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Abstract

The paper introduces a theoretical model aimed to show how the relativity
can be made consistent with the non reality and non locality of the quantum
physics. The concepts of quantization and superposition of states, usually re-
garded as distinctive properties of the quantum world, can be extended also
to the relativity.
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http://creativecommons.org/licenses/by/4.0/ 1. Introduction

The quantum theory and the relativity have stimulated influential ideas and ex-
perimental efforts to investigate and understand a huge number of natural phe-
nomena from atomic to cosmic scale [1] [2]. However, with space ranges spread-
ing from ~107® m to ~10% m by about 44 orders of magnitude, is comprehensi-
bly problematic the attempt to unify in the frame of a unique theory the whole
variety of related natural phenomena. Yet, is symptomatic the fact that similar
difficulties often arise even in formulating a more selective class of specific
physical problems. In the case of the relativity, for example, something relevant
should be still missing even at the mere cosmic scale; despite the great amount of
its previsions and discoveries, remain problematic crucial topics like the pro-
gressive acceleration of universe expansion, the MOND (modified Newton), the
dark matter and dark energy. A possible hint to overcome these difficulties is to
identify an appropriate background of ideas that integrate or modify the preex-
isting ones; for example, at the quantum level, the major problem of the
relativity is its link to the non-reality and non-locality of the quantum theory [3].

Also, the “handwritten” cosmological constant reluctantly introduced by Eins-
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tein after the Hubble experimental hint, is a further example of necessary revi-
sion of the general relativity even in its most representative cultural frame Ze. the
cosmology. Is reasonable the suspect that focusing greater attention on the ex-
isting conceptual background is not an additional difficulty but a possible solu-
tion? To provide a contribution to this problem, the paper [4] has introduced an

operative definition of space time

i—f (L1)

that implies as a corollary the statistical formulation of quantum uncertainty

OXop, =Nh = dedt, (1.2)

being n an arbitrary integer. The purpose of this paper is to examine the physical
information deductible by the definition (1.1): as it merges 7% and G/ ¢’,in
principle, it seems reasonably valuable for quantum and relativistic implications.
The most intuitive way to convert (1.1) into an effective equation allowing suc-

cessive calculations is to introduce explicitly its physical dimensions

G length®
@ time (1.3)
which also calculates
2
E=8.2><10*96 J-m? _ize. (1.4)
2
C time

The second (1.4) linked to (1.2) defines oc =¢'—¢€", where ¢’ and " are
two arbitrary boundary energies, whereas the right hand side implies ¢ = nhw
with @w=6t" and & <nhw<eg"; this means that % is an energy in the
range of allowed values nhe falling within 8¢ with n=12,---. The first
equality (1.2) reads 2nSx=nh/Sp= né'(/l'l) , having put Sx=x"-x" and
hé‘( p’l) =h/p'—=h/p"=A""—A1"" coherently with &¢ ; then to any
X'<x<x" corresponds h/A'<p<h/A" with p=h/21 and that 2nx=nA
as well. Hence (1.2) summarizes contextually three fundamental statements of
quantum physics. Now the crucial task of the present physical model is how to
define specifically /ength and time of (1.3) to infer physical information. To this
aim, (1.4) will be implemented via some fundamental parameters of the universe
(5]

t"" =4.35x10" s, ™" =4.35x10% m,

(1.5)
A=19x10%s?, H, =22x10"s",

Le. the estimated age and radius of the Universe, from now on quoted with
shortened notation t, and r,, the Einstein cosmological factor A and the
Hubble constant H,. Two quantities of interest are the mass my, detectable in
the universe counting the stars only [5] and the critical density p, of Fried-

man equations [6]
2

3H
m,, =3x10% kg, p, = e =8.6x10% kg/m°. (1.6)
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Of course these numerical data must be intended as today’s values. The mass
m,, is interesting, although approximated by defect for two reasons: because it
refers to stars only and because it concerns by definition stars whose light has in
fact reached us during the life time of the Universe.

The present theoretical model implements systematically uncertainty ranges
to calculate quantum and relativistic quantities according to the logical step “lo-
cal values — uncertainty ranges”. From a formal point of view this statement
can be acknowledged reminding the standard concept of measure errors: just as
no one trusts the reliability of a single value measured in its experimental error
bar, likewise (1.2) waive the signification of a local dynamical variable in its un-
certainty range. Yet the true physical meaning of this replacement is one among
the crucial points of the model, as it will be more thoroughly shown below; some
examples of calculated results are also reported in the Section 6 to confirm the
concepts exposed in the Sections 1 to 5. The uncertainty ranges are defined via

the standard notation

5(any function f)=f"—f’, (1.7)

being f” and f' the range boundaries defined by two arbitrary values al-
lowed to the concerned function; these values are arbitrary, unknown and un-
knowable by definition of quantum uncertainty. In general, both of them can be
variables or constants. As &§x implies x variable in an appropriate interval of
values x'<x<x", the dynamical variable x is assumed to take a range of ran-
dom values between arbitrary boundaries x’ and x". Also, since the symbol
9 introduces the meaning of change by definition, it also indicates the differen-
tial of fthrough the formal identity f”= '+ f ; then the further identity

f”:f’+ﬁ5x, OXx=x"-x, xX'<x<x" (1.8)
oX

introduces the ratio §f/5x that in turn takes physical meaning under appro-
priate conditions. A further way to implement the ranges is that already hig-
hlighted about ¢, ie. Nhiw <nhw<n"he, which means

n<n<n’, (1.9)

being of course n’ and n” arbitrary and unknown integers. In the following
the shortened notations §x* and &(x)° mean respectively (5x)*=(x"-x')’
and (X")2 —(X’)z. Eventually note that in principle both signs are allowed for
any range; for example nothing hinders that 6x = x-Xx, is defined by x, <0,
so that dX=X*tX; = i|Xi X0| being both x and X, arbitrary. Sometimes in
the following text a given result is obtained more than once in different contexts:
this is not a redundant repetition, rather it must be intended as a check con-
firming that all conceptual steps progressively exposed are consistently linked
each other. Despite the agnostic way to introduce (1.2), the remainder of this
paper is able to formulate a self consistent theoretical physical model. The text is

exposed in order to be as self contained as possible.
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2. Preliminary Considerations

This section introduces some considerations having general character of
straightforward corollaries of (1.1) to demonstrate that this definition of space
time is physically sensible. All concepts introduced below are listed sequentially
without calculations, while emphasizing their physical meaning; the validity of
the various formulas inferred through the model will be concerned in the next

section 6.

2.1. Energy and Energy Density in the Space Time

Implement first the dimensional analysis of (1.1), (1.3) and (1.2) defining
7*G/c? =ef® and n=¢/l*, where e stands for energy and / for length to
introduce the concept of energy density 7. Then multiplying and dividing side

by side these two equations one finds
n*G/c? _ e’ /5
n 6/ A "¢

having identified e pertinent to 5 with that defined by the second equation.

—n =€, (2.1)

Equation (2.1) yields two equations. Owing to (1.4) the first one is

n=|— |G ==-| G, r=—, (2.2)
h T €

according which the value of 7 depends on that of ¢ via fundamental con-
stants only: Ze. 7= n(t) if e= e(t) , whereas instead 7 =const if &=const’.
It is necessary to make (2.2) consistent with (1.2), Ze. to regard e as an uncer-
tainty range ¢—0; as the boundaries of any range are arbitrary, in this particu-
lar case it means considering the energies 0<e¢'<e enclosed in the given
boundaries. So 7=0 would be the deterministic value of energy density re-
lated to 7 =0, whereas instead the actual value of 7=717-0 corresponds to the
range size ¢—0. Also, the dimensional relationships (2.1) yield the following

equations

2 /a2 \YO 3
M:[h (757/0_] :(i_?gtj ., n=n(dt), 6t=0, (2.3)

being &t an appropriate time range corresponding to the space range &7 ; the
second equality is nothing else but the definition (1.3) of space time multiplied
by 6t.Let St beequalin general to 7+t—t,, being the reference time t, an
arbitrary constant and r a further time constant. From a formal point of view,
this is by definition the uncertainty time lapse t—t, with ¢ variable and
t, =t, —7 =const, . The corresponding space range 6( =/(—/,, with

£, =const,, is such that dividing both sides by &t one finds

13
% =60= (@j St (2.4)
C

and thus also
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hG
ol ==, |—; 2.5
sre? 23)
clearly this result merely rewrites (1.3) as 5(3/ St. Note that &7 has physical

dimensions of velocity; so, regarding &/ < c, at any #(2.5) yields in particular
S0 =+ = =%l (2.6)

The Planck length appears to be the smallest space range physically inferable
through the definition (1.1) of space time, whereas the Planck time and energy
can be nothing else but t, =/¢,/c and e =#/t, according to (1.4), whence
the Planck mass m, =¢, / ¢’ too by dimensional reasons. Instead at t=t, by
definition St=r=const, andthus &¢=const,; so (2.4) turns into

80| _const, _(hG Y hG " (2.7)
st “const, \¢2) © Tl2) '

c

t=r

The left hand side introduces a velocity by definition constant. In particular,
7=t, is consistent with the ratio of constants const,/const, =c, in analogy

with (€, )7]/2 of the classical electrodynamics.

2.2. Classical Newton law

Since ec/h in (2.2) has physical dimensions of acceleration, write thus

acceleration = % =2.9x10%e m/s?; (2.8)

then it must be possible to define via dimensional reasons also the related veloc-

ity, force and energy
5t% = velocity, m% = force, méf% = energy; (2.9)

both St and &§¢ are arbitrary because they are introduced without hypothesis
or conceptual constrain. Also,
€ oV . ol

i vV=—, 2.10
e (2.10)

nost
whereas holds the dimensional relationship m&/e = mass’length® /time? . As
this latter defines in turn at the right hand side the physical dimensions of

G xmass®, it is possible to write massd/e = Gmass® i.e.
3 2

mass m m,m
— L iG— =G 2; (2.11)
mass x length ol 4
the double sign being in agreement with (2.5). The energy e is here identifiable
with the analytical form of the classical Newton law, if §¢ is regarded as the
uncertainty range corresponding to the random distance between m;, and m,.
First of all, with this available dimensional information only, it is impossible to
identify the respective role of either mass; otherwise stated, as m, and m,

were both formally inferred from a unique m”, the quantum uncertainty re-
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quires that inertial and gravitational mass are physically equivalent. Moreover
nothing is known in fact about &¢, introduced in (2.1) simply as an arbitrary
dimensional length. This suggests that actually (2.11), quoted here only as a pre-
liminary check of (2.9), is the classical formula of a more general force, which in
fact will be considered again in the next section 4. Yet it worth emphasizing
since now that (2.11) is conceptually different from Gmym,/r , seemingly ana-
logous but actually wrong: indeed this latter implies an instantaneous action at
distance r, whereas (2.11) implies the finite propagation time of the gravitational
interaction through the range &¢. This point will be concerned later, it is
enough to anticipate here that the space range §¢ contains inherently time in-
formation according to (1.2). The chance of defining v in (2.10) is justified in
principle via (1.2) introducing first V= |V| as
OX o€

2 _y=22. 2.12
ot Y op 212)

this link implies that in general the size of all uncertainty ranges defining v are
time dependent themselves. Thus is sensible in principle v anticipated in
(2.10). The fact that the boundary coordinates of §x are arbitrary does not ex-
clude for example X =X,(t)—X(t); so the uncertainty allows defining the
possible time dependence of velocity modulus as change rate of 6x =6x(6t) as
a function of time lapse &t . The way (2.12) of expressing (1.2) is significant for
at least four reasons: (i) v is in fact four-vector because, being defined in (2.10)
via uncertainty ranges, it must be regarded according to (1.2). (ii) It agrees in
principle with the idea of replacing the concept of derivative with that of ratio of
uncertainty ranges, as it will be more thoroughly confirmed in the next sections
2.6 and 4. (iii) Despite the quantum nature of (1.2), the gravity fits in a natural
way the present model based on (1.1). (iv) Equation (1.2) requires that vmust be
upper bound. Indeed, consider any local momentum p included in a range of al-
lowed values p, < p < p,; if vwould tend to infinity then ¢ related to VO p

should be compatible with an infinite local energy, whereas instead ¢, <e<g¢

correspond to a finite range of values allowed to the momentum. This absurd
conclusion, Ze. finite o and thus Op for infinite VOP because of v, re-
quires an upper finite value c of vin agreement with (2.7). This property of cis a

corollary of (1.2), not a postulate; as such it must hold in any reference system.

2.3. Quantum Uncertainty and Space Time

The energy density (2.2) is inherent the concept of space time according to its
own origin (1.3) and has several implications, first of all the existence of a pres-
sure P, internal to space time volume &%’ previously symbolized as length®;
the subscript means space time to emphasize that it is inherently based on the
definition (1.1) only. As sketched in the Appendix A [4], one finds

12

Py =Sy, 5—5,5, : (2.13)

For example, assuming a spherical volume of space time of radius r, crossed
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by a diametric light beam completely absorbed at its internal boundary, one cal-

culates an internal outwards force

1
Fy =dniyény, &=3. (2.14)
Moreover (2.2) reads according to the first (2.9)

2

velocity?  a velocit
_veodly a3 q ey (2.15)
ot°G G ot
so that velocity <c¢ implies
2
c
< ; 2.16
<525 (2.16)
hence the first (2.9) reads
A Y (2.17)
n ot velocity
which requires in turn
st e one (2.18)

st
This result compares the time range St and the energy ¢ to it related via
h only for any physical reason. Is remarkable the fact that this familiar inequa-
lity of quantum mechanics is here consequence of the other relativistic one
v <c, which actually reads v <c for matter particles; so (2.18) supports the
validity of the first (2.9). It is worth considering also the second and third

dimensional equations (2.9) that read

force = 119y , energy = gﬁ, Ay = i,
A A mc

m m

(2.19)

where 4 is the reduced Compton length of m. It appears reasonable to as-
sume that the range size &§¢ is an integer number 12 of reduced Compton wa-
velengths, here regarded as the shortest wavelength relatable to one particle. If

so, then putting

sl=nk, (2.20)
the second (2.19) reads
energy = ne. (2.21)
whereas the third (2.19) reads
2ndl =nA,,, /11 =mc. (2.22)

m

Appears here as a corollary an early postulate of the old quantum mechanics,
Le. the energy quantization due to the integer number n of steady waves allowed
for a particle traveling in a closed path. This result is generalized via an arbitrary
factor £ <1 in order that 7/4, having physical dimensions of momentum

reads
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27:5(5 =nA., momentum = L =mv
° A

4

V. =&¢, A =EA,. (2.23)

$’ 5

All of this agrees with the results preliminarily obtained in section 1. A full
paper [7] has been devoted to highlight the implications of (2.20), which in fact
transfers n from its basic definition in (1.2) into the specific physical problem of
a bound particle moving circularly around a central force field.

On the one hand (2.20) is justified by its direct corollaries (2.22) and (2.23),
which however represent a particular case of boundary condition allowing
steady wavelengths. While &/, is uniquely definable as the radius of a circum-
ference, it must be replaced by a combination of minor and major semi-axes of
an ellipse in order that (2.23) describes still the integer number of steady wave-
lengths along an elliptic perimeter. Are known in this respect various formulas,
e.g. [8], that calculate this perimeter; the next subsection 5.7 will show how to
infer through this reasoning the perihelion precession of orbiting planets. On the
other hand the definition (2.23) of momentum is merely formal, being based on
a dimensional assessment compliant with the condition v <c via the arbitrary
factor £. Nevertheless also in this reasoning energy quantization and De Brog-
lie momentum are contextual. It is shown soon below that n of (2.17) is the re-
fractive index of a dispersive medium. These considerations, crucial for the birth
of the old quantum mechanics and here inferred as corollaries, suggest the ne-

cessity of defining more in detail the actual physical meaning of .

2.4. Quantum Velocity and Space Time

The steps introduced by (2.9) are significant: whereas cin (1.1) is self-evident, it
is a constant of nature, now rises the problem of clarifying further the physical
meaning of velocity modulus v as a property of massive particles moving
through the space time. To introduce v from a first principle, note that (2.12)
yield

_OX,

v
Se =VSD =—8 , 2z,
e =V p . (pc), v "

since mc = mv , rewrite (2.23) according to (2.17); Ze. mc=mnv Yyields

p:mv:z, nzgzl, A=n4,. (2.24)

Introduce an arbitrary frequency v of matter wave inherent the De Broglie

momentum and write now

so that

Ly(d)-1em) 1.

ov \A) ¢ ov

Vg

the second equality defining a new reciprocal velocity v,' is justified by di-
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mensional reasons according to the ratio at the left hand side. This yields the
modulus of this velocity

c

(2.25)
clearly v, is the group velocity of a wave packet in a dispersive medium if
v=V(v) as a function of De Broglie wave frequency v . Actually this holds for
both § — 0, ie. the ratio of range sizes tends to the usual way to define the
classical derivative for very small range sizes §(nv) and v . Hence (2.12) is
sensible.

Recall now the eq 2ndr =nA found in (2.23), whose physical meaning in-
troduces a crucial condition on any mass m, orbiting according to (2.11)
around m, at constant distance having modulus &r : owing to the dual nature
wave/corpuscle of matter, a steady m, wave is required to describe a stable or-
biting system around m, at radial distance &r. Consider thus in this respect

the De Broglie wave inferred in (2.24) and write

p=t2 D (2.26)
or h
which brings, in agreement with (2.23), directly to
nh h
L _SpD. =—=0D.. 2.27
5[’ pr /1 pz ( )

At the right hand side appears the momentum p, of a De Broglie wave de-
localized within 2nor. At the left hand side appears the radial momentum
range Op, ofa corpuscle delocalized in o : for example in the case of (2.11) it
means that the space gap Sr between the masses m, and m, implies a steady
wavelength 1 along the orbital path of the running mass around the rest mass,
which confirms the indistinguishability of gravitational and inertial mass intro-
duced in section 2.2. Rewrite now dp, = p, — P, = P, —0 of (2.27) with vector
notation, noting that Jp, is radial momentum range around the rest mass, whe-
reas 0P, =P, —0 is momentum range size along the path of the orbiting mass
in agreement with (1.9); then Jp, =p, —P,, =P, implies Sp=Pp, =P, =P, -
Regard first p,, =0, as it is possible because the range sizes are arbitrary, in
which case p, =p, reads more expressively p, =p,, ie radial and tangential
vectors; this result implies a circular orbit where a unique |5 r| implies a unique
|5pr| and thus constant orbital |p 4| . Of course in general p,, # 0, which sug-
gests that not necessarily the orbit must be circular; even admitting 6p, con-
stant, P,, = P, (t) implies p, variable. Even so, however, it is possible that
5p, =6p, simply thinking 8p=(p, —P;s)—(P, —Pry) =0; ie. p,, has been
split itself into its radial and tangential components, so that p, and p, change

in the respective ranges
|op, | = 5P, (2.28)

this implies the momentum range conservation of the running mass regarded

first via its radial delocalization momentum range Jp, and then also via its or-
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bital delocalization momentum range op,, normal to the radial distance in a
circular path. Clearly this holds for the ranges 6p, and Jp, , whatever the lo-
cal p, and p, mightbe. Nonetheless two considerations support significantly
the present way of reasoning. (i) From a relativistic point of view p,, = p,, (St)

justifies the definition of the momentum vectors as 4-vectors owing to (1.2) and
makes compatible the present conclusions even with another major effect: e.g.
the orbit instability, sketched later in the subsection 5.3.4 as due to emission of
gravitational waves. (ii) Examine a further consequence of (2.28) from a quan-
tum point of view; as such this result should have a general validity, being it
direct corollary of first principles. Consider a point source of particles, be they
photons or matter corpuscles, and assume the tangential advancement of their
wave front described by p, correspondingly to the radial advancement of the
corpuscle beam p,. As the uncertainty requires considering the respective mo-
menta consistently with the lack of deterministic trajectory, (2.28) suggests that
to a wavelike radial propagation of the particle beam corresponds a wavelike
propagation along a normal direction too. If a beam of corpuscles illuminates a
solid plane with two slits, it is natural that the momentum oJp, of running
waves yields an interference pattern on a screen placed at distance St = nn/dp,

behind the slit plane. More specifically, 2 controls the various distances on the
interference plane with respect to the slits. In other words (2.28) anyway hold
and account for the duality wave/corpuscle of matter revealed by n tangential
waves that interfere on the screen simply because two slits generate two beams
according to the Huygens principle. All of this is self consistent regardless of

how are defined the relativistic p, and p, of particles of the beam.

2.5. Relativistic Outcomes

The relativistic worth of these results follows straightforwardly, first of all be-
cause even the time is inherently involved by (1.2); multiplying side by side the
first and third (2.9) one finds

Stole? energy x velocity
m=
" c?

and thus, owing to the first (2.17),

ﬂzﬁ: - energyxzvelomty] v, :izﬁ mv, = p, :vp#. (2.29)

n® ot c n° ot c
Note that n’ is here mere dimensionless multiplicative factor of V,, which
however cannot be specifically calculated because both ¢ and &t are uncer-
tainty ranges unknown and conceptually unknowable; so N’ contributes in de-
termining the resulting v, , whatever its value might be. These dimensional equ-
ations introduce the velocity and relativistic momentum components Vv, and

p, . Moreover write according to (2.12)

O¢
, ==, (2.30)
5p,
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Multiplying side by side this velocity and (2.29) one finds
O¢

—L¢, =p,c’.
5p, " P,

Then it is possible to write
8() =o(po) (2.31)

ie. identically (e, )2 = 5(( pfc)2 + const) , because of course &(const)=0.
Hence (2.31) is compatible with

e =( p[c)2 +const. (2.32)
Note that
lim S = m,c? (2.33)
v—=0

and then, being m, the rest mass of the particle, one finds
2
% =(p,c)2 +(mocz) ) (2.34)

A simple reasoning shows therefore that the statistical formulation (1.2) of
quantum uncertainty is immediate consequence of the space time definition (1.1)
and that the energy and momentum equations of special relativity are actually
quantum equations, likewise the Lorentz transformations; indeed merging (2.34),

(2.27) and (2.29) one finds

2
m,C myV, €V,

€ =— p =L =Ll
vt T v

Note that this definition of energy and momentum agrees with that of (2.23)

h
T (2.35)

simply putting

m
e =mc’, p,=my, m =—=_ (2.36)

N

The definition of m, is essential to overcome an evident difficulty about p,,
which diverges for v, - C when expressed via the Lorentz factor but remains
finite when expressed via ¢, . Clearly this is due to the fact that the former defi-
nition introduces explicitly the mass, the latter does not; so if is the mass that
diverges because of the Lorentz factor, then both ¢ and p, coherently in-
crease till then their asymptotic ratio becomes ¢,/p, =c. However there is a
further reason, more subtle, to explain this point even better; this reason will be

concerned in the section 5.5.8.

2.6. The Uncertainty Equations

Merging the third (2.9) and (2.22) one finds
mcS? = nh (2.37)

and then also

mc? ol _ mc?St=nh, St= ﬁ. (2.38)
c c
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Since m is arbitrary, consider now two masses m’ and m” such that
m'c®(5¢/c)=nnh and m'c?(S5¢/c)=n"h. Subtracting side by side these equa-
tions the first (2.38) yields

(m'—=m")c®st=(n"-n")h, St=5¢/c;

”

as of course n'—n

Sedt=n"h, OSe= (m'—m”)cz, n"<n”<n" (2.39)

is still an arbitrary integer, this result reads

So even nis defined in its own range of integer values, as stated in (1.9). Mul-
tiplying and dividing the left hand side of the first equation by an arbitrary ve-
locity modulus v; by dimensional reasons one finds §p=3J¢/v and Sx =vét
so that dpox=nf. Thus (2.37) implies via (2.22) and (2.19) the uncertainty
equations

og,0t, =nh, oLSP, =nh, (2.40)

Le. just (1.2) merely with a different notation of the conjugate dynamical va-
riables. These equations imply the indistinguishability of identical particles, be-
cause actually they concern the phase space rather than the particles themselves;
in other words it is impossible to distinguish electron 1 from electron 2 deloca-
lized in a region of space time if nothing in known about them. Indeed it has
been shown in (2.29) to (2.35) that, for example, momentum and energy are di-
rectly related to the range sizes (2.40) regardless of any hypothesis about the par-
ticles themselves. On the one hand is remarkable the fact that the Newtonian de-
finitions (2.9) imply the concept of uncertainty, thus confirming that actually
even the classical gravity is rooted in the quantum equations (1.2). On the other
hand the agnostic meaning of uncertainty, which implies lack of information
about the boundaries of the ranges and about the local values of the dynamical
variables allowed in their ranges, is not a postulate but a corollary of the way to
introduce (2.40). The agnostic meaning of (1.2) follows from (2.9), in turn de-
ductible themselves without need of further considerations besides the dimen-
sional analysis of the physical definitions of time and energy. In fact is enough a
general idea only: ¢'<e<¢" implied by m'<m<m” follows from and cor-
responds to the number of quantum states n’<n<n” allowed at any
t'<t<t". By consequence space and time coordinates lose their deterministic
local meaning of classical physics, while however their uncertainty ranges fulfill
the respective Lorentz transformations (2.35). Of course owing to (2.24) it also
holds for the wave definitions of dynamical variables A'<A<A" of p and
v/ <v <y itself. In effect it follows because the velocity is defined as ratio of
uncertainty ranges as shown in (2.29), (2.40) and (2.12); a deterministic value of
v is pertinent only in classical physics and in Einstein relativity. Although the
reasoning to infer (2.39) has quantum character, it involves the relativistic
e=mc’ and quantum p=h/A local values of dynamical variables randomly
falling within the respective uncertainty ranges. It has been shown in [9] that n
must be arbitrary integer in order that (1.2) are independent of any particular

reference system. Summarizing shortly the reasoning therein carried out, let
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OXOp be defined by range sizes in a given reference system Rand &X'6p’ in
another R'. Since the respective products are equal to mand n' times #, it is
clear that (1.2) are actually indistinguishable in R and R’, because nn and n’
are indistinguishable themselves; indeed nand n’ are not specific values, rather
they symbolize sets of arbitrary integers, so that any allowed n cannot be distin-
guished from any allowed n'. In other words the quantization makes indistin-
guishable the reference systems because the unique sequence #,2#,3%, - is
identically compatible with dpdX in Rand 6p'ox’ in R’. Moreover all un-
certainty ranges, e.g. ox =Xx"—X', contain themselves one boundary value, say
X', that in principle could be referred to the origin of its own R, whereas the
other boundary, say X", determines the range size. However, being both boun-
dary coordinates by definition unknown and conceptually unknowable, any link
of Sx to aspecific Ris conceptually missing as well. This conclusion is further
confirmed in a more substantial way as shown in [9] and again sketched also
here. Expressing the range sizes in the Planck units previously found, see (2.6)

and following, (1.2) read in fact

* *

nn, =n=nn (2.41)

— e

where 1 is the arbitrary integer of quantization whereas n; are arbitrary real
numbers defining the j-th range sizes as multiple of the respective Planck units,
eg. ot=nt, with n” <n <n/ asin (1.9); the primed and double primed
notation of N, indicates instead specific time values N, of course arbitrary.
According to the link (2.41) between mere numbers it is in fact impossible even
to introduce R itself, in agreement with the conclusion that by definition (1.2)
hold in any reference system R inertial or not. Obviously an analogous conclu-
sion holds for the ratios of uncertainty range sizes too, e.g. for v=05x/5t of
(2.12)

v=n—*€—P:n—ic: (2.42)
nt n
owing to the arbitrariness of all range sizes, for example, this velocity can be in-
tended in particular as an average value V of all ratios admissible for x" < x < x”
and t'<t<t" or as the limit of both 6 >0, ie as v=y,, = 6X/6t . Despite
the notation, even ox and ot still have in principle the meaning of very small
uncertainty range sizes whose ratio defines the modulus v as a new dynamical
variable; yet the local value of v, is still numerically undefinable in the present
quantum model because are not known the time and space coordinates n;, and
n, falling within ot and ox. However, this is true if the infinitesimal ox and
ot are regarded in fact as independent ranges, as so far implicitly assumed for
ox and 6t. If both ranges are concurrently vanishing, as it happens in the
usual concept of derivative, then their shared property of contextual vanishing
adds supplementary information on the definition of v; which reads now Vol ,
indeed it modifies the concept of quantum total uncertainty hitherto intuitively

acknowledged for &x/St. This is why v, is conceptually knowable in classical
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physics, but not in general in the present agnostic model based on (1.2) only
where all n]f of (2.41) are random in their own n;* < n’; < nf* and thus inde-
pendent. This point deserves attention and is further explained in the next sub-
section. Here it is enough to remark the conceptual difference between the mod-
ulus of the four-vector Vv, = |Vre,| of special relativity and the quantum v, ratio
of two independent and arbitrary uncertainty ranges defined in (2.29), (2.40)
and (2.30). On the one hand the local moduli v, classical or v, relativistic
are calculable, whereas the local vof (2.12) does not likewise any function whose
local time and space coordinates are conceptually missing. On the other hand

V., must be related to the reference system where is available deterministic in-

rel
formation on local coordinates and time, whereas v waives “a priori” its own R
because of (2.41). The fact that in principle v can be introduced without explicit
link to a specific reference system has a further implication. Let v enter in the
formula of a physical amount fwritten in terms of uncertainty ranges of dynam-
ical variables only: if f = f(éx,5p,5g,5t) turns into f = f(n;,n;,nz,n:)
while v= V(n: /n ) , then it is possible to introduce fitself without defining ex-
plicitly its R, whatever the specific physical meaning of v and £ might be.
Nevertheless the lack of a specific reference system does not imply in fact any
ambiguity, as it will appear in the following section 6 where are calculated some
numerical outcomes of the present model; rather the physical meaning of vresults
from that of 6x and 6t or d¢ and O0p themselves according to (2.12). Al-
though this physical model seems too agnostic to infer valuable information,
note that these conceptual premises have been enough to infer the fundamental
(1.2) from (1.1) and even preliminary relativistic results. The remainder of the
paper aims to show that just this conceptual agnosticism allows to overcome the
determinism of Einstein general relativity and plugs it into the elusive quantum
world; the calculations will be carried only after having completed adequately

the theoretical frame so far introduced.

2.7. Uncertainty, Covariance, Simultaneity

In general the choice of the reference system R is crucial in any classical physical
model that implements deterministic local coordinates; in the Einstein relativity,
the equations are required to be invariant with respect to the reference systems,
including the non-inertial ones. Consider however a quantum problem formu-
lated only via uncertainty ranges; in fact (2.41) shows that if all n’; and n are
arbitrary, then there is no direct correlation between range sizes of dynamical
variables and reference systems just because the former do not contain any in-
formation someway related to the latter. As it has been remarked for n, the only
available information is that the product of two range sizes of conjugate dynam-
ical variables must be quantized; i.e. both products njn} of (2.41) must yield an
arbitrary integer whatever the local values of the respective dynamical variables /
and ;” might be. So, if the local coordinates are replaced by ranges that fulfill

(1.2) and (2.41), then is missing “a priori” the existence of privileged reference
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systems; moreover it is easy to show that, by consequence, the requirement of
the different form of equations in R and R’becomes inessential. Is instructive in
this respect the classical example reported in various textbooks, e.g. [10], of a
point mass m tethered by a massless and inextensible wire, so that the mass
moves circularly around a fixed coordinate. This example becomes significant
noting that if the wire is broken, e.g. by the centrifugal force itself, thereafter the
motion of the mass is rectilinear uniform along the tangent to the circumference
in the breakdown point. This is true in R with origin fixed on the rotation center
of the mass. In R’fixed on the moving mass, instead, the mass is at rest; when
the wire is broken the mass deviates from its initial path, it follows a curved tra-
jectory. The classical physics implements F=ma and F'=ma’ respectively:
elementary considerations show that a'=a, +a, +4a,, where the subscripts
stand for real, centrifugal and Coriolis terms. This is a typical example where the
motion of the mass described in R and R’implies acceleration terms appearing
in the non-inertial R’only. Einstein felt then the necessity of a covariant theory
including the gravity. Classically it is possible to introduce R and R’along with
any other R” arbitrarily chosen. Just for this reason the Einstein relativity aims
to describe in general any physical system independently of a specific &, thus ex-
cluding the existence of such a “privileged” R but admitting however that in ef-
fect all these various R are actually definable. In any approach formulated via
(1.2), instead, neither any deterministic coordinate of the tethered system nor its
own R are actually definable owing to (2.41); in general it is possible only to say
that exist arbitrary reference systems and that if two of them are inertial then
hold (2.35). Consider indeed the dynamics of the rotating mass described by the
Newtonian (2.9): is crucial the fact that the acceleration is defined as a = (C/ h)e ,
where the unique variable is €. This latter however is a local energy that must
be implemented solely via its uncertainty range ¢ =¢, —¢: Le. € is to be re-
garded as ¢ <e<¢,, whereas a is a random value included within a range
a <a<a, of values. Also, in the present quantum model we should compare
the ranges S¢ and J¢'=¢,—¢ before and after the breakdown of the tethered
system; in other words a’is now a different local value included within a differ-
ent range a <a'<a, of values. But actually this comparison between inertial
and non-inertial reference systems is conceptually meaningless in the present
model: the range boundaries and the local values of dynamical variables are un-
knowable and irrelevant as concerns the physical description of any quantum
problem, so it is irrelevant the local disagreement a = a’' and the fact that a’in-
cludes various additional terms with respect to a. The agnosticism implied by
(1.2) compels considering these ranges before and after the wire breakdown re-
gardless of how the corresponding local accelerations are made of; in other
words the chance 8¢ =0J¢" of including the respective a and a; in principle
possible because a and ¢ differ by a proportionality constant factor, bypasses
the necessity of discriminating R and R to describe the tethered system with or

without its breakdown. Since this holds for any uncertainty range by definition,
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in fact (2.41) waives the necessity of specifying either reference system to con-
cern the dynamical variables. Accordingly it is possible to regard all ranges of
(1.2) independently of their definition in a specific R: rather it is possible to in-
troduce §x and oSt independently of the local space and time coordinates
n

*
X

gardless of their own R, and R,. It is clear now the last statement of the pre-

and nt’* in Plank units, equivalent to X= X(t) and X'= X'(t') , and re-

vious subsection: distinguishing n; =ny(n) and n =n;(n") to obtain the
local velocity through the usual concept of derivative violates the concept of
total uncertainty and implies turning the formulation of the physical problem
into the deterministic definition of classical dynamical variables. This conclu-
sion is reasonably extrapolable also to different times n, and n” in two
different R ie. n| =n/", for example, would violate the principle of total lack
of information about the local time variable, whereas the uncertainty leaves
out any form of local determinism in any R. So n, and n/" must fulfill the
condition n 1L n"", where the symbol means “independent of”: ie. it states
that n/” and n/" are independent local times in t, units and introduces two
crucial corollaries. On the one hand if n” and n/ are independent local
times in different reference systems, then n/ 1L n" excludes the concept of
simultaneity in R and R} as any ¢in R is not numerically correlatable to #’in R’
in a deterministic way, two events simultaneous in R are not automatically si-
multaneous in R’ On the other hand the local time N, is illusory itself likewise
the local coordinate n! ; indeed during a given time lapse of length nt, it is
meaningless to distinguish n/ >n" or n” <n/ . The lack of the concept of
simultaneity in the special relativity is obvious: if ¢ is finite and invariant in all
reference systems whereas instead space lengths and time lapses are subjected to
(2.35)via 0p and e of (1.2), it is trivial to conclude that the time lapses ot

and St' in different reference systems cannot imply the simultaneity of a given
event for two observers in reciprocal motion. From a quantum point of view the
same conclusion is due to the lack of single time coordinates to be compared in a
deterministic way, being significant instead time ranges to be compared e.g. in
two different reference systems. These statements, well known since the birth of
the special relativity by consequence of the finite value of invariant ¢ appear
here as straightforward corollaries of the quantum uncertainty. Nevertheless the
present way to regard the quantum physics based on (1.2) has not only relativis-
tic implications, partially already inferred in the subsection 2.5 and further con-
sidered in the next section 3, but also quantum implications. Here are two short
examples of corollaries of (1.2) pertinent to the present reasoning.

(1) Quantum implication: the hydrogenlike atoms. Write
op, =p, -0, Se=¢"-0: (2.43)
since the unprimed range sizes at the left hand sizes are arbitrary, the same must

hold for the primed range sizes at the right hand side. Then it must be possible
to implement identically both of them, regarding thus the lower boundary value
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0 as a particular but not deterministic case. To infer physical information from
these statements and check their validity, find the classical energy ¢’ of hydro-
genlike atoms. Implementing (1.2) for p;, which actually owing to (2.43) is by
definition radial range despite its notation, one finds

(nh)2 _ 2(nh)2 _ 2(nh)2

2 !

12
oo

= > or=2r"; (2.44)
2m  2mr’ m(2r') mor

clearly r’ has been introduced as a length by dimensional reasons and symbo-
lizes the range r'—0. Thus
2(nn’ 2(nn)°, ze?

2
+2(nh) =+ =F € =——, (245)

or=+ )
me'Ssr m(—Zez/ar)ér mZe? or

having introduced appropriate information, Ze. the specific electromagnetic in-
teraction between nucleus and electron charges. One finds, with the second equ-
ation reasonably suggested by (2.44) and first (2.45) itself

(nn)’

or=2ry, fp=r=-—-
Boe mze’

that yield Bohr radius and energy

, ze* e (Zez )2 m

=g, =——— —_— - 2.46
TR T s T ar 2(nh)’ (246)

Now it should be clear why range sizes and boundary coordinates are irrele-
vant as concerns the quantum problems, as in effect it has been demonstrated
for various systems [11] [12]. In particular it is not necessary to specify R cen-
tered on the nucleus, it is enough to state that nucleus and electron are Jr
apart; the radial range size is then defined by the non deterministic Bohr radius
via the integer 1<n<o. Is clear thus the meaning of the coefficient 2 in the
second (2.44): an electron r' apart from the nucleus has total radial delocaliza-
tion range 2r'. In this model the quantum numbers are in fact numbers of
quantum states.

(ii) Relativistic implication: the invariant equations. Write (1.2) as follows

sxot=oxM _5x2 2P syst—ot M _ 512
oc o€ op op

so that, subtracting side by side,

o252 OE/C 552 9P g

5(pc) Se

Let be now, without loss of generality,

deg/c _9p_y

5(pc) de

being Y a function with physical dimensions of reciprocal velocity to be defined.

Hence
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(c2ot2 — 5% )@—Yczcﬂ2 -0,
o€

Le.

05 _yoagyh

c25t? —5x% =Yc2st =Y 5t— = YC?5tox. (2.47)
op op

The left hand side reads, again because of (1.2) and (2.34),

% nPh? 1 1
Tl e
nic)’
=&§Tp)202)(5(p2c2)—552) (2.48)
) (nhc)z(mcz)2
o 5e°5(p°c?) '

If Yis a constant, ze. Y =C™', (2.47) shows two invariant quantities of the
special relativity correlated each other; ¢’St” —dx® is particularly important as
it has been demonstrated in [13] to be conceptual foundation of the special rela-
tivity. Special attention deserves in this respect the operator formalism of quan-
tum mechanics, which regards since the beginning the particles as waves; instead
the last equations have concerned the corpuscular properties of matter. The next
section shows how to introduce in this conceptual frame also the wave formal-
ism, in agreement with the corpuscular/wave nature of the particles.

2.8. The Wave Formalism
Rewrite identically (2.32) as
(€ +p,c)(e, — p,c) = const, (2.49)
which is trivially consistent with
€, +p,c=const’, ¢ —p,c=const’, € =¢ =€,
4 L l 4 ‘ 4 4 (250)
const’ = const” = ++/const;

it is trivially evident that multiplying side by side with the help of the third and
fourth conditions (2.50) one obtains (2.49) and thus (2.32). Yet two more condi-
tions make the first two (2.50) compatible with (2.32). Multiplying side by side
€, =const’'—p,c and ¢ =const”+ p,c one finds

e/e/ =—pic® +(const’—const”) p,c + const'const”, (2.51)
whence the two chances allowed by const’ = const”:
(1) ee'=¢?, p,=+ip", const’=const” =++/const, (2.52)
which yields
€? = ( p*c)2 +const?,

and
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5 . *\2 * .
(2) €/ == =(i’)", p,=p’, const’=const”==+iconst, (2.53)
which yields
* * \2
—¢> =—(p’c)” —const’.

Both conditions (2.52) and (2.53) agree with (2.32) exactly likewise (2.50). The
former implies imaginary momentum p,; also, since there is no reason to ex-
clude ¢, >0 and ¢ >0, one must accept even imaginary energy ¢, which
opens a new conceptual frame along with the imaginary momentum too. The
relativistic (2.32) needs therefore a new interpretation to be consistent with
complex dynamical variables, which in turn must be acknowledged them-
selves: it is evident that all of this implies in fact the corpuscle/wave behavior
of matter to fit both quantum and relativistic results. While the compatibility
of (2.49) with the initial (2.32) is trivial, that of (2.52) and (2.53) with (2.32) is
still possible even defining complex quantities. Consider first (2.52) to calculate
via p =xp,/i the corresponding complex range Sp =+45p,/i==xnh/idx,
according to (1.2). Since any integer n can be expressed as a difference of two

integers n' and n” one finds

En En’

. . . h n/l
op =p " —-p" =% =4 F——, n=n'-n" 2.54
P=p =P i OX, i5x/+i X, (2:54)
and thus also
p oy = izn’%, p" oy = J_rzn”%, (2.55)
i 0x ) i 0,

having multiplied both sides of these equations by Sy, and Sy  with the
purpose of obtaining again via (2.55) a real value of momentum consistent with
the relativistic p, of (2.49). Subtracting side by side (2.55) and writing explicit-
ly oyl =y —yl, and Sy =y —y]; , (2.54) yields
" (v —wlo)- " (v —vly)
' 5 "

= Sy v T (v )

(2.56)

If the range boundaries ], and /;, arbitrary in principle, are defined
such that

Pl =PV,
then (2.56) reads

r~oor* ” ” h ' 5W;* h ” 51//:'
, — =£-—-n -
P —P Ve i Ox, i O
and thus
- ho, oyl - h o, owl
"W =+—n'——L, "y =+—n" L, (2.57)
Py i ox, Pv i X,

It is easy to acknowledge that for w, —y/, and w, — y/;, along with
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ox, > 0,all § of (2.57) turn into the classical &; so both equations are noth-
ing else but the classical momentum wave equations with respective real eigen-
values p”~ and p” with an appropriate choice of /, and ;. This result,
which introduces the quantization required by (1.2), is clearly the wave formula-
tion of momentum equation via the complex wave function i . Note that this
result could have been obtained more shortly starting from (2.27) rewritten re-
placing p, = p,: regarding the De Broglie momentum as the imaginary mo-
mentum appearing in (2.52),

N7

E =P,
of (2.27) turns into

nn P, *
—— =L —4p"
ior i "
whence, multiplying by the function Sy both sides,
hov _ o
ior n

oy«
l//p_

Thus one finds

The last position expresses the range Oy as a function of z; ie. it follows
thinking the values of 2 in an arbitrary range n’'<n<n" and thus regarding
Sy as a range of terms Nn'y,(n'+1)y,---,(n"—1)y,n"y through which one
calculates the respective eigenvalues of momentum falling between n'p” and
N"p". Consider now (2.53) with imaginary energy &,. An identical reasoning
holds of course here; trivial algebraic steps analogous to that from (2.55) to
(2.57) yield

"yl :iZn'%, "yl = J_rzn"M (2.58)
i o ot,
compatibly with the existence of states of negative energy. Moreover y, and
w!" resulting from the uncertainty range formalism of (1.2) represent a combi-
nation of the n-th quantum states allowed for momentum and energy of par-
ticles. Once more the reason is that the uncertainty range boundaries are un-
known and arbitrary; hence one could rewrite validly (2.54) replacing the upper
boundary value p” with £p” +p” sothat 5p =&p” +p” —p”, being &
an arbitrary constant coefficient. If so, then (2.55) would result with 51//2* and
Sy replaced by 5(%:* +§W;”*) and 5(1//2'*+§(//;"*), whereas (2.57) would
consist of two primed and double primed functions like this

- hoy”
P S S
PV i OX,

m*

Cow =y ] (2.59)

From these considerations inferred as corollaries of (1.2) and (2.32) without

need of postulates, was born the early wave mechanics and the modern quantum
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mechanics.

3. Relativistic Corollaries

This subsection examines four main implications of (2.2) noting that if
n=const then e=const as well, whereas 77 = 77(5t) implies €= e(5t) too.
Owing to (1.4) and (2.9), the definition (1.1) of space time appears compliant
with the idea of a dynamic system characterized by matter, energy and forces;
also, the equivalence of mass and energy of the special relativity inferred in
(2.33) agrees with the feature of space time characterized by the energy density
n of (2.1) inherent to its definition (1.1). Without these results the space time
would be an empty concept unavoidably abstract and unphysical. Instead, for
reasons shown in the appendix B, does exist in principle an outwards pressure
corresponding to the energy density z in (2.2), which in turn can be partially
or totally counterbalanced by the attractive gravitational effect of matter/energy
possibly present in a given volume of space time according to (2.32) and (2.33).
The space time is therefore a dynamical system, in principle in equilibrium or
non-equilibrium conditions, which evolves as a function of time. This point in
particular, which anyway governs its dynamics, is now concerned to justify the
possible presence of mass in a volume &X° of space time. Implement (1.1) to
find a further result based again on a dimensional reasoning. Note the possible

correlation

G hot

- , m=0, (3.1)
c m

between quantities having the same physical dimensions; m is an arbitrary mass
confined and delocalized within the arbitrary size §¢ of an uncertainty space
time range, thus without chance of information about its exact position. This
section concerns just the physical conditions consistent with the delocalization

of min an uncertainty range, in agreement with (1.2).

3.1. Real and Virtual Mass

Are reasonably conceivable two conditions on the correlation (3.1), here ex-

pressed as follows

hot G
—=¢—

m C

(3.2)

being & an appropriate proportionality factor.

(i) One concerns the Lorentz invariance of both definitions (3.1): for the first
one this condition is self-evident because it is a constant, for the second one the
condition must be purposely required. Write owing to (2.35)

ol pst ol 77 2

—=L="" p=1-V?/c’;

m pfm m p /
since both &¢' and m’ are Lorentz transformations of §¢ and m, it must be
true that
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m= ﬂ,, St = Bol. (3.3)
B
With the given definition of f, for v=0 clearly m=m' and 6/ =65¢;
Le. mis the vdependent dynamic mass corresponding to the rest mass m’ de-
fined in (2.33), whereas &¢' is the space contraction of the proper length &§¢.
It is significant that (3.3) confirms the result (2.36) obtained via (2.35).
(ii) Consider now the limit of (3.2) for m — 0; it is reasonable to expect that

this limit is nothing else but the definition (1.1) of empty space time, Ze.
.ol G G
hlml_rgﬁ_c—zmg_c—zgo, & =h. (3.4)
This limit ensures the consistency of the definitions (3.1) in agreement with
the idea of m delocalized in &¢: if no particle is delocalized, the range size is
null. This suggests putting by dimensional reasons
no_op,

=h+mvol=vél(m, +m), m =—=
g (m, +m), m, Vel v

, m=0 (3.5)

so that the second (3.5) reads m, =¢S p,,/(np,cz) thanks to (2.29) and thus

m.c? = £ 9P (3.6)

np,

whereas (3.2) reads
hﬁ:(mo+m)v5£%. (3.7)
m C

Note that owing to (2.35), (2.26) and (2.27)

L LA R vy UL (3.8)
mv pg 2B 2x n’' p

the last step of the chain means that whatever A’ might be, it is possible to de-
fine a corresponding Jr’ that must identically fulfill the condition (2.26) being

inessential the primed notation. Hence (3.7) yields

5n—r,:(m0 +m)f—2. (3.9)

On the one hand multiplying and dividing the right hand side by mym (3.9)
yields

m.m 1 1
A HLL UL (3.10)
n or m m

(o]

Le. still holds a Newton-like law but with positive sign, yet in principle still
consistent with (2.11). On the other hand, examine (3.9) that holds in general
for any m=m, #0 and takes the meaning of quantum vacuum fluctuation
consisting of the presence of two particles of masses m and m,. Regard now
(3.9) in the particular case especially important where these masses form a
virtual pair particle/antiparticle. Specifying then with more expressive notation

m, +Mm =m, +m,, where the subscript v stands for virtual, write thus
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via the Planck force F; . Then

F
§pr :ﬂzﬂﬂzﬂp’zih P’ 5tv :n_h:ni,
or' n"An n' e, O, F.or’ (3.12)
de, =n'e,, n'#n;

v v

the last position holds because n’ is due to the integer number of wavelengths
consistent with 2ndr’ according to (2.26), whereas n is clearly due to (1.2). In
turn, J¢, =n'e, implies the rising of a random number n" of pairs of particles
and antiparticles with total energy n'e, allowed to exist during the time

lapse ot,; it is significant that (3.1) implies n’ fluctuation driven couples

v 3
of particles/antiparticles. Examine now the chance of defining as a further
particular case of (3.9) the lower limit value of &r'. Consider first to this pur-
pose n’'=n=1, so that

Sr=4r, =(mo+m)f—2; (3.13)

moreover it is possible to infer from the second (3.5)

P S R

c STy

n=1 v=c¢, (3.14)

where the last position implies consequently J¢ =4, by definition whatever

m,, might be. Eventually, since mand m, are arbitrary, m, in particular has

0
been defined by dimensional reasons only, it is also possible to consider
M, =mM=0 for the simple reason that nothing hinders this position; in this last

particular case

oc

5rminz5rbh=2m%, n=1 v=c¢, m,=m, (3.15)
c

whereas the last position requires

LA | (3.16)
cAy,, CA4 c

mo

Consider now the condition (3.5) to highlight when m can be assumed in fact
confined in the range size ¢ during an arbitrary time range &t: this re-
quirement implies that v,0t < 6¢, which must hold for both components +v,
of the displacement velocity vector v in principle necessary to introduce the de-
localization of m along &¢; if St is defined in R fixed on m, then the con-
finement condition requires actually |V,|5t < 80/2 to allow at least one chance
for m to remain really confined when displacing at rate |V€| towards either
possible direction from the middle coordinate of &¢. Thus under the condition

WG  h oY
== (3.17)
the initial mass-free space time 7G/c? includes now m during the time range
ot whatever its v, might be. This explains the link between J&¢ 2> 2|V[|5t
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defining or,,, and the factor 2 defining Jr,, . Hence the confinement condi-
tion of min the given Jr,, implies (3.16), which in turn holds even for photons
because my is defined via c. Note eventually that (3.16) takes an interesting
form writing
2mG  2mc*G  2hv,,
& F.

hv h 1
—5“:(% , hvbh=EFP5rbh; (3.18)

mo

=0r,, m=

via the Planck force. So o1, takes the form of a zero point energy of a mass m
oscillating with frequency v,, corresponding to (3.15) in its confinement range
L.

3.2. Invariant Equations of Special Relativity.

Rewrite Identically (1.3) as

G _ V’length®

c? vitime

(3.19)
being v<c the modulus of an arbitrary velocity allowed in the space time
containing mass, concerned in the previous subsection. In principle v could be
the group velocity (2.25) of a wave packet propagating through space time vo-
lume filled with dispersive medium, or it could be the expansion rate of the
boundary of space time volume compatible with (2.14), or eventually it could
even be simply the velocity of a body of matter moving through the space time; it
depends on how is defined v. To examine this point regard vas a possible veloc-
ity allowed in the space time, whatever it might represent in any reference sys-
tem, and consider that (3.19) identically rewritten as

G _c® length® _ ¢ 5x°

v V2 time V2 St

(3.20)

describes the swelling of the early space time volume introduced in (1.3), here
indicated as ox° along with the factor CZ/ v?. This equation is justified by
(2.13), (2.14), (2.2) and (2.9) and will be further implemented also in the next
subsection 3.5. Rewriting explicitly (1.1) as a function of vone finds therefore

AX?
@ZW, V<l (3.21)
Vv

where
2
AXE == 6%; (3.22)

V2

accordingly the identity (3.19) becomes compliant with the space swelling rate
during the time lapse &t , whereas (2.1) yields
2 2 Au3
2 v° hG Ve AX
€ =hn——=hn——m-. 3.23
ncz v 7702 ot (3.23)
In principle this result is compatible with (2.4) and (2.14). A corollary of
(3.22) follows starting again from (3.21) to write
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WG hG hGot? _Js ot

= = y Vg=—, V, =—, (3.24)
Vi ViV sstesert st ot

being v, and v, arbitrary velocities. Let be now s+ 3¢ such that by defi-
nition
582 + 6103 =c?ot, (3.25)

being Js, and ¢, specific values that for 0s — *Js;, and 6/ —>£5(, ve-
rify (3.25). Hence

2
%:%, vi=c’: (3.26)
if (3.25) is true, then (3.26) is nothing else but the initial definition (1.1) of space
time itself, already found in (2.47), whereas it appears that either 5s> or /2
of (3.25) tend to the invariant interval of the special relativity. In other words,
the step from (3.19) to (3.20) introducing the space time swelling implies the in-
terval invariant rule. Consider indeed (3.22); Appendix B shows how to obtain

from this equation the invariants
C2Ot? =512 =C?St? S50, 505t =515t (3.27)
according which trivial manipulations yield, as shown in (3.3),

5t(2

2
50 =507 [1—"—2} St? =

c
The algebraic steps show that Lorentz transformations and invariant interval
in inertial R and R; here introduced for simplicity via a one dimensional ap-
proach but immediately referable to a 4D formulation, are intrinsically inherent
the space time definition (1.1) yield again space contraction and time dilation of
special relativity. Equation (3.27) is particularly important because it is shown in
[13] that the invariant interval is the conceptual basis of the special relativity,

whence the chance of obtaining in particular (3.28).

3.3. Relativistic velocity

The results hitherto achieved compel explaining the concept of velocity. Multip-
lying both sides of (2.10) by V/ ¢® one finds by consequence of (2.9) and ac-
cording to (2.29)

VOV _ vV 2meC _2mev _ 27p ev

Fot & h i n PTE (3-29)
it follows thus
2tV v h
ar_yovo 3.30
A ¢t P A (3:30)
whereas it is possible to define
n_YOv 2m_N  orsr—na (3.31)

ot ot A or

that allows the last equation. Once more it is worth emphasizing that the inva-
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riant (3.29) has been obtained along with the third crucial equation. Therefore,
merely examining the definition (2.8) of acceleration one finds quickly results
already obtained in the Equations (2.29) to (2.35) starting from the three (2.9).
But now there is more. Rewrite the first (3.31) as

neot_ne_vov .y, =9, (3.32)
or v, ¢ ot
which yields according to (2.22)
VAN
= 3.33
nc’ oV (3:33)
that reads identically
1- v,\g 1S _ ov—cC
nc oV oV
and thus, taking the reciprocals of both sides,
1 oV
1-vyv/nc?  Sv-c’
hence
5"—_‘32 — 5V, (3.34)
1-v,v/nc

First of all eliminate n; it could be put equal to 1 by definition, yet it is easy to

follow a general procedure valid for any n. With the positions

\ v c ov
V,=—F, V=—, C=—1, =— (3.35)
Jn Jn Jn Jn
(3.34) reads
a\/_—cz =6V =6V -C+C.
1-V.V/c
Trivial manipulations of this equation yield
(v -C) ;—1 =C
1-V.V/c?
ie
oV -C)VV/c?
@ =C. (3.36)

1-V\V /c?
Let us elaborate further this result in order to obtain a significant equation; is

useful in particular the position

AY
C 2

(6V-C)—-=&(V,-V), (3.37)
where & is arbitrary proportionality factor. With 6V in principle arbitrary as
well because of the uncertainty, as previously stated, this position is allowed.

This step appears important rewriting (3.36) via (3.37) as
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(Vr _V)/::
A
1-V\V/c
which in turn yields
VeV RV _C (3.38)
1-VV/c £

where the resulting V" is still an arbitrary velocity. This formula is actually well
known, as it relates in special relativity V. -V to V'; it is evident that in the
particular cases where V =c or V, =c then V' =c, ie. the sum of c plus any
velocity returns always c.

This reasoning is not at all redundant repetition of a result already known:
(3.30) and (3.31) are quantum properties obtained contextually to (3.29) that is
the invariant definition of relativistic momentum. Hence the reasoning implies
merging of quantum and relativistic results concurring to the definition of ¢ as
an invariant limit velocity: this crucial statement of relativity is here required by
(1.2). Note that (3.38) has been obtained via V; and V; which are arbitrary like
the respective v, and vbut leave out 1z i.e. the quantization is not essential to in-
fer (3.38), as it has been emphasized while obtaining (3.36). On the one hand it
explains why the relativity was formulated without suspecting the underlying
quantization, which indeed appears hidden in (3.35) in the present model. On
the other hand it means that the positions (3.35) are not merely formal, as it is

evident rewriting (3.33) as

vv VV C .
e ¢ oV (3.39)

the problem of (3.33) is that the left hand side vanishes for n — o incompati-
bly with the right hand side that never vanishes because &v<c. Owing to
(3.35), instead, at the right hand side of (3.33) appear just the velocities leading
to the result (3.38) of actual interest without contradicting the arbitrariness of 2.
So (3.38) completes the conclusion (2.18), where a well known quantum in-
equality was inferred just from a physical property of g here also this property of
c appears as a further corollary of (1.1) and (1.2). Once more, as already shown
in further papers [4] [11] [12], relativistic and quantum principles appear in the
present approach as harmonically coexisting concepts without “ad hoc” hypo-

theses.

4. Euler-Lagrange Equations and Gravitational Potential

Start from (1.2) that yields

sx=-"" 5p=—%5p, (4.1)
5p sp
also, recalling the considerations of subsection 2.6, let us define
5)'(=—£5X, 5p=£5p, 58'=£58. (4.2)
ot ot ot
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Note now that (4.1) can be rewritten as

(4.3)

The step from (4.1) to (4.3) is not trivial. As anticipated in the subsections 2.6
and 2.7, the chance of exchanging the place of 6x and oJp fulfills the specific
concept of derivative in the physical frame of the quantum uncertainty; in fact
OX is mere ratio of arbitrary ranges finite by definition, to be regarded as inde-
pendent differentials possibly but not necessarily tending both to zero. This
subsection aims just to show that this way of intending the quantum derivative is
physically sensible. Multiplying now both sides of the second equality (4.3) by
OX, one finds

5)‘(5x=—@5x2. (4.4)
op

Define now a function fconsistent with this result, 7e such that 5f fulfills

S%5x =5 f =—?§x2, f=f(x%p,p); (4.5)
p

in turn (4.4) and (4.5) are consistent with the positions

sx=30 _%Bs. o1 (4.6)
oX op OX

As concerns the first equation, the first (4.2) yields
sx=20t
ot OX
whereas (4.4) reads with the help of the second (4.6)
sx=-Psx =01
op OX

Hence, merging the last two results, one finds

oot _of (4.7)
ot ox  OX

According to (4.4) the function fhas physical dimensions /ength’/time and
fulfills the same kind of equation of the Lagrangian £ of a physical system; in
fact £ is proportional to £ a multiplicative constant c° / G apart. Since

f'=fc®/G is an energy, this is in principle just the sought Lagrangian. Yet the
way to obtain this equation via the proportionality constant does not require the
condition E,, =Eg (X) and E, =E_ (X).

The Euler-Lagrange equations are well known; yet the non-trivial fact is that
they have been inferred here as corollaries of (1.2) and (1.1), which are the con-
ceptual root of both relativistic and quantum physics. Moreover this result sup-
ports the present way to regard the concept of derivative as a ratio of uncertainty
ranges. Follow now two checks of the present way of reasoning.

(i) The classical Newton law inferred in the section 2.2 seemingly does not
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account for the finite propagation rate of any perturbation or interaction. Actually

such information is explicitly available writing

Sp=— g5 =250 sy o - 0 stox=-20% st = - % se6%,
SX OX 5X 5x°c Sx°c (4.8)

8S =Cot.

The force defined in this way is related to an energy €' <e <e¢", vanishes with
a Ox? law, is proportional to the deformation rate d% =0 of the space time
range OX, is positive or negative depending on whether 6X swells or shrinks
as a function of time and vanishes for s — 0; ie. the force is defined within
0s # 0. It reasonably means that a time range Jt is necessary in order to allow
its propagation at distance 0S, outside which the force in null. The fact that
dS has been defined via ¢ means the carrier of the force must be a virtual pho-
ton or a graviton or anyway a massless particle propagating at speed c. Note that
instead the classical Gmm, / % has the form of a force propagating instanta-
neously because it is based only on (2.9) and (2.10) without implementing (1.2).
Actually (2.11) avoids itself this error because it is expressed via the uncertainty
range O/, not via the deterministic ¢; since (1.2) involve inherently Jt, (2.11)
could have been written itself as Gmm,dp, / (S¢,6t,) thus involving anyway
the time range OJt, governing its propagation. This holds of course for any
force. As concerns the gravity note that also now it is possible to repeat for (4.8)
the considerations introduced for (2.11): Jsde = massx length® xtime™?, ie.
from a dimensional point of view dedsdxc™ = mass’ xG . Hence, whatever the
actual form of the function SedsdXc™ might be, it is reasonable to regard its
series expansion whose first order term is a constant; if so, then neglecting for
the moment the higher order terms, it is possible to write

2

sp=+G1 1. =3 T
OX

S (4.9)

This formula is formally similar to (2.11), yet it incorporates the idea of a non
instantaneous long term force that worried Newton himself. The form of the
higher order terms will be concerned later, see next (5.114).

(ii) Consider eventually that (2.12) yields with the help of (1.2) and (4.2)

g GESp -85 :ﬁ_ﬁz_n_h_ﬁz_ﬁ[l chStz]
op? Sp Sop  opstt Sp ot nh

oX For oX o€,
:__2 1+— :_—2 1+—
ot o€ ot o¢

where
. n#
F=o6p, dl=vot, g, =Fdl, 5525. (4.10)
In summary it is possible to write this result as
- Oox? oc
V=—=—, Op= 1+=L |, (4.11)
sx T s [ Se j
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where ¢ is a new function having physical dimensions velocity’; with vector

notation the first equation reads
vV=-Vo. (4.12)

This definition, inferred here as a corollary, was taken in [13] as a basis to in-
fer special and general relativity; the sign of J¢ depends on whether
e, | 6¢ % —1. Moreover (4.11) also reads according to (2.8)

v:g—C:—ax(1+@j, ang—)z, (4.13)
/] oe ot

where a, has physical dimensions of acceleration. It is immediate to acknowl-
edge that ¢ of (4.11) is the definition gravitational potential [13], which will be
more specifically concerned in the next subsection 5.5. Also, V is not simply
a, butincludes a further addend —a,d¢, /¢ .

These concepts, more systematically examined in the next sections, have been
preliminarily introduced to show the validity of the definition (1.1) of space
time, which will be implemented next according to (1.3).

Space Time Curvature

Consider (3.20) under the particular condition where the velocity v? can be

expressed as follows
vi=asl, v=v(s,6t), 50=050(st), (4.14)
being a acceleration by dimensional reasons. Hence (3.20) yields
{18)- 18 5{ L)1 5, 10 (1) HEo0_1G(,( 1) 52)
v a \or) a“ot a \of) v- a a olt) v

Summarizing therefore this result as

1e)e( L L o) 1) 1 1
v al\ot, ot, v ol) ot o¢,

by definition of uncertainty range (5()71 , there are in principle three chances.
The first one is that

5(2):@ i_i, a=a,, oJa=0, (4.16)
v a, \ol, o,

with notation emphasizing that a is a constant. Moreover are also possible for
(4.15)

5 JE e — _—

5(@)_ "G 1 1 oa
v a ot, &0, VP

and
(Ej_hGi 1 da

V) a sy s, Vv

Clearly a is the acceleration describing the change of space time swelling

rate as a function of time; since the time is inherent the physical dimension of
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nG appear natural the positions (4.14). In the particular case (4.16) where a

is constant, it is possible to write

v=Bs w0 s (4.17)
v ot a,
whereas (4.15) becomes
%@jzﬁ 1 1] (4.18)
v a, \ol, oL,

Both 6/, and &7, are arbitrary, in particular these boundaries of the range
(éf)fl can be positive or negative; the resulting sign of mean that for any phys-
ical reason o¢ expands or shrinks with constant acceleration a, as a function
of time. Implementing again the arbitrariness of range boundaries, the last equa-

tion reads

é‘(ij:iR, R=—s1 (4.19)

being R the Laplace-like curvature radius of space time with principal curva-
ture radii +6¢;, and +J7,. In general the signs of these radii depend on the
specific problem [14], e.g.: for a liquid droplet in a gaseous environment are
both positive, for a gas bubble in a liquid environment both negative, for a liquid
meniscus between solid cylinders with saddle-like geometry one positive and
one negative. So it is not surprising that in principle all chances have been found
in the present general approach starting from first principles as concerns the
space time swelling.

It is significant anyway that the concept of space time curvature is definable in
a natural way even in the present quantum/relativistic context through the con-
cept of uncertainty range. It is instructive in this respect the crucial role of (1.2)
in linking quantum and relativistic points of view. Consider two remarks.

(i) Consider (1.2) to express in particular radial range size Sr and conjugate

radial momentum range size

nh

or=——.
op,

(4.20)
Specify this equation as done in (2.24) and (2.25) ie. implementing the De
Broglie definition p, =h//, of radial momentum, corollary itself of (1.2) [15].

Accordingly write

2nor = ___N "

55, " 5(p M) 5(WA)
then also consider that by definition 84" is nothing else but A" —-A"",

whatever the range boundaries 4, and A might be. Hence (4.21) turns into

onsr =M n___" 11 (4.22)

o YAYK R A A

(4.21)

with notation emphasizing again that R is clearly the Laplace curvature radius

DOI: 10.4236/jamp.2021.97114

1748 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2021.97114

S. Tosto

according to the reasoning carried out to infer (4.19); this in turn supports the
condition (4.14).

(ii) In general the space time size change rate OX, as defined in (4.2), is re-
lated to the rising of a force field 0P within OX itself; so write via (4.10)

< L0 L >
ox =0, 5p_55p20. (4.23)

the sign of the force field op depends on whether 6x swells or shrinks for
any physical reason, whereas the force field is null if X =const. Then, com-

bining this result with the second (2.9) one finds

2

9 X=— nh2 Mec _ nmezc = —m—eg§x2 = —force OX (4.24)
ot op° h op nh n#
that in turn reads
o(ox ) o
force = _r;_h_( 2 ) =—0¢ (—Xi——xi) =—0¢ (%‘%} =—0¢R,
t (5X 5)( 5X X X (425)
oc = n_h'
ot

the last equality is legitimated in analogy with (4.19) once having defined by di-
mensional reasons &X' =06x,/6x* and Ox"'=06x/6x* whatever &x,
and O, might be. The interesting fact is that in the second (2.9) the concept of
force was directly related to that of acceleration ec/7, here the same force is re-
lated to the concept of curvature via the space time ranges 6x’ and SXx" re-
placing the acceleration. The only possible conclusion is that Newtonian concept
of force and relativistic concept of space time curvature are equivalent in de-
scribing the concept of force. The Einstein intuition becomes corollary of the

quantum uncertainty.

5. The General Relativity as a Corollary

Some relevant concepts of general relativity are quoted in this section to show
how to generalize the approach hitherto followed for the special relativity. Are
examined in particular further significant implications of the quantum uncer-
tainty ranges, to show how both special and general relativity contextually merge
in a unique non-local and non-real conceptual frame. Some hints in this respect
have been early examined in [16]; further topics are here reminded along with
new considerations just to point out what have to do these typical concepts of
quantum theory with the gravitational field. Indeed the problem of quantum
gravity involves non only the quantization of this field according to the distinc-
tive concept of superposition of quantum states, but also the inherent concepts

non-reality and non-locality.

5.1. The So-Called “EPR Paradox”

It has been shown in the subsection 2.8 that the wave formalism is a corollary of

(1.2) together with the relativistic properties inferred in subsections 2.5, 3.1 and
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3.2; these results make in principle the present model compatible with the stan-
dard answer of wave quantum mechanics to the paradox. Yet, although it would
be legitimate to skip additional comments to the ample literature already exist-
ing on this topic, it is instructive to emphasize the distinctive contribution pro-
vided to the paradox by the present model based on the quantum uncertainty.
Deserve attention the following crucial points of this theoretical framework: (i)
the concept of uncertainty ranges replacing the local dynamical variables is in
principle compatible with the concept of entanglement; (ii) the difficulty of su-
perluminal distance is bypassed, because the deterministic concept of distance
between physical objects is unphysical; (iii) the concept of non-locality reduces
to that of unpredictable randomness of particles confined and delocalized in
quantum uncertainty ranges and excludes any kind of local information; (iv) by
consequence of (iii), the concept of “non-locality” is strictly related to that of
“non-reality”.

Consider two particles, whose delocalization is in principle possible either in
their own independent uncertainty ranges or in one shared uncertainty range. In
the first case the particles in 5%, and JX, are in general non-interacting, e.g.
any physical reason that deforms 6% like in (4.23) does not necessarily affect
OX, , so that the force field &p, in 6% does not imply Jp, in OX, too:
the particle in Jx, experiences a force, whereas that in 6X, does not, ie. the
particles do not interact. In the second case a unique delocalization range X
also results from the way the particles interact, even if no external perturbation
causes or affects O : this is the typical case of (3.12) where pairs of virtual par-
ticles with opposite charges and spins are generated by vacuum energy fluctua-
tion. First of all, the modulus v of velocity of any particle in a given point of
space time cannot be specifically local velocity because are missing by definition
both the space coordinates X, and X, from which to which a particle moves
and the time coordinates t, and t, defining the displacement time lapse; it
follows that it is unphysical to define velocity and distance and thus superlumin-
al distances. In fact two particles confined in X are neither far away nor close
each other, they simply arein JX. This agrees with the Aharonov-Bohm effect
[17] simply acknowledging that one particle is neither “here” or “there”, rather it
is simply everywhere. This holds even though the particles are delocalized in
different 6x, and oYX, : as the boundary coordinates of uncertainty ranges are
arbitrary, certainly the impossibility of determining distances and velocities
holds identically also for two particles in their own uncertainty ranges. Hence do
not exist “spooking actions at a distance” but rather “actions at a spooky dis-
tance”: once having renounced to the classical determinism and accepted (1.2)
there is no way to distinguish the behavior of particles far apart or close each
other confined in a given delocalization range, whatever their interaction me-
chanism might be. Particularly interesting is the former case of two entangled
particles born within a unique uncertainty range where, for example when one

7 photon decays by interacting with a nucleus or via vacuum fluctuation, e.g.
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[18] [19]; in fact the latter chance found in (3.9) reasonably agrees with (2.2).
Accordingly, in the conceptual frame based on (1.1) and (1.2) the EPR paradox
shouldn’t even be formulated: the present model is inherently non-local by defi-
nition. Moreover the agnosticism of (1.2), not purposely invoked here but as-
sumed since the beginning as the unique leading idea of the present physical
model, implies a conceptual gap in (3.1) between elusiveness of (1.1) and reality
of (3.9); the former is mere dimensional definition of the framework allowed for
latent events, the latter made feasible by the measure process breaks the latency
of possible events. Since nothing is “a priori” known about m, and m,, e.g.
number of pairs or energy and lifetime of pairs and so on, the present model is
inherently also non-real by definition. In other words the physical agnosticism
implied by the concept of uncertainty as hitherto exposed, corresponds to the
non real essence of the quantum world before the experiment; hence one must
accept the idea that also the relativistic properties hitherto inferred are subjected
to the same non-weird but logical consequences of (1.2) without need of post-
ulating any “collapse” of wave function into a well defined quantum state. It
means that n introduced in (1.2) and next appearing in (3.9) remains arbitrary
and undefinable until when the measurement converts it into a specific n,; in
turn, the wave formalism allows calculating the probabilities inherent the su-
perposition of allowed states. Consider now the orientation of the possible spins
of the particles with respect to an arbitrary direction. When measured, their spin
orientation must yield a total angular momentum equal to zero like that of the
empty space time (1.1) before the vacuum fluctuation (3.11). Physical informa-
tion in this respect is provided only by the angular momentum conservation law,
which however presupposes a measurement process. In general this is a pertur-
bation action that affects the quantum state of any particle. In particular, being
both particles in the same JX, the measure process perturbs the system of en-
tangled particles wherever they might be, not either particle only. If for any
physical reason the shared JX is modified, then the consequent X implies
Op and thus a force field in Ox that in turn perturbs the couple of particles.
Is clear at this point the connection of the present reasoning with the possible
spins of m, and m, introduced in (3.9); in a certain sense the concept of en-
tanglement is here stronger than usually intended once having removed the idea
of “superluminal” or relativistic “luminal” distance, no longer conceived as sep-
arate and mutually excluding distinguishable situations. With the language of
wave formalism, the quantum state of two entangled particles is a superposition
of luminal and superluminal states. Nonetheless the conclusion is the same: the
most controversial premise of the entanglement, the simultaneous perturbation
linking particles infinitely apart via spooky action, is here automatically re-
moved. The answer provided by the total agnosticism of (1.2) can bypass also the
simultaneity inherent inherent entangled pairs, as proposed by the mere wave
formalism, and suggests a further implication. The EPR paradox, conceived to

demonstrate the inadequacy of wave mechanics, demonstrates instead the in-
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adequacy of the deterministic metrics that fail explaining via tensor calculus the
correlations between entangled particles; the experimental data show indeed that
the relativity needs the “external” contribution of the wave formalism introduc-
ing the concept of entanglement. The present model explains both relativistic
results and wave formalism while removing in principle the paradox itself. This
is because the total agnosticism of (1.2) makes the relativity non-local and
non-real itself. On the one hand the concept of non-locality, unpredictable ran-
domness of particles delocalized in quantum uncertainty ranges excluding any
kind of local information, is in turn related to that of “non-reality”: in fact this
idea does not violate any relativistic principle, apart from its out of place local
determinism. On the other hand it is not crucial whether the spins of entangled
particles are actually aligned or counter-aligned inside X before the correla-
tion experiment, rather it is only required that they are in fact measured coun-
ter-aligned after the correlation experiment. In this sense the experiment creates
the reality fulfilling the angular momentum conservation although starting from
any undefined and undefinable state, be it wave/corpuscle duality or dead/alive
states of Schrodinger’s cat or luminal/superluminal distance. Eventually appears
clear the task of the present section: to find relativistic results without starting
from a deterministic metrics, whatever it might be. To confirm that all of these
considerations hold also for the relativity, the next subsections concern a few se-
lected topics purposely chosen to emphasize the role of the quantum uncertainty
in the general relativity: the latter is in fact a corollary of the former. The most
important point in this respect is the equivalence principle, which is soon ex-

amined first in the section below.

5.2. The Equivalence Principle

Two relevant results previously obtained, Equations (2.9) to (4.25), address di-
rectly to Einstein’s equivalence principle, as it has been explained through the
simple reasoning early concerned in [9]: the reasoning is so crucial and short to
deserve being sketched here for completeness. Think a space time uncertainty
range OX =X, —X with time dependent size, and two observers sitting on the
boundary coordinates of this range. Let for example the lower boundary
¥ =X, (t) be defined with respect to the origin of an arbitrary reference system
R, ie it defines the “position” of X in R at a given time, whereas X, is a
fixed coordinate that defines the “size” of 0. Although neither information is
actually definable and accessible, it appears in principle that if X, (t) is subjected
to change as a function of time for any physical reason, then the size change rate
oX of ox is related to the rising of a force acting on a particle possibly deloca-
lized in OX;indeed (4.23) and (4.10) predict a local force field P whose strength
falls within a range of forces Sp = p, — p,. More specifically, is interesting the

following chain of equations inferred with the help of (4.2) and (2.9)

. nho SXx mec  OX ox? Sx?
OX=———0p=—————=———Ma=——-5MeC=— force:  (5.1)

op op h op n# h
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hence, owing to (4.2),

X 1
force = nhg—x2 = —nhé —|= —ﬁé p, (5.2)
OX ot\ ox ot
ie. the force field §p=mec/i due to the space time deformation rate 5X is
repulsive or null or attractive depending on X § 0 respectively. The chances
of OX (t) are swelling, shrinking, remaining constant. Also, as
1
mC - L] (53)
h ot\ ox
(5.1) yields with the help of (1.2)
_hé(ij: meCot  mec et _€

=——=—=—0t, A=n4,;
OX n# oe ni, 1

the last position has been explained about (2.22) when commenting the eq
(4.23). The fact that force of (5.2) results equal to n# times the left hand side of
the chain shows the quantum nature of this force. Eventually the right hand side
of (5.3) shows the geometrical essence of an attractive force, indeed

L — Rzg(ij:i_i

ot A oxX) X, X
in agreement with the second (2.19). Clearly R is the space time Laplace-like
curvature radius corresponding to the attractive gravity force —e of (2.11), as
explained in (4.19).

Once having expressed the deformation of space time in terms of range size
change rate X, return now to the Einstein equivalence principle considering
for simplicity the change of X, (t) only with constant X, ; this is enough to ac-
count for the rising of a force field inside X and highlight the reasonable con-
clusions of two independent Newtonian observers sitting on either boundary of
8% =% (t)—X, . The key points are: (i) the observer 1 sitting on X, experiences
an acceleration since his variable coordinate is defined with respect to the origin
of R, ie. this observer moves far from or towards to the origin of R during the
deformation of 0X; (ii) the observer 2 feels anyway a force field inside &x al-
though he is at rest in R.

Therefore the observer 2 concludes that an external field is acting on X,
whereas the observer 1 acknowledges an acceleration as if his position in R
would be perturbed by the force field in 6X. Once more the consistent conclu-
sion is that in fact the space time deformation rate SX causes itself the rising of
a force field and that an accelerated reference frame is equivalent to such a force
field. Only for 0x — 0 the force field appears as a local classical force. It is
immediately evident the role of the quantum uncertainty in this explanation of
the concept of force, required by the physical equivalence of the boundary
coordinates in lack of any discriminating information about their behavior:
indeed O is nothing else but a corollary of 6% via (1.2), whereas the conclu-
sions of the two observers are equally valid. External gravity force and space time

deformation driven force are indistinguishable because the properties of space
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boundaries X, and X, of JX are conceptually arbitrary and unknowable by
definition. Note that other forces of nature are directly related the interactions
between particles, e.g. the electromagnetic interaction; the gravity force is in-
stead inferred as a property of the space time that manifests under deformation
of the uncertainty range sizes. This short discussion allows explaining what have
to do the Equations (1.3) and (1.4) via (1.2) with relativistic and quantum phys-
ics: the Einstein intuition and thought experiment are now corollaries of the

quantum uncertainty.

5.3. Quantum Angular Momentum

This topic has been concerned in [11] [16] [20]. Here are sketched for com-
pleteness some selected reminds only, useful later. By definition the component
of angular momentum along an arbitrary direction defined by the unit vector z
is M, =rxp-z, which reads in the present conceptual frame as

M, =6rxop-z ie M, =§p-(Z><5I’) =0p-0S where J5=zxdr . Hence
owing to (1.2) the unit vector 5, = 5S/|5S| yields

M, =6p-ds=6p ~|§—z||§s| =05p-5s, |os| =5 p,os = 1h; (5.4)
here 12 of (1.2) has been replaced by /according to the usual notation 1% to ex-
press the component M, of M. The problem is now that the direction of z is
arbitrary and unknown; so repeating the reasoning with a different z' would be
physically insignificant, as it does not add anything conceptually new to the giv-
en result. The only information available is that /is an integer number %O
depending on the scalar Jp-Js, .

Let us sketch some properties of quantum angular momentum, which will be
useful in the next subsection, assuming that —L <I1 < L; Ze /ranges between
two allows values —L and Z, of course arbitrary, whereas (5.4) holds for any Z,
exactly as done in (1.9). The following considerations emphasize the reasoning
carried out in [11], although here the steps to calculate M? differ slightly from
that therein exposed: consider here that if M, is the only component knowa-
ble, then M? must be somehow related to M, only. Note that

=0,

-L |

Ml_
M-

|I|:ZZL:I:L(L+1), -L<I<L (5.5)
0

-L

The first equality follows by symmetry between the given limits of / while the
second equality is straightforward consequence of the first one; this explains why
the second equation computes all /th states of the given component as twice the
sum from |1=0 to |=L. Since the angular quantum number /is actually a
number of allowed quantum states likewise n of (1.2), the idea is now that M?
should be defined by its own quantum angular number of / states and that in
turn this latter is related to the sum of all /th states allowed to its unique defina-
ble component M, . In other words (5.4) suggests counting all quantum states

of M, included in the range —L — L, ie summing all positive quantum
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numbers ||| of allowed states as done in (5.5); this result should be reasonably
related to M?. To verify this reasoning consider the j-th component M; of M,
which owing to (5.4) and first (5.5) reads

M2 L L (L, +1
h_;:.A;Lj 12 = (2L +1)J(Tj)' (5.6)

Since the number of states from —L; to L; is 2L;+1, it is possible to cal-

culate the average <Mf> as

(m5)

hz

2 L(L+1)

=(2Lj +1) (5.7)

Although one component only of M is calculable, assume reasonably that in a

isotropic space time
(M3) = (m7) = m3): (5.8)
taking these averages, (5.7) with equal L; for all three components yields, as

done in [11],

i<Mf> 3 L(L+1), L;=L (5.9)
= =— =L(L+1), L =L 5.9
= 72 n? 72 i
In effect, once having written M? = 3<M?> , the knowledge of the three com-
ponents (5.6) reduces in fact to that of one component only; hence it is natural
that this result coincides with that of (5.5) expressed in #* units and confirms
(5.8). Follow now three important corollaries.
(i) Implement now these quantum results considering arbitrary numbers 2 of
states to describe also properties of orbiting systems. Rewrite thus (5.7) as
2
w2 _ (M)
wo

M?/n?
n(n+1)’

(5.10)

=(2n+1)n(n+1), 2n+1=

ie. M?/I® consists of 2n+1 states, from —L to L. An immediate corollary
of the third (2.9) reads

mecot _ mad ! = energy
and thus
£0L _energy . q. (5.11)
hC me?

indeed mc” is rest energy, whereas energy denotes in general the dynamic

energy of a physical system. Thus, since according to (2.11)

m? Y M?
gz:gé =|G— |, A= ,
2010 L(L+1)

(5.11) squared reads

(m?G/2)" L(L+1)
M?c?
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so that
2
Mic
m? > u 4 . (5.12)
mG ) L ( L+ 1)
As the minimum non-zero value of L ( L +1) is 2, it is possible to infer
2 _[[M]e 2
me>|——]. (5.13)
mG

Eventually, since it is possible to regard 6/ =06/, +5(, as done in (3.25),
being g is electric charge, one identifies (5.13) as a spin effect; in an analogous way
Ol as a charge effect, indeed the analytical form of the Coulomb law is analog-
ous to that of the Newton law. So e=¢, +¢,
Replace thus M.c with @, as both have physical dimensions energy x length ;

yields a new addend €6/, = q°.
the same reasoning yields now
2 2
Mic 2
Mle A <m (5.14)
mG mG

(ii) A further corollary concerns the spin of particles and the Pauli principle.
Sincein 7 units L(L+1)=(L+1/2)" ~1/4, itis possible to write

M2+[£hj +[L+3)h2:(|_+1j[|_+1+1jh2 (5.15)
2 2 2 2

2
M2 = 3(3+1)72, J=L+%, M2=M2+(%hj +(L+%Jh2. (5.16)

Le.

Note that the left hand side of (5.15) defines an angular momentum in fact al-
lowed, so M in (5.16) is a half integer angular momentum due to h/ 2, which
is clearly by analogy with 1% the component along an arbitrary direction of a
new half integer angular momentum. In [9] is concerned the spin of particles
more in detail starting from (5.15). Here this topic is not further concerned for
brevity, e.g. to show why actually J =L =£S; it is interesting instead to remark
that the Pauli principle follows as a corollary of (5.16) [20]. This interpretation
of the Pauli principle is a crucial consequence of the fact that /and L are not
mere quantum numbers, but numbers of allowed quantum states likewise n of
(1.2).

(iii) Consider the following definition of M, , which reads

h=Jmvél =Jmycol, : (5.17)

both equalities express actually the component of angular momentum with ¢
accounting for the sin and cos factors. Then owing to (2.35) and (3.3) the second

equality reads

2 2 2
h:é’mocé‘fozé’%%:é‘g&l, 5f’:ﬂ6£ov 8:%,
c C

in agreement with (3.3). Hence
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L Ie/e ef € e

st o0 gt C e ” 519
and thus
e e’ el e
f=——=—2 =P g = 5.19
géf' st st Ja (5.19)

by definition of Planck charge. The first equality (5.17) yields

2
= muse = V- cot
e ev
so that
ev  mv?
== , o' =060, 5.20
col” e ¢ (5:20)

having merged ¢ with the arbitrary range size of &6/ . This simple reasoning
has defined via M, the fine structure constant, the Coulomb law, the magnetic
potential .4 and the definition of Planck charge.

5.4. Black Hole

Consider (3.2) rewritten according to (2.20) as

2
OM_\2 so=ng = 2 Ch (5.21)
ol mc ¢

where v is velocity by dimensional reasons. Let us define now a dimensionless

parameter ¢ such that
Y 1Y, (5.22)

then, dividing both sides of (5.21) by ¢* one finds

Gm Vv¢ v 1
=—, —=——, V=V({), 0<{ <o 5.23
c?or ¢ ¢ (+1 (€) d (5.23)
To show the physical meaning of (5.22), consider first the particular case
Vo= V(é’ =l); so (5.21) rewritten with pertinent notation m=m" and

80 =80 reads

Gm’ viov?t o1, c o wm
r=l-—=—=—, V,=2—, V4V, 5=C", =1, 5.24
c?or ¢ ¢2 20 T2 d (5.24)
and yields
. 2mG
o0 =— (5.25)
c

in agreement with (3.15) and (3.16). Note that (5.24) corresponds to (3.24) al-
ready introduced to infer (3.25); in particular one implements here V. =V?, so
the implications of (5.22) are in fact related to and confirm (3.27). In fact (5.24)
allows defining as a function of a unique reference length 6¢, two internal and

external surfaces corresponding to Vv, that fulfill (5.25); indeed St implies
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S, =5foiﬁ,

V2
ie. two characteristic lengths ¢ and &¢  are definable as
C * * C *

O, =8l +—=6t", 6 =60,——=56t. (5.26)
* 2 ° 2

Assuming that 6/, =8¢ of (5.25), then it is possible to calculate &/, ;
hence (5.26) yields

2m'G . 2m'G

AN AL N 5t*s‘/§”;G

C c c

ol = , (5.27)
the third result being due to ¢~ >0 . The result (5.25) agrees with that already
found in (3.15), which shows that the particular V" defined by (5.24) has really
a specific physical meaning. Moreover (5.27) shows the existence an inner event
horizon at distance §¢" with respect to the gravity center of m” compatible
with the outer one of (5.25). The event horizon appears here as an outer shell of
the black hole of finite thickness, rather than an ideal two dimensional boundary
surface. The fact of having implemented uncertainty ranges instead of determi-
nistic metrics excludes in the present model the rising of divergence at the grav-
ity center of the black hole, which is local inner boundary coordinate of the radii
ol, and O¢_ and then unphysical.

Encouraged by the particular result (5.27), let us generalize the condition
(5.24) by considering instead ¢ #1 in (5.23): two different chances of genera-
lization concern reasonably 0<¢ <1 and ¢ >1.

On the one hand, considering ¢ <1 and putting now v? =¢V?, (5.22) and
(5.23) yield

Gm’ Gm, , m’ - *2 /2 .
=== m=————, &, =060 J1-V?/c?: (5.28
(1-v?/c?)sr oL, J1-v?/c? fe: 629

these equations have well known meaning consistent with (2.36) regarding

O =680, (5.29)

m =M.,
ie. my and &¢, are defined in a reference system R, moving at constant
rate V, with respect to R where m~ and &/ are at rest. These results agree
with and confirm the different reasoning exposed to infer (3.3).
On the other hand, also follows from (5.28) the chance of defining via st

the time range oSt such that
8, _mG _  Gm St St o Gm"
T e 22 2/ 2’ T3
c ¢ Sf1-v? (1-v?c c

as expected owing to (3.28), &/ /c=05t, agrees with Lorentz transformation of

proper time lapse ot ie

st =%t (5.30)

° o 1-v?/e?

with the same physical meaning of (5.28). So the second (5.28) is the well known
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velocity dependent dynamic mass law with respect to the rest mass, the third one
yields the Lorentz contraction of the proper length &7, . Although (5.24) con-
cerns in particular V=V, only, the velocity vV, shows the condition under
which hold (5.28) and the following (5.25) that describe a law of nature; the
same holds for (3.11) implied by (3.3).

Follows now an interesting implication of (5.25). Consider

4m?G* . . mG

S = 4m'G——,
c* c*
which dividing both sides by ¢* yields
. . 4
5_(2_4m (fm_ F. _c (5.31)
¢ S F, G
and thus
s 1 m’ 4m'G
= =8p—, Cp=——, (5.32)
c® a / F 0 c’5¢

2]

being by dimensional reasons &  acceleration. This way of rearranging (5.31) is

significant as, owing to (2.8),

- 5.33
Y (5.33)

€c  c?
h

On the one hand the first equality (5.32) does not conflict with (2.8) as this
definition yields

oot nc®  pi
SCC2m'G 2m"’

(5.34)

being p, the Planck momentum, whereas the second equality reads
F.=ma’dp; hence 5p is consistent with the concept of angle inherent more

in general F, = m'a”. On the other hand (5.32) yields via (2.9)
m’c? m'c? &s

F :—*5 :—*—5 y

Y ’ 50 8s ’

being OS an arbitrary length range; hence

oS
S

F,05 =m'c’04'5p, 59 =

Regard Js as the length of arc of circumference of the circle osculating the
true path that defines the angular deviation 0¢; so F,0s calculates the work

done by the force component Falong a curved trajectory. Then

Fos=m'c’5p = m*%& =e*§, 5¢=%=F*—52,
m ¢ mc (5.35)
F =E’ /T; :i*,
o¢' mc

having specified 6/ =09s in the third (2.9) for obvious reasons. The second
equation is the Einstein result of light beam bending in the gravity field of m";
the deviation angle J¢ is also equal the ratio between the work F&s done by
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the field along the photon path &S and the rest energy m'c’ of the field
source. Moreover it appears that ¢ = F 1, , ie. the energy ¢ corresponding to
Finvolves the Compton length of m". The mathematical approximation inhe-
rent the Einstein result corresponds here to having assumed JS as a circumfe-
rence arc instead of a more general curved arc of the actual photon trajectory.
Now note eventually an interesting corollary of (5.33) that reads ¢ = hC/ YA
and is identically rewritten as
« hc  nez?  he 221 72 z°

*

S T a2 T 2 o o OFE—— (5.36)
o otz 76l adl nc

where z is a new arbitrary parameter not yet introduced in the present model to
be appropriately defined in agreement with (5.18). Simply renaming z as
Z = e, where both signs are compatible with z° =€, it follows that *€ is the
electric charge, whereas the proportionality factor ¢ linking the Coulomb law
hidden in € via #c is actually the fine structure constant. This last result is
closely related to the results from (5.17) to (5.20) previously found. Emphasize
now that the particular condition (5.24) is sensible, although it has been intro-
duced preliminarily just in order for (5.23) to match (3.17) and not as a conse-
quence of a fundamental requirement; yet (5.24) can be generalized while re-
garding (5.28) as mere particular case. The key point is to replace (5.23) via a
function F of ¢ and 61, defined as follows

c c

[5rbh—”f—zGJ2—[m*fJ2:;f(;):;f(;')+f(g"), F(£=1)=0; (537)

The condition on § =1 corresponds to (5.24), because then this equation
admits solutions or, =0 and again on, = 2m*G/ ¢’ . Discarding the null
solution, Jr,, is just that expected according to (MJM) pertinent to £ =1, in
agreement with (5.25). To generalize (5.24) it is enough to consider (5.37) with
F(¢')=-F(£") for {=1 and with any F({')#-F({") for ¢ #1,
which in principle it is possible with both 0< ¢’ <1 and 1<¢" <. This ge-
neralized equation can be rewritten putting respectively

N2 . N\2 . N\2 N2
G G G G
f(é”):(é‘rb/h_mz ] _[mz J , f(ézr/):(é'rb'h’_nl_zj _(mcz j . (5.38)

C C

On the one hand it is reasonable to assume that these equations concern two
different properties of Jr,, ; on the other hand it is also reasonable to guess that
two properties of the mass M~ can be charge and angular momentum due to its
possible angular spinning or to its possible spin or both. Anyway, since the un-
certainty ranges at left hand side represent square lengths, it is immediate to
conclude that the same holds for the right hand size terms; in other words, to in-
clude the charge terms it is enough to express the space range sizes that appear
in the Coulomb law of (5.36). So, in Planck units, Q? / > =c* / G yields
F(¢)= KZQ = QZG/C4 according to (5.36). An analogous reasoning for the ro-
tation of m" via the angular momentum J reads F(¢")=/¢5=J° / (m*c)2 .
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Replacing both contributions (5.38) into (5.37), whose left hand side is <0
because (m*G/c2 )2 > (m*G/C2 -5, )2 , one finds thus

mGc) (mGc) Q% J2
[5rbh_ ? J _[ ? ] - ! B -

21
c c c (mc)

with appropriate signs at the right hand side. This yields the well known result
consistent with (5.14)

G| . 2 Q% J%?
or,=—|m+ m ——— . 5.39
bh Cz \/ G ( )

5.5. From Special to General Relativity

Rewrite the first (3.32) as

or c? z2 c?

2 2 2
2ncﬂ=5[" j:vl _Yo (5.40)
C C

having simply implemented at the right hand side the definition of

range = 5(any function) . Note that the possible chance n-— o requires
S5t—>0 or 9T =% orboth, because the right hand side of (5.40) is anyway fi-
nite being v, <¢ and Vv, <c. This problem requires defining appropriately or
and Ot as done with (3.33) to infer the relativistic property (3.38) of ¢. Consider
that any range size tending to zero implies in fact the classical determinism for the
concerned variable: ie. ty<t<t means that t— specificlocal value for
t, > t,, whatever t; and t might be. This conclusion holds for all quantum
variables and ensures here that (5.40) is definable for any n implementing the

positions (3.35), Le. replacing ot and Or as follows

2
2c ot, :5[\/_]' S, :ﬂ St = stn: (5.41)

or c? Jn'

n
as of course ot, and Or, are still arbitrary, it is possible to implement like-
wise (5.41) or (5.40) examining some possible cases where v, and/or Vv, arein
particular constant or more in general any functions of n. Anyway note that
(5.41) fulfill the invariant condition of special relativity already concerned in
(2.47)

or.ot, =orot: (5.42)

in fact, being n arbitrary likewise Jr and ot, it is possible to regard the left
and right hand sides as if they would refer to different inertial reference systems.
This point will be further clarified below.

1) v, and v, both constants.

In this case write (5.40) as

t v v? /const V)2 .
2n05— = const ——2 = const 1—L =const| 1--% |=const5™ (5.43)
or c? c? c?
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where
2 *2
V. . Y . Y
const=-%, v.=—22—, B = [1--2, (5.44)
¢z’ % Jeonst c?

so that (5.43) reads

(Zn—c J'&Z—ﬁ =1=[2n—c J(S—t’ sv=2L sr-por (5.45)
const ) B or const ) or' p

thus, apart from the factor in parenthesis appearing at both sizes and thus irre-
levant, (5.45) implies again

or'st' =orét, (5.46)

in agreement with (5.42) and the result of the Appendix B. Regarding the primed
and unprimed quantities in the respective inertial reference systems R and R’re-
ciprocally moving at constant rate V; , appear again the Lorentz space contrac-
tion and time dilation together with the invariant behavior of the product
5(space)x & (time) of uncertainty ranges. This conclusion is not trivial: (5.46)
holds regardless of n in parenthesis of (5.45) and justifies the chance of regard-
ing the uncertainty ranges likewise the local coordinates of relativity, while re-
marking however that the former only and not the latter fulfill the Heisenberg
principle.

2) Vg =Vy(n) and v, =v;(n).

In this case it is possible to start from (5.41) for further considerations about
(5.40). Rewrite (5.41) as

5€n v2 2 2 .
2 o 5((:—2] =5(1-p%)=-5(p*), or,=cdt,;
merging the equalities at the right hand side one finds
XS 3
4—2=-25(1- ) pop=-25(1-*) B° b
o, B
=-2p5(1-8%)ps(l =-2 5—2£5I£
=-285(1- ) B5(log B) = -23,8 (1- B*) -5 log—— |,
Py Po
being S, an arbitrary constant, and thus eventually
S50y 2 B
4 o ~2f3p,5(1- B )wSlogw, w= s
This result is interesting because it takes the final form
2 507
o) 5r2 =-wslogw=-w(logw—-logw,), Q=Q(B)= ﬁﬂo5(1—ﬂ2),

having simply replaced &log(w) with the usual notation of uncertainty range
log(w)—log(w,) as in (1.7). Since the range boundaries are arbitrary and is
reasonable to expect that W, is defined by f=f,,then w, =1 yields
S50 S 26805
82 517 Qor?

n

=-wlogw, (5.47)
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the interesting fact is that at the left hand side appears the ratio of the square
lengths 5/ and &r’” whatever the value of the dimensionless factor Q might
be, at the right hand side appears the entropy like term —wlogw. Since f <1
by definition, w can be regarded as probabilities via an appropriate choice of the
arbitrary constant f,. It is evident that the arbitrariness of the quantum ranges
plays a fundamental role in this respect; indeed, being the range sizes arbitrary
by definition, the left hand size ratio is indistinguishable from and thus identi-
cally readable as the initial ¢, and Jr, in turn reducible to the respective
lengths of (5.40). This result is helpful for its implications in the next section 5.7

3) Virial theorem.

It is possible to assess now (5.40), which is useful to obtain information
whenever the quantization condition of the dynamical variables is explicitly re-
quired. Since the boundaries of any uncertainty range are arbitrary by definition,
examine the two possible cases where Vv, is in particular a constant or it is in
general any function of n. Write (5.40) with the help of (2.35) as

o(p.c
2nc 2t = onc—2 :25(prc)ﬁ=Ma)§t
or na/ép, h €

Sloc 2 22
Y IRO) o V)M
c pec c c
ha
€ =—
2

having regarded ¢, as a zero point energy. So, multiplying by m the fourth

equality, one finds

S 2
m_Zergt :%’5(prc)a)5t = mﬁ(v—zj, mv, = p,f,
¢ p c ¢

.
whereas the second equality reads
B.5(p,c)wst = mé(v2 ) (5.48)
Here is useful the classical approximation S, ~1 assuming for simplicity
V, < C; (5.48) simplifies to
5(prc)w5t:m5(v2)=5(mv2). (5.49)
Even (5.49) contains the same classical approximation of (5.48), because (3.3)

shows that the dynamic mass becomes in fact a constant. Both steps clarify the

physical meaning of Sv® and p,cC, as (5.49) reads

2
wot=-2T 1My _pe (5.50)
5U 2

so that the formal position p,c=-U yields

wdt=———=1 2T=-U. (5.51)
ouU

The positions (5.50) allow to find the expected result @ = St™, which fits the
classical virial theorem 2T =-U consistent with the second equation; the clas-
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sical limit of (5.40) has sensible physical meaning.
4) Quantum gravity.
Multiply now both sides of (5.40) by 7/St in order to find

nhc  hvg AV

—+ = ; 5.52
sr o 2¢%st 2’5t 552
a further result is now available implementing the definitions
2
c Vi
w=—, W= 5.53
St c’st 559
that yield
1 1avyy  1av
No+=ho=-——=>-—- §l=cét (5.54)
2 2cot 2col
and merge themselves into
3 2
sr="st==_s. (5.55)
VO VO

The left hand side of (5.54) diverges for n — o ; however this is not a prob-
lem, being allowed by ot — 0.
The first (5.53) is sensible, as it reads 2mvor =c, ie.
nv,

2n5r:£_ =n4,, vrzg, A =-L; (5.56)
v 14 n

the given definition of v,, quantized likewise the number n of respective 4, is
compatible with v, <c¢ and with (5.41). Thus one finds once again the key

quantum equation (2.22) and accordingly also

w:nvf, energy = fiw = ne, e:hv—’:hv—rzi,
or or v,ot ot
(5.57)
or =v, ot L—n—h—5p
T4 o '

T

and then, owing to the second (5.53), also

nv, v
sr ¢t
Since according to (5.41)

or or,

—=n ,
ot ot,

then
— vg 5rﬂ Vrn vl’ .

-5 , W= ’ m ’
"¢, or, Jn
the last position is coherent with that of (3.35). Eventually (5.41) yields

2 2
1 _ Vo

“o_ +2c?"=(vr+2c)ﬂ;

¢t c r, or,

in this way both positions (5.53) are consistent with (5.41): ie. defining appro-
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priately &r/St via Or,/St, there is no divergence of velocity in (5.40) and
(5.54) for n— 0. A further corollary of the positions (5.53) is found merging
them by eliminating ¢ replacing €= ®dr in the second one, two interesting

results are

ot c cot

(5.58)

The familiar form at left hand side of the first equation will be useful below,
see next (5.71) and (5.72); the second equation provides a further definition of
acceleration. Both equations support the results just obtained. Consider now

(5.54) noting that the physical dimensions at the right hand side are

hvlz 3 tima—2
e = mass x length” x time™, (5.59)
c

whereas at the left hand side appears instead the expression of vibrational har-
monic system along with its zero point energy; this suggests that 7v? / ¢ should
be itself proportional to m’G by dimensional reasons, ie. 7V, / c=£m’G, be-
ing & the proportionality constant. Defining therefore without loss of general-
ity the dimensional square mass as M’ =mm, because m is in fact arbitrary
likewise as m, and m, themselves, write for this distinctive reading of the
energy defined by (5.53) in agreement with (2.11)
nhw+3hw=éem:§(em—16%], (5.60)
2 2 ot st 2 of
where it is possible to identify at the right hand side

G mm, - U _EGMZB:_T (5.61)
ol ' 2 ot 2

with the help of the quantum virial theorem inferred in (5.51). Then
nhw+%hw= E(U-T), 2T=-U,

so that, putting & =1, the result is

k
nha)+%ha):—Hl £=1, H=U+T<0, o?®=—". (5.62)
m

The right hand side is the Hamiltonian of the orbiting system, 7.e. Newtonian
binding energy —e;, which agrees with the idea of harmonic oscillator as a
bound system itself. The minus sign of ¢; means that the force constant kK,
defining the quantum oscillator frequency implies an attractive energy between
two orbiting masses; a repulsive energy would be instead inconsistent with
steady quantum oscillations. As expected, whatever m; and m, might be, an
appropriate n shows the actual quantization of orbital motion: for large masses,
n is so large that the quantization is hidden by the values n~n+1, being &/
the circular orbit radius. So the steady harmonic oscillations are the quantum
equivalent of the steady orbital motion of a Newtonian system via the circular

frequency w: the force constant k; governing the one dimensional linear os-
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cillation of the former turns into the behavior of m in a central force field go-
verned by G and seemingly non-quantized. The last equation (5.62) is direct
consequence of (5.53) because

, ¢& mc®  ¢/ort ki

ie. classically @” is proportional to m™ via the factor k,. Moreover, the
link between a one dimensional oscillation and a two dimensional system orbit-
ing on an arbitrary plane implies 2 degenerate states, as the clockwise and
counter clockwise rotation are both allowed and in principle indistinguishable;
this also holds in the quantum world, indeed /takes all values —n<1<n iden-
tically to —I . So the macroscopic measurable orbiting energy (2.11) is twice that
mm,G/25¢ of (5.60). This degeneracy can be also regarded as a statement of
equivalence between inertial and gravitational mass: the degenerate energies
concern now the systems where 7, moves around 1, or 12, around m, depend-
ing on either reference system R, or R, where the respective mass is at rest.
Without the equivalence principle, R and R, would not interchangeable, as
instead it is true according to the quantum (2.41). The macroscopic Newton law
inferred from an oscillating quantum system reveals and requires the sought
equivalence.

5) Implications of harmonic oscillations.

As a closing remark consider now the following dimensional definitions

3 2

C 0]
m =&——, =c—, 5.64
M éwG Pa §G (5.64)

being & an appropriate proportionality factor plausible in any dimensional
equations and thus introduced here; the subscript emphasizes that these defini-
tions implement explicitly the frequency . These positions aim to calculate the
force constant K of the harmonic oscillator implied by (5.54)
3
Cw

ki =m0’ =&—. (5.65)

G
In fact (5.64) are alternative to (2.1) and (2.2) in defining via « mass, densi-
ty and energy density in an arbitrary volume &¢°. The connection with these

equations is given by

0 ==t—=—2— , = (5.66)
g orfe P T s
and yields
2 46,8
f:me;;:a)é‘Egg:_ er (5.67)
éor G ol
so that
2
m
€, =—-G—=. 5.68
s 50 (5.68)
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Moreover (5.64) defines

n,=¢& M (5.69)
“ G

The physical meaning of these results will be highlighted by calculating their
numerical values in section 6.

6) Gravitational waves.

This subsection aims to sketch that the gravitational waves are actually quan-
tized and fit the result inferred in (5.60); details on the physical model and re-
sults have been already concerned in a paper [16] on this topic. To add further
considerations in this respect and highlight this point, let us start from the Eins-

tein formula

_dE 326
dt  5c°

2
m,m
—2 | r'0®, &°r*=(m +m,)G (5.70)
m, +m,

where rand @ are the deterministic radius and angular frequency of an orbit-
ing body in a circular orbit; in this case holds the second equation, which is
direct consequence of the third Kepler law. The explanation of these formulas is
reported in [13]; here the priority is remarking how to inspect the energy loss dE
by emission of gravitational wave energy. Rewrite (5.70) in order to replace the
deterministic orbit parameters r and @ to highlight their quantum meaning
hidden in the given formulas and replace the integration factor 32/5 = 6.4 with
21, which differ by about 1.8% only; this numerical replacement allows hig-
hlighting conveniently the following considerations. Regard then the original

Einstein result as

2 5
_Ezz_ﬂ: ﬂ 5!’4606, wzﬁy WP =C_; (5.71)
ot W, (m +m, ot G

all quantities with notation J are now uncertainty ranges, ot is the time lapse
to complete one orbit.
First of all rewrite identically the first equation with the help of the second
(5.70) and (5.60) itself as follows
sry
_9E :2_7:( ‘ J or*e® =VZTTC(660))2§ (5.72)

o 2 o3
ot Wp w°or b

moreover replace once more St =nfh/de according to (1.2), so that

2n &
~SEde = nhW—p(gGw)z =nhW, (tw)*, t = vTi

with notation emphasizing that energy/W, has physical dimensions of time.

Also, this equation becomes

Je e
—SE—" = _§ESty =nh(tgo)’, oty =—
W, W,
and eventually
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1

-, 5.73
5 (5.73)

~6E =nhvg (o), vg
with notation emphasizing that the energy loss —dE can be nothing else but
loss of some quanta hv, . Now it is possible to introduce the last step and com-
pare this result to (5.60), according which —e; =nhv+hy/2 ; therefore
dE = Je; =hvon yields

—hvsn = nhvg ()"

Just this conclusion is the key to guess the dimensionless t;o that appears to
be just a correction factor: being Jn integer, —6E can be nothing else but
something like n'hy with n' integer in order to fit (5.60) [21]. Also, as t; is
introduced via S¢ and thus arbitrary, put then (tGaJ)2 =n'/n so that

~5E =n'hg. (5.74)

Otherwise stated, t;w has been defined in order that (5.74) is consistent
with (5.62). In synthesis, the initial Einstein formula, deterministic, becomes
here a very simple quantum result, showing at the right hand side the number

n' of gravitational energy quanta lost. Also here —JE expresses the fact that

" "

n’ must be intended as n"<n’'<n”, with n” and n” of course arbitrary,
once more according to (1.9).

Although for brevity this result has been introduced here as mere elaboration
of Einstein’s early achievement, reversing the steps from (5.74) to (5.70) one
could find the initial SE whose quantization is however hidden. The paper [9]
concerns instead an “ab initio” model, where are also described further implica-
tions of this result. The Einstein formula is actually a quantum of gravitational
energy dissipated by an orbiting system. In this quoted paper, published before
the experimental evidence of the gravitational waves, it is remarked that not
necessarily the gravitational system must collapse; rather both signs possible for
on describe the exchange of gravitational quanta between orbiting systems,
possibly the so called gravitons, could be regarded in principle in analogy with
electromagnetic excitation and decay of atoms by exchange of photons. This
supports the idea of gravitons inherent the gravity propagation rate (4.8).

7) Quantum remarks on the Newton equation.

At this point some remarks on (5.40) and (5.60) deserve attention.

(i) According to (5.59), (5.60) and (5.62), write

n mm
—=G—+%, (5.75)
2c A
which yields
o 2m,G n 2mG
mc v Zome v
so, taking the limit v, — C, one finds respectively
1 - 2m,G 1 = 2m,G
m c2 my T c?
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The black hole radii are thus the limit of (5.40) for v, —C suggest an inter-
esting feature of a bound gravitational system where either mass is a black hole;
merging of their masses occurs when the event horizon of the latter approaches
the Compton length of the former.

(ii) It is usual to say that at the center of a black hole there is a space time sin-
gularity. Emphasizing that no singularity is explicitly required by or directly im-
plied in the present conceptual frame, such a singularity is actually unknowable and
thus unphysical: according to (1.2) and (2.41), by definition non-deterministic, no
information is accessible about what happens inside an uncertainty range. Thus
the concept of local singularity is merely an arbitrary extrapolation allowed in
the classical world only; here instead the relativity is conceived in the quantum
frame of (1.2).

(iii) Via (5.59) Av® / 2c =m°G yields an expression for the force constant Kk
of harmonic oscillations (5.62)

2 2 1
2= @ L An e oy (5.77)
2Gmc 2 G

ki =o

Where a is a further definition of acceleration being Ve = 5x/8t* . This re-
sult, which clearly plugs the force constant of the quantum oscillator into the

frame of the general relativity, will be further considered in the next subsection.
(iv) The reduced Compton length 4, of m, defines in (5.76) the Schwarz-
schild radius of the interacting mass m, as a limit case. This result follows the
link between the energy of a two body gravitational system of masses and the
energy of a quantum oscillator with binding force constant K; ; in turn this link
suggests that the quantum relationship between m, and m, makes their event
horizons equal to the respective Compton lengths; these latter correspond to the
minimum approaching distance below which the masses merge into a unique

black hole of total mass m, +m, with event horizon 2(m, +m,)G / ¢’ . Indeed
h mm, 1 uc?

P Ny S L L Y
ml m2 R H m,, 2

=G m1m2
A

]

=-U, U<0. (578)

(v) The fact that (5.60) is related to an arbitrary number 2 of quantum states
allowed to a harmonic oscillator shows that even the gravity equation at the right
hand side can be expressed as a superposition of states corresponding to and de-

fined by the respective n. Start from (5.60) written according to (5.53) as

2
VO

c2st’

Gmm, _lhwznha)z(n'—n”)ha), o=
200 2

n=n'-n" (5.79)

then, with the last position where n' and n” are arbitrary integers too, one
finds via (5.61) and (1.9)

Ogg =0¢,, Ogg =T —%hw, o, =n'ho—n"he (5.80)

In this way the average kinetic energy of Newton orbital motion identified in
(5.61) defines the range size Jg; equal to that Og, of the quantized energies
corresponding to the wave functions w, and w,  defined by (2.58). As
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concerns U, write according to (5.61)

2 2
M3 /h
n(n+1)

_Gmm,
ol

iy ho.

(2n+1)hew =

So the average potential energy of the gravitational system is equal to 7@
times the number 2n+1 of allowed states of angular momentum; in other
words the left hand side consists of 2n+1 degenerate states 7. At the left
hand side still appears the gravitational energy of the same masses now o/
apart, at the right hand side the energy 7w, , with the same coefficient 2n+1
due to the degeneracy of |; states consistent with n. Thus Newton’s equation is
equivalent to a superposition of /states of energy 7®,, having quantum ori-
gin.

(vii) Consider (5.25) and write

2mb2hG _ Zmbh::ZG _ 2hw, 0y, my =
c c F c

h
Yon hv,, = % Fodlin;

via the Planck force F, =c*/G . Recalling (5.54), it is possible to regard the last
term as a zero point energy and thus to define by analogy a more general energy

given by
E, =nhy, +%hvbh =(2n+1) R, 80y,

To interpreter this result, think a set of 72 non-interacting harmonic oscillators
consisting of point masses m,, that displace with frequency v,, by a length
ol with respect to their equilibrium positions: the energy of such a system re-
sults averaging the mechanical work of F, to displace all point masses and
their oscillation energy hv,, . This average E, / n(n+1) concerns clearly the
corpuscle/wave behavior of m,, .

8) The invariance in quantum special relativity.

The starting key equations are now (3.29), which yield

ev 5(ev).

pzc_zv §p=C—21

multiplying side by side these equations

(ev)s(ev)

pop= o
one finds
1 , 18(ev)’
=S == 5.81
5 (pc) 2o (5.81)
and thus
6(5v/c)2 -5 pc)2 =0, (5.82)

being of course by definition

5(evfc) = (em/c) ~(efef . S(pe) =(pe) ~(pe).  (583)
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Clearly (5.82) reads identically (ev/ C)2 —( pc)2 =0, which of course is ful-
filled by p= ev/ ¢’ ; yet, considering the ranges (5.83) of dynamical variables in-
stead of their local values (2.32), (5.82) is also fulfilled by

(,sv/c)2 —( pc)2 = const (5.84)
because &(const)=0. This equation yields thus
(gv/c)2 =( pc)z + const. (5.85)

Owing to (3.29), if in particular const=0 and v=c then (5.85) reduces
trivially to an identity. The fact that (3.29) holds even for v =c, whereas (2.35)
do not, is the key to understand and verify the next step: although both pand ¢
diverge for v=c according to (2.35), their ranges 0P and J¢ defined in
(5.82) do not. Even for v=c they take the form co—oo that in principle could
admit finite limits uniquely defined by (5.84). In effect it has been already re-
marked that have physical meaning the uncertainty ranges and not the local dy-
namical variables, random unknown and unknowable according to (1.2). Then,
even implementing the particular position v=c, (5.85) resulting from (5.82)
yields for const =0 the well known result

& =const+(pc)’, const = (myc® )2 , V=g, (5.86)
being m, a rest mass according to (2.33). This well known result of special
relativity together with (WHF) defines the energy and the Lorentz transforma-
tions already found in (2.35) and (3.28); the fact of having replaced the local
values with the respective uncertainty ranges makes plausible the step from
(5.85) to (5.86). The quantum uncertainty is thus essential to generalize (5.85):
eq (5.86) has been concerned here although already obtained in (2.34) just to
emphasize the link between uncertainty and special relativity and the physical
importance of the uncertainty ranges. This is the reason of having repeated the
result (2.34).

Let us show further that however (5.86) is not itself the most useful result for
the next purposes just because its deterministic local values. Start therefore di-
rectly from (1.2); squaring both sides of d& =V p, being of course v=5x/dt,
one finds owing to (2.35)

(e)° = (v/c)* (5(pe)) =(8(pe)) - B7(5(pc))’, B=1-Vi/c?. (5.87)

Next, calculating 6p as Sp=p,—p, =MyV/B-myVv/B via (2.35), one
finds

BS(pc) = B(myve/B)— B(myve/B) =(my, —my, )ve; (5.88)

as expected from previous considerations, there is no difficulty to calculate this
result of (5.87) for v=c. So

2

(de)" ~(5( pc))2 = —(5(mocz)) , Smy =my, —my, (5.89)
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whence it is possible to infer
2 2 2 1 c?
(62)" —(&(pe)) =(nn) [(&)2 _WJ
» (6x)° —¢? (1)
(5t5x)°

(5.90)
= (nn) :—(5moc2)z.

Clearly the right hand side is a constant, thus invariant by definition; hence
the ratio at the left hand side is an invariant as well. It is known indeed that this
ratio is defined by two invariant quantities. Since the first (5.46) demonstrates
that OXOt is a relativistic invariant, it follows that the numerator is also inva-
riant as well itself. The ranges at the left hand side of the last equality correspond
thus to the om, =my, —m,, at the right hand side. The invariant interval
Sx* —c?5t?, in particular, has been stated in [13] as the conceptual foundation
of the special relativity; just for this reason it is remarkable the fact that in the
present model i(5.46) and (5.90) are actually straightforward corollaries of the
quantum uncertainty. The crucial difference between (5.90) and (5.86) is that
now & and pC appear through their uncertainty ranges and not as determi-
nistic values. This result not only demonstrates the link between special relativity
and quantum physics, but also allows further important steps concerning direct-
ly the general relativity. Although this point has been examined in several pre-
vious papers, see e.g. [4] [11] [12], the next section reports some relevant con-
siderations just on this topic. Consider once more (5.83) for v, =v, =c, as al-
ready done to infer (5.86); the reasoning is still that already highlighted, but now
extended to find a further interesting result. Write explicitly (5.83) with the help
of (5.34) as follows

5(52)252_(”‘002)2- 5(pe) =(pC)2—2F:] €, (5.91)

1

being m, a new arbitrary mass; here we have simply expressed also the right

hand side in the form of a range of square energies. Then (5.82) for v=c reads

& —(m002 )2 =( pc)2 —p—zg. (5.92)

Clearly this equation reduces for m, — oo to the standard form (5.86) of
Einstein’s special relativity. In fact the additional term in (5.92), more general
than (5.86), is a known result of quantum gravity that helps solve three cosmo-
logical paradoxes [22]. More details about (5.92) are reported in [12].

5.6. Red Shift and Time Dilation

Starting from (2.10) and (2.9) consider V=ec/h=-V¢ [13], being —V¢ a
force per unit mass related to V due to the gravitational potential ¢, and write

in the present one-dimensional approach

eC__5_(o

n OX
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whence
cox__op
e c?’
Let us show now that
Gp_cox_do

¢ e o
Being by definition SX =X, — X, regard the second equality considering that
ex,/ic=w /o ie ex®m/c=he,: indeed this result reads ev,/c=hw, because
wX, =V, by dimensional reasons. Owing to (3.29) in turn this means p,Cc =%,
at the coordinate X, where the gravitational potential ¢ reads ¢ =¢,; as con-
sistently to OX corresponds J@ =@, — ¢, , while an analogous reasoning holds

of course for &X,/AC = w,/®, one finds

dw O(-
f:%, bo=w,-w, 5(-0)=—0,—(-@); (5.93)

this result is the red shift of a photon moving radially in the attractive gravita-
tional potential ¢ <0 because @, >®, implies |(p2| > |¢1| , L.e. lower frequency
at the coordinate where the central gravitational potential is weaker. A corollary

of this result is found replacing reasonably @ — t™; (5.93) yields
so_sWY __st_s(-e)__|od

o 1t t c? c?
Le. summarizing

t—tOZM
t ¢’

St=t—t,. (5.94)

It is sensible to regard t; as a proper time, with respect to which is defined ¢
determining Jt; as the right hand side describes gravitational potential rising
from0to ¢ with ¢—0<0 (5.94) reads 1-t,/t =|¢|/C2 ie.

t, = [1—@}. (5.95)

c

Owing to proper time t; <t, this result yields time dilation St due to
gravity field with respect to field null.

5.7. Black Hole Entropy

Define the ratio of Planck length and mass, (, =/AG/c® and m, =./hc/G,
which reads /,/m, = G/C2 ; as (5.25) reads 5€*/2m* =G/C2 , the starting

point of this section is

5262,
m ¢ m,

(5.96)

This section is based on the ideas exposed about (5.47).
(i) Surface entropy.

Assume that the surface entropy is an extensive property that increases pro-
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portionally to the black hole surface. Squaring both sides of (5.96), it is possible
to define a function S as follows
*\2 2 * .
R L MZ :i4"5f = soiz, N =4nsl?, S, =~ (5.97)
Me a5 4n 40 405 4n

Le. such that

A
S == (5.98)
o TS T4

In effect the given ratio of squared masses in (5.97) is equal to the ratio of
square lengths that, owing to (5.47), has physical meaning of surface entropy; so
S, is the sought function that increases linearly with the surface A" defined
by the black body length ¢ via the proportionality constant S, . Since accor-
dingly

«\2 v
S, =4nS" = 4n[m—j SR
m, hc

the factor 47 reminds the Gauss theorem and suggests its link to the flux ®"

of an appropriate function F  through a surface element SA" of A’.So write

S =F.5A, F=F L, F'=-m?G, sA"=nsA, (599
r

where r is unit vector directed inside the flux surface 0A whereas n is a unit

vector oriented outside the surface SA". Hence

o)

and then the last (5.97) yields
m?G _nG/c? (o A
Y s 4zt

SA

j j( *ZGéQ) 4mm™”G  (5.100)

S, = (5.101)

With F related to the classical Newton law, the given definition (5.97) of
S, makes S,

black hole surface expressed in 7%C units; so S:

proportional to the incoming flux @ of gravity force at the
«wr does not depend explicitly
on m~ buton |CI)| it generates. The presence of 7 and cin (5.101) shows the
link between black body matter and usual matter inherent the standard defini-
tion (5.47) of entropy, so merging quantum and relativistic concepts. This defi-
nition of S, is sensible, as it results to be a ratio of square lengths too, whose
physical meaning of entropy agrees with that of S_,

Equation (5.98) is the famous Hawking-Bekenstein surface entropy of a
spherical non-rotating black body.

(ii) Volume entropy

In an analogous way it is possible to calculate the volume entropy. Once
knowing that (m*/ m, )2 is related to (56*/6 b )2, which has physical meaning
of entropy, it is reasonable to guess that now the expected (M* / Lo )3 related to
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(m*/ Me )3 should yield a result m’ / m, times that previously obtained. Write
thus

*\3 *3 * -1
S,*:[m_j - AROLS s Sé:[ﬂj v =2 (sa0)
me ) 4n(20,)°/3 8% 3 3

and then, as before,

A
ol = =7 == (5.103)
S, 8/;
this result corresponds to (5.98). Moreover (5.101) becomes
3 .
« 4dmn(m Im _.
S, =—|—| ==—8S,_., 5.104
vol 3 (mp J 3 mP sur ( )

where now the mas m" appears explicitly; also, owing to (5.101), (5.104)
should reasonably yield the volume entropy of a spherical black body with an
analogous meaning of S; =3S;. Also, since

V' m m*G

8 m, nc

the flux ratio |(I)| / hc multiplied by the huge ratio m” / m, corresponds to the
expected V*/f3P > A*/Zi .

5.8. Perihelion Precession

Consider the square ranges (55)2 and (&( pc))2 of (5.89), now defined expli-
citly as

(e4 2, )2 =(cpy —cp, )2 +(mye? )2 . My =m, —m,; (5.105)

the subscript sr stands for “special relativity, whereas ¢, and Cp, are appro-
priate boundary energies to be defined. This choice is possible because the
boundaries of uncertainty ranges are arbitrary. Once having defined &, con-
sistently with the special relativity energy (5.86), Cp, and &, represent in-
stead the actual momentum and energy in a gravitational system congruently to
the respective quantities of the special relativity. In other words the boundary
energies and momenta of (58)2 and (5( pc))2 of (5.89) are chosen in (5.105)
in order to generalize the corresponding values of special relativity to the case of
a gravitational system just taking advantage of the arbitrariness and agnosticism
inherent the uncertainty. Write therefore

2

gl +el —2e,6, =(cop, ) +(cp§ )2 —2¢%p,, p, +(mocz)

that fulfills by definition
2
g2 =(cpy )’ +(msrcz) : (5.106)
so that

&l —2e,6, =(cp, )2 ~2¢%p, p, +(m,c* )2 —2m,m.c’; (5.107)

DOI: 10.4236/jamp.2021.97114

1775 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2021.97114

S. Tosto

then, putting
&} =2(e,6, —C*py p, —M,m.c"), (5.108)

the right hand side reads

2 _ 2 2\2 | 2
&2 =(cp,) +(m§c ) +&? (5.109)
where
¢’p, p, m.m.c’ v.p, m_m.c
e =2¢,6, |l-——— - =2 |1-E - | =gs,.
Eqbs £, & E46;

Note that now are used notations like p,, and not op,, because are
implemented boundaries of uncertainty ranges that of course are not determi-
nistic values. From a formal point of view the Equation (5.109) is similar to
(2.34), inferred through a quantum approach, apart from the additional term
8; ; this is clearly consistent with the fact that by definition the subscript ¢ re-
fers to dynamical variables of general relativity introduced in (5.105). On the one
hand (5.109) confirms the quantum gravity result (5.92), where in effect the cor-
rective term ep2 / m also appears with respect to the Einstein energy equation
of the standard special relativity; this comparison suggests that even €§ should
be someway reducible to that in (5.92), which in fact has been also inferred rea-
soning on the boundaries of energy uncertainty ranges. On the other hand, 6§
represents the sought generalization of (2.34) or (5.86). Eventually rewrite
(5.109) as

2 2)2 2
g2 —(m.c &
i-(mee’) =1+ (5.110)

(cp, )2 (cp, )2

This equation is interesting; it depends upon how is defined &, at the right

hand side. For example specify in particular &, in principle arbitrary itself, ac-
cording to (2.11); in this way it is possible to finalize (5.110) to the purpose of
generalizing energy and momentum of the special relativity to the correspond-
ing dynamical variables of the general relativity. In this specific case, possible

and reasonable, regard &, and p, defining

2
{g_S’J :(_ Gm,m, jz 2, __Gmm, (.p; = xM

cp, 7CM L,

where M =|M| has physical dimensions of modulus of angular momentum
and y is regarded as a proportionality factor linking /,.p, to M to be
defined. Since the last equation has mere dimensional basis, y can be defined
conveniently as the factor that converts /,p, into an average value M= <|M|>
of the modulus of the orbiting angular momentum M . This result turns next
(5.110) into

2 2 2
&, —-m.? g, +m.c =1+{Gmlm2 ]
cp, cp, ¥CM
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which reads eventually

2 2 2

g-—M.C E.+M.C

sp=Ly 12(Gm1m2 . Sp=——— k=—"———.  (5111)
k kz?l cM cp, cp,

Note that if G=0 then 8¢ =Kk™; ie. actually the value of & is not essential
as concerns Og, it is simply a reference value with respect to which is defined
the change of ¢ with respect to a value ¢, in the absence of field. The essen-
tial quantity is instead the range size J¢, i.e. the shift of &, with respect to the
rest energy mgcz. Hence it is sensible to introduce A¢=Jp—k™ in order to
account for the change ¢—¢, the gravitational effect in parenthesis only. Re-
write then (5.111) as

(5.112)

2"

Gmym, \?

A¢:const(#j , const =
cM x

the second position regards ky° as mere proportionality constant of the
gravitational term in parenthesis, assumed to be the one physically relevant be-
cause in fact it concerns the parameters G and M that govern the orbital beha-
vior of m; and m,.Remind now (2.26) that refers to a circular orbit of m, in
the gravity field of m,; in the case of an elliptic orbit one expects that the early
steady condition consistent with A=A,

ferent wavelength A, . Let be 4, > A, although still being n4,, /dr,, = const

ell ell

=2n while fulfilling the same kind of

equation; with this assumption (2.26) is simply a particular case for or, — dr,,. .

is reasonably to be replaced by a dif-

in order to generalize (2.26) NAy, /5T,
Clearly or,, is now an “effective” radius, taking into account that the perimeter
C of ellipse is actually a function of its semi axes a and b; an approximate for-
mula is for example C ~ n[S(aer)— (3a+b)(a+3b)} , which is reliable for
the present purposes because for a=Db it reduces to C=2ra.If b>a then
Cr n[6a+3(b—a)— (3a+b)(a+3b)] reduces to C ~6an if the difference
3(b—a)-4/(3a+b)(a+3b) of positive numbers mutually self eliding becomes
negligible with respect to 6a so Jr,, =~ 6a. With this numerical approximation,
=n/,

clearly 2mor, «rc 18 to be replaced by 6mdr, =n/,

ell

e with identical physical

meaning; so, merging (5.112) with the quantum condition const =n4,, /ér,, =6n
yields eventually

2
Ag =~ 61:(%) , const =6m. (5.113)
cM

Are worth noticing in this respect two remarks on the “Kepler problem” ex-
posed in the textbooks [13] [21].

(i) The first one introduces the condition 2mj/i in a non-relativistic ap-
proach, where 7and j are integer numbers to get a steady closed trajectory via a
rational fraction of 27; in effect even in a classical model the perihelion preces-
sion is still possible, although insufficient to explain the astronomical observa-
tions. Here this condition is replaced by the quantum condition of an integer

number of wavelengths in an elliptic orbit.

DOI: 10.4236/jamp.2021.97114

1777 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2021.97114

S. Tosto

(ii) The second one lucidly shows step by step how to infer classically this
famous Einstein formula of Mercury perihelion simply comparing two forms of
potential energy of orbiting system; the mathematical formulation introduces
first the mere Newtonian potential U, =/, /r and then also assumes an ex-
tended potential form U, =/, / r?, where f, and f, are appropriate con-
stants. Of course the plain Newton law does not justify U, , so that the ap-
proach shown in the book had mere speculative/didactic character. Nevertheless
the procedure therein reported, very instructive and significant in principle, has
actual interest here because the present theoretical frame does admit in fact
higher order potential terms like U, besides Uy once replacing the determi-
nistic rwith Jr. Indeed (4.23) and (4.3) yield according to (1.2) and (2.12)

force:nha—xz:—nhi L :_n_h5 S
oX ot\ ox ot \ox

= _555(ij :_n_hvg[ij :n_h\;é‘(é‘x):
oX oX oX oX

the notation emphasizes that the time derivative JX is actually regarded as

(5.114)

ratio of ranges & (X’l) and St as previously explained in the sections 2.6 and
2.7. The former is in particular relevant: it reminds the curvature of space time,
as explained in (4.15) and (4.16). Since the last equality of the chain yields in

turn
force:n—mslé(&x):—nhvft 9 x:—nhiXi X:_nh53x OX,
OX Sx° ot Sx® ot OX
Sest (5.115)
ox' =vot' = & ,
nh

is clear the implication here: requiring that §x’'=const’'=JX, with an ap-

propriate choice of 6&t’, the result due to the space time curvature reads

Nhsx, 5x2’ s’ =9 sy (5.116)
SX  Ox ot’

force =

It is evident that the reasoning from (5.114) to (5.116) just shown can be re-
peated, thus obtaining higher power potential terms. So the simple fact of having
justified via (1.2) the potential (5.116) allows obtaining with elementary methods
of classical mechanics the sought result, the perihelion precession tentatively
exemplified classically in the quoted textbook. Here has been proposed an alter-
native derivation just to show that (5.105) is enough to obtain a crucial result of
general relativity. Now, after having introduced the conceptual frame outlined

by (1.1) and (1.2), it is sensible to proceed with calculations implementing (1.5).

6. Cosmological Calculations

@:7.8&0*62 m?.s™ (6.1)
C

In this section are calculated the numerical values of some relevant formulas

inferred in the previous sections; after having outlined the theoretical frame, the
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aim to show how the values (1.5) at today’s time fit the concepts hitherto intro-
duced. The strategy of the calculation scheme is that of implementing the values
(1.5) more than once in various equations, whose global self-consistency sup-
ports the validity of the single results and outlines a unique conceptual frame.
The fact of having inferred relativistic concepts via (1.2), see for example (5.93)
(5.95) and (5.113) and the results in [16], shows that in fact even cosmological
information should be sensibly accessible despite the agnosticism of the quan-
tum uncertainty. The following calculations are carried out assuming the value
of m approximately equal to that of the flat Euclidean space. The paper
sketches also a few results already published in order to be as self-contained as
possible. For sake of clarity the calculations are listed one by one in the various
points below.

1) Examining the numerical values quoted in (1.5), it appears that A ~4H?.
This numerical evidence suggests that actually the true relationship between the

literature estimates of H? and A is reasonably

A= %nHj. (6.2)

This fact is interesting because an energy density 7 is calculable via (2.2) as
(C/Z')2 G according to (1.4); in particular the time™ dependence inherent
A is 4m/3 times that calculated via H? because, despite the same physical
dimensions, the former contains geometrical information with respect to the
latter. Since 7 is anyway energy/ volume, (6.19) calculated as a function of H’
and A read

CHZ A :

G Gan3 (4n3)of )

hence according to the first equality the energy density 6/\/,7 involving H?
implies the total energy e calculated in the total volume V, =(4n/3)5€3,
whereas according to the second equality involving A the volume pertinent ¢
is in fact expressed via V =5/°. In other words H, requires explicitly the
space time curvature implied by spherical geometry of mass containing universe,
A does not. For this reason /A and H, are numerically interchangeable via
a coefficient ~2 apart. Note now that

(6.4)

u?

S =0, =433x10% s, JA=436x10"0s7, Sy

u rU
which shows the link between the cosmological constant and the estimated un-
iverse radius. This link is further confirmed considering that +/c’/A and c/H,

are lengths; then calculate

0, = —6.88x10% m, /, =— =1.36x10® m (6.5)

JA H,

and implement the quantum definition 2ndr =nA of (2.26), whose right hand
side reads n/R in (4.22) after having replaced 1 with the reciprocal curva-
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ture radius R =4 A" via the De Broglie momentum wavelengths. Taking

appropriately or as the universe radius in the estimates (1.5), the numerical

result is
218 = nR*
) )
CZ
2n N nr, Sr=~c*A™* r=R? (6.6)
) )
4.32x10% m = n4.35x10%® m

With n=1 the agreement of r, with the estimates (1.5) is surprisingly de-
cent. On the one hand this result highlights the link of Einstein cosmological
constant A and today’s radius of Universe via the early quantum condition
(2.23) in agreement with (6.4): as expected the estimated value I, is related to
the reciprocal curvature radius R of the Universe, here defined by the range of
wavelengths 54" correspondingto ST .

On the other hand it is possible to match the dimensional definition of space
time by defining the functions (C/ JA )3 H, and (c/H, )3 JA along with
r /tu that share the dimensional property length®xtime™. A reasonable

chance to merge these definitions in a self consistent way is in fact owing to (6.2)

3 3 3
H(Lj :Lzl.mxlo“ mé.s?, JX(HLJ ~1.10x10" m®.s%.  (6.7)

JA

It is worth noticing that

3
hnG c _1)\2
?“A[H—J ~i{m*s?) ©8)

u

u u

Combining together these equations thanks to their numerical values nicely
coincident, one finds via A the link between the fundamental cosmological

parameters

3 .3 3 3 3452
Hu[ij i:\/X(Lj e :C: 1.70x102 m® s, (6.9)

JA) 1 H . H

u u
it appears in particular the link between the estimated volume of of universe,
proportional to I, and its estimated age t,. Owing to the physical dimensions

of A and H, and their time dependence, one expects
r3

e function of (time?). (6.10)

Whatever this time function X =X (5t2) might be, the fact that the depen-
dence of the ratio at the left hand side involves St” means that St can be
identically positive or negative, ie. the time can run in principle away from or
back towards the initial big bang. It is worth noticing a numerical accident, Ze.
both today’s values (6.7) are reciprocal of 7.83x10m*/s calculable directly
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with the fundamental constants of (1.1).

2)In (6.4) A was related to @, pertinent to [,; now, to extend further the
link between theoretical results and (1.5), implement H, too. Are relevant in
this respect the Equations (5.64) to (5.65) that define mass, density and energy
density as a function of the frequency « appearing in (5.62) and (5.63). Indeed
via K; itis possible to identify further mass density and mass directly related to
the gravitational effect of matter in the universe, which clarify the meaning of
such o; it has also to do with the geometrical implication of matter on the
space time curvature, introduced in (6.2) and emphasized in (6.6). So @, is a
property of the space time, as it results in (6.4) regardless of any mass, instead
o is related to the gravitational effect of matter in the universe. To clarify this
point, let us introduce the following definitions

H

r, :52, w=-—Y (6.11)
w 2

The first definition is nothing else but a way to express length = ¢/ frequency
via the proportionality constant 2¢& , the second expresses o as a function of H,
via the coefficient 1/2; in this way #H, /2 takes the meaning of zero point energy
of the universe, which of course is sensible once having introduced (5.60), (5.77)
and (5.79). These positions are useful to obtain via the first and second (5.64)

rH > rH3
v _pg —e2 _ LT
Po=5G " 160G

g =14.4x107% %; (6.12)

as reasonably expected & ~1, whereas instead a proportionality constant very
different from 1 would have suggested that something important was neglected
when formulating the pertinent dimensional definition. However the value of &

is not the only reason to justify the definitions (6.11). Indeed note that

3 3 2
rH, 2c rc

C 53
m =6——= = =2.93x10> kg : 6.13
¢ (:a)G 4c HG 2G g ( )

this result is significant because thanks to (6.11) it acknowledges the familiar
(5.25), Le. the link between M, =m" and the universe radius I, =5/ of that
equation. Eventually it is easy to calculate also

2 3
C
Mo =§( g) =—r“lgé° =1.30x10*9i3,
m
(6.14)
r (H,c)
K, :mwwz _ U( u ) _ [ vac :3.54><1017k—g_
8G 8 S

It has been shown in (5.79) and (5.77) that the Newton gravity energy is ex-
pressible via a harmonic oscillator whose energy is governed by the force con-
stant K, . Here is a confirm of this idea calculating k; via H, while involving
also the estimated size of the universe; indeed, defining by dimensional reasons

ke He
Pa = rf_G _ruG—«/g

This gravitational contribution due to the mass density p,, results thus de-

:8.O3x10’27k—g3, M, = p,r’=6.61x10" kg. (6.15)
m
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cently comparable with the literature critical value p, =8.6x107" kg-m~ [6]
quoted in (1.6) and with the value 9.9x107% kg / m® reported in [5]. It is worth
emphasizing again in this respect that even small deviations of r, and H,
from the estimates (1.5) can alter the conclusions here affordable, e.g. the com-
parison of p, and p, of the Friedman equations; the comparison here pro-
posed aims to check that the present calculations yield, at least in principle,
sensible numbers compatible with other literature outputs. As a further check
about the link between (6.13) and (5.25), with ¢ = r, the value of m’ is
greater than m,, in (1.6), as it must be, and fulfills (5.27). In fact, ot" =t, and
m =m, just calculated fulfill t, < «/EmwG / c®; indeed

4.35x10" <1.1x10% s.

3) Note that #H’ / ¢ and hA/c have both physical dimensions of force; in-
troduce thus an arbitrary length ¢ according which holds the following corre-

lation
2

M
tot | .
u

2
|m€A|:‘Gr;—2 = |MgrA|= (6.16)

the first equation is a mere dimensional definition of force, in the second
equation the dimensional mass and length are identified with the respective ac-
tual properties (1.5) of the universe. Considering the latter for the calculation,
write then owing to (6.2)

M

A:%nHuz =G—2, M, =2.34x10 kg, (6.17)
_ 2
ie. MG =VoHy iniotves through H, the geometrical volume V, of the
universe.

4) Consider first (2.3) in the particular case where Jt, in principle arbitrary
likewise any uncertainty range, is taken equal to the reciprocal Hubble parame-

ter measured today

2~ /2 \VO Y3
{_h G/c j :(@Hulj , St=H (6.18)
n C
Then one finds
cH, )’
M () 65210 Jm®: (6.19)

since no mass appears explicitly in this calculation, the energy density calculated
in this way is reasonably regarded as, and in fact its order of magnitude agrees
with, the acknowledged vacuum energy density in the Universe [23]. So 7,,, is
related to the swelling rate H, of the universe; also, right hand side of (6.18)
yields

2

Y3
[%} =3.2x10" m. (6.20)
C u

The value of this length fits well the order of magnitude of four neutron radii;
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indeed

Z(c_z H, J =rar =810432x107° m, r3" =8.0x10"" m [24], (6.21)
which suggests that 7,,. is due to barionic matter consisting of two virtual
neutrons. This indeed reminds the concepts of virtual particles introduced in
(3.9) and (3.12); this estimate does not require that two corpuscles of neutral
matter are actually present in V, , indeed no mass appears explicitly in (6.19)
despite its dimensional meaning of mass is due to G; rather the reasoning simply
establishes an energy/volume ratio equivalent to that of two virtual barions, Ze.
energy fluctuation driven time transients in V, . The fact that 7, =€, /V, of
(6.19) is defined by an energy ¢, corresponding to two diametric sizes of
neutron, suggests that V, should define one quantum state of vacuum with
energy €, equivalent to that of two virtual barions; in principle two neutrons
with opposite spins could fit one allowed quantum state. As 7,,. corresponds
to two virtual particles supposed non interacting in a volume V, , about
€, ~0.93x2 GeV, the volume size of one quantum state of vacuum should be of
the order of 1.86x10° x1.6x10™ /1. , i.e.

V, ~0.047 m°, (6.22)

It is worth emphasizing that the energy density (6.19) is likely an upper limit:
indeed no more than two neutrons with opposite spins can occupy one quantum
state defined by (6.22), so that a lower energy density is in principle still possible
e.g. with one virtual neutron only and an unoccupied state in V, . This could
happen for example when a black hole traps either mor m, of (3.12) only; in-
deed even m, and m, are Sr apart in (3.9), according to the well known
Hawking mechanism [25]. It appears that in fact (6.19), greater than 7, of
(6.14) although having the same order of magnitude, is upper limit of vacuum
energy density.

In summary, the universe is definable as a space time environment characte-
rized by its own size, energy and energy density, which in turn implies
straightforwardly pressure as shown in the appendix A. These features introduce
in a natural way another thermodynamic property, the temperature; this topic is
concerned in 6).

5) Since th/C2 has physical dimensions of energyxvolume, define via

M. and 7, the energies

[ hG [7G  nH, [RH,
677: hc—zﬂvac:hHu, €, = hc_znw: 2 ? (6.23)

calculated implementing respectively the maximum and actual vacuum energy

densities (6.19) and (6.14). This is interesting because it is possible to calculate

€, =232x10% ], €,=1.04x10""], &&, =¢,—¢, =1.28x10J;  (6.24)

these figures compare well with
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%hHU =1.15x107% ], 5‘97 =1.22x10" s :%, (6.25)

in agreement with the definition (6.11). It appears that the quantum energy ¢,
directly implied by the Hubble constant is just that given by (2.2). This calcula-
tion is interesting as it emphasizes the direct link between Hubble constant and
definition of space time (1.1) through the vacuum energy density, while also con-
firming (2.2) and thus the Newtonian (2.11) via the concept of acceleration (2.8).
6) Implement (3.23) that yields
2 €h .V

¢ ==r =C—2(77Ax3) (6.26)

where ¢ and €' are in general time dependent energies related to the initial
energy density 7. The physical meaning of these energies results particularly

significant rewriting the first (6.26) as follows

G k,T)’
=L 1. 7o oo k7). (6.27)
Jot Ke Ke h

The first equation is tested with the help of the universe timeline temperature

vs time published by the Fermilab and reported in [26]. This point has been al-
ready concerned in [20], where it is shown through the plot of temperature vs
time implementing the timeline data; it appears that actually 7 is a constant, it
is the best fit coefficient of 7'vs &t?. In principle the result ¢’ =const can be
understood thinking a series expansion of ¢ as a function of time with con-
stant zero order term and neglecting the possible time dependent higher order
terms. To infer €' of (6.27) and justify the linear plot calculable via (6.27), note
that merging the Stefan Boltzmann black body constant & and the Boltzmann
constant k; it is possible to define a new constant whose physical dimensions

are

2
—B — energy x time x length? x temperature?,
(o2

whence the chance of defining in turn also
. kj
o = 2

o xlength® x energy

= temperature? x time.

This suggests in turn implementing

2

, const=¢ ke . (6.28)

T2 _ const
o8¢

Here 7 fulfills an equation similar to (6.27) despite the different definition of
const replacing 7 ; the proportionality factor ¢ is justified when converting
any dimensional relationship into an equation containing the corresponding
dynamical variables. Of course if this equation is physically sensible one expects
¢ =1. To calculate (6.28) it is necessary to identify the physical meaning of &
and o¢.

(i) As concerns ¢, merge (6.28) and (6.27) to obtain
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N R
k2 oo 1%

so that
ke ke 607°C°
eeh=¢?—2— B= ; 6.29
¢ SlPc’ o n (6:29)
the second equation is the well known definition of & . Hence
6'6 6042 CZ 604;2 "2 "2 C2
TrT o s 2 VoV g
nh  2n° ol T ov
and eventually
’ 2 '
vy B, il vl (6.30)
vy o h h

(ii) As concerns &/, note that defining &/ = (2 = hG/C3 and replacing in
(6.29), trivial algebraic steps yield

5

¢'e = 60C2AW,, W, :%.

At this point, assuming
Viv=v", =¢ O0=0,=16x10%"m

(6.29) yields

2 4
4;:4%:0.4, 20168 c_19x10°J. (6.31)

2ho’
The numerical value of ¢ is acceptable. It is possible now to calculate (6.27),
which reads

_1.9x10°

o

two significant particular cases of photon energiesat t=t, and t=t, are

T(t,)=8x10" K, T(t,)=273K. (6.33)

T

(6.32)

This result has been already concerned in [20], where the coefficient const has
been described in more detail.

(iii) It is possible to confirm (6.32) considering now that the Stefan Boltzmann
constant o/c that has physical dimensions energy density xtemperature™ ;
since the energy density has physical dimensions mass/ (Iength xtimez) a sim-

ple dimensional analysis brings to

12
T= _massx¢ Stv? (6.34)
o xlength

ie also now appears the dependence of 7 upon &t via the ratio
m/length ; so, equating the dimensional definition (6.34) and (6.27) via an ap-

propriate proportionality constant ¢ , it is possible to write
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and therefore

N L P L e'—131><10_4§2\/EJ (6.35)
hyo/c st . 5t '

This equation contains two unknown &’ and m/§¢ and reads also, ac-

cording to (6.14),
2 H 2
a= @Ol M J1S (6 36)
g 4"\ c

e ﬁ/k_f ¢? 7.8x10°
h\o/c | Jase Ja

The definition of acceleration appearing here is analogous to that of (4.13) a

constant ¢ " apart.

7) The dimensional analysis, proven useful to infer (5.25) by implementing
(3.17), allows once more to obtain valuable information via (3.1). Replacing now
in this equation &8¢ = 2r,, the diametric size of the Universe, one finds the in-
teresting numerical correspondence

2rn WG I

3
=—, M, =117x10%kg, M, =m, |- | =1.11x10* kg, (6.37
Msl CZ st g ob Ob(Ct j g ( )

u

being m,, the estimated value reported in (1.6) of light emitting mass by ob-
servable stars only, whereas the subscript s stands for “space time”; so, owing to
r, >ct, and assuming a uniform dissemination of stars and galaxies in the
whole Universe, the second (6.37) scales up m,, to the total light emitting mass
M, including all stars really existing, all observable if the light speed would be
infinite: in other words it means to extrapolate the features of the observable
universe even to that non observable from our standpoint. Therefore, owing to
the physical meaning of hG/ c®, the left hand side of the first (6.37) concerns
the ability of space time to generate light emitting mass My =M, throughout
its volume per unit time, Ze. it yields the total mass of “ordinary” observable
matter existing in the Universe regardless of the ability of its emitted light to

reach any particular observation point. If so, then

3
2r r
G/éz =m, (j] =M, (6.38)

543
r, = ; M°‘2’G = /20 b . (6.39)
c m,,G

The first equality relates r, to the total amount M of ordinary matter

Le.

known to us. It is attracting at this point the chance of comparing this partial
value of mass to that M, effectively existing in the universe. So, whatever the

numerical values of M, might be, nothing hinders to think
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r=——9 = M, =M, -M

u o9 CZ tot — Vix (640)

being M, an extra amount of mass additional to that observable, to be defined
according to the idea that it collects other possible mass contributions additional
to that of all observable stars. Note that this conclusion is not due to experimen-
tal evidences on motion of celestial bodies, but to the numerical definition of
M > M, . So, regarding M, asa sum of possible extra-masses not yet consi-

dered, let us write in general
My = Mg, + . m,. (6.41)
i

8) At this point, comparing (6.13) and (6.37) one finds
4m, =1.17x10" kg, M, =1.1x10> kg. (6.42)

and then (6.40) reads

My —M, =M, =4m (6.43)

On one hand M, =4m, supports the idea of regarding M,, =M, +4m
with the coefficient 4 of m_ agreeing the idea of sum of masses in (6.41), while
being M = (A/Hf)m
and compare now the vacuum mass calculated through the vacuum energy den-

according to (6.2). On the other hand let us calculate

sity
4 e 4 SHZ A
Mvac :§nru3%=§nru3?“=6ru3:MA. (644)
Clearly both sides are an identity owing to (6.2), Z.e. M. =M, the factor
47t/3 has been included in agreement with (6.3) and (6.17) owing to (6.19): the
has

been identified as a property related to A justifies the necessity of introducing

fact that 77,,, has been calculated as a function of H? whereas here M,
the geometrical coefficient. Clearly M,  concerns the total mass of the un-
iverse related to m, +m, inferred in (3.11); in other words the total virtual
mass originated by the vacuum cannot overcome the actual visible mass existing
in the universe, otherwise energy and energy density of the virtual and real un-
iverse could not be in equilibrium. First of all it appears that total real mass and
vacuum mass fluctuation corresponding to the vacuum energy density are sys-

tems in equilibrium, 7e. according to (6.17),

M, =M, =M,; M, =234x10% kg. (6.45)

tot 7

As M, is gravitational mass, it follows that 7,. =7, , Ze. vacuum and gra-
vitational matter with the same energy density are a system in equilibrium; also,
both densities are representative of the mass and vacuum energy of the whole

universe. As an immediate corollary of this result it is possible to calculate

Moy =0.048, (6.46)

tot

1.e. the whole observable mass in the universe, the one we know, is about 5%

only of the whole actual mass. This acknowledged result is interesting because
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M,, has been calculated in (6.43) via m,, which in turn shows that r, fulfills
the black hole condition (5.25). Moreover it is possible to write 7,,. =7, and
thus 7,,V, /¢* =1V, /c? , while being 7V, /c* =M, by definition the total
in the volume V, of the universe.

9) Concern now the residual mass M, prospected by (6.43) and (6.41). With
reference to (3.11) and (3.12):

-one of these terms, call it M, , should concern the antimatter virtual mass
m

*
A\
*
\

created along with the matter virtual mass m, with the condition
=m,;
-a second term, call it m, , should concern the energy gap dJs, / ¢’ due to
fluctuation frequency t;' of (3.12);
-a third term, call it m_, should be directly related to ¢, accounting for the
fluctuation energy driven formation of the virtual masses themselves.
Without excluding in principle possible additional terms, let us examine these

terms only; write then

Mtot :(Mob +Mob)+mm + M,

First of all, let be reasonably M, =M., , ie. the amount of visible matter is
equal to the amount of visible antimatter; without concerning now for the
present purposes where the antimatter should actually be, a glance to (3.12)

suggests that this last equation reads

Mlot = 2Mob +mm +m¢>‘e

and yields

2M0b+ mm + mb's zl,
M M M

tot tot tot

The notation emphasizes that are considered in this estimate two terms m,,
and my of the sum (6.41) only. Owing to (6.46) this result reads

MMy Mo o0, (6.47)
MM

tot tot

Next it is reasonable to assume

My o M .

M M

tot tot

indeed my =2m_ because the mass equivalent of the fluctuation energy ¢, in
(3.11) is twice that of m,c?=m,c’. This last position inserted in (6.47) is

enough to conclude

m
rnm ~ 03’ [
M M

tot

Mob

~ 0.6,
M

~0.1. (6.48)

tot tot

These terms estimate quite well the known ratios between the amounts of
dark matter and dark energy with respect to the amount of familiar visible mat-
ter in the universe.

10) This last point concerns the black holes. Consider &¢ and m of (5.25)
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omitting the asterisks for brevity; then define the following feature of the black
hole

m ct

. (4r/3)50° ) (32n/3)m’G® (6.49)

To examine the physical implications of p multiply both sides of p™ by
an arbitrary mass m’, reciprocal volume &r~ and cvia a proportionality fac-
tor ¢ ;noting that m’c/ ( po r3) has physical dimensions Jength/ time, one finds
according to (4.2)

! 32!

m'c  32rng G'm'm 5r":£5r’. (6.50)

or' = = ,
§5r3p 3 or¥ ot

The ratio at the left hand side has been indicated as S’ to emphasize that it
is in general different from &r and its sign depends on ¢ . The physical rea-
son of these steps appear recalling (3.9); rewriting the right hand side as follows
., 32n¢ Gm' Gm* G
of' = —_— —

3 or ort ¢

(6.51)

it is possible to implement (3.9) and the position m*=mm, as already ex-

plained in (2.11). Hence

Gm’'Gmym G 12

o' =dn——3——, {=—-—; 6.52

or ort ¢ ¢ 32 (6:52)

even in this case the proportionality constant is of the order of unity. At this
point it is also legitimate to regard the arbitrary m’ as m'=m,+m so that

G Gm' 1

st=dantpS O™ 1 m im, Fo MM
n ¢ c¢cor n or

FoNgp N O[O a ) _n® oforh
dn 02 Anst\ h (%) Anst\n'n il

G O R G
4n 5t\ Sp! 4n "\ op )’

being p, the Planck momentum. Note eventually that it is possible to put

(6.53)

and then

op, =n'py, in which case the last equality of the chain reads 4nF =-6p;, so
that the last (6.53) yields

AnF = —4nGpmsT = —5p! = —%5p;, p= (';03

i. e. Fis proportional to Jp, as it must be. Then, owing to (4.2) and regard-

ing m as a constant,

(o
—47:Gp:——1 ié‘p;:_ 1 odest 1 (2‘9)
mor ot mér 6t or m or
__ooe/m)__o(em) & e

- orr orr  ort T m’

This result is nothing else but the gravitational Poisson’s equation whereas
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contextually ¢ vyields energy per unit mass Ze the gravitational potential,
which shows that the definition (6.52) of ¢ is sensible. As stated in (5.70) and
(5.71) the factor 4r fits well the numerical coefficient 64/5, the deviation being
a few % only; so with the definitions of § and m' (6.51) reads
G(m+m,)Gmm G

or sre ¢’

or=n'or' =—-4n (6.54)
which is is nothing else by the Einstein collapse rate of two orbiting masses: S5r
has the correct relativistic form expected for the orbit radius contraction of a
gravitational system due to its energy dissipation rate via gravitational waves, but
now it is quantized in agreement with (5.74). Hence (6.49) is sensible starting
point to calculate the dynamics of a gravitational system compliant at least in
principle with the general relativity. Of course here the reasoning has been sim-
plified and shortened for sake of brevity only; the aim of this last point is to jus-
tify the validity of (6.49) and its ability of defining the black hole energy density

8
2 C
= =—————— (6'55)
TP T (320/3)mPG"
To examine (6.49) and (6.55), rewrite first as usual m as w times the solar

mass Mg thatis

M, =1.989x10% kg;

S0 one obtains

19 36
. . M
pW:%kg/W, nwzﬂ.]/m3, O<w<—2  (6.56)
W W Mg
Also, noting that density xG =time™, it is possible to relate a time range dt,,
to the first (6.56) given by

M.G./327/3
St :S—R/W:2.8w><10’5 . (6.57)

w 3

c

These values have been expressed via the arbitrary factor w as a function of
the Sun mass, which as such has no particular physical meaning; this position
simply helps to express the results of the following calculations in term of solar
masses, as it is usual in astrophysics. A first interesting corollary implied by
(6.55) is that if it is correct, as in effect it seems sensible owing to its reasonable
implication (6.54), then it happens that 7 diverges for m — 0: this means that
there must be a lower limit of m2 to allow in practice the rising of the expected
black hole behavior. In other words, the smaller m, the smaller the probability of
forming a black hole for example by end life collapse of a low w star; the proba-
bility of forming small black holes should likely decrease with ~ w™.

Note that (6.56) and (6.57) have been inferred implementing exclusively
(5.25), ie. in (6.49) m/ S0® has been calculated with a unique m fulfilling also
50 of (5.25). So (6.56) and (6.57) refer to the black holes according to (6.49)
and evidence the chance of a huge range of mass and energy densities in prin-
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ciple possible, regardless of the specific explanation about their actual formation
mechanism/process.

The black hole density introduced in (6.49) can be rewritten according to the
following equivalent forms

om c _c B 1 (6.58)
P (an3)sr ~ (32n/3)mG®  (8/3)G(7  (8n/3)Got2

As expected, in the first equality the density is proportional to this mass con-
tained in a space time volume &¢°. Yet (5.25) allows introducing the second
expression where p is proportional to m™ and even other forms where the
mass does not appear at all explicitly; in the last equality does not appear even
the size of the black hole, rather p depends on St° via G, thanks to the phys-
ical dimensions of this latter. These terms are not trivial duplicates of the first
standard definition: the third equality depends on &/, and thus is particularly
interesting to describe the black hole evaporation rate, which is clearly a surface
phenomenon, whereas the last equality introduces explicitly the time. The phys-
ical interest of (6.58) is confirmed calculating p with oJt=t, of (1.5); the re-
sult is

3

e 9.45x10% kg/m? (6.59)

u
in agreement with (6.15) and [5]. Also note in particular
2 2
A T Y N . ST
hG (8n/3)6¢° 2 hG 4nsl®  hG/c

this result is significant as it introduces the space time definition (1.1) and the
black hole surface A. It is evident that all ways to define p can be legitimately
implemented; since these ways are of course self consistent, the choice of the
most appropriate form depends on its ability to describe the evaporation time
ot

hole to evaporate is now assumed to be a property of the space time defined in

.~ as a function of the initial black hole volume V,, . The ability of a black

(1.1); write then the last equation according to (1.3) as

At 32 3 n/A 3 n/A?
A_2_ 92 @ L, 2 WA 5o 2R sp (6.61)

PRV el P ancl T 2ng/e
where the first equality has been written by dimensional reasons. Once again
therefore it is possible to specify this equation to the case of interest via a pro-

portionality constant {'; writing {t/V =6t,,/V,, yields

st 23 Vo ’ :4n8m§hG3:ﬂ8M§G3WB
2 nG/c2 " 3 ¢° 3 ¢

whence the result
\Y 27M 3G?
W, v, = 32tM G

s = 6.62
hG/c? ct (6.62)

§tev =¢

whose value calculated with (6.1) is
St, =4.2¢ x10”wW’ s,
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The problem is now to determine ¢, which is not mere numerical propor-
tionality factor; rather it is a multiplicative factor of Vintroduced in (6.61). In-
deed during evaporation V cannot simply be the initial volume V,, of the eva-
porating black hole, whereas after evaporation the region of space time pre-
viously occupied by the black hole turns into vacuum; this implies a change of
local space time curvature, initially equal to that of the black hole surface.
Eventually also consider that any evaporation process is a surface driven event;
thus one expects that the black hole surface swells progressively and diffuses into
vacuum with respect to the initial volume of black hole matter, whatever it con-
sists of. So one expects reasonably ¢ >1, which explains while the time calcu-
lated here is smaller than that inferred by Hawking, about 6x10™s.

Admitting an effective volume V,, of evaporating black hole, which reason-
ably implies a reduced average density due to a decreased local density at and
below the surface, it is possible to rewrite (6.62) as

V! 4n s 4n(25'mGY
St,=— W V. ="o(gs50) == . =",
ev hG/CZ bh 3 (é/ ) 3 ( CZ J C; é/

being ¢’ the swelling parameter such that by definition &¢'=¢'6¢. To ac-
count for the loss of curvature after evaporation it is reasonable to implement
(6.2) that relates H, to Aj;so, putting ¢’ = A/ H?, the last equation reads

v, _4n[2mG A}
"3 ¢ H2

u

so that the order of magnitude of this value &t,, =2.7x10™W’ s fits that calcu-
lated by Hawking.

7. Discussion

The present theoretical model has shown the chance to infer quantum and rela-
tivistic outcomes starting neither from the deterministic metrics of special and
general relativity nor from the operator formalism of the wave quantum theory,
which is actually a byproduct of (1.2) as shown in the section 2.8.

This preliminary idea was suggested by the textbook [13] where, starting from
the metrics to infer the Lorentz transformations, are determined in particular
the transformation properties of three components of angular momentum. On
the one hand this result is unavoidable, because the reasoning underlying the al-
gebraic steps is correctly exposed in the quoted book; unfortunately however the
quantum theory admits one component of angular momentum only, through
which is calculable even M? itself as shown in the section 5.3. Clearly the wrong
point is not the theoretical reasoning implied while implementing the determi-
nistic metrics, but just the fact of starting from such a metrics in a self contained
way regardless of its quantum compliance. On the other hand an analogous dif-
ficulty also rises when relativistic features are sought starting from the funda-

mental postulates of the wave quantum mechanics: it is difficult to acknowledge
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what have to do the Lorentz transformations with the indistinguishability of
identical particles and their reference to Bose or Fermi statistics.

In other words, merging quantum theory and relativity into a unique concep-
tual frame is problematic because the two-way correspondence “deterministic
metrics < wave quantum theory” doesn’t work.

This conceptual gap is in turn due to the initial purposes of either theory: the
wave quantum theory was in fact born to explain why the electron does not fall
into the nucleus, the relativity to formulate a covariant approach to the nature
laws. The right direction to follow is thus to merge not the whole theories them-
selves, but rather their fundamental roots from which everything follows. It is
intuitive that the physical frame able to account for the conceptual pillars of both
theories consequently will also be able to account for their specific topics; in
effect it has been easy to show throughout the exposition of the present model
that relativistic and quantum outcomes are contextually inferred in a
straightforward and simple way. Thus the strategy of the present model follows
the idea of waiving the standard premises of both theories, not because they are
wrong per se but because they are incompatible, at least in the usual form cur-
rently implemented: instead of thinking an advanced relativistic formulation of
problems into which to include successively also the quantum requirements, or
vice versa, seems more practicable the idea of identifying a common conceptual
root to start with, in order to infer as a natural corollary the fundamental axioms
of both theories. In principle it seems hard the idea of abandoning the determinis-
tic metric able to formulate covariant laws of physics, although it conflicts with the
Heisenberg principle and the non locality/non reality; likewise it seems equally
hard to give up the corpuscle wave dualism capable of explaining the tunnel effect,
although it has seemingly nothing to do with the perihelion precession.

In addition this preliminary intent is still not enough to outline adequately the
physical problem, there is a further conceptual difficulty.

Usually, the idea of quantum relativity reminds concepts like quantization or
gravitational interaction between particles moving at speed near ¢ or even su-
perposition of gravitational states. In this respect nothing hinders in principle to
conceive the actual corpuscles as waves: then, since F = p, it is anyway possible
to introduce p=h/4 and next to define F =-hji/4?. Eventually, introduc-
ing the uncertainty (2.41), it is possible to proceed towards a gravity field valid in
all reference systems.

This outline of alternative approach shortly sketched as a corollary of De
Broglie momentum would certainly allow an innovative relativity without in-
surmountable efforts. But unfortunately this is not the true crucial point: the
classical mechanics or standard relativity could not fit the conceptual character
of the quantum world without accounting for two points that no mathematical
code could ever introduce: the non locality and non reality, without which phe-
nomena like the entanglement could never be explained or even conceived.

Without these distinctive quantum features, would be out of our mind the Bell
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inequality, which instead is a fingerprint of the gap between relativistic and
quantum theories as shortly sketched in Appendix C.

Actually the most important problem is to obtain a non-local and non-real
general relativity.

These features seem oxymora when concerning real corpuscles that someway
must be referred sooner or later to the Newton law, may be as a particular case
or limit condition. In other words the crucial point is either to make relativity
non local and non real or to demonstrate that quantum physics is local and real.
Yet the experimental data show that the second alternative is unphysical; so the
only attempt to formulate a successful connection between the theories is the
first chance, which however requires a new conceptual reformulation well
beyond the mere mathematical strategies.

In this respect the results of the present model indicate that (1.2) are a simple
and reliable candidate to account for both theories. The standard quantum me-
chanics implements the operator formalism that by definition is related to the
wave behavior of particles; yet to match relativity it is more sensible to imple-
ment the corpuscular behavior of particles according to the uncertainty, which
inherently imply both delocalized mass and wave behavior. This intuitive state-
ment summarizes the basic idea on which has been conceived the strategy of this
paper. Clearly the mathematical formulation of the theoretical model must be
consistent with these premises.

The universe implies the uncertainty. Indeed the mere definition (1.1) of
space time takes implementable physical meaning when written first as in (1.3),
which in turn provides physical information when rewritten further as in (2.1)
and then as in (2.2) and next as in (2.29).

Often the algebraic steps have been inspired by and based on initial dimen-
sional relationships, rather than on mathematical equations: the former are
actually conceptual similarities, the latter prospect specific local values. This is
for example the case of Equations (2.9) or (3.1) or (2.29); yet (1.3) and (3.20) are
examples of how the dimensional premises turn into a physical formulation to
be compared with the experience. But just this comparison rises a further crucial
point: the concept of measurement.

As in fact the strategy of the present paper has followed these ideas, anyway
the resulting (2.40) of the section 2.6 can be nothing else but agnostic relation-
ships between ranges of dynamical variables preliminarily introduced in (1.2);
strictly speaking their agnostic essence is a corollary of the initial abstract con-
siderations, in turn based on the physical dimensions of the fundamental con-
stants of nature. The physical kernel of these constants contains however all in-
gredients necessary to “materialize” their dimensional implications: as a matter
of fact the uncertainty ranges of dynamical variables inferred in this way, see e.g.
(2.29) and (2.35) or (5.45) and (5.46), fulfill not only the same relativistic trans-
formation properties of the local dynamical variables but also the Heisenberg

requirement. It is then evident the more general character of the present ap-
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proach and thus its comprehensiveness even of the relativity: (1.2) ensure an ap-
proach more general than that of the standard wave mechanics, because they in-
clude this latter: the results evidence that one thing is the wave mechanics, other
thing is the quantum theory based on (1.2) that appears compliant even with the
relativity.

In particular, the remarkable Einstein intuitions of regarding the force as
space time curvature and the equivalence principle that unifies the concepts of
force and accelerated reference system, are here corollaries of the heuristic con-
cept (1.1) of space time that bypasses the deterministic tensor formalism to de-
scribe a curved space geometry. Actually even the curvature (4.22) and (4.25) is
the particular case of a more general concept of space time deformation (4.23),
in turn due to the agnostic idea of replacing local coordinates, regarded as ran-
dom, unknown and unknowable and thus unphysical, with uncertainty ranges.
Is crucial the fact that these uncertainty ranges surrogate not only the relativistic
equations defined by local coordinates of the standard relativity but also the de-
terministic metrics itself, thus demonstrating their fundamental physical meaning.

It has been emphasized that (1.2) remind standard concepts of statistical
measure errors: just as no one trusts the reliability of a single measure in its ex-
perimental error bar, likewise (1.2) waive the signification of a local dynamical
variable in its uncertainty range. Regarded in this way, the uncertainty has
nothing weird or puzzling: yet its conceptual requirement makes the local dy-
namical variables elusive and in fact non existing, just as do not exist in principle
measurements absolutely exempt of any errors. Yet this simple idea becomes in
the quantum world a conceptual limitation of the human knowledge, thus de-
monstrating that the reality we see is elusive like that resulting by unavoidable
measurement errors affecting the “true” ideal value. Nonetheless it would be
wrong to regard the uncertainty with mere negative and reductive meaning:
considering uncertainty ranges instead of deterministic local values is crucial to
infer the equivalence principle of the general relativity, section 5.2, and even the
Newton law, section 2.2.

First of all, it is worth noticing that even combinations of uncertainty ranges
additional to (1.2) have physical meaning and allow defining characteristic fea-
tures of quantum matter even without necessarily pairing conjugate dynamical
variables. A short example is sketched just below with reference to Equations
(2.43) to (2.46):

2
nh) Ze* v Ze’m
(Y1) =(—=e":——m—=— ,
Pr Stor Pr rroot t’
e=¢'-0, p/=p -0, t'=t'-0,
whence
i)t
or = —(——. (7.1)
Ze’m ot
Let be by definition
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-0 n' e

t'-0>6t=t'-t", ——=——
t'—t" n" o€

, ér=6r(n,n',n"), (7.2)

consistently with the arbitrariness of ranges in (1.2). On the one hand with the
equality sign, possible in (7.2) in the particular case t"=0, (7.2) reduces to
Bohr’s radius; it answers the early question about why the electron does not fall
into the nucleus. On the other hand, excluding §r =0 incompatible with (1.2),
it also appears that electron transitions between states with different energy are
also allowed as a function of time, along with the necessity of quantum numbers
additional to 11to account for the related variety of spectral lines.

Thus appears appropriate to start with is the definition (1.1) of space time,
which in addition to the concept of uncertainty brings to invariants of special
relativity in (2.47) and appendix B, contextually to the dual wave corpuscle be-
havior of matter, section 2.4, the quantization and the indistinguishably of iden-
tical particles, section 2.6, along with the rationale of the non local and non real
properties of the quantum world, section 2.7.

The arbitrariness of uncertainty ranges hitherto invoked is thus not purpose-
ful; it is a fundamental concept that pervades systematically any algebraic step of
the present model, including even the relativistic formulas. Accordingly both
theories become non real and non local because of the conceptual lack of deter-
ministic dynamical variables. On the one hand this lack prevents knowing the
intrinsic physical properties of a quantum corpuscle, being instead accessible its
status perturbed by the measure process; indeed this perturbation driven range
of values is just that appearing in (1.2). On the other hand this lack also prevents
defining deterministic space distances and time lapses and regarding separately
luminal or superluminal states: the corpuscle is not “here” or “there” but simply
Isin its space time uncertainty range. These concepts, previously considered dis-
tinctive of the quantum world only, become shared in the present model even
with the relativistic world.

Coherently the Schrodinger cat simultaneously dead and alive teaches that the
quantum world admits the superposition of states each one of which corres-
ponds to a real chance for the usual classical world. This way of thinking, widely
accepted as unavoidable weirdness, appears instead legitimated now even for a
gravitational system; the failure of the concept of trajectory in the quantum
world results here through an orbit circular but simultaneously elliptic whose
geometrical parameters, like major and minor semi-axes, are someway hidden in
the unknowable parameter p,, of (2.28). Put in this way, the superposition of
states appears coherent the idea that a planet orbit is neither circular not elliptic;
it is a superposition of chances “per se” legitimate and thus not singularly refut-
able without a valid reason, which actually does not exist.

On the one hand the outline just proposed supports the idea that the space
time of (1.1) is a physical entity characterized by its own properties like energy
density, pressure, energy and force. In other words, the volume &x° expressing

the dimensional definition length® of (1.3) is a physical entity that can be fur-
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ther implemented according to its own properties in the various sections.

On the other hand the uncertainty is regarded without having in mind only its
original quantum implications, for this reason has been emphasized its imme-
diate derivation from the operative definition of space time proposed in (1.1) as
early exposed in [4]. In other words have physical meaning the uncertainty
ranges, and not the random local dynamical variables.

To link quantum and relativistic physics implies a conceptual cost; for example
the Lorentz transformation of x and x” does not read (X—Vt) / g (X'+Vt’) / B
because the local time and space coordinates are unknown, it is only possible to
consider 6x — ox’ but only the origins of the inertial reference systems. As a
first remark about the quantum theory in this respect, note that the previous
considerations are enough to bypass a wave based quantum approach only, as it
is currently done, to start instead from the (1.2) totally agnostic but just for this
reason more general; nevertheless the wave formalism and all its well known
implications are in effect a straightforward corollary of the quantum uncertainty.
As a further remark, is worth emphasizing that in this model are missing equa-
tions of motion to be solved; yet it is natural because (1.2) skip even the proba-
bility of local position. So also concepts like “comoving coordinates” are useless
because is missing the concept itself of local coordinate, systematically replaced
throughout this model by the physical concept of coordinate ranges; nothing is
assumed known about these latter, while the same holds for any other dynamical
variable. Nevertheless, just this agnostic approach allowed to obtain in a
straightforward way relevant outcomes of general relativity and numerical re-
sults of the section 6 skipping crucial concepts like distances between objects,
classically defined. Although the present model waives concepts definable in the
frame of a deterministic metric, the conceptual limit put by the uncertainty se-
lects the allowed knowledge actually accessible to the observer; e.g. by this
reason one component of angular momentum is physically definable. Without
being aware of this conceptual limit, relativistic and quantum theories would
remain incompatible with each other.

Also note that aim and formulation of the present model are in principle dif-
ferent from that of Dirac in describing the relativistic hydrogenlike atoms: in His
model, Dirac implements known relativistic concepts to infer a wave equation
consistent with the ideas already formulated by Einstein. Here instead the fun-
damental principles of both theories are consistently cogenerated “ab initio” in a
self contained way. The only common premise is that both (1.1) and in turn
(1.2) merge together space and time, which therefore are meaningless separately:
the former implicitly by dimensional reasons, the latter explicitly. Thus it is evi-
dent that (1.2) cannot imply any metrics, i.e the chance of defining lengths, an-
gles and so on, just because size and orientation in the space time of all uncer-
tainty ranges are completely unknown by definition; nevertheless the conceptual
physical formulation of vectors follows by extrapolating physical concepts, Ze.

simply guessing the meaning of dynamical variables corresponding to the range
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sizes. An example is (4.12) inferred from (4.11), whereas a Dirac-like equation
including also the Lamb term has been inferred in [9].

In this context, special attention deserves the quantization, which is not mere
mathematical feature of the quantum reality but has a general valence in that
involves even the relativity for the reasons already emphasized in the sections 2.6
and 2.7 and further sketched here thinking in particular to (2.41). It has been
shown that n arbitrary integer makes indistinguishable oxop from &x'5p’
and thus &St from Sg'St' in the respective R and R? accordingly is also lost,
by quantum reasons, the concept of simultaneity initially proposed by Einstein
through the invariance of ¢. Not only is missing “a priori” the existence of privi-
leged reference systems, but also becomes inessential the requirement of the dif-
ferent form of equations in R and R’ Since this holds for any uncertainty range
by definition, in fact (2.41) bypasses the necessity of specifying inertial or
non-inertial reference systems of the dynamical variables; accordingly it is possi-
ble to regard the ranges of (1.2) independently of how is defined their own R.

The last remark to be emphasized at this point is the kind of mathematical
approach compliant with the premises of the present model, i.e. the dimensional
analysis. To exemplify shortly how an elementary dimensional equation carries
effectively physical information, consider # = massxvelocity xlength and turn
in into 7 ={d/mv ; as previously explained, the dimensionless proportionality
constant { aims to convert abstract dimensional concepts into operative dy-
namical variables of physical interest. At the right hand side appear four quanti-
ties that do not need being constant themselves, must be constant their product.

Putting

where f, isa constant, one finds

mv , , mv
th’o&ﬂ?:(%p, 5= B,5, P="5

Hence it is also possible to write

h=p, ("g) e _ gt st - % £ = mﬁcz ,
which yield
h=eot, ot'= ﬂ
0
and then also
SU'st' =516t

Specify now

&:—Vl—vg/cz ¢=¢(v):
B J1-v?c?

this last position defines the momentum p, the energy e, the Lorentz transfor-
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mations of §¢ and &t and the space time invariant of the special relativity;
8¢ and &t are proper length and time. The second statement has introduced
a condition on ¢ additional to {'mvd( =const, which in fact reads

f (vV)m&¢ =const ; ie. three arbitrary and independent variables concur to de-
fine const to obtain the given results. This actually leaves undetermined the nu-
merical specification of 7, whose unique value holds for any ¢ and m what-
ever f(Vv) might be. It is interesting a remark: the consequence of having in-
troduced f;, and f is that the mere definition of 7% introduces physical de-
finitions of new values of dynamical variables tanks to the Lorentz factor, which
not only codes their transformation between inertial reference systems but also
concurs to a dynamic physical reality coming up to the static initial one. It
should be clear now why the dimensional equations previously introduced effec-
tively enable a theoretical model based on arbitrary quantities that, as such, can
be nothing else but non-real and non local by definition. At this point is attract-
ing the idea of verifying the effectiveness of such a dimensional analysis for (1.1)
too, the starting point of this paper. Consider thus the following chain of equali-
ties with the help of (1.2)

503 Ny, NyoVs
@=Ez 02=£2 ° ggz hz : Vozroéxoévg'
c® ¢ myty ¢ mydp;, Mt P, (7.3)
_ 05, ;= ho
0 5p0 v to mocz ’
then write
2
;Z;_? = 7,6%,0V, = 5)([;5% » 0l =8(VoTp), Oy =70V,
0
which yields
., hG/c?

ZhG C2 4
¢t - 805 =t L L el / =c’r} 1——hG/C .

- 0 0
5%, /7, SXyT, SXy7,
Hence

V2 2
C’ry —Olp =c*ry | 1-=2 |, v, :@,
c 0%, T,

which reads thus

2
’ ’ V
A2 =c?r2 =502 = AI?,  AI? =22 {1—(:—2].

It means: C°z, less something yields Lorentz contraction of ¢’z itself in a

different inertial reference system moving at relative constant rate V.

8. Conclusions

The basic assumption of the present physical model, surprisingly simple and in-
tuitive despite the complexity of the concerned task, implies a huge amount of
further considerations; a more systematic examination has been carried out in

[16]. This paper does not aim to introduce new equations to be solved to infer
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information: yet, owing to (1.2), quantum systems for which a simple analytical
solution exists are described in complete agreement with the wave formalism
without solving any equation. The same holds for relativistic quantities, e.g.
(2.35), (5.113) and (5.79).

The implications of the approach hitherto introduced consist of at least four
open points. (i) According to (3.10) the gravitational interaction between matter
and antimatter is repulsive, being found with a positive sign. On the one hand it
has been found in other papers [9] that both signs are compatible with the New-
ton law inferred in the present conceptual frame, as it results also in (2.11) and
(4.9); this follows from &p :—nh(é'x)f2 OX, examined in section 5.2, whose
sign depends uniquely on the size change rate 5% of &x that in principle can
swell or shrink. If this reasoning would find experimental confirm, then would
be validated the idea prospected in [4] ie. the antimatter originated contextually
to the ordinary matter as in (3.11) could be repelled at the boundary of the un-
iverse, which should consist of an outer shell of antimatter.

(ii) Various definitions of acceleration have been found in this paper, e.g.
ec/h in (2.9) and wv in (5.77), to which in principle correspond respective
forces. It is sensible to ask at this point whether these definitions are redundant
repetitions of a unique force, while being however formally different only, or in
fact these definitions concern forces of different physical nature. Seemingly (2.9)
and (5.77) can be regarded as analogous results, because they merge into € =%
a factor v/c apart. However this is not generally true, because ¢ is not neces-
sarily replaceable with /i@ only. For example a tidal force does not involve the
Planck constant. In effect (5X/(5'(2 of (4.13), Vz/éﬁ of (4.14) and C2/5€ of
(5.32) appear profoundly different; the arbitrary ranges defining these expres-
sions share only the physical dimensions length/time® . So it is sensible to ex-
amine the problem of establishing if and when the various forces in principle
implied are effectively reducible to a unique concept or instead to the funda-
mental forces of nature, e.g. typical of subnuclear interactions.

(iii) The fundamental structure of Nature of physical interest is actually en-
closed in the three constants of (1.1); the existence of a fourth essential concept,
the charge, is revealed by (5.36) and also appears in connection to G, as shown

by the numerical evidence involving the fine structure constant

e=xGa, e€=4.80320x10"° u.es.
G =6.67408x10° cm®.g*-s?, « =0.007297,

32 om 32 .5

which holds with a value of the dimensional constant x =0.98628 g
implementing of course c.g.s.e system where the charge is directly defined
through the usual dynamical variables. The deviation of e from «G is 1.37%
only; x~1 and « suggest non accidental link between e and G that deserves
being investigated.

(iv) Assume the presence of a massive object of mass M, e.g. supermassive
black holes or galaxies, in an arbitrary region of space time and consider (5.95)

in a surrounding region of space time arbitrarily apart with respect to the local
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position of the object; it is nevertheless reasonable the fact that according to
(5.30) and (5.94) in proximity of the massive object the local time run &t due
to the gravitational field is slowed down with respect the proper time range ot
in an empty space time. The time delay 07 = Jt, —Jt between two points 5L
apart of these space time regions implies the rising of an energy gap
8E =nh/ST between the respective regions; this gap in turn implies by conse-
quence the existence of a momentum §P =ni/SL in the intermediate region
SL of space time. Also now S§€ and SP are defined by an appropriate in-
terval of allowed values n, <n<n, of n, of course arbitrary. This implies that
someway massive objects and surrounding space time interact. The question
arises: are & and &P anyhow related to dark energy and dark matter, as
prospected in Equations (6.24) to (6.27) of [9]?
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Appendix A

In principle the quantum energy density 7 =¢/V in a given three dimensional
space time volume V can be expressed as 6/5X3 or 6/5X25X0 or 6/5X5X§ :
any value allowed to the first definition of 7 is identically allowed to the
second and third definitions as well for X, =JX. Yet it does not hold when
considering the change o7 if §x, =const whereas &x is allowed to change;
clearly the three definitions imply different &7 . Define

€ €

= =——, k=123
" XK oxdH 7= 5%

so that, implementing the dimensional analysis likewise as in (2.9),

€ AX /6% F
Sy = K ————Ax, =—kn, —* =k =—k—=P
e T e e T T ey T T N s,
and for k =3 in particular
s =X _ 3% __3F _p.
OX V/Ax S

by definition Fis force while AX, and Ax are arbitrary displacements of the
boundaries defining the initial volume defining 7, so that P, and P are pres-
sures because Sand S, are surfaces. In other words the energy density inside V'
is assumed to change at constant e merely because of the change of space time
volume. Hence, taking the ratios side by side to eliminate F =¢/5X, the first
and last terms of the two chains yield

on R _ K A%

=—=—"%r, r = .
on P 373 % " Ax

Split now this result in order that

k n
p-Xp p=1 2.13
k=3 T K (2.13)
Introduce at this point the concept of uncertainty, which implies lack of any
information about the actual sizes not only of §x and Jx, but also of Ax
and Ax, . This implies in turn that P corresponding to &x must fulfill the
same rule of the three P, allowed. This is in fact possible defining

CAX Kk’

Ax, 3
=

owing to the boundary condition Ax=Ax, for k =3.So Pis one of the values
resulting by merging (2.13)

F’=§77, k=123 (A.1)
as it is known. Indeed this result is just that of the first (2.13), which merely spe-

cifies B, as a function of the respective 7,, whereas in the second (2.13) P

coincides with the first one thanks to the definition of k, .
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Appendix B
The starting point is the space time swelling Equation (3.22)
c? = A_X3 2
ox°
rewritten as
AX
Cz:(q1+q2)v2, ﬁqu‘qu, (B.1)

where ¢, and (, are appropriate factors expressing the swelling ratio. Hence,
multiplying by &t? both sides of the first equation, C°t :(q1+q2)v26t2
yields

c*ot? =(q,+0,)50%, 807 =vi5t?, (B.2)
from which one obtains

2 2
c’st? [l—%] =q,00°

Le.
2 2
c2st? (1—‘C’—ZJ =607, VA= ql%. (B.3)

From this result one finds

S = q,50%, pi=1-1, r="

CZ

that in turn yields two chances via the positions

°2q5t2 =502, qzcé}z =5t (B.4)

2

where

pioti =807, ot? =%t§; (B.5)
these equations imply also

SU25t° = 5056t (B.6)

Let the subscript p mean proper, so that §¢°5t° refers to proper length and
time; Ze. szété is defined in an inertial reference system R where the par-
ticle is at rest, moving at constant rate v with respect to R defining the left hand
side. Let us show that the space time invariant (B.6), inferred contextually to the

time dilation and space contraction via the Lorentz factor S, implies the inter-

val rule
c’St? — 512 =c?st; — 513, (B.7)
The key equations are that already introduced, 7.e. owing to (B.5)
olot 2 2 2 2 2
ot, = 50 =pot, OLT =060, B =0, —roly.
P
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To show that (B.7) reduces to an identity owing to (B.4), write

2 2
cot ; (B.8)

c?5t* —50% = q,00% -

q,

in effect this is an identity for g, =-1. As expected (B.4) requires then
ot , ==icst. So (B.1) reads

A
C2 :(ql —l)VZ, ﬁ: q1 —1,
whence
v2 1
— = , 2<(, <.
¢ q-1 %

If AX*=6%> for g, =2 the universe would be steady. As in general ¢, #2,
(B.7) and (B.8) hold even for an expanding universe.

Appendix C

Consider three terms

N(AB,), N(B,C,), N(AC,) (C.1)

that represent the occurrence/non-occurrence numbers N (,) of three val-
ues A /B,C of arbitrary physical events corresponding to the physical proper-
ties P,,P;, P ; the subscript n stands here for not, i.e. the given physical prop-
erty does not hold. Regard separately the chance of equality

N(AB,)+N(B,C,)=N(AC,) (C2)

and then also the chances of inequality

N(AB,)+N(B,C))=N(AC,): (C3)

(C.2) means that a value C exists for a given physical property P. such that
its corresponding C, is compatible with the equality sign. Moreover, to ac-
count also for the inequality chance (C.3), it is necessary that a different value
C'#C of the given P, also exists in relation to the same P, and P,
represented by the values A and Balong with the corresponding A and B,.

Let B, take first the values C and C,, and consider (C.2). Summing
N(A,,C,) atboth sides of (C.2) yields

N(AB,)+N(B,C,)+N(A,C,)=N(AC,)+N(A.C,)
equal to
N(AB,)+N(B,C,)+N(A,C,)=N(C,); (C4)

indeed, summing both occurrences and non-occurrences of the property A at
the right hand side means considering the occurrence of C, only. Adding also
N(B,,C,) atboth sides of this last equation, one finds

N(AB,)+N(B,C,)+N(A,C,)+N(B,,C,)=N(C,)+N(B,,C,)

that is equal to
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N(AB,)+N(A,C,)=N(B,.C,).
Subtracting now side by side (C.2) from this last equation one finds
N(A,.C,)-N(B,C,)=N(B,,C,)-N(AC,)
and thus
N(A,.C,)+N(AC,)=N(B,,C,)+N(B,C,).
N(C,)=N(C,). (C.5)

This identity is inferred from and thus agrees with the initial (C.2). It is clear
that reverting the order of these steps starting from this identity, one finds again
(C.2). Letnow P. take different values C' and C;, in which case the equality
does no longer hold with the same values pertinent to P, and P;. In general,
with the same reasoning repeated for initial (A,C’) and (A, C,:) , one expects
that (C.3) yields N(C')= N(C/): an initial discrepancy cannot result in a final
identity through the same steps that have converted an initial identity into a final
identity. Repeat now the reversed steps (C.5) to (C.2) starting from this inequa-
lity; it is clear that now one finds the corresponding inequality (C.3), rewritten in

general
N(AB,)+N(B,C,)=N(AC;,) (C.7)

via two inequalities. To understand whether (C.7) is consistent with (C.5) it is
necessary to specify the properties P,,P;, P : the problem is comparing “de-
terminism vs non-determinism”. In this paper determinism has been referred to
either existence or not of local space time coordinates; now this concept is ex-
tended to the properties of the values (C.1) and concern non locality and non re-
ality of the quantum world. The problem of interest is thus to establish whether
or not the physical properties of a system of particles do exist “a priori” or are
created by the interaction with the experimental apparatus that perturbs the ini-
tial unknown system. (C.1) have been written in order that the property P,
appears with notvalue C_ only and the property P, with occurrence value 4
only, whereas B appears in both forms; to infer information about non local and
non real systems in comparison with real and local systems, consider a possible
scheme where B is a property like particle spin or photon polarization. In the
case of spin let Band B, represent the respective chances of spins paired or
not. The scheme implements the following attributions of values
A=nonreal, A =real, B=spinT™,B =spinT 7,
C =local, C, =non local,

of the properties P,,P;,P. that imply by consequence the following interpre-
tation

(AB,) + (BC,) = (AC,).

(C.8)
nonreal,T ~ nonlocal,T™ non real, non local

At the right hand side of the inequality is concerned the quantum theory,

which is both non real and non local; indeed the sections 2.6 and 2.7 have shown
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that the uncertainty requires contextually these features. At the left hand side is
concerned any non-quantum theory, which is either non local or non real only.
The symbol > is understandable regarding N{(...,...) as probabilities, which is
possible simply introducing a normalization factor to unity; obviously the sum
of probabilities of either property verified is higher or at least equal to that de-
scribing both probabilities contextually verified. The first column represents
therefore the values A and B of the properties P, and P, in a non-quantum
local theory, because it is non real only, and thus without spin correlation; this
correlation requires indeed a non local spooky action to occur. In the second
column the values Band C of the properties of P, and P. represents again a
non-quantum theory, because of its non locality only, but now with spin correla-
tion just due to its non locality. The third column represents the quantum
theory, which is both non local and non real. The symbol > identifies the Bell
inequality. Predetermined physical properties, typical of non-quantum physical
theories, classical and even relativistic as well, fulfill the inequality: the deter-
minism of relativistic metrics belongs to a classical vision of universe, although
enriched by covariance of physical laws, four dimensional premise, invariant
light speed introduced by Einstein. The violation of the inequality does not re-
quire the existence of “hidden variables” to bypass the difficulty of a superlu-
minal action between particles. In fact, hidden variables are excluded in the
present conceptual frame based on (1.2) and bypassing the wave functions where
these hypothetical variables could be somehow encoded. A further remark on

the Bell inequality is that it reads
(N(AB,)-&N(AC,))+(N(B,C,)-4N(AC,))20, &+& =1 (C9)

having moved to the left side and split N (A, Cn); ie., since (C.1) are in fact
numbers, SN, >SN, <> ¢’ >v? show that the Bell inequality consists of arbi-

trary ranges constrained similarly to ¢’ with respect to V*.
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