the uncertainty range
sizes Ax = x — x, and Ap, = px — p, rests on their link to
At through n; for instance it is possible to write dAx/dAt in
any R without contradicting eqs. (2,1); this position simply
means that changing At, e.g. the time length allowed for a
given event to be completed, the space extent Ax necessary
for the occurring of that event in general changes as well. In
other words there is no reason to exclude that At — Ar + AfS,
with A#® arbitrary, affects the sizes of Ax and Ap, although
n remains constant; in fact eqs. (2,1) do not prevent such a
possibility. Hence, recalling that here the derivative is the ra-
tio of two uncertainty ranges, the rate Ax with which changes
Ax comes from the chance of assuming x = dx/dAt and/or
X, = 0x,/dAt; also, since analogous considerations hold for
dApy/dAt one finds similarly p, and p,. Also recall that the
boundary values of the ranges are arbitrary, so neither p, and
p, nor their time derivatives need to be specified by means
of assigned values. Since p, and p, are here simply defi-
nitions, introduced in principle but in fact never calculated,
the explicit analytical form of the momentum p of general
relativity does not need to be known; the previous examples
of angular momentum and hydrogenlike atoms elucidate this
point. The following reasoning exploits therefore the mere
fact that a local force is related to a local momentum change,
despite neither the former nor the latter are actually calculable
functions of coordinates.

Let us define Ar and the size change rates dAx/dAt and
dAp,/dAt in an arbitrary reference system R as follows

dAp,/dAt = F = —nhiAx2dAx/dAt ,1)
with F # O provided that & # %, and p, # p,. At left hand
side of eqs. (4,1) the force component F involves explicitly
the mass of the particle through the change rate of its momen-
tum; at the right hand side F concerns the range Ax and its
size change rate only, while the concept of mass is implicitly
inherent the physical dimensions of 7. It is easy to explain
why a force field arises when changing the size of Ax: this
means indeed modifying also the related size of Ap, and thus
the extent of values allowed to the random p,; the force field
is due to the resulting p, throughout Ax whenever its size is
altered. After having acknowledged the link between Ax and
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F intuitively suggested by eqgs. (2,1), the next task is to check
the conceptual worth of eqs. (4,1). Let x, be the coordi-
nate defined with respect to the origin O of R where hold eqgs.
(2,1). If At = t — t, with t, = const, then the previous expres-
sion reads dAp,/dt = F = —nhAx"2dAx/dt. Formally eqs.
(4,1) can be rewritten in two ways depending on whether x,
or x, and likewise p, or p,, are considered constants: either
() Apy = py so that p, = F, = —nhAx™2% or (i) Ap, = p, so
that p, = F, = —nhAx2%,.

The physical meaning of these results is realized imagin-
ing in R the system observer + particle: the former is sitting
on x,, the latter is fixed on x. In (i) the observer is at rest with
respect to O and sees the particle accelerating according to
P+ by effect of F, generated in R during the deformation of
the space-time range Ax. In (ii) the situation is different: now
Ax deforms while also moving in R at rate x, with respect
to O, the deformation occurs indeed just because the parti-
cle is at rest with respect to O; thus the force F, displaces
the observer sitting on x,, which accelerates with respect to
the particle and to O according to —p,. In a reference system
R, solidal with x,, therefore, a force F’, still acts on the ob-
server although he is at rest; the reason is clearly that R, is
non-inertial with respect to R because of its local acceleration
related to —p,. Although the reasoning is trivially simple, the
consequence is important: both situations take place in the
presence of a force component because both cases (i) and (ii)
are equally allowed and conceptually equivalent; however the
force in R is real, it accelerates a mass, that in R, does not;
yet F, # 0 compels admitting in R also F, # 0, which in turn
reads F, # 0in R,. Whatever the transformation rule from F,
to F/ might be, the conclusion is that an observer in an accel-
erated reference frame experiences a force similar to that able
to accelerate a massive particle with respect to the observer
at rest. Of course F, is actually the component of a force
field, because it is an average value defined throughout a fi-
nite sized range Ax deforming as a function of time, whereas
F, and F/ are by definition local forces in x,; if however the
size of Ax is smaller and smaller, then F', is better and better
defined itself like a classical local force.

Now we are also ready to find the equivalence between
inertial and gravitational mass. Note indeed that F', has been
defined through a unique mass m only, that appearing in the
expression of momentum; hence from the standpoint of the
left hand side of eqs. (4,1) we call m inertial mass. Con-
sider in this respect that just this mass must somehow ap-
pear also at right hand side of eqs. (4,1) consisting of un-
certainty ranges only, which justifies the necessary position
nAAXAX™? = m Y22 ajAx™/ according which the mass is also
an implicit function of Ax, Ax, % and n; the lower summa-
tion index is due to the intuitive fact that Ax cannot be func-
tion of or proportional to Ax otherwise it would diverge for
Ax — oo, hence the power series development of the quantity
at left hand side must start from Ax~2. So, putting as usual the
coefficient of the first term of the series a, = kg, eqs. (4,1)
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yields F = —kgmAx~2 + mazAx~3 + --. Three remarks on this
result are interesting: (i) the first term is nothing else but the
Newton gravity field, where now the same m plays also the
expected role of gravitational mass generating a radial force
that vanishes with x~2 law if expressed through the local ra-
dial distance x from m; (ii) F is in general additive at the first
order only, as it is evident considering the sum of Ax; due to
F related to m; plus an analogous Ax, due to F in the pres-
ence of another mass m;; (iii) gravitational mass generating F
and inertial mass defined by p, coincide because in fact m is
anyway that uniquely defined in eqs. (4,1). By consequence
of (ii) force and acceleration are co-aligned at the first order
only. The proportionality factor kg has physical dimensions
13t2; multiplying and dividing the first term at right hand side
by a unit mass m" and noting that m"m can be equivalently
rewritten as m’m’ because m is arbitrary like m’ and m”, the
physical dimensions of k¢ turn into 13t~>m~! while

F=-Gm'm'Ax >+ m'm" a3Ax™> + - - -. 4,2)

In conclusion eqgs. (2,1) allow to infer as corollaries the
two basic statements of general relativity, the arising of iner-
tial forces in accelerated systems and the equivalence princi-
ple.

This result legitimates the attempt to extend the approach
hitherto outlined to the general relativity, but requires intro-
ducing a further remark that concerns the concept of covari-
ance; this concept has to do with the fact that eqs. (4,1) in-
troduce in fact two forces F, and F, in inertial, R, and non-
inertial, R,, reference systems. This early idea introduced by
Einstein first in the special relativity and then extended also
to the general relativity, aimed to exclude privileged reference
systems by postulating the equivalence principle and replac-
ing the concept of gravity force with that of space-time curved
by the presence of the mass; Gaussian curvilinear coordinates
and tensor calculus are thus necessary to describe the local
behavior of a body in a gravity field. This choice allowed on
the one side to explain the gedankenexperiment of light beam
bending within an accelerated room and on the other side to
formulate a covariant theory of universal gravitation through
space-time Gaussian coordinates.

Yet the covariancy requires a mathematical formalism that
generates conflict with the probabilistic basis of the quantum
mechanics: the local metric of the space-time is indeed deter-
ministic, obviously the gravity field results physically differ-
ent from the quantum fields. It makes really difficult to merge
such a way of describing the gravitation with the concepts
of non-locality and non-reality that characterize the quantum
world. In the present model the concept of force appears in-
stead explicitly: without any “ad hoc” hypothesis the Newton
law is obtained as approximate limit case, whereas the trans-
formation from an inertial reference system R to a non-inertial
reference system R, correctly describes the arising of an in-
ertial force.
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Hence the present theoretical model surely differs in prin-
ciple from the special and general relativity; yet, being de-
rived from egs. (2,1), it is consistent with quantum mechanics
as concerns the three key requirements of quantization, non-
reality, non-locality. Also, the previous discussion exploits
a mathematical formalism that despite its extreme simplicity
efficiently bypasses in the cases examined the deterministic
tensor formalism of special relativity. In the next sub-section
4.1 attention will be paid to the concept of covariancy, not
yet explicitly taken into consideration when introducing the
special relativity and apparently skipped so far. Actually this
happened because, as shown below, the concept of covari-
ance is already inherent “per se” in the concept of uncertainty
once having postulated the complete arbitrariness of size and
boundary coordinates of the delocalization ranges.

Let us conclude this introductory discussion rewriting the
eqgs. (4,1) as Ap, = F = uAX, where

Ax

SRLUVOY:

has of course physical dimensions of mass; indeed Ap, en-
sures that effectively y must somehow be related to the mass
of a particle despite it is defined as a function of space delo-
calization range and its proper time derivatives only.

It is worth noticing that in eq (3,2) the mass was defined
regarding the particle as a delocalized corpuscle confined wi-
thin Ax, here the quantum of uncertainty 7 introduces the
mass u uniquely through its physical dimension. Also note
that /% has dimension of a reciprocal diffusion coefficient
D, so the differential equation Ax/(Ax’A¥) = F(Dn)~' admits
the solution Ax = (L(£) + 1) VDr,, where L is the Lambert
function and ¢ = +nexp(¥nAt/1,); the double sign is due to
that possibly owned by u, the integration constants are —f,
defining At = t —t, and 7,. In conclusion we obtain in the
same R of eqs. (4,1)

o hft, L) Ax
F=zxn —DT,, —(L(f) T Aw L& +1,

u==xh/D, ¢&=zxnexp(FnAt/t,),

AXD = VDTU.

4.3)

Note that the ratio Ax/A¥ = F(L(&) + 1)>1,/n inferred
from the given solution never diverges for n > 0; moreover
Ax defined by this solution is related to the well known FLRW
parameter g = —da/ a2, where a is the scale factor of the uni-
verse. Replacing this latter with Ax thanks to the arbitrariness
of Axp and Ax itself, one finds that ¢ = FL(&)™".

The importance of eqs. (4,3) rests on the fact that Ax =
Axp for n = 0 whereas instead, selecting the lower sign,
Ax < Axp for any n > 0; the reason of it will be clear in
the next section 4.3 dealing with the space-time curvature.
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It is worth remarking here the fundamental importance
of n: (i) in [9] its integer character was proven decisive to
discriminate between reality/locality and non-reality/non-
locality of the classical and quantum worlds; (ii) previously
small or large values of n were found crucial to describe rela-
tivistic or non-relativistic behavior; (iii) here the values n = 0
and n > 0 appear decisive to discriminate between an un-
physical world without eigenvalues and a physical world as
we know it. This last point will be further remarked in the
next subsection 4.2.

Eventually y deserves a final comment: y is a mass de-
fined within Ax uniquely because of its Ax and AX; its sign
can be in principle positive or negative depending on that of
the former or the latter.

Relate Ax to the size of our universe, which is still ex-
panding so that Ax # 0; also, since there is no reason to ex-
clude that the dynamics of the whole universe corresponds to
AX # 0 too, assume in general an expansion rate not neces-
sarily constant.

It follows for instance u < O if the universe expands at
increasing rate, i.e. with Ax > 0 and AX¥ > 0. Eqs. (4,3)
show that a mass is related to non-vanishing Ax and Ax, AX.
This result appears in fact sensible recalling the dual corpus-
cle/wave behavior of quantum particles, i.e. imagining the
particle as a wave propagating throughout the universe.

It is known that a string of fixed length L vibrates with two
nodes L apart, thus with fundamental frequency v, = v/2L
and harmonics v, = nv,, = nv/2L; the propagation velocity of
the wave is v = v,4, = VT /o, being T and o the tension and
linear density of the string. If L changes as a function of time
while the string is vibrating and the wave propagating, then
v, and A, become themselves functions of time.

Let the length change occur during a time 6t; it is trivial to
find 6v,,/v,, = (0/v—L/L)ét, i.e. the frequency change involves
L, L and . Put now L equal to the diameter of the universe at a
given time, i.e. identify it with Ax; then propagation rate and
frequency of the particle wave clearly change in an expanding
universe together with its dynamic delocalization extent.

This therefore means changing the energy #dv,, of the par-
ticle wave, which in turn corresponds to a mass change om =
hov,c~2. All this agrees with the definition u = u(Ax, A%, AX)
and supports the analogy with the vibrating string. If so the
mass u results related itself to the big-bang energy, early re-
sponsible of the expansion. Once again is the uncertainty the
key to highlight the origin of u: likewise as the time change
of Ax entails the rising of a force, see eqs. (4,1), correspond-
ingly the time change of the size of the universe changes the
delocalization extent of all matter in it contained and thus its
internal energy as well.

Two questions arise at this point: has u so defined some-
thing to do with the supposed “dark mass*“? If this latter is
reasonably due to the dynamics of our universe and if the
kind of this dynamics determines itself both space-time cur-
vature and sign of +yu, has this sign to do with the fact that
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our universe is preferentially made of matter rather than of
antimatter? Work is in advanced progress to investigate these
points, a few preliminary hints are sketched below.

4.1 Uncertainty and covariancy

In general the laws of classical mechanics are not covariant
by transformation from inertial to non-inertial reference sys-
tems. Their form depends on the arbitrary choice of the ref-
erence system describing the time evolution of local coordi-
nates, velocities and accelerations; this choice is subjectively
decided for instance to simplify the formulation of the spe-
cific problem of interest.

A typical example is that of a tethered mass m rotating
frictionless around an arbitrary axis: no force is active in R
where the mass rotates, whereas in R, solidal with the mass
is active the centrifugal force; also, if the constrain restrain-
ing the mass to the rotation axis fails, the motion of the mass
becomes rectilinear and uniform in R but curved in R,,, where
centrifugal and Coriolis forces also appear. Let in general
the non-covariancy be due to a local acceleration ag in R,
to which corresponds a combination ag, of different accel-
erations in R,. This dissimilarity, leading to fictitious forces
appearing in R, only, suggested to Einstein the need of a co-
variant theory of gravitation. Just in this respect however the
theoretical frame of the present model needs some comments.

First, the local coordinates are conceptually disregarded
since the beginning and systematically eliminated according
to the positions (2,2), whence the required non-locality and
non-reality of the present model; accordingly the functions
of coordinates turn into functions of arbitrary ranges, i.e. in
2D ag(x,t) — agr(Ax, Ag, Ap, At, n), whereas the same holds
for ag,. So the classical x-components of az and ag, trans-
form anyway into different combinations of the same ranges
Ax, Ag, Ap, At; the only information is that the local ag and
ag, become random values within ranges Aag = ag) —ag) and
Aag, = ag: - ag:. Yet being these range sizes arbitrary and
unpredictable by definition, maybe even equal, is still phys-
ically significant now the formal difference between ap and
(JRO?

Second, egs. (4,1) introduce explicitly a force component
F via Ap, consequence of Ax # 0; still appears also in the
present model the link between force and deformation of the
space-time, hitherto intended however as expansion or con-
traction of a 2D space-time uncertainty range.

Third, the positions (2,2) discriminate non-inertial, R,,
and inertial, R, reference systems; from the arbitrariness of
X, and p, follows that of X, and p, as well. For instance
the previous discussion on the 2D eqs. (4,1) leads directly to
Einstein’s gedankenexperiment of the accelerated box; in the
present model the expected equivalence between gravity field
in an inertial reference system, F',, and inertial force in accel-
erated frames, F, is indeed obtained simply considering the
time dependence of both boundary coordinates of Ax; with-
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out specifying anything, this also entails the equivalence of
gravitational and inertial mass. Being all space-time ranges
arbitrary, the equivalence principle previously inferred is ex-
tensible to any kind of acceleration through a more general,
but conceptually identical, 4D transformation from any R to
any other R,; indeed defining appropriately x,; and their time
derivatives X,; and %,; times m, with j = 1,2,3, one could
describe in principle also the inertial forces of the example
quoted above through the respective p;, p,; and p;, p,;.

The key point of the present discussion is just here: the
arbitrariness of both x; and x,; generalizes the chances of
accounting in principle for any ag and any ag,. A typical
approach of classical physics consists of two steps: to intro-
duce first an appropriate R according which are defined the
local coordinates and to examine next the same problem in
another R, via a suitable transformation of these coordinates,
whence the necessity of the covariancy. The intuitive con-
siderations just carried out suggest instead that the classical
concept of coordinate transformation fails together with that
of local coordinates themselves. Imagine an observer able to
perceive a range of values only, without definable boundaries
and identifiable coordinates amidst; when possibly changing
reference system, he could think to the transformation of the
whole range only. This is exactly what has been obtained
from eqs. (4,1) through the arbitrary time dependence of both
x and x,: the classical physics compels deciding either R or
R,, the quantum uncertainty requires inherently both of them
via the two boundary coordinates of space-time ranges. The
ambiguity of forces appearing in either of them only becomes
in fact completeness of information, paradoxically just thanks
to the uncertainty: the classical freedom of deciding “a priori”
either kind of reference system, inertial or not, is replaced by
the necessary concurrency of both of them simply because
each couple of local dynamical variables is replaced by a cou-
ple of ranges.

As shown in the 2D egs. (4,1), in the present model R-
like or R,-like reference systems are not alternative options
but complementary features in describing any physical sys-
tem that involves accelerations. Accordingly eqgs. (4,1) have
necessarily introduced two forces, F, and F,, related to the
two standpoints that entail the equivalence principle as a par-
ticular case. After switching the concept of local dynamical
variables with that of space-time uncertainty, the physical in-
formation turns in general into two coexisting perspectives
contextually inferred; inertial and non-inertial forces are no
longer two unlike or fictitious images of a unique law of na-
ture merely due to different formulations in R or R,, but, since
each one of them requires the other, they generalize the equiv-
alence principle itself. Just this intrinsic link surrogates here
the concept of covariancy in eliminating a priori the status of
privileged reference system. On the one hand, the chance of
observers sitting on accelerated x, or x excludes by necessity
a unique kind of reference system; on the other hand, avoid-
ing fictitious forces appearing in R, only testifies the ability
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of the present approach to incorporate all forces into a unique
formulation regardless of their inertial and non-inertial na-
ture.

Instead of bypassing the ambiguity of unlike forces ap-
pearing in either reference system only by eliminating the
forces, the present model eliminates instead the concept it-
self of privileged reference system in the most general way
possible when describing a physical system, i.e. through the
concomitant introduction of both R and R,. The total ar-
bitrariness of both boundary coordinates of the uncertainty
ranges on the one side excludes a hierarchical rank of R or
R, in describing the forces of nature, while affirming instead
the complementary nature of their unique physical essence;
on the other side it makes this conclusion true in general, re-
gardless of whether x,, or x is related to the origin O of R and
to the size of Ax.

4.2 Uncertainty and space-time curvature

The concept of curvature is well known in geometry and in
physics; it is expressed differently depending on the kind of
reference system. In general relativity the space-time curva-
ture radius is given by p = g* Ry, being g’ the contravariant
metric tensor and Ry the Ricci tensor. As already empha-
sized, however, the central issue to be considered here is not
the mathematical formalism to describe the curvature but the
conceptual basis of the theoretical frame hitherto exposed; the
key point is again that the positions (2,2) exclude the chance
of exploiting analytical formulae to calculate the local curva-
ture of the space-time. So, once having replaced the concept
of space-time with that of space-time uncertainty, the way to
describe its possible curvature must be accordingly reviewed.
Just at this stage, eqs. (2,1) are exploited to plug also the
quantum non-locality and non-reality in the conceptual struc-
ture of the space-time, i.e. into the general relativity.

In a previous paper [9] these features of the quantum wo-
rld were introduced emphasizing that the measurement pro-
cess perturbs the early position and momentum of the ob-
served particle, assumed initially in an unphysical state not
yet related to any number of states and thus to any observ-
able eigenvalue. Owing to the impossibility of knowing the
initial state of the particle, the early conjugate dynamical vari-
ables were assumed to fall within the respective AxY and A pi;
the notation emphasizes that before the measurement process
these ranges are not yet compliant with egs. (2,1), i.e. they are
unrelated. These ranges, perturbed during the measurement
process by interaction with the observer, collapse into the re-
spective Ax and Ap, mutually related according to the eqs.
(2,1) and thus able to define eigenvalues of physical observ-
ables through #; this also means that Ax® and A pi were mere
space uncertainty ranges, whereas after the measurement pro-
cess only they turn into the respective Ax and Ap, that take
by virtue of eqs. (2,1) the physical meaning of space-time
uncertainty ranges of position and momentum. The paper

74

[9] has explained the reason and the probabilistic character
of such a collapse to smaller sized ranges, thanks to which
the measurement process creates itself the number of states:
the non-reality follows just from the fact that after the mea-
surement process only, the particle leaves its early unphysical
state to attain an allowed physical state characterized by the
n-th eigenvalue.

This kind of reasoning is now conveyed to describe how
and why a particle while passing from an unphysical state to
any allowed physical state also curves concurrently the space-
time. In this way the basic idea of the general relativity, i.e.
the space-time curvature, is conceived itself according the
concepts of non-reality and non-locality; the latter also fol-
lows once excluding the local coordinates and exploiting the
uncertainty ranges of egs. (2,1) only.

To start the argument, note that the arbitrary boundaries
of the range Ax® = x¥ — x, control the actual path traveled by
a particle therein delocalized. Let the space reference system
be an arbitrary 1D x-axis about which nothing is known; in-
formation like flat or curled axis is inessential. Thus the fol-
lowing considerations are not constrained by any particular
hypothesis on the kind of possible curvature of the early 1D
reference system. Consider first the space range Ax® alone;
changing by an arbitrary amount dx® the actual distance of
x¥ from x, on the x-axis, the size of Ax} changes as well so
that dAx®/dx® = 1, ie. dAx® = dx®. This implicitly means
that the range Axd overlaps to, i.e. coincides with, the ref-
erence x-axis. Thus the delocalization motion of the particle
lies by definition between the aforesaid boundary coordinates
just on this axis, whatever its actual geometry before the mea-
surement process might be. In principle this reasoning holds
for any other uncertainty range corresponding to Ax®, e.g. the
early local energy of a particle delocalized within Ax® could
be a function of its local coordinate along the x-axis; however
such a local value of energy is inconsequential, being in fact
unobservable in lack of n and thus by definition unphysical.

Consider again the aforesaid 1D space range, yet assum-
ing now that a measurement process is being carried out to in-
fer physical information about the particle; as a consequence
of the perturbation induced by the observer, the actual corre-
lation of Ax = x — x, with its conjugate range Apy = px — po
of allowed momenta introduces n too; now, by virtue of egs.
(2,1), these ranges take the physical meaning of space-time
uncertainties and concur to define allowed eigenvalues ac-
cording to the concept of quantum non-reality. Although Ax
is still expressed by two arbitrary coordinates on the x-axis, it
is no longer defined by these latter only; rather Ax is defined
taking into account also its correlation with Ap, through n.
In other words eqgs. (2,1) compel regarding the change of x,
whatever it might be, related to that of Ap,; this does not
contradict the concept of arbitrariness of the ranges so far as-
sumed, as x remains in fact arbitrary like Ap, itself and un-
known like the function x(Ap,) correlating them. Yet, when
calculating dAx/dx with the condition AxAp, = nfi, we ob-
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tain in general dAx/dx = —(nh) ' Ax*dAp./dx # 1.

To summarize, Ax® and Ax have not only different sizes
but also different physical meaning, i.e. the former is mere
precursor of the latter: before the measurement process Ax®
overlapped to the x-axis and had mere space character, the
early path length of the particle lay on the reference axis, i.e.
dAx® = dx®; after the measurement process Ax® shrinks into
the new Ax such that in general dAx # dx, thus no longer co-
incident with the x-axis and with space-time character. In this
way the measurement process triggers the space-time uncer-
tainty, the space-time curvature and the allowed eigenvalues
as well.

Let us visualize for clarity why the transition from space
to space-time also entails curved Gaussian coordinates as a
consequence of the interaction of the particle with the ob-
server. If Ax® shrinks to Ax, then the early boundary coor-
dinates of the former must somehow approach each other to
fit the smaller size of the latter; thus the measurement driven
contraction pushes for instance x® towards a new x closer to
x, along the reference axis previously coinciding with the
space range Ax® and its possible dx®. So, after shrinking,
Ax® turns into a new bowed space-time range, Ax, forcedly
decoupled from the reference x-axis because of its acquired
curvature, whence dx # dx® as well. If length of the x-axis
and size of the uncertainty range physically allowed to de-
localize the particle do no longer coincide, the particle that
moves between x, and x follows actually a bowed path re-
producing the new curvature of Ax, no longer that possibly
owned by the 1D reference system itself, whence the curva-
ture of the 2D space-time uncertainty range.

This is possible because nothing is known about the actual
motion of the particle between the boundary coordinates x,
and x of the reference x-axis; moreover it is also possible to
say that the new curvature is due to the presence of a mass in
Ax%, as in lack of a particle to be observed the reasoning on
the measurement process would be itself a non-sense.

The last remark suggests correctly that the space-time is
actually flat in the absence of matter, as expected from the
original Einstein hypothesis, so is seemingly tricky the pre-
vious specification that even the early Ax® could even owe
a possible curvature coincident with that of the x-reference
axis; this specification, although redundant, was deliberately
introduced to reaffirm the impossibility and uselessness of hy-
potheses on the uncertainty ranges and to avoid confusion be-
tween arbitrariness of the uncertainty ranges and Einstein’s
hypothesis.

Eventually, the probabilistic character of the shrinking of
delocalization range, emphasized in [9], guarantees the prob-
abilistic nature of the origin of space-time and its curvature.
Indeed all above is strictly related to the time uncertainty: a
time range At is inevitably necessary to carry out the mea-
surement process during which Ax® and Ap,% collapse into Ax
and Ap,.

As found in the previous section, the correlation of the
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range deformation with the time involves change of momen-
tum of the particle within Ap,, i.e. the rising of a force com-
ponent as previously explained. This reasoning therefore col-
lects together four concepts: (i) introduces the space-time as
a consequence of the measurement process starting from an
unphysical state of the particle in a mere space range and in
an unrelated momentum range, both not compliant separately
with observable eigenvalues; (ii) introduces the non-reality
into the space-time curvature, triggered by the measurement
process; (iii) links a force field to this curvature by conse-
quence of the measurement process; (iv) introduces the un-
certainty into the concepts of flat space and curved space-
time: the former is replaced by the idea of an early space
uncertainty range where is delocalized the particle coincident
with the coordinate axis, whatever its actual geometry might
be; the latter is replaced by the idea of early geometry modi-
fied by the additional curvature acquired by the new Ax with
respect to that possibly owned by the x-axis during their de-
coupling. Of course just this additional curvature triggered
by the measurement process on the particle present in Ax® is
anyway that experimentally measurable.

In conclusion, the measurement process not only gen-
erates the quantum eigenvalues of the particle, and thus its
observable properties described by their number of allowed
states, but also introduces the space-time inherent eqs. (2,1)
concurrently with new size and curvature with respect to the
precursor space delocalization range. Hence the particle is
effectively confined between x, and x during the time range
At; yet, in the 2D feature of the present discussion, it moves
outside the reference axis. Actually these conclusions have
been already inferred in eqs. (4,3); it is enough to identify
Ax® with the previous Axp for n = 0 to find all concepts so
far described.

Note that the existence of a curved space-time was not ex-
plicitly mentioned in section 3, in particular when calculating
the orbital and spin angular momenta or hydrogenlike energy
in subsection 3.3, simply because it was unnecessary and in-
consequential: the eigenvalues do not depend on the proper-
ties of the uncertainty ranges, e.g. on their sizes and possible
curvature, nor on the random values of local dynamical vari-
ables therein defined. To evidence either chance of flat or
curved space-time uncertainty, the next sub-section 4.3.2 de-
scribes the simulation of a specific physical experiment, the
light beam bending in the presence of a gravitational mass,
whose outcome effectively depends on the kind of path fol-
lowed by the particle.

This “operative” aspect of the model is indeed legitimate
now; after having introduced the basic requirements of spe-
cial and general relativity and a possible explanation of the
space-time curvature, we are ready to check whether or not
some significant outcomes of general relativity can be effec-
tively obtained in the conceptual frame of eqs. (2,1) through
the positions (2,2) only. Once again, the essential require-
ment to merge relativity and quantum mechanics is to regard
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the deterministic intervals of the former as the quantum un-
certainty ranges of the latter.

4.3 Some outcomes of general relativity

Before proceeding on, it is useful a preliminary remark. De-
spite the conceptual consistency of eqs. (2,1) with the special
relativity, extending an analogous approach to the general rel-
ativity seems apparently difficult.

Consider for instance the time dilation and the red shift
in the presence of a stationary gravitational potential ¢. As
it is known, the general relativity achieves the former result
putting dx' = dx* = dx> = O in the interval —ds® = gydx'dx*;
calculating the proper time in a given point of space as T =
¢! [ v=goodx°, the integration yields 7 = ¢'x0 /1 + 2¢/c?,
ie. 7=c 1200 + p/c?).

In an analogous way is calculated the red shift Aw =
c2wAgp between two different points of space where exists
a gap Ay of gravitational potential ¢. Are the ranges of eqs.
(2,1) alone suitable and enough to find similar results once
having discarded the local conjugate variables?

Appears encouraging in this respect the chance of having
obtained as corollaries the fundamental statements of special
and general relativity. Moreover is also encouraging the fact
that some qualitative hints highlight reasonable consequences
of egs. (2,1).

Put m’ = hw/c? to describe a system formed by a photon
in the gravity field of the mass m; thus Ap, = F of eq (4,1)
is now specified as the momentum change of the photon be-
cause of the force component F' due to m acting on m’. Since
the photon moves in the vacuum at constant velocity ¢ there
are two possibilities in this respect: the photon changes its
wavelength or its propagation direction.

These chances correspond to two relevant outcomes of
general relativity, i.e. the red shift and the light beam bending
in the presence of a gravity field; the former occurs when the
initial propagation direction of the photon coincides with the
x-axis along which is defined the force component Ap,, i.e.
radial displacement, the latter when the photon propagates
along any different direction. The bending effect is of course
closely related to the previous considerations about the actual
curvature of the space-time uncertainty range that makes ob-
servable the path of the photon; this means that in fact the
deflection of the light beam replicates the actual profile of Ax
with respect to the x-axis.

Eventually, also the perihelion precession of orbiting bod-
ies is to be expected because of non-Newtonian terms in eq
(4,2); it is known indeed that the mere gravitational potential
of Newton law allows closed trajectories only [12].

From a qualitative point of view, therefore, it seems that
the results of general relativity should be accessible also in
the frame of the present theoretical approach. It is necessary
however to explain in detail how the way of reasoning early
introduced by Einstein is replaced here to extend the previous
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results of special relativity. The following subsections aim to
show how to discuss the curvature of the space-time uncer-
tainty range and then how to describe time dilation, red shift
and light beam bending exploiting uniquely the uncertainty
ranges of eqs. (2,1) only, exactly as done at the beginning of
section 3.

4.3.1 The time dilation and the red shift

Infer from eqs. (2,1) AxAp,/At = nfi/At, which also reads
mAxAv, /At = nhi/At. Holds also here the remark introduced
about eqs. (4,1), i.e. the particular boundary values of p,
and p, determining the size of the momentum range Ap, =
px — Do are arbitrary, not specifiable in principle and indeed
never specified; therefore, since neither p, nor p, need being
calculated, the actual expression of local momentum is here
inessential. So, merely exploiting the physical dimensions of
momentum, it is possible to replace Ap, with mAv, and write
mAv,Ax/At = nh/At, whatever Av, and m might in fact be.
Hence, the energy at right hand side can be defined as follows

Av,

— 4.4
A (4.4)

mey, = — ¥ = —Ax oy <0.

At’
Being the range sizes positive by definition, ¢, has been
intentionally introduced in the first equation with the negative
sign in order that my, = —Ag correspond to an attractive force
component F = —Ag/Ax of the same kind of the Newton
force, in agreement with the conceptual frame of relativity.
Also, ¢, does not require specifying any velocity because for
the following considerations is significant its definition as a
function of Av, only. This result can be handled in two ways.
In the first way, the first eq. (4,4) is rewritten as follows

h .
-~ =5 &= (m/n)c, 4,5)
in which case one finds
At —t, ©x
=1+= t,
Ar + 2’ 0>
mpy Av,
= = —Fy. 4,6
Ax m At N (4.6)

Note that ¢, is a proper time of the particle, because it
is defined through the energy of this latter. In this case the
number 7 is unessential and could have been omitted: being
the mass m arbitrary, m/n is a new mass arbitrary as well.
The third result defines ¢, as a function of the expected New-
ton force component Fy; hence ¢, corresponds classically
to a gravitational potential. The first equation is interesting:
it correlates through ¢, the time ranges A’ = Ar — ¢, and
At. Note that if ¢, — 0 then At — oo according to egs.
(4,4) or (4,5), i.e. AY — At; hence the gravitational poten-
tial ¢, provides a relativistic correction of At, which indeed
decreases to At’ for ¢, # 0. Eq. (4,6) is thus just the known
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expression T = (xo/c)(1 + ¢, /c?) previously reported once re-
placing 7/(c™' xy) with At’ /At; indeed in the present approach
the local quantities are disregarded and replaced by the corre-
sponding ranges of values. The first eq (4,6) shows that time
slowing down Af — ¢, occurs in the presence of a gravitational
potential with respect to At pertinent to ¢, = 0.

The second way to handle eqs. (4,4) consists of consider-
ing two different values of ¢, at its right hand side and a parti-
cle that climbs the radial gap corresponding to the respective
values of gravitational potential with respect to the origin of
an arbitrary reference system; moreover, being & constant by
definition because 7, is fixed, the proper times of the particle
t; and 1, define the corresponding time ranges At; and Ar,
necessary for the particle to reach the given radial distances.
So egs. (4,5) yield with obvious meaning of symbols

ArD T 2 Af® T 2

Hence, putting w = Ar~!, one finds

2 1
wi—w g -l

W, c?

&
, Wo = 7. .7

Here w, is the proper frequency of the free photon with
respect to which are calculated w; and w, at the respective
radial distances. This expression yields the frequency change
between two radial distances as a function of w,

_ A,

Aw 5~ Wo-
c

Since ¢, is negative, the sign of Aw is opposite to that of
Agp,: if 90;2) is stronger than <p§cl), then (,05(2) - (p;” < 0, which
means that w, > w;. One finds the well known expression of
the red shift occurring for decreasing values of gravitational
potential. We have inferred two famous result of general rel-
ativity through uncertainty ranges only. Now we can effec-

tively regard these results as outcomes of quantum relativity.

4.3.2 The light beam bending

Rewrite eq (4,2) as FyAx/(hw/c?) = —Gm/Ax; here Fy is
due to the mass m acting along the x direction on a photon
having frequency w and traveling along an arbitrary direc-
tion; the notation emphasizes that the photon energy %iw/c?
replaces the mass of a particle in the gravity field of m. The
distance between photon and m is of course included within
Ax. Introduce with the help of eq (4,4) the gravitational po-
tential ¢, = —FyAx/m, so that ¢, /c?> = Gm/(c*Ax). Now it is
possible to define the beam deflection through ¢,, according
to the idea that the beam bending is due just to the gravita-
tional potential; we already know why this effect is to be in
fact expected. Of course, having discarded the local coordi-
nates, the reasoning of Einstein cannot be followed here; yet
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since d¢p = d¢(¢p,), with notation that emphasizes the depen-
dence of the bending angle d¢ of the photon upon the field ¢,
it is certainly possible to express the former as series devel-
opment of the latter, i.e. 5¢ = a + B(@y/c?) + Y(@y/c?) + - - -
a, B and vy are coeflicients to be determined. Clearly @ = 0
because 0¢ = 0 for m = 0, i.e. there is no bending effect; so

Gmp Gm B+ B+ 4yo0
0 = ——, ~ . 4.8
2Ax c2Ax 2y

The former expression is simpler but more approximate
than the latter, because it account for one term of the series
development of d¢(¢p,) only; the latter calculates instead ¢,
as a function of 6¢ at the second order approximation for rea-
sons that will appear below. Consider first the former ex-
pression and note that even in lack of local coordinates the
deflection can be expressed as the angle between the tangents
to the actual photon path at two arbitrary ordinates y_ and
y, along its way: i.e., whatever the path of the photon might
be, we can figure m somewhere on the x-axis and the pho-
ton coming from —oo, crossing somewhere the x axis at any
distance within Ax from m and then continuing a bent tra-
jectory towards +oo. Let the abscissas of the arbitrary points
y- and y, on the x-axis be at distances Ax_ and Ax, from
m; the tangents to these points cross somewhere and define
thus an angle 6¢’. The sought total deflection d¢ of the pho-
ton corresponds thus to the asymptotic tangents for y_ and
y, tending to —co and co. Note now that the same reason-
ing holds also for a reversed path, i.e. for the photon coming
from infinity and traveling towards minus infinity; the intrin-
sic uncertainty affecting these indistinguishable and identi-
cally allowed chances suggests therefore a boundary condi-
tion to calculate the change of photon momentum //A during
its gravitational interaction with the mass. The impossibility
of distinguishing either chance requires defining the total mo-
mentum range of the photon as Ap = h/d — (=h/A) = 2h/A,
ie. Ap = (2/c)hw. Since the momentum change depends on
¢/2, and so also the interaction strength Ap/Af correspond-
ing to Fy, it is reasonable to assume that even d¢ should de-
pend on ¢/2; so putting 8 = 4 in the former expression of
0¢ and noting that the maximum deflection angle calculated
for y- — —co and y;, — +oo corresponds to the minimum
distance range Ax, one finds the well known result

4Gm

6¢ =~ 2—.
C*AXmin

The numerical factor 4 appears thus to be the fingerprint
of the quantum uncertainty, whereas the minimum approach
distance of the Einstein formula is of course replaced here by
its corresponding uncertainty range Axp,. It is also interest-
ing to consider the second equation (4,8), which can be iden-
tically rewritten as follows putting y = ¥’ and again 8 = 4 to
be consistent with the previous result as a particular case; so

\[1 + y’5¢ -1 r's chw 2Gm
= -, > = > r'schw = _2’
Y A)Cmin C
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with the necessary convergence condition of the series that
reads |7’<,0x/c2| < 1 and requires

N

2

This condition requires —6¢~' < ¥’ < 85¢~!, and there-
fore rscp0d”' < AXmin < 475chdd . Replace in this result
0¢ = m and consider what happens when a photon approaches
m at distances ry, between 7 rgw < Fon < 47 o ()
the photon arrives from —co and makes half a turn around m;
(ii) after this one half turn it reaches a position diametrically
opposite to that of the previous step; (iii) at this point the
photon is still in the situation of the step (i), i.e. regardless
of its provenience it can make a further half a turn, and so
on. In other words, once arriving at distances of the order of
2Gm/c? from m the photon starts orbiting without possibility
of escaping; in this situation m behaves as a black body. Here
the event horizon turns actually into a range of event horizons,
i.e. into a shell surrounding m about ~ 37~ ! 7., thick where
the gravitational trapping is allowed to occur; this result could
be reasonably expected because no particle, even the photon,
can be exactly localized at some deterministic distance from
an assigned point of space-time, i.e. the event horizon is re-
placed by a range of event horizons. Note however that the
reasoning can be repeated also imposing é¢ = 27 and, more
in general, 6¢ = 2jm where j describe the number of turns of
the photon around m. In principle the reasoning is the same
as before, i.e. after j revolutions required by 6¢ the photon is
allowed to continue again further tours; yet now trivial calcu-
lations yield (ja) ™' rsepw < ron < 4(jn) " Fsenw. At increasing
Jj the shell allowing the turns of the photon becomes thinner
and thinner while becoming closer and closer to m. As con-
cerns the ideal extrapolation of this result to approach dis-
tances rp, < T rgem, ONE can guess for j — oo the chance of
photons to spiral down and asymptotically fall directly on m
without a stable orbiting behavior.

4.3.3 The Kepler problem and the gravitational waves

The problem of perihelion precession of planets is too long to
be repeated here even in abbreviated form. It has been fully
concerned in a paper preliminarily submitted as preprint [13].
We only note here how this problem is handled in the frame
of the present model. It is known that the precession is not
explained in the frame of classical mechanics. If the potential
energy has the form —a/r the planet follows a closed trajec-
tory; it is necessary a form of potential energy like a/r + 6U
to describe the perihelion precession. The Newton law en-
tails the former kind of potential energy, but does not justifies
the correction term 6U. In our case, however, we have found
the Newton law as a particular case of a more general force
containing additional terms, eq (4,2); thanks to these latter,
therefore, it is reasonable to expect that the additional poten-
tial term enables the perihelion precession to be described.
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Also in this case the formula obtained via quantum uncer-
tainty ranges coincides with the early Einstein formula. The
same holds for the problem of the gravitational waves, also
concerned together with some cosmological considerations
in the quoted preprint. Both results compel regarding once
again the intervals of relativity as uncertainty ranges.

4.3.4 Preliminary considerations on eqs. (4,3)

This subsection introduces preliminary order of magnitude
estimates on the propagation wave corresponding to the mass
i = hi/D; the + sign is omitted because the following consid-
erations concern the absolute value of y only.

Consider a wave with two nodes at a diametric distance
d, on a sphere simulating the size of universe; the first har-
monic has then wavelength A4, = 2d,. Let the propagation
rate v of such a wave be so close to ¢, as shown below, that
for brevity and computational purposes only the following es-
timates are carried out replacing directly v with c. Guess the
quantities that can be inferred from D by means of elemen-
tary considerations on its physical dimensions in a reference
system R fixed on the center of the whole universe. Calculate
D as A, times ¢, i.e. D = 2d,,c, and define 7 as VDt = d,/2,
i.e. as the time elapsed for u to cover the radial distance of
the universe; so 7 describes the growth of the universe from
a size ideally tending to zero at the instant of the big-bang
to the current radius VDr. Since 4, = 0 at 7 = 0 and
A, = 2d,, at the current time 7, then d, = 8¢t and D = 16¢27.
Moreover, considering that G times mass corresponds to D
times velocity, guess that m,, = 16¢37/G introduces the mass
m, to which correspond the rest energy &, = 16¢°7/G and
rest energy density 17, = 3¢?/(16nG7?) calculated in the vol-
ume V, = 4n(d,/2)3/3 of the universe. Also, the frequency
w, = &c? /D of the p-wave defines the zero point energy

ep=hw2=@ 32 @ =éu

of oscillation of y; the proportionality constant & will be jus-
tified below. At right hand side appears the kinetic energy
of the corpuscle corresponding to 7w, /2, in agreement with
the mere kinetic character of the zero point energy. Note that
with trivial manipulations D = 16¢7 reads also in both forms

W h

h
—— = — Au=dy)2=—
2u(d,/2)* 27 w =l e

(4.9)
The left hand side of the first equation yields &;, of the u-
corpuscle, also calculable from Ap?,/2u i.e. h*/2uAxl, re-
placing Ax,, with d,/2; this means that the momentum of a
free unbounded particle initially equal to an arbitrary value p;
increases to p; after confinement in a range Ax;,, whence the
conjugate range Ap,, = p, — p;. Equating this result to uc?/2
one finds the second equation, which shows that the Comp-
ton length of the u-particle is the universe radius. Also 7/27
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must describe a zero point energy; this compels introducing
the frequency w, = 1/7 so that it reads fiw, /2.

Define now the ratio o, = uD/V,w, to express the lin-
ear density of u as a function of its characteristic volume V/,
and length Ax, = V,w,/D: since the squared length inher-
ent D concerns by definition a surface crossed by the particle
per unit time, Ax, lies along the propagation direction of u.
This way of defining o, = u/Ax, is thus useful to calculate
the propagation velocity of the u-wave exploiting the anal-
ogy with the string under tension T; so v = /T /o, yields
T = hc?/V,w,, which in fact regards the volume V,, as a
physical property of the mass p. This expression of T appears
reasonable recalling that u is defined by the ratio AxA¥ ™' Ax~2
of uncertainty ranges, which supports the idea of calculat-
ing its mass linear density within the space-time uncertainty
range Ax, that defines o, through V,,. Consider that also the
ratio v?/G has the dimension of mass/length; replacing again
v with ¢ we obtain ¢ = TG/c?, i.e. the tension of the string
corresponds to a value of F of eqs. (4,3) of the order of the
Planck force acting on y; so, comparing with the previous ex-
pression of T, one infers V, = hG/wﬂcz, ie V, = hDG/c*.
Thus V,, has areal physical identity defined by the fundamen-
tal constants of nature and specified to the present problem by
a);l.

Before commenting this point, let us show that the ac-
tual propagation velocity of the u-wave is very close to c.
Exploit the wave and corpuscle formulae of the momentum
of u putting h/A, = pv/+1 - (v/c)2 ie. 2m4/1 - (v/c)2 =
(v/c); then v = 0.99c justifies the expressions inferred above,
whereas g, = uc?/ A1 - (v/c)2 is about 6.4 times the rest
value uc?. Call £ this kinetic correction factor. In principle
all expressions where appears explicitly u still hold, replac-
ing however this latter with y’ = &u as done before; it ex-
plains why w,, has been defined just via & This is also true
fore, = w'c?, for €., = &) and for the effective Compton
length A/, which result therefore slightly smaller than d,/2
because it is the Loretz contraction of the proper length 4,
but not for w,, whose value is fixed by 7 and d,,. Indeed at this
point is intuitive to regard 7 as a time parameter as a function
of which are calculated all quantities hitherto introduced.

Before considering this problem let us introduce the par-
ticular value of 7 equal to the estimated age of our universe,
commonly acknowledged as about 4 x 10's; this yields the
following today’s time figures:

d, =9.6x10%m, m, = 2.6 x 10%kg,
w, =2.5x 1071857

M =5.0x1071%Tm=3,

&, =23 x 107,
Fw, /2 = 1.3 x 107727,
and also

D=58x10"m*™",  w,=99x10""s7",

u=18-10"%g, u =12x10"%kg,
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g, 1.0x107%],  hw,/2=52%x10"7].

It is interesting the fact that the results split into two
groups of values: the quantities with the subscript # do not
contain explicitly ¢ and are in fact unrelated to D, w, and
&,. Are easily recognized the diameter d,, and the mass m, of
matter in the universe, which support the idea that just the dy-
namics of the universe, i.e. Ax and A¥, concur together with
its size, i.e. Ax, to the mass in it present.

This was indeed the main aim of these estimates. The av-
erage rest mass density m,/V, is about 5.6 x 107>’Kg/m?3. Is
certainly underestimated the actual energy g,, here calculated
without the kinetic Lorentz factor taking into account the dy-
namic behavior of m,, i.e. the average velocity of the masses
in the universe; g, and thus 7, are expected slightly greater
than the quoted values. However this correction factor can be
neglected for the present purposes because it would be of the
order of a few % only at the ordinary speed with which moves
the matter. The order of magnitude of the energy density 7,,
of interest here, is close to that expected for the average vac-
uum energy density 7,,.; it suggests 17, = 7y, i.e. the idea
that matter and vacuum are a system at or near to the dynamic
equilibrium based on creation and annihilation of virtual par-
ticles and antiparticles. This way of linking the energy den-
sities of y and matter/vacuum emphasizes that the dynamic
of the universe, regarded as a whole system, concerns neces-
sarily its total size and life time; this clearly appears in eqs.
(4,9) and is not surprising, since u is consequence itself of the
space-time evolution AxA%~' Ax~? of the universe.

Note now the large gap between the values of u and m,:
this is because the former is explicit function of D, the latter
does not although inferred in the frame of the same reason-
ing. Despite the different values and analytical form that re-
veal their different physical nature, a conceptual link is there-
fore to be expected between them. Let the characteristic vol-
ume V, be such that egp/Vﬂ = Tyac = Ny, Which requires
V,, = 8xG7*1/ /3. This means that the universe evolves keep-
ing the average energy density due to the ordinary matter, 7,,,
in equilibrium with that of the vacuum, 7,,, in turn triggered
by the zero point energy density of ¢’ delocalized in it: in this
way both 7,,. and 7, result related to the early big-bang en-
ergy and subsequent dynamics of the universe described by
. To verify this idea, get some numbers: V, = 871Gty /3
results about 1.0 X 107 m?, whereas V,, = #G/w,c?* yields
the reasonably similar value 7.9 x 10~*m3. Moreover there is
a further significant way to calculate V. Define the volume
Vy = n(d,/ 2)2Ax,1 and rewrite identically Ax, = hG/ Dc2,
having put T just equal to the Planck force; one finds V,, =
nhGt/c? ie. V, = 9.8x107*m? that agrees with the previous
values although it does not depend on u and thus on the cor-
rection factor £. In other words, & could have been also calcu-
lated in order that w and g/’ fit this last value of V,,; of course
the result would agree with the relativistic wave/corpuscle be-
havior of u.
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These outcomes confirm the consistency of the ways to
calculate V, and the physical meaning of u’, in particular
the considerations about 7. Yet the most intriguing result
is that the size of V,, also comes from a very large number,
the area of a diametric cross section of the universe, times an
extremely small number, the thickness Ax, = 8.6 x 10™"m
used to calculate the linear density o, and thus T'. Of course
any diametric section is indistinguishable from and thus phys-
ically unidentifiable with any other section, otherwise should
exist some privileged direction in the universe; so the vol-
ume V,,, whatever its geometrical meaning might be, must be
regarded as permeating all universe, in agreement with the
concept of delocalization required by egs. (2,1).

Despite u’c?/2 is a very small energy, its corresponding
energy density accounts in fact for that of the vacuum be-
cause of the tiny value of V,. Compare this estimate with
that of m,c? intuitively regarded in the total volume V,, of the
universe: so as V), is the characteristic volume of ordinary
matter, likewise V,, is the characteristic volume of u ie. a
sort of effective physical size of this latter. Since ¢/ > u, the
first eq (4,9) includes in V, an excess of zero point energy
with respect to that previously calculated with y’; just for this
reason indeed fiw, /2 > hwl’l /2. The previous expressions of
€., account for the actual kinetic mass y by replacing the rest
mass p. Yet in the first eq (4,9) this is not possible because T,
once fixed, is consistent with u and not with y’. The simplest
idea to explain this discrepancy is that actually /271 accounts
for two forms of energy: the zero point energy, which can
be nothing else but &uc?/2 previously inferred, plus an extra
quantity

Se = I (du/2)?/2 ~ Euc’ /2

accounting for the dynamic behavior of both y-particle and
universe. Hence the energy balance per unit volume of uni-
verse consists of four terms: 7, Nyac, 7;p and 01, = 6&/V,.
The first two terms, equal by hypothesis, are also equal to
the third by definition and have been already calculated; de
amounts to about 7.9 x 1073], so that 67, = 8.7x 107'°J/m?.
Hence 67, is about 64% of 67, + 1,4 and about 35% of the
total energy density 617, + Nyac + i + 1zp = 2.4 X 10791 /m’.

The former estimate is particularly interesting because
neither 77,4, nor 01, are directly related to the matter present
in the universe; rather the picture so far outlined suggests that
Tuac 18 Telated to y within V,, randomly delocalized through-
out the whole physical size of the universe, whereas the or-
dinary matter is in turn a local coalescence from the vacuum
energy density precursor. This idea explains why w'c?/V, =
1.1 x 10~°Jm~3 is twice 7,; actually this result must be in-
tended as ' c? /Vyu = Nuac + M. As concerns the negative sign
of u, see eqs. (4,3), note that actually the second eq (4,9)
reads A, = +h/uc and that ¢ turns into —¢ replacing v with
—v; it is easy to realize that this leaves unchanged A, and the
quantities that depend on mu’, e.g. w, and V,,, while the uni-
verse time 7 of eq (4,9) changes its sign. Also o, change its
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sign, so the tension T must be replaced by —T.

The last remark concerns the physical meaning of de; it is
neither vibrational or zero point energy of y, nor vacuum or
matter energy. If so, what then is it? Is it the so called dark
energy?

5 Discussion

The discussion of the results starts emphasizing the concep-
tual path followed in the previous sections to merge relativ-
ity and quantum physics via the basic eqs. (2,1). The pre-
requisites of the present model rest on three outstanding key
words: quantization, non-locality, non-reality. Without shar-
ing all three of these features together, the search of a unified
theory would be physically unconvincing and intrinsically in-
complete. The first result to be noted is that the present model
of quantum relativity finds again formulae known since their
early Einstein derivation, which indeed agree with the experi-
mental results, although with a physical meaning actually dif-
ferent; instead of deterministic intervals, the relativistic for-
mulae must be regarded as functions of the corresponding
uncertainty ranges. On the one side, this coincidence ensures
the consistency of the present theoretical model with the ex-
perience. On the other side, the sought unification unavoid-
ably compels transferring the acknowledged weirdness of the
quantum world to the relativistic phenomena: it requires re-
garding the intervals and distances likewise the ranges of egs.
(2,1), i.e. as a sort of evanescent entities, undefined and ar-
bitrary, not specified or specifiable by any hypothesis, whose
only feature and role rests on their conceptual existence and
ability to replace the local dynamical variables, in no way
defined and definable too. For instance the invariant inter-
val of special relativity turns into a space-time uncertainty
range whose size, whatever it might be, remains effectively
unchanged in all inertial reference systems; in other words,
this well known concept still holds despite its size is actually
indeterminable.

Strictly speaking, it seems understandable that nothing
else but an evanescent idea of uncertainty ranges could ex-
plain counterintuitive quantum features like the non-reality
and non-locality; the former has been described in subsection
4.2 as a consequence of the measurement driven compliance
of the eigenvalues with egs. (2,1), the latter has been related
in [9] to the elusiveness of concepts like local distances that
hide the ultimate behavior of the matter. The EPR paradox or
the dual corpuscle/wave behavior or the actual incomplete-
ness of quantum mechanics testify in fact different appear-
ances of the unique fundamental concept of uncertainty; the
approach of sections 3 and 4 is so elementary and straightfor-
ward to suggest that the present way of reasoning focuses just
on the limited degree of knowledge we can in fact afford, i.e.
only on the physical outcome that waives any local informa-
tion.

Despite this statement represents the most agnostic start-
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ing point possible, nevertheless it paradoxically connects qua-
ntum theory and relativity in the most profound way expecta-
ble: from their basic postulates to their most significant re-
sults. In this respect the section 4 shows an alternative con-
ceptual path, less geometrical, towards some relevant out-
comes of general relativity: Einstein’s way to account for
the gravity through the geometrical model of curved space-
time is replaced by simple considerations on the uncertainty
ranges of four fundamental dynamical variables of eqs. (2,1).
In this way the approach is intrinsically adherent to the quan-
tum mechanics, which rests itself on the same equations. For
this reason even the general relativity is compliant with the
non-locality and non-reality of the quantum world, as it has
been sketched in section 3.

This conclusion seems surprising, because usually the rel-
ativity aims to describe large objects on a cosmological scale;
yet its features inferred in the present paper can be nothing
else but a consequence of quantum properties consistent with
well known formulae early conceived for other purposes. A
more detailed and complete treatment is exposed in the paper
[13], including also the gravitational waves and the perihelion
precession of the Kepler problem.

The quantization of the gravity field is regarded as the
major task in several relativistic models; although this idea is
in principle reductive alone, because also the non-reality and
non-locality deserve equal attention, examining the present
results this way of thinking appears in fact acceptable. Indeed
the number of states n accounts not only for the quantization
of the results, as it is obvious, but also for the non-locality
and non-reality themselves; as highlighted in [9] the reality
and locality of the classical world appear for n — co only, i.e.
when n tends to behave like a continuous variable so that the
Bell inequality is fulfilled. So it is reasonable to think that the
quantization has in effect a hierarchical role predominant on
the other quantum properties. Yet this actually happens if n
is never exactly specified because of its arbitrariness, thus en-
suring the invariancy of eqgs. (2,1); its effectiveness in describ-
ing both quantum and relativistic worlds appears due indeed
to its lack of specific definition and to its twofold meaning
of number of states and quantum number. Just this ambiva-
lence is the further feature that remarks the importance of #;
on the one side it represents an essential outcome of the quan-
tum mechanics, on the other side it assigns its quantum fin-
gerprint to any macroscopic system necessarily characterized
by a number of allowed states. Of course the incomplete-
ness of information governing the quantum world compels an
analogous limit to the relativity; yet, without accepting this
restriction since the beginning into the sought unified model
through eqs. (2,1), the elementary considerations of sections
3 and 4 would rise topmost difficulties in formulating cor-
rect outcomes. Moreover, typical ideas of quantum mechan-
ics provide a possible explanation of experiments that involve
relativistic concepts. An example in this respect has been pro-
posed in the paper [9] as concerns the possibility of a super-
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luminal velocity under investigation in a recent experiment
carried out with neutrinos and still to be confirmed. A rel-
ativistic quantum fluctuation hypothesized in the quoted pa-
per appears compatible with a superluminal velocity transient
that, just because of its transitory character, can be justified
without violating any standard result of the deterministic for-
mulae of early relativity. Other problems are presently under
investigation.

Regardless of the results still in progress, seems however
significant “per se” the fact itself that the quantum character
of the relativistic formulae widens in principle the descriptive
applicability of the standard relativity.

Submitted on March 16, 2012 / Accepted on March 21, 2012

References

1. Einstein A., Podolski B., Rosen N. Can quantum mechanics description
of Physical Reality be considered Complete? Physical Review, 1935,
v.47,777-780.

2. Polcinski J. String theory, Cambridge University Press, 1998, Cam-
bridge.

3. Green M.B., Schwarz J.H. and Witten E. Superstring Theory, Cam-
bridge University Press, (1987).

4. Carlip S., Quantum gravity: a progress report. Reports on Progress in
Physics, 2001, v. 64, p. 885.

5. Becker K, Becker M., Schwarz J. String theory and M-Theory: a mod-
ern introduction. Cambridge University Press, Cambridge, 2007.

6. Wess J., Bagger J. Supersimmetry and Supergravity, Princeton Univer-
sity Press, Princeton, 1992.

7. Tosto S. An analysis of states in the phase space: the energy levels of
quantum systems. /I Nuovo Cimento B, 1996, v. 111(2), 193-215.

8. Tosto S. An analysis of states in the phase space: the diatomic
molecules. Il Nuovo Cimento D, 1996, v. 18(12), 1363—-1394.

9. Tosto S. Spooky action at a distance or action at a spooky distance?
Progress in Physics, 2012, v. 1, 11-26.

10. Tosto S. An analysis of states in the phase space: uncertainty, entropy
and diffusion. Progress in Physics, 2011, v.4, 68-78.

11. Landau L., Lifchits E. Theorie du Champ, MIR, Moscow, 1966.
12. Landau L., Lifchits E. Mechanique, MIR Moscow, 1969.

13. Tosto S. An analysis of states in the phase space: from quantum me-
chanics to general relativity, arXiv gr-qc/0807.1011.

81



Volume 2

PROGRESS IN PHYSICS

April, 2012

On a Fractional Quantum Potential

Robert Carroll
University of Illinois, Urbana, IL 61801, USA

Fractional quantum potential is considered in connection to the fractal calculus and

the scale relativity.

1 Introduction

For fractals we refer to [1, 2] and for differential equations
cf. also [3—7]. The theme of scale relativity as in [8—15]
provides a profound development of differential calculus in-
volving fractals (cf. also the work of Agop et al in the journal
Chaos, Solitons, and Fractals) and for interaction with frac-
tional calculus we mention [6,16-19]. There are also connec-
tions with the Riemann zeta function which we do not discuss
here (see e.g. [20]). Now the recent paper [21] of Kobelev de-
scribes a Leibnitz type fractional derivative and one can relate
fractional calculus with fractal structures as in [16, 18,19,25]
for example. On the other hand scale relativity with Haus-
dorff dimension 2 is intimately related to the Schrodinger
equation (SE) and quantum mechanics (QM) (cf. [12]). We
show now that if one can write a meaningful Schrodinger
equation with Kobelev derivatives (a-derivatives) then there
will be a corresponding fractional quantum potential (QP)
(see e.g. [4, 6, 18, 19] for a related fractional equation and
recall that the classical wave function for the SE has the form
¥ = Rexp(iS /h)).

Going now to [21] we recall the Riemann-Liouville (RL)
type fractional operator (assumed to exist here)

f (= O fQ)de

I'(—a)
cD(;[f(Z)]: ceR Re(a) <0 (1.1)
= DO f(2)]
-1 <Ra<m
(the latter for m € N = {1,2,3,...}). For ¢ = 0 one writes

(1A) oD?[f(2)] = D{[f(2)] as in the classical RL operator
of order @ (or —@). Moreover when ¢ — oo (1.1) may be
identified with the familiar Weyl fractional derivative (or inte-
gral) of order a (or —@). An ordinary derivative corresponds
to a = 1 with (1B) (d/dz)[f(z)] = D{[f(z)]. The binomial
Leibnitz rule for derivatives is

D![f(2)9(2)] = g@)DLf ()] + f(2)DLg(2)] (1.2)

whose extension in terms of RL operators DY has the form

[e]

DI f(@)g(2)] = Z( ’ )D‘Z‘"[f(z)]DZ [9()];

()

(1.3)

Fa+1)
Ta—k+Drar D @ keC
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The infinite sum in (1.3) complicates things and the bi-
nomial Leibnitz rule of [21] will simplify things enormously.
Thus consider first a momomial z# so that

Mzﬁ R(a) <0; R(PB)>—-1. (1.4)

D] = TG—arD

Thus the RL derivative of z# is the product

F(B+ 1)
T3 —a+)

Now one considers a new definition of a fractional deriva-
tive referred to as an « derivative in the form

D1 =C'B. )P C*(B,ga) = (1.5)

Z—‘;[zﬁ] =d,[] = CB, ). (1.6)

This is required to satisfy the Leibnitz rule (1.2) by def-
inition, given suitable conditions on C(B, @). Thus first (1C)

P = f(2)g9(z) with f(z) = 2#¢ and g(z) = z¢ for arbitrary € the
application of (1.3) implies that

dy _ de g, —edo .
d—z[zﬁ] —zdzzﬁ +7 &

=z7°C(B — ¢, P+ PEC (e, ) (1.7)

=[CB-¢€,a)+ C(e, )],
Comparison of (1.6) and (1.7) yields (ID) C(8 — €, ) +
C(e, @) = C(B, @). To guarantee (1.2) this must be satisfied for

any 3, €, a. Thus (1D) is the basic functional equation and its

solution is (1E) C(8, @) = A(@)B. Thus for the validity of the
Leibnitz rule the a-derivative must be of the form

dy o

dol?') = 1] = AP (1.8)

One notes that C*(B, @) in (1.5) is not of the form (1E)

and the RL operator D does not in general possess a Leibnitz

rule. One can assume now that A(a) is arbitrary and A(@) = 1

is chosen. Consequently for any 8

oz — a (y da
zﬁ B =a; =2 =0.

e (1.9)

Now let K denote an algebraically closed field of char-
acteristic 0 with K[x] the corresponding polynomial ring and

Robert Carroll. On a Fractional Quantum Potential
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K(x) the field of rational functions. Let F(z) have a Laurent
series expansion about 0 of the form

o

F(z) = Z adks

—00
00

Fi@) =) ads (1.10)
4
F_(z) = chzk; c €K
and generally there is a ko such that ¢, = 0 for k£ < k.

The standard ideas of differentiation hold for F(z) and for-
mal power series form a ring K[[x]] with quotient field K((x))
(formal Laurent series). One considers now the union (1F)
K < x>= UPK((x'/%)). This becomes a field if we set
K= X, nin — (xl/n)m. (1.11)
Then K <« x > is called the field of fractional power
series or the field of Puiseux series. If f € K <« x > has
the form (1G) f = Y cex™/™ where ¢; # 0 and my, ny €
N={1,2,3,...}, (mi/n;) < (mj/n;) fori < jthen the order is
(1H) O(f) = m/n where m = my, n = n; and f(x) = F(x'/").
Now given n and z complex we look at functions

00

f@) =) ez=20)" = fu@) + f-(;

—00
00

fi@) = Z cx(z = 200",

0
-1

@ =) alz=20)"" o

—00

(1.12)

=0 (k < ko)

(cf. [21] for more algebraic information - there are some mis-
prints).

One considers next the a-derivative for a basis (1I) a =
m/n; 0 <m<n; mneN=1{1,2,3,---}. The a-derivative
of a Puiseux function of order O(f) = 1/n is again a Puiseux
function of order (1 — m)/n. For @ = 1/n we have

(e

fo= > ad chzﬁ B =Bk =~ (1.13)
0 0
leading to
d(Y N -1)/n _ N m.
d—zf+(z)=zl:a,8ckz(k Din — ZO:CP+1aﬁz”/ D (L14)
-1 -2

1B

d, o
LI = Y=Y e,

—00

-1
= > e ey =0
—00
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Similar calculations hold for &« = m/n (there are numer-
ous typos and errors in indexing in [21] which we don’t men-
tion further). The crucial property however is the Leibnitz
rule

dy dq dy dy

— =g—f+f=-9; (dy ~— 1.15

p bt i o (1.15)
which is proved via arguments with Puiseux functions. This
leads to the important chain rule

F(g,(z)) = Z ——gk<z> (1.16)

Further calculation yields (again via use of Puiseux func-

tions)
dm df f df dm f (1 17)
dZ dZ dzm ’ :
=S [ 24 Bye = 2 1.18
ff(z) az—z():f 0% f e’ (1.18)
d
f @iz = @ = [ Sdiz (119
where d,z here is an integration symbol here).
The a-exponent is defined as
(Za/a,)k (Z(l)
Eq(2) = =exp|—|;
Ta+ D) T\a (1.20)
Ei(z) =€ Ey(0)=1(0<a,l).

The definition is motivated by the fact that E,(z) satisfies
the a-differential equation (1J) (d,/d2)E,(z) = E,(z) with
E,(0) = 1. This is proved by term to term differentiation of
(1.20). It is worth mentioning that E,(z) does not possess the
semigroup property (1K) E,(z1 + 22) # Eo(21)Eo(22)-

2 Fractals and fractional calculus

For relations between fractals and fractional calculus we re-
fer to [16, 18, 19,24,25,27,28]. In [16] for example one as-
sumes time and space scale isotropically and writes [x*] = —

foru =0,1,---,D — 1 and the standard measure is replaced
by (2A) d°x — dp(x) with [p] = —Da # —D (note [ ] de-
notes the engineering dimension in momentum units). Here
0 < a < 1 is a parameter related to the operational defi-
nition of Hausdorff dimension which determines the scaling
of a Euclidean volume (or mass distribution) of characteris-
tic size R (i.e. V(R) « R%). Taking p o« d(r°®) one has
(2B) VR) « [dppuia(r) =e [} drr®® o RP?, showing
that @ = dy/D. In general as cited in [16] the Hausdorff di-
mension of a random process (Brownian motin) described by
a fractional differintegral is proportional to the order « of the
differintegral. The same relation holds for deterministic frac-
tals and in general the fractional differintegration of a curve
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changes its Hausdorff dimension as dy — dy + a. More-
over integrals on “net fractals” can be approximated by the
left sided RL fractional of a function L(¢) via

f dp(t)L(1) o oI L(t) = FL f di(@ — N L(1);
0 ® Jo @0
P (-1 '

PO = T+

where « is related to the Hausdorff dimension of the set (cf.
[24]). Note that a change of variables t — 7 — ¢ transforms

(2.1) to
O
mjo\ drt® L(t - 1).

The RL integral above can be mapped into a Weyl inte-
gral for f — oco. Assuming lim;_,. the limit is formal if the
Lagrangian L is not autonomous and one assumes therefore
that lim;_,oL(f — t) = L[q(t), ¢(t)] (leading to a Stieltjes field
theory action). After constructing a “fractional phase space”
this analogy confirms the interpretation of the order of the
fractional integral as the Hausdorff dimension of the underly-
ing fractal (cf. [18]).

Now for the SE we go to [4, 6, 18, 19]. Thus from [4]
(1009.5533) one looks at a Hamiltonian operator

2.2)

Ho(p, 1) = Dolpl® + V(r) (1 <a £2). (2.3)

When @ = 2 one has D, = 1/2m which gives the stan-
dard Hamiltonian operator (2C) H(p,?) = (1/2m)p* + V(7).
Thus the fractional QM (FQM) based on the Levy path inte-
gral generalizes the standard QM based on the Feynman in-
tegral for example. This means that the path integral based
on Levy trajectories leads to the fractional SE. For Levy in-
dex @ = 2 the Levy motion becomes Brownian motion so that
FQM is well founded. Then via (2.2) one obtains a fractional

SE (GSE) in the form
ihO = Do(~-T2A) 2y + V(g (1 <a <2) (24)

with 3D generalization of the fractional quantum Riesz
derivative (—#2A)*/? introduced via

(R APy, 1) = f Ppetiplop.n (25

1
(2nh)3
where ¢ and ¢ are Fourier transforms. The 1D FSE has the
form

iho(x, 1) = Do (V)Y + Vi (1 < a < 2). (2.6)

The quantum Riesz fractional derivative is defined via

1 « ipx
(V)" Y(x, 1) = —5— | dpeT |p["¢(p.1)

2.7
2pih J_o 2.7)

where

d(p, 1) = f dxe  y(x, 1) 2.8)

00

84

with the standard inverse. Evidently (2.6) can be written in
operator form as (2D) ihdy = HyY; H, = —Do(AV)* + V(x)
In [6] (0510099) a different approach is used involving
the Caputo derivatives (where [ D(x)k = 0 for k = constant.
Here for 2E) f(kx) = 33’ a,(kx)" one writes (D — D)

o

L) =K Y

0

Tl + (n + Da)

T

(2.9)

Next to extend the definition to negative reals one writes

x = J(x) = sgn(0)lxl”; D(x) = sgn(x); D(x).  (2.10)

There is a parity transformation IT satisfying (2F) ILy(x)
= —j(x) and TID(x) = —D(x). Then one defines (2G)
fGe(kx)) = X5 an)"(kx) with a well defined derivative

00

Df Ge(kx)=sgn(Ol" )" ey

0

Irad+@+ha) _,

This leads to a Hamiltonian H® with

1 o\ . A
HY = ——mcz(—) DD;+v(X',... . X,....X*Y) 2.12)
2 mc

with a time dependent SE

X', XL XN Y (2.13)

3 The SE with a-derivative

Now we look at a 1-D SE with a-derivatives d, ~ d,/dx
(without motivational physics). We write d,2® = Bx*~® as in
(1.9) and posit a candidate SE in the form

iy = Doli*d>y + V(x). (3.1)
In [11, 12] for example (cf. also [29]) one deals with a
Schrodinger type equation

D>AY + iDApp — lvdx =0 (3.2)
2m

where D ~ (7/2m) in the quantum situation. Further D is

allowed to have macro values with possible application in bi-

ology and cosmology (see Remark 3.1 below).

Consider a possible solution corresponding to ¢ =
Rexp(iS /) in the form (3A) ¥ = RE, (iS/h) with E, as in
(1.20). Then one has for S = S(x,7) 3B) ¥, = R.E, + RO,E,
and via (1.15)-(1.16)

dq [RE(, (%)] = (d R)E, + REQ%(dQS); (3.3)

Robert Carroll. On a Fractional Quantum Potential
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& [RE( )] (BREq + 2AdoROE, 5duS +

l. y (3.4)
+RE, (ﬁdaS) + RE, hd“
v @) Lo @)
0Eo(2) = 0; Thrl ald Th -
3.5

(o]
_ /)" %

Tm+1) a

Then from (3B), (3.4), (3.3), and (3.5) we combine real
and imaginary parts in

in|rE, +5 hf REQ] = VRE, + Do?* [(@R)E,+
2AdoROEa+d.S - RSE L5+ ’Rf sz] oo
leading to
R.E, = —2DydoRE(d,S) — DoRE,d>S ; (3.7)
—éS,RE[, = VRE, + D #*d>RE, — RE(d,S)*.
Thus E, cancels and we have
R; = —2Dy(d,R)(d,S) — DoRd>S (3.8)

1
——S,R = VR + D,i*d>R — R(d,S )*.
a

Now recall the classical situation here as (cf. [30,31])

SZ hZR// 1
Si+ X 4V- =0; (R + —(R’S"Y =0. (3.9)
2m 2mR m

This gives an obvious comparison:

1. Compare 2RR, + (1/m)(2RR’S’ + R?S"”") = 0 ~ 2R, +
(1/m)QR’S” + RS”") = 0 with R, = —2D,(doR)(d,S ) —
DoRd*S

2. Compare S, + (S2/2m) + V — ER. —
V- 2RER L 4,2

which leads to
THEOREM 3.1

The assumption (3.1) for a 1-D a-derivative Schrodinger type
equation leads to a fractional quantum potential

0 with ——S, =

0. = D *d>R (3.10)
a — R .
For the classical case with d,R ~ R’ (i.e. @ = 1) one has

D, = 1/2m and one imagines more generally that D, %> may
have macro values. m

REMARK 3.1
We note that the techniques of scale relativity (cf. [11, 12])
lead to quantum mechanics (QM). In the non-relativistic case

Robert Carroll. On a Fractional Quantum Potential

the fractal Hausdorff dimension dy = 2 arises and one can
generate the standard quantum potential (QP) directly (cf.
also [29]). The QP turns out to be a critical factor in under-
standing QM (cf. [30-32,35-37]) while various macro ver-
sions of QM have been suggested in biology, cosmology, etc.
(cf. [8,11,12,38,39]). The sign of the QP serves to distin-
guish diffusion from an equation with a structure forming en-
ergy term (namely QM for D, = 1/2m and fractal paths of
Hausdorff dimension 2). The multi-fractal universe of [16,23]
can involve fractional calculus with various degrees « (i.e.
fractals of differing Hausdorff dimension). We have shown
that, given a physical input for (3.1) with the a-derivative of
Kobelev ( [21]), the accompanying a-QP could be related to
structure formation in the related theory. m
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By identifying the orders of phase transition through the analytic continuation of the
functional of the free energy of the Ehrenfest theory, we have developed a theory for
studying the dependence of the local magnetic moment, M on the Fe — As layer sep-
aration in the third order phase transition regime. We derived the Euler — Lagrange
equation for studying the dynamics of the local magnetic moment, and tested our model

with available experimental data.

1 Introduction

Since the discovery of superconductivity in Fe — based pnic-
tides oxides [1], there has been enormous research activities
to understand the origin of their superconductivity. This im-
mense interest in the physics and chemistry communities is
reminiscent of the excitement that accompanied the discov-
ery of high — T, cuprate superconductors in the early 1980s.
Normally, in Fe — based superconductors, antiferromagnetic
(AFM) order is suppressed by charge (hole) doping but spin
interactions still exist [2]. It should be noted that supercon-
ductivity can still be induced in the pnictides without charge
doping through either isoelectric doping, non-stoichiometry,
or by use of non-thermal control parameters such as applica-
tion of non-hydrostatic pressure. Also it should be noted that
the parent compounds of the iron pnictides are metallic, albeit
highly dissipative, bad metals [3]. Most striking is the spec-
troscopy evidence that Fe based superconductors are weakly
correlated electronic system [4,5]. Thus, the origin of the
observed superconductivity may not be due to Mott physics.
Put differently, for the fact that spin is relevant in Fe pnic-
tide superconductors, they are basically itinerant magnetism
suggesting that the Mott — Hubbard physics may be irrele-
vant in physics of Fe pnictide superconductors. We can thus
speculate that the superconductivity observed in Fe pnictides
are locally and dynamically spin polarized due to strong Fe
spin fluctuations with the itinerant nature of Fe providing the
“glue”. Hence, spin-fluctuation mediated through the spin
channel may be relevant in understanding the origin and na-
ture of the observed superconductivity in Fe pnictide.

Fe pnictide superconductors have layered structure. The
Fe atom layers of these pnictide systems are normally sand-
wiched by pnictogen, for example, Arsenic (As). Hence, the
magnetic moment of Fe depends strongly on the inter-layer
distances of Fe-As [6]. The magnetic moment of transition
metals also depends on volume [7]. This leads to the so-called
lattice anharmonicity.

In quasi 2D layered materials, a state with some rather
unexpected properties (new mean field solution) is observed
at non-zero [8]. This new mean field property observed in
these layered systems cannot be described by the ordinary

phenomenological Ginzburg — Landau theory. Also, the ther-
modynamic relation fOT‘ [0C.(H, T)/TldT = 0 which holds for
2@ order phase transition is violated in some materials with
Bose — Einstein condensate (BEC)-like phase transition (see
for example as in spin glasses [9], ferromagnetic and anti-
ferromagnetic spin models with temperature driven transi-
tions [10]). We speculate that the normal Landau theory de-
veloped for 2"¢ order phase transition may not adequately ac-
count for the physics of the phase transitions and associated
phenomena, for example, magneto-volume effect due to lat-
tice anharmonicity in Fe pnictide superconductors. This mo-
tivated us to develop a new Landau-like mean field theory for
studying Fe-pnictide superconductors. The theory is based on
the Ehrenfest classification of orders of phase transitions [11].
Specifically, we will study the dependence of the local mag-
netic moment, M on the Fe-As layer separation, z.

2 Theoretical Framework

According to Hilfer [12], rewriting the singular part of the
local free energy within a restricted path through the critical
point in terms of the finite difference quotient, and analyti-
cally continuing in the orders, allows one to classify continu-
ous phase transitions precisely according to their orders. We
speculate that there exist phase transition of orders greater
than two as there is no known physical reason why such tran-
sitions should not exist in nature since they certainly exist in
a number of theoretical models like quantum chromodynam-
ics (QCD), lattice field theory and statistical physics [13].
At least, higher order phase transitions (>2) are tenuous at
best and their non-detection might have been due to the hasty
generalization that all that departs from phase transition of
order two can always be explained in terms of field fluctua-
tion [13,14].

The dependence of the magnetic moment, M on the Fe-As
layer separation is completely determined by the functional
(the magnetic free energy functional), F[z, (M)] where (M)
is the local magnetic moment. However, F must be invariant
under the symmetry group (e.g. Abelian Higg’s model) [15]
of the disordered phase in order to minimize the total energy
[13]. In general, F is a very complex functional of (M). To
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make (M) to be spatially continuous in equilibrium, in the
ordered phase, we essentially for all cases, redefine it. This
suggests that F' be expressed in terms of a local free energy
density, f[z, (M) ] (the local magnetic free energy) which is
a function of the field at the point “z”. After coarse graining,
in its simplest form [13, 14], F is give (for orders of phase
transition > 2) by,

FP(M, Z) — fddr|M|2(p_2){_ap|M|2 + bp|M|4+ (1)
plVMP + [MPa(z - 2)* P72}, ¥p > 2

where p is the order of the phase transition, a, = a,(1-H/H,),
b, >1, zis the Fe-As layer distance (inter-atomic separation),
Z. 18 the critical point, and e < 0 (a typical material dependent
parameter).

Equation 1 is the model equation we are proposing for
studying the dependence of M on the Fe-As inter-atomic sep-
aration. For 3" order phase transition, p = 3, Eq. 1 reduces
to,

P19 = [ PP M
c3lVMP + IMPaz - z0)%)

If we neglect the gradient term, and minimize the local
magnetic free energy with respect to M, Eq. 2 reduces to
M? 3)

= 3p; L0+ lalz ~ 2)%)
which basically leads (i.e., substituting Eq. 3 into 2) to the
local free energy

5 1
3 lal(z = Zc)2 - 503}-
In the presence of the gradient term to the local magnetic

free energy, using variational principle, after scaling, we ob-
tain the Euler — Lagrange equation for M as,

2
(fsy = [%wg +lal(z = z)")1H “4)

@ -9’1 - alz - 2)"] - ¢Vl = 0. (5)

3 Model Application

Using the data of Egami et al. [16], we calculated the mag-
netic moment, M using our model Eq. 3. The plot of ex-
perimentally determined critical temperature against our cal-
culated M (up) are as shown in Fig. 1. Observe that there
is strong correlation between T. and M. Most significantly,
our model predicted correctly the range of values of magnetic
moment of Fe, in Fe pnictide superconductors. As it is evi-
dence from the plot, the magnetic moment range from 0.59 to
0.73 up. The experimentally measured value for the magnetic
moment of Fe in LaOFeAs for instance, range from 0.30 to
0.64 up [17,18].

We speculate that the observed strong correlation between
T. and M stems from the fact that the superconducting criti-
cal temperature T, depends very sensitively on the iron pnic-
togen (i.e., Fe-As-Fe) bond angle which in turn, depends on
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Fig. 1: Color-online. Superconducting experimental critical tem-
perature, T, from Ref. [16] against the calculated M obtained using
Eq. 3 at the critical point.

the Fe-As layer separation [19]. This present observation is
in tandem with the understanding that the bonding of the ar-
senic atoms changed dramatically as a function of magnetic
moment [20] and the core-level spectroscopy measurements
on CeFeAsOg goFy 11 [21] which showed very rapid spin fluc-
tuation dependent magnetic moment. Since from our model
Eq. 3, M is proportional to z (for a3 < 1), the observed strong
correlation is to be expected. This observation confirms our
earlier assertion that spin mediated fluctuations may be the
major dominant mediator in the superconductivity of Fe pnic-
tide superconductors. However, electron-phonon coupling
through the spin-channel is also to be expected.
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On the Exact Solution Explaining the Accelerate Expanding Universe
According to General Relativity

Dmitri Rabounski

A new method of calculation is applied to the frequency of a photon according to the tra-
velled distance. It consists in solving the scalar geodesic equation (equation of energy)
of the photon, and manifests gravitation, non-holonomity, and deformation of space as
the intrinsic geometric factordfacting the photon’s frequency. The solution obtained

in the expanding space of Friedmann’s metric manifests the exponential cosmological
redshift: its magnitude increases, exponentially, with distance. This explains the acce-
lerate expansion of the Universe registered recently by the astronomers. According to
the obtained solution, the redshift reaches the ultimately high vahes — 1=2214 at

the event horizon.

During the last three years, commencing in 2009, | publisheldangeR. Then he calculated the redshift, assuming that it is
a series of research papers [1-5] wherein | went, step-byresult of the Dopplerféect on the scattering objects of the

step, in depth of the cosmological redshift problem. | taexpanding Friedmann universe.

geted an explanation of the non-linearity of the cosmological Lemdtre’'s method of deduction would remain quite good,
redshift law and, hence, the accelerate expansion of the Unieept for three drawbacks, namely —

verse. | suggested that the explanation may be found due t@) |t works only in deforming spaces, i.e. under the as-
the space-time geometry, i.e. solely with the use of the geo-  symption that the cosmological redshift is a result of

~Naturally, this is the most promising way to proceed in  (non-deforming) spaces, this method does not work. In
this problem. Consider the following: in 1927, Letma’s other words, herein is not a way to calculate how the

theory [6] already predicted the linear reshiftlaw in an expan-  frequency of a photon will change with the distance of
ding space of Friedmann’s metric (a Friedmann universe). As  the photon’s travel in the space of a static cosmological
was then shown by Lenﬂm, this theoretical result matches metric (Wthh is known to be of many k|nds)7

the linear redshift law registered in distant galakigfe ano-
malously high redshift registered in very distant la-type su-
pernovae in the last decade [7—9] manifests the non-linearity
of the redshift law. It was then interpreted as the accelerate
expansion of our Universe. Thus, once the space-time ge-
ometry has already made Leftra successful in explaining

the linear redshift, we should expect a success with the non-
linear redshift law when digging more in the theory.

Lemédtre deduced the cosmological redshift on the basis
of Einstein’s field equation. The left-hand side of the equation
manifests the space curvature, while the right-hand side des-
cribes the substance filling the space. In an expanding spac%
all objects scatter from each other with the velocity of the )
space expansion. Lefitige considered the simplest case of
deforming spaces — the space of Friedmann’s metric. Such a
space is free of gravitational fields and rotation, but is curved
due to its deformation (expansion or compression). Solving
Einstein’s equation for Friedmann’s metric, Léitna obtai-
ned the curvature radiuR of the space and the speed of its

2) In this old method, the Doppleffect does not follow
from the space (space-time) geometry but has the same
formula as that of classical physics. Only the speed of
change of the curvature radius with tirRgdue to the
expansion of space) is used as the velocity of the light
source. In other words, the Doppler formula of clas-
sical physics is assumed to be the same in an expan-
ding Friedmann universe. This is a very serious sim-
plification, because it is obvious that the Doppl&eet
should have a formula, which follows from the space
geometry (Friedmann’s metric in this case);

This method gives the linear redshift law — a straight
line z= &, which “digs” in the wallR=c. As a re-
sult, the predicted cosmological redshift is limited by
the numerical valugnax=1. However, we know do-
zens of much more redshifted galaxies and quasars. In
2011, the highest redshift registered by the astronomers
is z=10.3 (the galaxy UDFj-39546284).

So, in his theory, Leni&re calculated the cosmological
*According to the astronomical observations, spectral lines of distag{dshift in a roundabout way: by substituting, into the Dop-

galaxies and quasars are redshifted as if these objects scatter with the raglj ; :
velocity u=Hpd, which increases 72 kfsec per each megaparsec of th qi@l formula of classical phySICS, the speed of change of the

distanced to the objectHo = 728 km/secMpc = (2.3+0.3)<10-8seclis  Curvature radiug he obtained his redshift law, i.e., by sol-
known as the Hubble constant. 1 parse8.0857%10'8cm ~ 3.1x108cm.  ving Einstein’s equation for Friedmann’s metric.

Dmitri Rabounski. On the Exact Solution Explaining the Accelerate Expanding Universe According to General Relativity L1
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In contrast to Lenidre, | suggested that the cosmologitrically charged mass-point (the Reissner-Noiridistmetric),
cal redshift law can be deduced in a more direct and pin-the rotating space of @lel's metric (a homogeneous dis-
found way. It is as follows. The generally covariant geodgibution of ideal liquid and physical vacuum), in the space of
sic equation — the four-dimensional equation of motion ofaasphere of incompressible liquid (Schwarzschild’s metric), in
particle — can be projected onto the time line and the threke space of a sphere filled with physical vacuum (de Sitter’s
dimensional spatial section of an observer. As a result, wmetric), and in the deforming space of Friedmann’s metric
obtain the scalar geodesic equation, which is the equatior(ehpty or filled with ideal liquid and physical vacuum).
energy of the particle, and the vectorial geodesic equation (theHerein | shall go into the details of just one of the ob-
three-dimensional equation of motion). The in-depth matheained solutions — that in an expanding Friedmann universe,
matical formalism of the said projection was introduced ir wherein | obtained the exponential cosmological redshift,
1944 by Zelmanov [10, 11], and is known as the theory tifus giving a theoretical explanation to the accelerate expan-
chronometric invariants Solving the scalar geodesic equasion of the Universe registered recently by the astronomers.
tion (equation of energy) of a photon, we shall obtain how The other obtained solutions shall be omitted from this
the photon’s energy and frequency change according to nesentation. The readers who are curious about them are
remoteness of the signal’s source to the observer. This is directly referred to my two recent publications [4, 5].
frequency shift layparticular forms of which we can deduce So, according to Zelmanov’s chronometrically invariant
by solving the scalar geodesic equation of a photon in tfiemalism [10, 11], any four-dimensional (generally covari-
space of any particular metric. ant) quantity is presented with its observable projections onto

The same method of deduction may be applied to ma#ise line of time and the three-dimensional spatial section of
bearing particles. By solving the scalar geodesic equation & observer. This is as well true about the generally covari-
a mass-bearing particle (“stone-like objects”), we shall obtaint geodesic equation. As Zelmanov obtained, the projected
that the relativistic mass of the object changes according(eéronometrically invariant) geodesic equations of a mass-
the remoteness to the observer in the particular space.  bearing particle, whose relativistic massisare

First, following this new way of deduction, I showedthat gy m . m A

. i ik

the redshift, observed by the astronomers, should be present;— — P Fiv + P Dikvv® =0, 1)
in a space which rotates at the velocity of light [1, 2]. In this )
case, the Hubble constant playsdderof the frequency of ~ 9(MY) i 2m (D}, + AL VF + mal,vvE =0, (2)
the rotation. The redshift due to the space rotation should be dr K ' K |
present even if the space is static (non-deforming). while the projected geodesic equations of a massless particle-

The light-speed rotation is only attributed to the so-callgdhoton, whose relativistic frequencyds have the form
isotropic region of space (home of the trajectories of light).

This can be shown by “adapting” the space metric to the iso- T % Fic+ 22 Dic'cf =0, 3
tropic space condition (equality of the metric to zero), which ' ¢ ¢
makes a replacement among the componggsnd go of d(wc')

. ) ; —wF +2w (DL + A )+ wal c"k=0. (4
the fundamental metric tensgr,s. In Minkowski's space, e T w( k+Ak') @k @)

thls replacemgnt means that the isotropic region has a NON-Haredr = \/gﬁ)dt—lvi dx is the observable time, which
diagonal metric, whergop=0, gogi =1, g11=922=933=—1. q th 'tczt' | botential? (1 d
Such isotropic metrics were studied in the 1950's by Petrq{qﬁpﬁn s on | € gr.al” aclg?)inafe[ﬁ en 'ft.w ( f_ V900) a:
see§25 and the others in hBinstein Spacefl2]. More in- € lInéar velocity; =— -7 of the rotation of space. Four

sight into this subject is provided in my third paper on iHfactors dect the particles: the gravitational inertial forég
redshift problem [3]. the angular velocityAi of the rotation of space, the deforma-
On the other hand, a regular sublight-speed observer sﬂ%l‘ Dik of space, and the Chridfel symbolsA), (expressing

observe all events according to the components of the funfi SPace non-uniformity). According to the scalar geodesic
equation (equation of energy), two factoFs,and Dy, affect

mental metric tensa, of his own (non-isotropic) space — fth il h X
home of “solid objects”. Therefore, | then continued the redli® energy of the particle. They are determined [10,11] as

arch study with the regular metrics, which are not “adapted” 1 (ow O w

to the isotropic space condition. i= N (ﬁ - ﬁ) Vgoo=1- 2’ )
In two recent papers [4, 5], | solved the scalar geode-

sic equation for mass-bearing particles and massless particles 1 dhi K 1 ohk 0 Invh 6

(photons), in the most studied particular spaces: in the spacé ~ 2~/goo Ot T 240G Ot T goodt’ ©)

of Schwarzschild’s mass-point metric, in the space of an elec- « i ) ) )
whereD = h*Dy,, while hy is the chr.inv.-metric tensor

“The property of chronometric invariance means that the quantity is in-
variant along the three-dimensional spatial section of the observer. hik = —gik + @ Uilk »

h=-g* h=6. @

L2 Dmitri Rabounski. On the Exact Solution Explaining the Accelerate Expanding Universe According to General Relativity



April, 2012 PROGRESS IN PHYSICS Volume 2

The geodesic equations of mass-bearing and masslesdVith these formulae of the componentsthyf, we obtain
particles have the same form. Only the sublight velocity the tensor of the space deformatibg in a Friedmann uni-
and the relativistic mass are used for mass-bearing partiverse. According to the definition (6), we obtain
cles, instead of the observable velocity of lightind the fre- : . .
guencyw of the photon. Therefore, they can be solved in the D= % Dy = ﬂ , Di - B (13)
same way to yield similar solutions. R 1-«r? R

My suggestion is then self-obvious. By solving the scalar The curvature radius as a function of tinke= R(t), can
geodesic equation of a mass-bearing particle in each of beefound by assuming a particular type of the space defor-
so-called cosmological metrics, we should obtain how the ahation. The trace of the tensor of the space deformation,
served (relativistic) mass of the particle changes accordinge: WDy, is by definition the speed of relative deformation
the distance from the observer in each of these universesf the volume. A volume, which is deforming freely, expands
will further refer to it as thecosmological mass-defecthe or compresses so that its volume undergoes equal relative
scalar geodesic equation of a photon should give the formalanges with time
of the frequency shift of the photon according to the travelled D = const, (14)
distance (theosmological frequency shift

: i . . which, in turn, is a world-constant of the space. This is the
Consider the space of Friedmann’s metric

primary type of space deformation: | suggest referring to it as
the constantthomotachydioncotjadeformatiori
+ r2(d92 +sin20d<,o2)], (8) Consider a constant-deformation (homotachydioncotic)
Friedmann universe. With = 3—RR according to Friedmann’s
wherein Lemére [6] deduced the linear redshift law. Herenetric, we haveg = A=constin this case. We thus arrive
R=R(t) is the curvature radius of the space, while0,+1 at the equation; dR=Adt, which isdInR= Adt Assuming
is the curvature factor. lf=-1, the three-dimensional substhe curvature radius at the moment of titret, to beag, we
pace possesses hyperbolic (open) geometwy=1, its geo- obtain
metry is flat. Ifk =+1, it has elliptic (closed) geometry. R = aye™, R=ayAe’, (15)
As is seen from the metric, such a space — a Friedmaémh therefore
universe — is free ofgpo=1) and rotation 4 = 0), but is ' ' 2 p 2l
deforming, which reveals the functiomg = gik(t). It may D=3A, Dy = % )
expand, compress, or oscillate. Such a space can be empty, or 1—«kr2
filled with a homogeneous and isotropic distribution of ideal Retyrn now to the scalar geodesic equation of a photon in
(non-viscous) liquid in common with physical vacuum-( 5 Friedmann universe, which is formula (9). Becasge= 1
field), or filled with one of the media. andgo; = 0 according to Friedmann’s metric, we hae= dt.
Friedmann’s metric is expressed through a “homogengerefore, becausehicict=c?, the scalar geodesic

ous” radial coordinate. This is the regular radial coordinatquation transforms into; % +wD1; = 0. From here we ob-
divided by the curvature radius, whose scales change ac¢ot-1.  dw _ ) ;
y 9€ aceBiyh,, 4 = Dy, dt, and, finally, the equation

ding to the deforming space. As a result, the homogeneous
radial coordinate does not change its scale with time. hiydinw = — Dy dt. (17)
The scalar geodesic equation for a photon travelling along

the radial direction in a Friedmann universe takes the form  BY substitutinghy; andDy, we obtain

(:i_w + 22 D11C101 -0, 9) | dinw = -Adt, (18)
T whereA= 5 is a world-constant of the Friedmann space.

wherec! [sec] is the solely nonzero component of the ob-  As is seen, this equation is independent of the curvature

servable “homogeneous” velocity of the photon. The squdsgtor k. Therefore, its solution will be common for the hy-

of the velocity ishy;ctct =c? [cm?/sed]. We calculate the perbolic = -1), flat (=0), and elliptic £ =+ 1) geometry

components of the chr-inv.-metric tensgr according to Fri- of the Friedmann space.

dr?

_ 242
ds = c2dt R21_Kr2

DI =A. (16)

edmann’s metric. After some algebra, we obtain This equation solves as dn=-At+ InB, whereB is
R an integration constant. So forth, we obtair= Be .. We
hiy = hy, = Rr?, hss = R?r?sirfg, (10) calculate the integration constdhifrom the conditionv = wo

1—«r2’

) *I refer to this kind of universe aBomotachydioncoti¢in Greek —
R6r* sirfe opotayvdoykwTikd). This term originates frorhomotachydioncosis-

h = detllhi|l = hi1hpohss = 1_xrz ° (11) opotaxvdLdy kwoms — volume expansion with a constant speed, fiaam
’ which is the first part obpoiog (omeos) — the samepxtnta — speed,
hil = 1—«r he2 — 1 33 1 (12) 510ykwom — volume expansion, while compression can be considered as
=" T R2r2° T R2r2sirde negative expansion.

Dmitri Rabounski. On the Exact Solution Explaining the Accelerate Expanding Universe According to General Relativity L3
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at the initial moment of timé=t, = 0. We haveB = wy. Thus, should reach the velocity of lighti& c) at the event horizon
we obtain the final solutiow = wy ! of the scalar geodesic(d = dma)* The law u=Hod is known due to galaxies and
equation. Expanding the world-constax: E and the dura- quasars whose scattering velocities are much lower than the

tion of the photon’s travel= CE’ we have velocity of light. Despite this fact, the empirical linear law
Rd u=Hgd is regularly assumed to be valid upto the event hori-
w=wye R¢, (19) zon. Thus, they obtaitinax= Hio =(1.3+0.2)x10°8cm. Then

they assume the linear déeient Hy of the empirical law of
t%e scattering galaxies to be the World-consmﬁtg, which
TSllows from the space geometry. As a result, they obtain
) max = Rmax and Zmax= Homeax =1 due to the linear redshift

R d) (20) law. How then to explain the dozens of very distant galaxies

@=wo (1 "Rc and quasars, whose redshift is much higher thad?

The obtained solution manifests that photons travelling in On the other hand, it is obvious that the ultimately high

a constant-deformation (homotachydiastolic) Friedmann uFﬁ-dShift Zmax €NSUINg from the space (space-time) geome-

verse which expandsAG 0) should lose energy and frequent-ry’ should be a result of the laws of relativistic physics. In

cy with each mile of the travelled distance. The energy aﬂHﬁer WOrdS,2= Zmax ;hoqld f.OHOW fm”.‘ not a straight line
: : : z=Rd-Hyd =Y which digs in the vertical “wall'u = ¢, but
frequency loss law is exponential (19) at large distancesZof Rc — ' Oc¢ ~ ¢’ '

the photon’s travel, and is linear (20) at small distances. fron|1 a;hnon-llnee;LreLatlgi)sltlc func;Uon. . i f
Accordingly, the photon’s frequency should be redshifteg. . n this case, the Hubble cons &Hﬁ remains a finear coet-
icient only in the pseudo-linear beginning of the real redshift

The magnitude of the redshift increases with the travelled ) . . .
g dIaw arc, wherein the velocities of scattering are small in com-

tance. This is @osmological redshifin other words. . . . . > ;
Let a photon have a wavelength= - being emitted by parison with the velocity of light. At velocities of scattering
a distantly located source, while its f?(oaquency registeredc(ljlcf?e to the velocity of light (close to the event

the arrival isi = <. Then we obtain the magnitude- 1-1 _ horizon), the Hubble constarit, loses the meaning of the

_ 90¢ of the redshift | di d f‘f’ . linear codficient and the world-constaAtdue to the increa-
=", of the redshift in an expanding constant-deformatiQfy, , 1, jinearity of the real redshift law.

(homotachydiastolic) Frledmann universe. Itis Such a non-linear formula has been found in the frame-
Rd work of our theory alluded to here. This is the exponen-

whered =ct [cm] is the distance to the source emitting th
photon. At small distances (and durations) of the photo
travel, the obtained solution takes the linearized form

z=eRC _1, (1) . : . : .
tial redshift law (21), which then gives the Leftra linear
which is anexponential redshift law At small distances of redshift law (22) as an approximation at small distances.
the photon travel, it takes the linearized form We now use the exponential redshift law (21) to calculate
: the ultimately high redshift,ax, Which could be conceivable
Rd . d . .
Z=~ RGC (22) inan expanding Friedmann space of the constant-deformation
¢ type. The event horizod = dnax is determined by the world-
which manifests éinear redshift law constantA= § of the space. Thus, the ultimately large cur-
If such a universe compresses<0), this éfect changes vature radius i®Ryax= 5, While the distance corresponding to
its sign, thus becoming@smological blueshift , Rmax 0N the hypersurface idyax= 7 Rnax= ”TF. Suppose now

Our linearized redshift formula (22) is the samezasi  that a photon has arrived from a source, which is located at
obtained by Lemidre [6], the “father” of the theory of anthe event horizon. According to the exponential redshift law
expanding universe. He followed, however, another way @f1), the photon’s redshift at the arrival should be
deduction which limited him only to the linear formula. He
therefore was confined to believing in the linear redshift law
alone.

The ultimately high redshiftmax, which could be registe- which is the ultimately high redshift in such a universe.
red in our Universe, is calculated by substituting the ultima- The deduced exponential increase of the redshift implies
tely large distance into the redshift law. If following Lefna the accelerate expansion of space. This “key prediction” of
tre’s theory [6], Znax should follow from the linear redshift our theory was surely registered by the astronomers in the
law z= E4 = Ad. BecauseA= £ is the world-constant of the|ast decade: the very distant la-type supernovae manifested
Friedmann space, the ultimately large curvature raBits the increasing non-linearity of the redshift law and, hence,
is determined by the ultimately high velocity of the spagfie accelerate expansion of our Universe [7-9].
expansion which is the velocity of ligRnax=C. Hence, _ o _ .
R . The limately lrge istanch, (e event ho- _Thelan sy e vt ot gl s

rizon) is regularly determined from the linear law for SCafiegaparsec. The linear daeient of the law,Ho=72+8 km/secMpc=
tering galaxies, which isi= Hod: the scattering velocity =(2.3+0.3)x10718 sec?, is known as the Hubble constant.

Bdmax
R7c _1=e"-1=2214, (23)

Zmax = €
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We therefore can conclude that the observed non-linear The obtained solution manifests tbesmological mass-
redshift law and the accelerate expansion of space have ba&fiectin a constant-deformation (homotachydiastolic) Fried-
explained in the constant-deformation (homotachydioncotiopnn universe: the more distant an object we observe in an
Friedmann universe. expanding universe is, the less should be its observed mass

The deduced exponential law points out the ultimately its real massn,. Contrarily, the more distant an object we
high redshiftzyax= 22.14 for objects located at the event hosbserve in a compressing universe, the heavier should be this
rizon. The highest redshifted objects, registered by the astbject according to observation.
nomers, are now the galaxies UDFj-39546284 10.3) and Our Universe seems to be expanding. This is due to the
UDFy-38135539 £=8.55). According to our theory, theycosmological redshift registered in the distant galaxies and
are still distantly located from the “world end”. We thereforquasars. Therefore, according to the cosmological mass-
shall expect, with years of further astronomical observatiahefect deduced here, we should expect distantly located cos-
more “high redshifted surprises” which will approach the upnic objects to be much heavier than we estimate on the basis
per limit znax=22.14. of astronomical observations. The magnitude of the expected
mass-defect should be, according to the obtained solution, in

| | | il h _téwe order of the redshift of the objects.
N analogy to massless particles-photons, we can considerry, . cosmological mass-defect complies with the cosmo-

the ;calar geod_e sic equ_ation Of. a mass-bearing partiCIe'Iolgﬁ‘\cal redshift. Both of thesefects are deduced in the same
a Friedmann universe this equation takes the form way, by solving the scalar geodesic equation for mass-bearing
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Wh'(?h' alone, is non-solvable. 'I_'h|s IS beqause ma;s—bea% try, in other words. Therefore, once the astronomers re-
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mann universe, by the assumption according to which M@&re. Once the cosmological mass-defect is discovered, we

sive bodies travel not arbitrarily, but are only being carri fil be able to say, surely, that our Universe is an expanding

out with the expandlng (or cpmpressmg) space. In this PaGedmann universe of the constant-deformation (homotachy-
cular case, particles travel with the velocity of space deforn}ﬂ

tion, v=R. Because %= hyVIVK, we havehyvivk=R2. Thus, astolic) type.

and withdr =dt according to Friedmann’s metric, the scalar Submitted on January 14, 201Accepted on January 15, 2012
geodesic equation of mass-bearing particles transforms into
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Social Aspects of Cold Fusion: 23 Years Later

Ludwik Kowalski

The field of Cold Fusion, now called Condensed Matter Nuclear Science (CMNS), re-
mains controversial. The original 1989 claim made by M. Fleischmann and S. Pons was
that a chemical process in an electrolytic cell could initiate a nuclear reaction—fusion of
two deuterium nuclei. More recent CMNS claims, made by experimental scientists,
are: emission of charged nuclear projectiles during electrolysis; accumulation of “He;
production of radioactive isotopes; and transmutation of elements. In the US, CMNS
claims have been evaluated in two Department of Energy (DOE) investigations, in 1989
and 2004, as summarized in this article. These investigations did not lead to any resolu-
tion of the controversy. Scientists and adminstrators are not ideal; competition among
them, as among other groups of people, tends to have both positive and negative influ-

ences.

1 Introduction

The so-called “scientific methodology”, a set of norms deve-
loped to deal with difficulties, especially with mistakes and
controversies, is well known. Most scientific mistakes are re-
cognized when new results are discussed with colleagues, or
via the peer review process. Occasional errors in published
papers are subsequently discovered during replications con-
ducted by other researchers. Scientific results, if valid, wrote
Huizenga [1], must be reproducible on demand. “When er-
rors are discovered, acknowledged and corrected, the scien-
tific process moves quickly back on track, usually without
either notice or comment in the public press.” The scientific
process, in other words, is self-corrective. The purpose of this
presentation is to analyze an ongoing controversy about the
so-called “cold fusion” (CF). The author of this article, and
three other researchers, tried to verify one recent CF claim
— emission of alpha particles during electrolysis. The results
were negative, as described in [2]. Critical analysis of some
CF claims, as illustrated in [3], can enrich nuclear physics
courses, even at the undergraduate level.

Why is the CMNS controversy started in 1989 unresol-
ved? Because CF claims are still not reproducible on de-
mand, and because they conflict with accepted theories. A
theory, in this context, is not just a hypothesis, or only a
logical/mathematical argument. It is a logical structure that
is known to agree with a wide range of already verified ex-
perimental data. Researchers know the rule-theories guide
but experiments decide. But they are very reluctant to aban-
don accepted theories. To be reluctant means to insist on
additional verifications of new experimental results. Refer-
ring to such situations, Huizenga wrote: “There are occa-
sionally surprises in science and one must be prepared for
them.” Theories are not carved in stone; scientists do not
hesitate to modify or reject theories when necessary. Rejec-
ting a highly reproducible experimental result “on theoreti-
cal grounds” would not be consistent with scientific metho-

Ludwik Kowalski. Social Aspects of Cold Fusion: 23 Years Later

dology. Unlike mathematics, science is based, in the final
analysis, on experimental data, not on logical proofs.

2 The Original Claim

It is well known that two hydrogen nuclei can fuse, releasing
energy. But this happens only at extremely high temperatu-
res. At ordinary temperatures the probability of the reaction
is practically zero, due to the well known coulomb repulsion
of positive nuclei. This has been confirmed by reliable expe-
rimental data. But two scientists — Steven Jones, a physicist,
and Martin Fleischmann, a chemist — independently specula-
ted that this might not always be true. The term CF was in-
troduced by them to identify the claimed fusion of hydrogen
nuclei (ionized atoms dissolved in solid metals). The DOE
supported Jones’ work long before Fleischmann and his colle-
ague Pons (F&P) applied for similar support. That is why the
DOE asked Jones to evaluate the new research proposal. He
was later accused (by the administration of Utah University)
of stealing the idea of CF from F&P. Trying to establish prio-
rity, Utah University organized a press conference (March 23,
1989) at which the discovery of generation of nuclear heat in
an electrolytic cell was announced to the world. The released
heat was declared to be due to fusion of deuterium nuclei —
ionized atoms dissolved in palladium. At that time Jones and
his co-workers had already authored numerous peer-reviewed
articles [4]. But their claim was not excess heat; it was emis-
sion of neutrons.

3 The First DOE Investigation

Most scientists immediately rejected claims conflicting with
well-known facts and theories. But many attempts to repli-
cate F&P’s poorly-described experiments were made. Some
attempts were successful (unaccounted heat was generated at
rates close to one watt), while others were not [5]. That was
the beginning of the controversy. Fleischmann and Pons wan-
ted to study the CF phenomenon for another year or so but
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were forced to announce the discovery by the university ad-
ministrators [6]. They had no evidence that the measured heat
was due to a nuclear reaction. The only thing they knew was
that it could not be attributed to a known chemical reaction.

Suppose their experimental results had been described
without any interpretation, and the phenomenon had been
named “anomalous electrolysis”. Such a report would not
have led to a sensational press conference; it would have
been made in the form of an ordinary peer review publication.
Only electrochemists would have been aware of the claim;
they would have tried to either confirm or refute it. The issue
of “how to explain excess heat” would have been addressed
later, if the reported phenomenon were confirmed. But that
is not what happened. Instead of focusing on experimental
data (in the area in which F&P were recognized authorities)
most critics focused on the disagreements with the coulomb
barrier theory. Interpretational mistakes were quickly recog-
nized and this contributed to the premature skepticism toward
their experimental data.

But the significance of CF, if real, was immediately re-
cognized. Some believed that ongoing research on high-tem-
perature fusion, costing billions of dollars, should be stopped
to promote research on CF. Others concluded, also prematu-
rely, that such a move would be opposed by “vested interests”
of mainstream scientists. Responding to such considerations,
the US government quickly ordered a formal investigation. A
panel of scientists, named ERAB (Energy Research Advisory
Board), and headed by John Huizenga, was formed to inves-
tigate CF in 1989. The final report, submitted to the DOE
several months later, interfered with the normal development
of the field. It should be noted that ERAB scientists inves-
tigating the CF claims were not personally involved in repli-
cations of experiments. Their report [7], based on visits to
several laboratories rather than participation in experiments,
can be summarized by the following statements:
Conclusions:

1. There is no evidence that a nuclear process is responsi-
ble for excess heat.

2. Lack of experimental reproducibility remains a serious
concern.

3. Theoretically predicted fusion products were not found
in expected quantities.

4. There is no evidence that CF can be used to produce
useful energy.

5. The CF interpretation is not consistent with what is
known about hydrogen in metals.

6. The CF interpretation is not consistent with what is
known about nuclear phenomena.

Recommendations:
7. We recommend against any extraordinary funding.

8. We recommend modest support for more experiments.
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9. We recommend focusing on excess heat and possible
erTors.

10. We recommend focusing on correlations between fu-
sion products and excess heat.

11. We recommend focusing on the theoretically predicted
tritium in electrolytic cells.

12. We recommend focusing on theoretically predicted
neutrons.

Note that only one conclusion (item 2) refers to CF ex-
periments. Conclusion 4 is about anticipated practical uses
of CF while the remaining four conclusions (1, 3, 5, and 6)
are about various aspects of the suggested interpretation of
experimental results. Instead of focusing on reality of ex-
cess heat critics focused on the fact that the hypothesis was
not consistent with what was known about hot nuclear fu-
sion. The same observation can be made about recommen-
dations. Only one of them (item 9) refers to possible errors
in experiments. Items 7 and 8 refer to future funding while
items 10, 11, and 12 refer to what was expected on the ba-
sis of the suggested hot-fusion interpretation. It is clear that
the ERAB observations were based mostly on “theoretical
grounds,’and not on identified errors in experimental data.
Recommendations about future financial support for CF were
very important. But they were ignored by the DOE. Support
for CF research practically stopped in 1989. Another result of
the first DOE investigation was that editors of some scientific
journals stopped accepting articles dealing with CF research.
Why was the scientific methodology of validation of claims —
theories guide but experiments decide — not followed by the
DOE-appointed scientists? Why did “rejections on theoreti-
cal grounds” prevail?

4 The Second DOE Investigation

The second DOE investigation of CF was announced in
March 2004, nearly 15 years after the first one. Links to
three online documents related to that investigation — Con-
ference Agenda, Meeting Agenda, and DOE CF Report — can
be found in [8]. The six most important scientific questions,
based on new experimental claims, were:

a) Isittrue that unexpected protons, tritons, and alpha par-
ticles are emitted [9, 10] in some CF experiments?

b) Is it true that generation of heat, in some CF experi-
ments, is linearly correlated with the accumulation of
“He and that the rate of generation of excess heat is
close to the expected 24 MeV per atom of “He [9, 11]?

c¢) Is it true that highly unusual isotopic ratios [9, 12] have
been observed among the reaction products?

d) Is it true that radioactive isotopes [9, 13] have been
found among reaction products?

e) Is it true that transmutation of elements [10, 14] has
occurred?
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f) Are the ways of validating of claims made by CF re-
searchers (see conference reports presened at [16, 17,
18]) consistent with accepted methodologies in other
areas of science?

A positive answer to even one of these questions would
be sufficient to justify an official declaration that cold fusion,
in light of recent data, should be treated as a legitimate area
of research. But only the (b) question was addressed by the
selected referees [8]. They were asked to review the availa-
ble evidence of correlation between the reported excess heat
and production of fusion products. One third of them stated
that the evidence for such correlation was conclusive. That
was not sufficient; the attitude of the scientific establishment
toward cold fusion research did not change.

5 Conclusion

The CF controversy is unprecedented in terms of its duration,
intensity, and caliber of adversaries on both sides of the di-
vide. Huizenga and Fleischmann were indisputable leaders
in nuclear science and electrochemistry. CMNS researchers
are mostly also Ph.D. level scientists. The same is true for
those scientists who believe that the announced discovery of
CF was a “scientific fiasco”. We are still waiting for at least
one reproducible-on-demand demonstration of a nuclear ef-
fect resulting from a chemical (atomic) process. In the case
of CF the self-correcting process of scientific development
emphasized by Huizenga has not worked. This fiasco seems
to be due to the fact that scientists appointed to investigate CF
claims did not follow the rules of scientific methodology.
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