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ABSTRACT

The study proposes a quantum approach to explasteexe and main features of the gravitational wave
radiated by an isolated two body orbiting systeime Guantum eigenvalues of such a system are ctddula
with the help of the space-time quantum uncertaimtithout additional hypotheses via an “ab initio”
model. The approach is deliberately non-relatigisifhe model does not implement any relativistic
assumption and shows that the mere quantum appisaehough to get energy loss and orbit radius
contraction coincident with that early inferred Binstein. However the outcomes of the model alswsh
features typical of the quantum systems, whichparposely discussed.

Keywords: General Relativity, Gravitational Waves, Quantuncéhtainty

1. INTRODUCTION cosmic microwave background radiation (Dinculescu,
2013) and the vacuum energy density (Milonni, 1994)
The general relativity is commonly regarded as thealso, the standard model has been implemented to
natural starting point and master tool to desctibe attempt explaining the dark energy and dark matter
structure and evolution of the universe; in efféoe (Jungmanret al., 1996). On the other side, however, the
modern cosmology was born with the early models ofcontribution of quantum mechanics seems mostly
inflationary universe of De Sitter implementing the confined to topics anyway related to the physics of
cosmological constant. The theoretical basis ta@niles elementary particles. This limitation is partiatiyie to
the evolution of the universe was successively igexy  the difficulty of transferring the information orano-
by the Friedmann solution of the Einstein gravigld scale phenomena to the knowledge of the whole
equations. The parallel progress of the quanturarihe  universe; yet it surely rests also on the concéptua
historically born in the conceptual frame of thetjoée difficulty of implementing the weird concepts of mo
physics, allowed valuable understanding about thereality and nonlocality to understand the objectsciv
nuclear processes that generate the energy ireddiat  the universe is made of. Some hint to overcome this
the stars; also, explaining the abundance of ch@mic information gap comes from the string cosmology
elements of the universe (Clayton, 2007; Seefe., (Lidsey et al., 2000), formulated in order to obtain an
1965) was probably the most successful contributibn inflationary model of universe; assuming that ttseial
the quantum mechanics to the cosmology. While thefour-dimensional universe is actually a particut@ane
relativity opened the pathway to a new class ofin the frame of a higher dimensional space, thmgstr
unpredicted phenomena, e.g., the gravitationalingns theory formulates the metric of the model at vasiou
(Cohen, 1988; Blandford and Narayan, 1992) and theenergy scales. According to this theory the gratthat
generation of gravitational waves (Landau and liitsh  carry the gravitational interaction should be vilunas of
1987; Thorne, 1973; Marck and Lasota, 1997), by closed strings (Rothman and Boughn, 2006; Will,8)99
the quantum mechanics remains in the common shase t These new theories share the peculiarity of regia
science of the microscopic world. On the one shie t large number of extra-dimensions, e.g., 26 for ba@so
guantum physics is required to explain specificidep string theories (Polchinski, 1998) or 10 for supéng
like the Hawking entropy (Hartle and Hawking, 1976) theories (Polchinski, 2001) or 11 according to #e
the vacuum polarization at the event horizon oftkla called M-theory (Duff, 1996), whose existence i#l st
holes (Peskin and Schroeder, 1995), the originhef t today not definitively proven by the experimental
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evidence; moreover the lack of an agreement on theeven the naive quantum model of a gravitationalesgs
number of extra-dimensions, still unfixed itselfakes  with circular orbits is enough to infer existenceda
questionable the physical meaning of its actualityea main properties of gravitational waves; despites thi
Besides these attempts, therefore, the directewoént topic is typically regarded as a relevant outcorhéhe
of quantum physics and its concepts to relativistic general relativity only, the following considerat®
problems like the generation of gravitational waeesl  show that instead the gravitational waves can Hadh

the light beam bending would be useful. An exangfle  yegarded as a quantum phenomenon.
possible problem is suggested in this respect ley th

guantum interaction of atoms with radiation; thection 2. QUANTUM BACKGROUND
energy levels absorb electromagnetic energy andmet
excited state, from which they successively decgy b
emission of radiation. The general relativity déses the

emission of gravitational waves calculatig/ot<0 and . L,
0r/ot<0: Energy is lost by an orbiting system, whose meaning, €.g., (Leonhardt and Paul, 1995); indpepl

orbital radius therefore shrinks as a functioniofet A only has .the Stat'St'Cf"‘l meaning Of. probab_|I|ty sign
possible question is the following: Could an origti and contains the maximum information pbtamqblgmbo
system and its energy release be regarded asmareso 2 physmal system. Moreover also the Wigner distiiin
driven reversible phenomenon? In other words: Couldfunction (Levanda and Fleurov, 2001), although
the gravitational waves emitted by a given systeith w Providing significant information about the quantum
appropriate frequency be absorbed by another ngpiti states, presents conceptual difficulties: It canbet
system correctly tuned, which is thus raised texsited ~ really regarded like a probability distribution the
state with higher energy and larger orbit radiuafter classical sense, rather it is a quasi-probabilit tcan
guestions are of course possible, for instance:alL&to take even negative values; moreover it can repteéken
body orbiting system be such that its size and toss  average value of an observable but not, in genatsd,
fulfil the black hole condition; could in principleuch a its higher power moments. Both these difficulties a
system emit gravitational waves? The quantumpypassed exploiting the statistical formulation thé
mechanics appears to be an appropriate tool toquantum uncertainty, regarded as a fundamental

investigate such kind of theoretical problems, Whic assumption itself; it reads in one space dimension:
remain however still today deeply rooted into thalm

of the gravitational theories only. Some paper&mdyg — =
published have shown the chance of a more subeatanti AXBR, = = Aelt @)
incorporation of quantum concepts into the typical o )
domain of the general relativity implementing tipase- The second equality is formally obtained from the
time quantum uncertainty only. For instance it hagn  former rewriting Ax/v,) (vx AP,) = na with v, = Ax/At
possible to replicate the solution of the Friedmannand Ae = v APy; the number nof allowed states is
equation via the statistical formulation of the auem uniquely defined and arbitrary like the sizes ok th
uncertainty equations early introduced as attengpt t uncertainty ranges. Equation (1 and 2) compel disétipns:
describe quantum systems (Tosto, 2013a); in thig wa
even the Lorentz transformations and the Hawking y . ax p - AP oAt £ o As 2)
entropy have been inferred as a corollary.

The present paper proposes an attempt to implement ) _ )
directly quantum ideas into two large scale prolsieah The Equation (1) are the unique assumption of the
cosmological valence, the gravitational waves amel t mModel, no further hypothesis is necessary bestusof
light beam bending. Of course this does not meareljpe ~ Waiving the random local values of the dynamical
replicating known results of the relativity; rathet ~ variables, considered random, unknown and
allows enriching our current understanding on theseunpredictable; in other words, the positions (2§ ar
topics with the help of quantum ideas. compliant with the idea that coordinates do nosexi

The following “ab initio” model introduces an priori in nature, being only mathematical artifiaesed in
approach deliberately non-relativistic: The ainioishow  describing the reality. The quantum eigenvalueswsho
that relativistic results are nevertheless eashitained indeed that they play no role in the formulationtio¢
plugging considerations of classical physics inte t observables. The Equation (1) enable the quantum
guantum world via the space-time uncertainty omty.  properties of particles to be inferred consideritg
particular the approach outlined below aims to skioat definitions of the physical observables of interesty,

Physicists believe unsatisfactory a quantum theory
based on the wave functiap without direct physical
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without solving the pertinent wave equations. The definable; for instance nothing prevents puttigg= O if

conceptual features of the present quantum modkitan
extension to the relativity have been describedvéisre
(Tosto, 2012; 2013a); here two remarks only aretlsho

in particular the potential energy is set equakéoo at
infinity. Moreover the local dynamical variablesquére
specifying a reference system, e.g., whose origin

sketched to highlight why the positions (2) have coincides with the orbit centre or orbit focus.

prospective interest also in cosmology. First &f thkese
positions waive introducing a particular referesgstem.
Write for instanceAx = x;-Xp in any R, with ¥ and %

boundary coordinates arbitrary and unknown. Eitbier

them, say  defines the distance of the range from the

origin of R, whereas xdefines its size; if however,xs
arbitrary and indefinable, then R is indefinablevasl.
Hence, once accepting the positions (2), all refee

systems are equivalent as concerns the consequefces

the Equation (1) on the basis of uncertainty ramgdg of
course an analogous reasoning holds for all rangas.
conclusion is clearly compliant with one basic agstion
of the relativity. Moreover, the fact that s arbitrary as

At this point let us take into account the conditio
compelled by Equation (1) on the conjugate dynaimica
variables; this requires implementing the positi¢ay
according which - Ar and p- Ap,. Being nowAp, =
n# /Ar the Equation (3) turns at the second order into:

pe o (28 F+ 26, b a
2UAr? 2uAT? Ar

Note that the positions (2) do not introduce a mere
change of notation. The range encloses the possibée
related to all of the allowed values of local dyi@ah
variables r and pwithin the respectivér andAp,, i.e., the

well, means that the timespace scale of validity of Size OfAe corresponds to and is consequence of the sizes of

Equation (1) is not fixed; since this holds for mhges,
this means that the present model holds regardietise
nano-or micro-or macro-scale of space, time, enargy
momentum of the concerned quantum system.

3. QUANTUM MODEL OF A TWO-BODY
GRAVITATIONAL SYSTEM

Consider in an arbitrary reference frame R an tedla
orbiting system formed by two classical particlesihg
total mass M = m#¥m, and interacting via the potential
field ¢. Introducing the reduced mags= nym,/M and
the angular momentumal the system, both expected for
interacting particles, the classical energy equatio
e=p°/2u+¢ is e=p’/2u+F /UP+¢, where r is the
distance of. from the fixed origin of R. Let us expaxd
in series of powers of r to determine the effectths
perturbation on the system induced by the intevactas
here we are interested in particular to a fieldlbeg to a
constant at infinity, write without loss of genégal

LEDINCHE
specify the pertinent kind of potential. RAg = €-a,,; the

classical energy equation reads at the second ofdee
potential series development:

with appropriate coefficientso, that

2 —
:i+£+w+&+m

Ae
r? ur? r

(3)

The classical energy rande defined bye and the
constant potential termu, is in principle exactly
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these latter: The classical equation linking dyrmai
variables exactly known turns into the connectietween
uncertainty ranges of these dynamical variablespseh
local values included within them are now compietel
arbitrary and unknown by definition. This holdsoalsr the
angular momentum J, which is expected to chandanwit
its consequent rang®]. The uncertainty ranges introduced
without any hypothesis about their boundary valwese
the existence of a specific reference system, whedomes
from now on arbitrary and indeterminable itself;affect
this is demonstrated below. Rewrite identicallyf@kows
the equation resulting from the positions (2):

Ay 2|

Ar

i pa,

2u{ /() + 21
pai  F+20,- bl

(MY + 2t A f

Ae =

(4)

1
2

Owing to the different physical meaning A€ in
the classical Equation (3) and in the quantum
Equation (4) by effect of the positions (2), thenbpl
A implements the consequent idea that n is arbitrary
and not uniquely definabléye symbolizes an arbitrary
range of energies corresponding to the respective
values of n, in agreement with the concept of quiant
uncertainty previously introduced. Otherwise stated
Ag defines a set of quantized valugg). At this point
minimize A¢ putting equal to zero the positive squared
term, which means searching the set of minimum
energy values in it included; one finds:

Pl
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2
Ar=— (nR)* + 2k
pa;,

As:&f F+ 20, - bzm_8
2 ((nny? + 2tn)

(5)
g =1 bay
° 2(m)+ 2l

Note that in principle both f?+2bu>0 and (h)? +
2bu<0 are allowed, being anywdy real; these chances
depend on I and on the sign of b, on which no
hypothesis has been made. Taking for instafAce
positive by definition, the inequalities require
respectivelyoa;<0 anda;>0. Accordingly the sign of

Ne=¢g,,—¢,

|| 2 _ (6)
_, J0+)p* +2(a, ~b

- (nk)2 + 2h

ang 0

The binding energy is clears = €,. To assess this
result, let us specify, putting firsta, = 0 and b = 0 for
simplicity, i.e., considering the first order terof the
potential energy only; s&, andeng defining the rangée
refer to the potential energyapproximated by,/Ar only.

Examine firsta, = -Z¢&, as already inferred in (Tosto,
2013b); in this particular casg = Z%*w2(nh)?, whereas

the second addend of the Equation (4) depends upo#€ binding energy iss = €, andAr = (rh)7/Z&4. One

b, that of the third addend upan-b with respect to
J/2u and so on; by consequenée can consist of

both negative binding energies or positive non-

binding energies. This shows that both attractind a

finds thus the old Bohr radius and the electromgnievels
of the hydrogenlike atoms and ions, together withwell
known condition &l< n-1 consistent with a bound state of
the system. Under this condition only, indeAds<O; the
negative sign means that the uncertainty rangaidesl

repulsivel gravitational potentials are in principle_ binding energy eigenvalues. This result has no ifipec
allowed in the present model, as already found injnterest for the purposes of the present papéradtbeen

(Tosto, 2013b). In this study;<0 with (rh)*+2bu>0
only is of interest and will be next considered.

guoted here as a formal check only. It is knowrn the
guantum numbers n and | resulting in the solutibtthe

To assess the second Equation (5), it is necessargchrodinger wave equation can take any valuesiehisd

to find the quantum expression of And then
determine the series coefficients @and b. Calculate
first the component,J= rxp-w of J = rxp along the
arbitrary unit vector w. Once again the positio@$ (
compel r - Ar and p- Ap to calculate the number | of
states consistent with the rang&sandAp physically
allowed to the particle. Sq,F (ArxAp)-w yields J =
AxxAp, whereAyx = wxAr. Therefore ) = 0 if Ap and
Ay are orthogonal; els&x-Ap = QAp-Ax/X)x with x =
|AX| yields #Ap, = Ap-Ax/ |AX| and thus J=+AXApy,
i.e., J, = xlh according to Equation (1). In principle

one component of J only is knowable: Repeating the
same approach for another component would trivially

mean changing w. So the average valsg$>, < J >

helps better understanding the postulated arlnigssi of the
number of states in Equation (1), which in factncale
with the respective quantum numbers.

More interesting and far reaching is instead the
case wherey; = -GuM according to the Newton law,
also inferred in (Tosto, 2013b); putting = b = 0, one
finds now that Equation (7):

2 2
ar =) ap =M
GuM n#i )
__GH’M?_ GuM
© 2(mh ¥ 2At

are the first order eigenvalues of the quantized

and <> calculated in the same way should be equal;dravitational system; in particulags is its binding

hence the x- and y- and z-components averagedtioger
possible states summingi)i from -L to +L, where L is

an arbitrary maximum value of I, vyield
3

<J$> =Z:: t (@2 /@L+Die, P =) <F>=L(L+1p’.

The mere physical definition of angular momentuns ha

energy. Moreover one also finds Equation (8):

I +1)

Earg =[£d
ang n2

£o=led

The formal analogy with the Coulomb systems is due

(8)

been exploited to find quantum results completely to that of the common kind of central potentigir. In
analogous to that of the wave mechanics without anyParticular is still true that the bound state oémyy e,

hypothesis on the details about the classical angubtion,
actual nature of the particles and interaction m@te to
which is linked the angular momentum. Hence theaign
(5) and this last result yield Equation (6):
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i.e., the existence of an orbiting system itsedfjuires
O<lsn-1 at the Newtonian order of approximation. In
conclusion, the third equality emphasizes that
coincides with the potential energy of a reducedspa
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delocalized within a space uncertainty rande &round
the gravitational centre, in agreement with the gitgl
meaning of reduced mass. The factor 2 is due tdaitte
that each eigenvalueg is defined by the diametric
uncertainty range/& of u, as it is reasonable to expect,
whereas the initial energy equation derived frore th
classical Equation (3) is defined as a function/of
Actually this result emphasizes that, as previously
explained, the eigenvalueg do not need specifying any
particular reference system;is indeed defined for two
masses orbiting around an orbital centre, whosiioss
however no longer specifiable and inessential.

It is instructive to conclude this section estimgtn in
the case of the system sun/earth, whose massebaue
2x10° Kg and 6x1& Kg respectively; their average
distancehr is about 1.5x18 m. So the Equation (7) yield
Equation (9):

JGMAr =10
VMG / Ar® =2x107 st

The last equation is justified soon below. It i9tm
that an excited atom decays from its current n-deest
electron energy level to the ground state with Iy # is
thus reasonable to expect that the same holdSalsoe
gravitational system. This allows defining the ofpan
0gg of e of Equation (7) due to the change during
OAt; note in this respect that for chang®s of n as a
function of time such thain << n it is possible to regard
on as a continuous variable.

Despite the Equation (7) and (15) do not depend
explicitly upon the time, they nevertheless prospbe
possibility of introducing via the chan@a bothdAeg/dAt
and dAr/dAt: Indeeddn entails the chang®Aes of the
initial range of eigenvalues as a functiondat. As from
now on is of interest the change of energy reledetat of
n, which is balanced by a corresponding energyasel@
as gravitational waves, lefes be the energy range
including all eigenvaluess = g (4,n, WAr) with n falling
between arbitrary nand n+oén; the notatiomdeg means
that we are considering a range of values egf
corresponding to various values of n, rather thap a
specific value o€ pertinent to its related value of n.

4. QUANTUM MODEL OF
GRAVITATIONAL WAVES

gg =-2.7% 16° .

> =

(9)

n=
w=

This section considers for simplicity the Equat{@h
instead of the more complete Equation (6); the jghys
meaning of the second order term of potential gnérg
here represented by the series coefficient b, tal
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concerned in the next section. Note that in Equafit)
appears the quantity MG, which has physical dimerssi
time?xlength; this suggests that MG should be
proportional to square frequency and cubic distahte
effect, assuming the following link between revalyi
frequency and orbital radius Equation (10):

WAr® = MG (10)
It is possible to write Equation (11):
2
sGAr:—GuM =W A v=car w:@ (1)
2 2 Ar

The well known position (10) is therefore justified
without need of proportionality factor: As suchdéed,
it giveseg the further physical meaning of link between
the kinetic and potential energies ofvia the Equation
(7). In effect one finds Equation (12):

GuM
Ar

u=- =~ (wAr)* = —pv? (12)

which is nothing else but the virial theorelth= -2T
valid also in quantum mechanics and already fotselfi
in (Tosto, 2013b). Moreover, taking both signs \atol

for Vo’ the Equation (10) also yields Equation (13):
(13)

With the help of the Equation (7), which also reads
nhw = +(es-€,); this expression is formally similar to that
of the electromagnetic waves emitted/absorbed via
electron transitions, indeed the double sigd(e§-&,)/dn
replaces the energy lost/gained by the atomic syste

Calculate nowdU/dAr, to which corresponds the
radial force —F since this force corresponds to the time
change of radial momentum, then it must be true tha
Ap. =F , i.e., 8U/8Ar =-Ap, . This result is important as
it introduces the time into the model despite all
equations so far introduced do not depend expyicitl
upon At. This is possible once admitting that is
allowed changing via n as a function of time, whish
indeed reasonable as the Equation (1) link in ppiec
all uncertainty range sizes fa.

In fact, the uncertainty compels introducing itk
time together with the space dynamical variables.

To exploit these results note that the first equalf
the Equation (12) yieldsdU/8Ar =GuM/Ar*and thus
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Ap, = uw’Ar describes a centripetal ford@=-pwar;

the second equality yields inste®dl/ dAr = —2uw?Ar,
which describes thus a centrifugal ford®= 2uwAr.
This is because actually the former result concdinestly
Ar only, the lattetAr while beingw = w (Ar) because of
Equation (10). The apparent ambiguity is therethre to
the way of regarding the variatiobAr, which is not
uniquely defined in the present model; as the Bouidt)
relateAr to Ap,, the link betweedAr anddAp, depends on
how is regarded the number n of states. Write imerg:

_hdn _ midAr
TOAr Ar?

(14)

If n is constant, then Equation (14) yielgs# Ar =-
nhAr23Ar/dAt i.e., SAr/SAL = nw?Ar¥/nh; the relationship

controls the extent dfr: The closer ist to the orbit centre,
the faster must be its revolution rate. Considev tiat the
variation on is an arbitrary integer, in principle not
dependent on the initial n and having sign oppdsiténat
of 8(uf); this agrees with the fact that gravitational esv
are emitted when n decreases down to its groungt vak

1 during the decay of the orhiting energy, whereas
conversely they excite the orbiting system if abedr
Clearly, everdw does not depend on the initial As the
last equation has the formw®(n?) = -rfd(uf) it seems
reasonable to guess thed(n®) = const so that’d () = -
3const as well; this confirms the opposite sign&(af) and
&(u¥). Then it also must be true thatiuf = hcost/2n;
moreover by dimensional reasons it seems rationtlirik
const proportional to the square Planck frequeagyvia

an appropriate proportionality factor q. Thus ob&ams:

of dAp/dAt with F has been guessed on the basis of their

common minus sign. Moreover according to the Equati
(10) the last equation readMG/nh = dAr/dAt and thus,
thanks to the second Equation @y/dAt = v, being v =
Ap/y; making explicitAp, = po-py, therefore, the net
radial deformation rate afr results related to that of the
boundaries g/p and pi/u of the radial momentum range.
With n not constant, instead, Equation (7) yiedfs
= 2Ardn/n; replacing into the Equation (14) one finds
dAp; = -rhdAr/2Ar?,

CS

\/\é| :h(,)él :E

W

qon

nhw” = a7

being W, the Planck power. Therefore it is possible
to write the following chain of equations with thelp of
the Equation (17) and (15) Equation (18):

OAr

st

_HOMG _ HW*MG

nAw

-4pn (18)

pl

These equations emphasize how to define the time 5, analogous procedure is now carried out Aeg

derivativesAp, of the radial momentum uncertainty range.

Of course is of interest here just the case ofaladein to
infer the sought equation of the gravitational veve

hence, equatingAp, /5At to F', one finds Equation (15):
OAp, _ 2Ua’Ar SAr__4MG (15)
oAt oAt N

Consider now two constant quantities that charaeter
the system orbiting circularly, i.e., v @Ar and o’Ar® =
MG; these equations are exploited to find the ieatahip
betweendw anddAr as a function obn, which indeed is
the quantity expected to change as a functiobAdbfOne
finds Ar’3(uf)+3w’Ar?8Ar = 0, whereas the first Equation
(7) yields als®Ar = (2Ar/n)dn; henced(uf) + 6uf dn/n =
0 yieldsof =-nd(w¥)/63n and thus Equation (16):

s = — n%id (w?)
60n

= 3nb¢ K ( (16)

The inequality means that when decreasing n must€Placing

with the help of this last result; owing to thetlaguation
(7), the chain of equations is now Equation (19):

dNe, _ dAeg OAT _
o (Maﬁ;)iit)e “w°Ar (19)
—oopnMHOY'W |,
Ar*W, W,
Note that this last result reads also:

SAe,, (Nhw)’ A

=40dn 20
SAt ® HAr W, (20)

which also introducesgy, = (0Asc/Ags)/dAL, beingvgy
the frequency corresponding to the energy ddss/Aeg
per unit time. To make understandable the physical

meaning of this result write(miw)’ /pArP = (Mw?)* /T,
whose right hand side reduces with the help of the
Equation (17) and (12) &/(q°Ton?). Hence,
into the Equation (20), one obtains

increasew, as it is reasonable to expect recalling that n 2@ 9n= W, /T and thus Equation (21):
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@y, = Z‘Ngw

w, . On=

gw

G T (21)

—H‘EE

= 0(e-¢,), Which reduces tde if in particular is constant
€. Moreover, as in fact the energy loss is due ® th
emission of gravitational waves via transitionswaesn

With the last position, the frequency of the wave gravitational energy levels of the orbiting systein,
irradiated appears expressed at left hand side pepPpears natural to expect that this loss shoultagoan

revolution period, coherently witko defining T. The
smaller this latter, the greater the frequencyhef wave
irradiated; beingT the current kinetic energy of in the
orbiting system dissipating energy, its small reald
value indicates great energy lost, in agreemert thie
inequality (16). The Planck power plays here the of
proportionality constant. Moreover it is interesgtithe
chance of expressing,, as a function of the Planck
frequencyp, with the given definition of g Equation (22):

(hv,)*

hvg, 8N = (22)

Eventually, replacing q into Equation (18) and (19)
one finds:

2 4, (6
(@) = —2Tr76u Asr © n
aAt quant c

(23)
[@j __32 qrare’
6t Einst 5 C5
3,4
) e
C
quant (24)
[ or j __64GpAr W'
6t Einst 5 CS

The second set reports the well known Einstein

equation of energy loss of a gravitational systeim v

emission of gravitational waves. It appears that th
dependence of the energy loss on the

functional
guantities that characterize the circular orbitingtion
of the reduced magsis identical to that of the quantum
formulas; however, the constant factors 32/5 an8 64
the relativistic formulas are replaced bgd2 and 4©n
of the respective quantum results.
relativistic numerical factors differ from the respive

integer factor accounting for various higher frengies

of the waves; s@Ae must be intended as alteration of
the range of energy levels per unit gap of graiate!
quantum number per unit change of time range.
Otherwise stated more shorthAs is due to the
deformation of the space-tim&Ar and dAt, in the
presence of an orbiting system. Once again, repdaci
local values with uncertainty ranges is the keynpoif

the present model: As any expression having thm for
xon with y = y(w,Ar) anddn = np-n; reads actuallpy =
yN-xny, it follows that the left hand sides of the
quantum Equation (23) and (24) are quantized clange
included in the rangay defined by pcn<n,.

Eventually, changing the sign &fi means thalAeg/dAt
and dAr/dAt change sign as well; i.e., the gravitational
system gains energy when increasing its numbdtovfed
states. In other words, the fact that either sgyallowed
to &n shows that emission and absorption of gravitation
waves are symmetric processes. Owing to the fattrth
of orbiting systems is very high, i.e., it can legarded
in practice as a continuous variable, it is reab#o
expect that different gravitational systems carhaxge
energy via gravitational waves.

5. THE BLACK HOLE EFFECT

Consider a hypersphere of radifis enclosing the
total mass M of the orbiting system; the averagesity
within this hypersphere i = 3M/4mAr®, which also
yields the energy density per unit ar@a’Ar/3 =
Mc%4mAr? at the surface of the hypersphere. Moreover
also MG has physical dimensions of energy per unit
surface, as indeed it is proportional tauil multiplying
thus this latter byw one finds the related power per unit
surface as well. This section implements the chaofce
calculating bulk and surface energy densitiespvid he

Note that theparticular case, in principle possible, where M axd

fulfil the black hole condition found in (Tosto, P8b) Aryy,

2mand 4tby less than 2%, which shows that the present=2MG/c is concerned below; the subscript bh stands for

result substantially agrees with that of Einste&ndn =
1; in effect the change of the integer n can bdingt
else but any integer itself. However just the pneseof

on is the main difference, peculiar of the present

approach. Note that the differentdiit = o (t-t,) reduces

to the differentialdt if the lower boundary,tof the time
uncertainty range is constant; the same holdsfaisti\e
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black hole from now on. In effect nothing excludas
principle the possibility that, given a hypersphefeadius
Aryn enclosing M, is verified the condition Equatiorb}2

3M 3¢

= 25
4, 321G (MGY (25)

Pon =
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ReplacingAry, into the Equation (7) one finds, = surface at anmAr>Ary, also asU/A =p(w,Ar,)?/ A via

2 H H _
Hc/4, to which correfponds the maximum value of the surface A to be definedj is regarded in the same
angular momentumpc® /4= %, /DA still consistent  way, i.e., it correlates the wave energy emissibl¢he
with a bound state;)%, = s, /2f yields then Ju| = potential energy ofu just outside the event horizon.
mum,G/c, which reads in particuladyj| = nfG/c for m Lmkmgl the_ Equation (26) to this latter with a
= m, = m. Moreover at the event horizon of the mass M Proportionality constang, one finds:
the equation (25) yields the energy ) .
Py C?Ar,, /3= M / 4nAr, per unit surface, which can be WO ALy) _; 2 C

. A Ar_,, 321G
also expressed as a functionpgf/3 as follows:

=bh

. with notation =pbh emphasizing thato and Ar of the
MGp,, _ 2 ¢

=< 26 system are close to that of the Equation (26). Vieilsls:
3 Ar,, 32nG (26) y g (26)- 9
_Ar, 32nGu v _
The papers (Tosto, 2012; 2013b) have shown the &= 2A c* V= @ubty )

physical meaning of event horizon &t = Ary, in the

frame of the quantum approach based on the Equation To guess the appropriate definition §f and A,
(1); this fact encourages therefore extending #wailts consider the emission of waves perpendicularlyhi® t
of the previous section also to the particular oakere plane of the orbit. Define therefore the area Aslaswn

M andAr are effectively subjected to the constrain of the in the Fig. 1, i.e., in order to introduce an observation
Equation (25), according which the orbit plane lmes point of the transiting wave at the distanefrom the
the diametric section of a hypersphere of radigs. In boundary surface, which is a distardag, apart from the
principle one could suspect that no emission of orbit centre; the observer is at the vertex ofd@ai cone
gravitational waves should be allowed in such aras whose base is the orbit am&®’,. The measure

indeed the gravitational waves subtract energyh® t apparatus collects the waves coming from the qihite
system, which therefore tends to shrink its sizewever  gnd  included  within @ the  lateral  surface

transferring any kind of radiation energy away frim _ 2 2 o

event horizon of the black hole identified by suzh A_mr:b“‘/mzb“Jr(AHN:b“) of the cone, as it is shown
hypersphere should be forbidden, whence the questio in Fig. 2. So A = TAr,Ar, if Ar>>Aryy,; whence

Is it possible to confirm such a conclusion in freeme Ar-/2A= (2mAr) ™. Hence:

of the present quantum model? In practice the

impossibility of energy radiation could occur byrfing 5:16(34\/2

a gravitational wave that however is trapped atethent c*Ar

horizon and falls back into the orbiting systemusth

releasing to this latter its initial formation eggr as the So, aside from the numerical coefficiedt, defined
global energy balance of such a process is nul on above results to be the ratio between the avaifadtiential
concludes that the effective release of gravitafion energy ofu and the Planck force times the propagation
waves is hindered. Assume therefore that the laftdh  distance of the wave to the detection point; ie.,
side of the Equation (26) represents an energyityens EOn(Ar,)/n(Ar), where n stands for energy at the
that cannot be irradiated. This equation is howeserful respective distances. The fact that 0 for Ar - « confirms

to assess approximately the energy per unit suda@  that £ yields the attenuation of the local intensity bé t

distance very close to and in fact just beyondevent  grayitational wave at the distande. Note that in the

gravitational wave. So, before concerning the dctua

black body condition, let us try to estimate thergy of 8GmMV

the wave emitted as a function of that stored ribar T dnr

black hole boundary; to this purpose we implemant a

energy expectedly similar to that calculated justhe i.e., the familiar Einstein’s expression of totateinsity

right hand side of the Equation (26) via the known of gravitational waves at a poiAr apart from the orbit
expression ofAry,,. Express thus the energy per unit centre.
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Observer

i . :
Event horizon

Orbit plane

Fig. 1. The gravitational wave irradiated from the am? of the orbital plane of the reduced mass received by an observer at
a distancé\r

Observer

Wa\'e\]‘ronts

Event horizon Orbit plane
Fig. 2. The intensity of the gravitational wave is consisteith the aperture angle of the ideal cone of kg 1, whose internal

surface A intercepts the propagating wave fronte Phosition of the observer defines the measuret @i distancé\r
normal to the orbit plane

This reasoning also shows that the gravitationatesa the simpler Equation (7), which also gives way of
must be emitted at rate equal to c: Only an enmissate explaining the physical meaning dfr including the
asymptotically tending to the speed of light coetttape  coefficient b. Note first of all that whatever thealytical
from an external point asymptotically close to thent expression of (in)?+2bu might be g, of Equation (6) still
horizon surface of the mass M. This conclusion Wél  reads|a./2Ar| = ¢, like in the Equation (7) and (8) due to
confirmed via additional and more fundamental the Equation (5). This conclusion is easily undsdt
considerations in the next section. recalling that the boundary values of the uncetyain

To show the black hole feature of the Equation (25) ranges are arbitrary, unknown and undeterminable in
and verify the related assumption on the Equati®) it principle by fundamental assumption; so they cannot
is necessary to start from Equation (6) more gértleas play any role in the present model. To show thisipo
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note that 2p in the Equation (5) suggests writinduf2bu _(n"n) _ 1 po? 29
= (nh+bu/nhY-(bu/nh)?: S0 rewrite Equation (27); B =" o e =5 Y (29)
7i [ i /v
ar=r, -1, =0 ﬂl L (b:m ) (27) A = @m)=(in) 1 pap (30)
1 1 circ ual circ 2 (n"h )2 _ (dh )2

Whatevera; might be; clearly these considerations
hold in principle both for Coulomb and planetary The definitions are due to the fact tlagt corresponds
systems. The fact that the addends at right hatie si to Ar dependent on’rand rf, whereas,; corresponds to
reproduce the range boundaries, requires thafar dependent on 2nand n’ in such a way however to
(nh+byu/nh)® and (tw/nh)? should have themselves an remove its dependence upor?;nso the subscripts
analogous form; in other words it appears reas@nabl emphasize that in the former case ofycorresponds to
to expect that the presence of b does_not contréuc elliptic orbits, whereas in the latter casestill describes
first order form ofAr, but it should simply broaden .o 14 orbits in a different reference systemisTdiearly

and generalize that of Equation (7). In this respec : : ; .
also note that Equation (28): appears noting that classically Equation (31):

(but/ ) €yl €. =1-€ e h/(m n3 (31)
= pr—

(mhebusm) (28)

Ar'=r —ry=
Ha, Ha,

as it is well known; this conclusion was alreadfgired

in (Tosto, 2000). It is also clear thatdf = -Z€ the
Equation (7) correspond to the Bohr circular elmttr
orbits, whereas insteagl, corresponds to the elliptic
orbits of the Sommerfeld model; although the quantu
o is formally indistinguishable froreg of Equation (7)
because any value allowed to n” is also allowed,tm
agreement with the aforesaid requirement, remains
however the fact that n” is determined by two
independent values of quantum numbers rather tlgan b
one quantum number only. At the second order
truncation of the interaction potentiglthe energies of
Bohr and Sommerfeld electron orbits are degeneeate,
d’t is known. Of course today the modern quantum
mechanics overcomes this aged reference to theicdhs
rphysics, justifiable at the time where the new born
uantum mechanics was still gripped to the well
established and long trusted classical physicefiect
the present quantum model does not need any
phenomenological reference to the concept of asbit
trajectory; it has been shown that the mere physica
definition of angular momentum leads to the quatiz

Yet, as previously stated, changingto r, means

merely changing the position of the range with egspo
the origin of the reference system R initially oduced
or, identically, changing reference system. Howealér
reference systems are physically indistinguishabid
thus equivalent in calculating the observables thia
uncertainty ranges of Equation (1) as previousigwsh
for the angular momentum and the energy level$adh
Ar' is physically indistinguishable fror; being g and

r, arbitrary, any value allowed for the latter isrideally
allowed for the former as well. In effect the sentl has
shown that neither;rand g nor the corresponding
boundary values of the radial momentum range nee
being specified to obtain the correct quantum
eigenvalues of angular momentum and energy; rathe
appears crucial their quantization condition viee th
Equation (1). So the lack of any hypothesis abbet t
uncertainty ranges, in particular about their dcsiees,
suggests regarding b in order that:

12 \2 2
@=n’h Ar=m—m values without any hypothesis about the naturehef t
i oy, particle or its angular motion around the nuclexet the
N =n+d £, _1 pa? concept of orbit is still useful when concerninge th
2(N'RY = (MnY quantum behaviour of macroscopic objects: In effeet

short remind to the hydrogenlike atoms has beere onc
being n’ a further integer arbitrary itself like e fourth ~ again sketched as a check of considerations agtuall
equation is the generalization at the second auéi¢he aimed to describe planetary systems only. Let us
potential of g, of the Equation (6), which is indeed return thus to the gravitational waves. Since both
obtained as a particular case for n’ = 0. Definasth and n’ depend on time only, indeé&d andeg depend
Equation (29 and 30): on the time just because of them, let us rewrite th
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Equation (18) in order to emphasize its dependemce
OAt via dn anddn’ as follows:

8Ar _8Ar &n  BAr n'
0At  On OAt on'dAt

To specify the interest to describe the orbitingtagn
at the event horizon, however, it is also necessary
impose the condition:

OAr & [Mr Mrén'Mt)
= | = 4 :0

sat  dAt\ 8n - on'sAtsn

still regarding for simplicitydn andén’ as differentials;
in fact this equation hinders energy dissipatiom vi
gravitational waves concurrent to the shrinking tloé
orbit radius, see Equation (19). This case is catter
with that previously carried out in section 4, &aiow
Ar given by Equation (30) is still pertinent to aitar
orbits despite the presence of n'. Intending troreef

circAr = Ar,, calculate:
OAr  OAr on'
- 4+ - :0
on dn'dn

That yields the equation n'®n’/dn+n = 0 whose
solution is n’ = const/n- n/2. The integration cam is
calculated replacing this solution into the equatidAry,
= 2MG/?, which expresses the black hole condition for
the total mass M of the gravitational system. Tlowging
to the Equation (7),1# const/(*MG) = 2MG/¢ yields:

2
I e

nic 2 mc /2

Which must fulfil the given condition because bath
and n’ are positive. Beingi =/GMp®Ar is immediately
inferred the second inequality in Equation (32),iclh
holds for any n fulfilling the black hole conditiofrhis
conclusion is obvious: It expresses the fact thdbtm a
black hole of mass M, the size &f cannot overcome a
critical value consistent with that allowed by
MG =i Ard,, which is clearly controlled by n and n'.
Thus the event horizon compels not only a relatigns
between n and n’, unnecessary when the systeraégdr
irradiate energy, but also an upper limit to thkigaof n.

it is possible to conceive a system that does madiate
gravitational waves provided that its whole density
fulfils that of Equation (25).

6. THE LIGHT BEAM BENDING

An interesting and straightforward extension of the
considerations so far carried out concerns the\beha
of a quantum gravitational system at and beyond the
distance characterizing the black hole conditiome t
Equation (7) are in particular useful for this posp.
Strictly speaking, the approach leading to the Eqna
(6) does not necessarily require a bound staten eve
under an attractive potential, the negative sigrepfs
due indeed to the choice of quantum numbers | of
angular momentum such thatm-1. Yet considering for
instance | = n, means describing an open two body
system. The case of interest here is that where one
particle comes from minus infinity and proceeds to
infinity along a curved trajectory determined b it
interaction with the source of the attractive figpd
Owing to its importance, the light beam bendingain
gravitational field is examined here although alyea
introduced in a previous paper (Tosto, 2013b)eénss
indeed significant to propose a further contriboitim
this topic exploiting purposely the results obtaliie this
study only, to confirm their validity and to gaiarther
physical information on the link between quantum
mechanics and relativity.

The reason why the light beam should curve its path
when interacting with a gravitational source isilgas
explained. First of all, the photon interacts withe
gravity field; otherwise its incapability of escagifrom
the event horizon of a black hole would be unexgadi
(Tosto, 2013b). Moreover a free photon moves in the
vacuum with linear motion at constant speed c; if
however it interacts with a field, then by defiaiti its
motion is perturbed. In particular is perturbed its
momentum. Since @s a constant, the only possible
perturbation of the momentum can concern the dinect
of motion: The unperturbed linear path turns in the
presence of the field into a perturbed bent path.
Eventually if the photon interacts with the graviigld,
then the propagation rate of the latter must necigbe
equal to that of the former; otherwise a photommg
away faster than the field wouldn't “feel” the fiehnd

Hence the orbiting system behaves as a whole like aouldn't interact. This conclusion has been in @ffe

black hole if its space size is smaller than thetbding
the black hole condition of its total mass. In dason,
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inferred in the previous section. The black hole
behaviour of the gravitational system is esselffitiakhe
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present purposes, the starting points are the gmant therefore | = 1, i.e., the ground value of perttidra

Equation (7) ofAr andeg. driven angular momentum that governs the bending
As the photon of energy interacts with the gravity effect. One finds thus Equation (33):

field, it can be regard like a particle of mass re/c?;

thus is now this mthe partner of the orbiting system of 5 _2Arbh _4GM

total mass M and reduced masdRewrite identically the = T oAr

equation (8) as:

(33)

In effect this is the well known Einstein resultlight

ang=|(| El)‘ge‘:l(l 21)%‘%4 beam bending in the presence of the gravity field M
n n"  Ar which is here the total mass of the bodies cortistgithe
orbital system. Of course the minimum distange
becauseg, / &, =Ar,, / Ar at anyAr. So: between photon and gravity source is replaced thethe
radius of the circle that determines the size efdtbiting
g = &[] £= I(1 +1) Ary, system and thus the arc of circumference correspgrd
e " n> Ar the angledy; yet this is acceptable, because for small

angles any curved trajectory can be locally appnaxed
A bent path, even not necessarily closed, is ctargis by an appropriate osculating circumference.
in principle with the existence of a local angular

momentum; so the parametér must be purposely 7. DISCUSSION
determined in order to describe the angular monmmantu ) o )
of my, identifiable in effect by the term I(+1) of the The physical nature of the gravitational waves is

energye.n,g Note that the second equation defines the €xplained in the general .relativity as the exiseernd
amount £Ar; so let& have consequently the physical "PPIes of the space-time: The gravity field eqoas
meaning of an angl® delimiting an arcds = $-s;

admit indeed a wave-like solution. In the present
=Ard@ of circumference of given radiuAr, to which quantum model, instead, the origin of the grawtai

indeed corresponds the arc lenghe I(1+1)Ar,/n? . The waves relies entirely on quantum considerationsedbas
boundary coordinates ;sand s define on the on the space-time uncertainty of the Equation (¢

circumference the position of two tangents that waves are simply the rad?at_ive decay of an orbiting

schematize the path travelled by a photon asynualbyi quantum system form_ally S|m|Ia_r to the Bohr mod€El o

free at s and %o: The photon coming from minus atom. It is clear why circular orbits have beenaaned

A ' P 9 to simplify as much as possible the mathematical

infinity approaches the circumference of radiwsalong approach: the essential point of the model, ibe t

a straight path till to the tangent point then it proceeds R o T

on thegcir(?umference alonggthe Eur\;éd Argp Sntil the Guantum I(I)”glln of the. grﬁ.vlta.tlonlal waves, h&r;%ears
. X . , . conceptually clear even in this simple case wit

point s, then it continues its run along a straight path P y P

! > 1S X of unnecessary complications. Actually it is easy t
from the tangent point $o infinity. Of coursedpis also  gytend the naive model of circular orbits to thépet
the angle between the tangents themselves, i.e., ihrits where one more parameter is necessary the.,
represents the gravitational field driven deviatafrthe eccentricity ealso introduced in a natural way in

linear path of the free photon. All this requirésgly Equation (31); yet the fact that even the crudest

assuming, = d¢. Hence: approximation of circular orbits is enough to firad
quantum result that agrees with that of relativétysures
50= I(1+1) Aryy 50=50 (1> that the present starting point to tackle the problis
0=—— ©=0¢ (1= n) _ . "
n~ Ar substantially correct. Although the model aims axithy

to provide a reasonable quantum explanation of the
As expected@ is proportional to the local angular gravitational waves, some crucial points also emrg

momentum via I(I +1); the second equation emphasize during its formulation deserve being further highlied.
that the bending angle corresponds to an unboundOne of these points is to explain why the Bohr atem
guantum state of the system. Despite the large=vailun stable whereas the planetary gravitational systesnd
calculated in the Equation (9) for a bound systénsg to shrink with emission of gravitational waves. The
reasonable to calculaf# for the ground unbound state explanation does not rely on either form of theeptal

of the open system of interest here; to n = 1 epoads  energy, but on the number n of allowed quantunestat
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compatible with the size scale of either systemnds series development of the interaction potential
surprising the tendency of gravitational systems tointroduced in the energy equation. Therefore it imus
behave similarly to the atomic systems, indeed sold be true thatdy-b)u = +Ish? depending on the sign of

anyway their propensity to the most stable confitjon

ax-b. To understand what s might be, note in this

allowed by the fundamental laws of nature; yet the result the productiltimes &; i.e., also B, likewise h,

ability of the former to decay down to the groutates is
more striking and evident than that of the lattest ]
because of their different numbers n of allowednduia
states. The importance of n appears once accebiiig
the physical laws of our universe are governed Hegy t

should be the component of an angular momentum
vector S along an arbitrary direction defined by th
unit vector w. In effect the numerator of the last
Equation (5), rewritten identically but more
expressively as “#2Ish’?, reads also as follows

concept of space-time uncertainty, even thoughEduation (34):

formulated in its most agnostic form and withoutdef

further “ad hoc” hypotheses. Masses and uncertainty

ranges of atom systems are such that n is of tther af
magnitude of a few units only; in fact large valwdsn
would mean abandoning the quantum world to attaén t
classical limit, in agreement with the correspormden
principle. Instead n of planetary systems amounts t

Il +1) A2 £2Ish? = (L£S)* - S
S = s(st L2 0s+ I8

B= 10+ 37 gy

Here we have reasonably inferred fom s in the
same way as does’ tfrom |. On the one hand the first
equation agrees with the previous statement thatisk

several powers of ten, as previously shown and inbe included within a quantum rangé as a consequence

agreement with the fact that in fact the macroscopi
structures fall in the realm of classical physiksthis
short statement there is the double essence (thef
different strengths of the electromagnetic
gravitational interactions that control the respect

bond lengths and thus space scales and (i) of th

extraordinary success of the relativity in deseripthe

universe dominated by the gravity force despite its

classical character. For this reason the classarl of
the present model has been presumed “a priori
reliable, as it seems after all confirmed.

The enhancement ingredients of the relativity &e i
4-dimensional basis and covariant formulation; e t
present model, instead, the enhancement ingredi¢ime
guantum contribution provided by the Equation (@lyo
As these equations have inherently 4-D characker, t
comparison with the relativistic formalism revedteat

and

of the positions (2), likewise as r andip the classical
equation (3) turn into the respective uncertairgtyiges
Ar and Ap; of the quantum Equation (4). On the other
hand we have made explicit what the radgeactually
is, i.e.,AJ =45 -J = (L£S) - S: The vector S defines

éogether with L+S the boundaries of the angular

momentum uncertainty rangé&J. While the first
Equation (34) evidences that (L #*S) < including both
coefficients of series development anyway vanidoes

.,L = 0, as required by the motivation of the present

reasoning at the second order approximation of the
potential ¢, the interesting fact is that L = 0 does not
necessarily exclude#®; it simply entails %S = 0.
Eventually if I(I +1) is an integer, then also 2st be

an integer itself, once more because of the same
aforesaid motivation; yet this condition is fuléitl by s
integer or even half integer, which shows that d &n
have different physical meaning. Since the former

somehow the space-time uncertainty surrogates thgepresents the angular space motion of a partase,

concept of covariancy, although initially conceived
aiming to quantum problems only; this conclusiopesrs
validated also by the further relativistic resutncerned
in (Tosto, 2013b). In effect the idea of covariart@as
been introduced also here, to guess a similar fufrthe
Equation (27) and (28).

To emphasize a significant implication of the model
the sum J +2(a, -b)u appearing in the Equation (5)
deserves a short digression. Since is self-evittexttthe

addend ¢,-b)u must be a square angular momentum yield

itself, let us require thaty -b)u = 0 for | = 0 likewise
= |(+1)h% It is not admissible that the angular
momentum of any system can be zero or differeninfro

shown in the section 2 and in the previous examihes
latter can be nothing else but an intrinsic angular
momentum of the particle itself.

For brevity the digression stops here becauseqtime s
of quantum particles is not relevant for the pugsosf
the present paper mostly devoted to planetary syt
effect it has been skipped everywhere; yet thistsiate,
although introduced here as it would be a mere imarg
remark only, shows once more that the Equation (1)
indifferently and contextually quantum and
relativistic results without hypotheses additiotalthe
concept of uncertainty only.

It is also worth noting the Einstein abandoned the

zero depending on the number of terms only of theconcept of gravity force for that of space-time
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deformation in the presence of mass. Here instbad t result of the general relativity, the space-timevature,
force appears explicitly, see for instance thetfirs to explain the gravity force.
Equation (15); yet also here this force is nothaétge but Deserves attention also the fact of having infeasd
space-time deformation. What else otherwise coulda corollary of the Equation (1) even the Newton law
represent from a physical point of view the changes (Tosto, 2000; 2013b), which is itself a further aial
the uncertainty rangesdp, due toAdr andAdt? The only  point of the present paper; it shows that the Eqodtl)
difference with respect to the relativity is tharé the  are in fact a fundamental principle of nature, atue
deformation of space-time does not involve the include both quantum and relativistic results. buti¢he
dynamical variables, but ranges of conjugate dynalmi same conceptual basis exploited in the presentrpape
variables subjected to the requirement of uncastain allowed obtaining as a corollary even the Hawking
This makes the concept of space-time deformati@mev entropy and temperature together with the Friedmann
more abstract than in relativity; moreover the poss equation, which is the fundamental theoretical ddsi
(2) make useless the tensor formalism that nedgssar describe the evolution of the universe.
implements assigned values of local dynamical béei In this respect it is worth emphasizing a side oute
here instead disregarded since the beginningof the present model, i.e., the anti-gravity. Thdga,
conceptually and not as a sort of approximation toalready introduced in a previous paper (Tosto, Bp13
simplify some calculation. The results are nevdege appears more clearly while discussing the quantum
consistent with that of the relativity. formulation _of the e|genv_alues of a grawtauon;aettem.

A significant outcome of the model is the evidence YWhen considering the signs allowed for and a,-b in
that actually the planetary systems have a feaiture the Equatlon .(4) and (5), the attractive gra"".’a’“‘b

. . . " potential allowing the bond energy between twoated

common with the atomic systems, i.e., the abilify o

di . d ab i f ) masses results contextually compatible also with th
regarding emission -and absorplion ol €nergy N agyistence of a repulsive gravitational potentiatwsen

reversible and symmetric way. Atoms absorb or E#ea hese masses. This chance opens a new scenarid abou
electromagnetic waves via excitation or decay ofthe forces with which interacts the matter of our
electrons in their allowed energy levels, wherel@s t universe: The sensible results obtained via ongcpéar
effective chance of energy exchange between them igshoice of signs, of course that leading to the
subjected to the resonance condition. Also inspect,  “conventional” gravity force, compels acceptingoathe

the quantum approach prospects an analogoue‘;dea of alternative unusual anti-force. The soechffifth
mechanism of emission and absorption of gravitafion force”, has been in effect evocated by some authors
waves; by definition both signs are admissible e ~ (Hayasaka and Takeuchi, 1989) to support exotic
change 8n of the number of states, which in turn hyPotheses, like the negative energy and the waskesh

determine the wavelengths and controls the signs m(Morrls e al., 1988, Hathawagt al., 2003). Moreover

o . strange phenomena, like the so called Hutchisoeceff
6A|£/6A_t andéArééAtbt.hat dlscrlmln_ﬁ]e. e|ther|ch§1nc§10|1:j have been also debated although in lack of firm
releasing or absorbing energy. This conclusion $10ld eyherimental evidence. Besides the fact that no
because the results of section 3 show that infaid | experimental test is today considered conclusive to

play exactly the role of the respective quantum bers  yalidate these ideas, the major issue of this tapibat
characterizing the solution of the Schrodinger éiQua  the theoretical frame is still unclear itself. Digspall
Note however that while is very easy to infer the theoretical efforts are at present carried out westeely
guantum angular momentum and the electron energywithin a relativistic frame, further quantum outoesnin
levels of hydrogenlike atoms via the Equation (t), Pprogress could hopefully contribute to clarify this
would have been really problematic to infer the challenging topic. The previous considerations be t
gravitational waves via the wave formalism solving ~ Signs of the terms of series development of the
appropriate Schrodinger equation; the broad specti interaction potentiap, whose particular choice allowed
results attainable via the Equation (1) is the pesof of mferrm_g tt_he Nevvtond pqtentla;_l tz_;\s fllrs('; grdter
their wider generality. In this respect, it is irgsting the approximation, are under mvestigation. - Indeed: wo

; hat th ber | of ativigioul significant hints appear in this quantum model. One
act that the quantum number | of non-relativistigular  concerns once again the successful chance of oegfini

momentum appearing in the Equation (34), contrioés t  the first coefficienta; both as 4GM and +Z8, the

relativistic expression (33) of the light beam begd  former leading to the gravity force the latter toet
this is the quantum signature underlying also aiatu  Coulomb force, that describe likewise a planetgstem
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and the Bohr atom: So in a sense it is not surgithat
the familiar attractive/repulsive character of tlagter
corresponds to an analogous attractive/repulsivigyab
of the former. The formal symmetry between the
electromagnetic and gravitational interaction hagrb

already remarked, see for instance the Equation (13

where still appears; despite the enormous difference of

(Tosto, 2013b), for instance, the link between lloca
momentum p and energyof a free particle moving at
rate v has been found in the formp=vAe/c?; the
quantum uncertainty ranges show therefore that the
functional relationship between p ands p=ve/c?.

This result, obtained exploiting the Equation (1jyo

strength and physical meaning, the former obeys thedgrees with but it is not identical replica of theecial
Maxwell equations the latter does not, the quantumrelativity; here p and: are random local variables, in

mechanism of emission of electromagnetic radiation
gravitational waves reveals an amazing similarity.
Something else must be hidden in this indicatiohictv
cannot be merely accidental. The second hint coascer
the non-trivial fact that even the Coulomb law ifirat
order approximation only of a more complex intei@att

as in effect it has been found in (Tosto, 2004s0Ahote

in this respect that the Equation (33) has beeeried
considering the light beam deflection under thealisu
attractive potential, in which case the light betemds to
wrap around the gravity source; however
hypothesized antigravity potential, if really stkisting

principle unknown and unknowable, included in the
respective uncertainty ranges whose sizes are wikno
and unknowable as well. Yet, despite this agnostic
starting point, previous papers show how to obkaith
relativistic and quantum results; in this paper,
significant examples are the Equation (23) and @24#)
the one side and the Equation (34) on the other. 8d
the statement that the present model is not meuéecae

of the relativity has a well defined physical meani
The equations have the same form of the relatovisti

the ones, of course, but fully quantum character bezaus

they inherently contain the essential concept of

and active somewhere in the universe, stimulates inuncertainty. These considerations suggest new hints

principle the question about how it could defledight
beam: May be in an opposite way, i.e. similarlythe
behaviour of two charges of the same sign.

the cosmology and to the relativity itself.
The first implication concerns the chance of energy
transfer within the universe via gravitational waveé\

In the previous papers and in the present one, thgossible mechanism envisages an orbiting system
quantum approach goes deep into the general iigfativ emitting waves that once intercepted by an analsgou

realm without necessity of requiring extra-dimensido

introduce the quantization condition into the modél
gravitational system. Of course the present modelsd
not exclude their physical reality, waiving the rext

system far apart excite this latter to a higherrgyne
quantum level; the idea is well known, any system
absorbs the waves it is able to emit. The simjlanith

the analogous mechanism involving photons andrelect

dimensions is simply consequence of the basic ideanergy levels agrees with and supports the idea of

followed here: Rather than attempting to modify the
relativity in order to make it compliant with theantum
theory, the model has shown that in fact the forimex
branch of the latter once accepting the idea ofesjtiane
uncertainty as a common root. Indeed the preseniemo
does not propose an alternative path to the gtaosita
waves still in the frame of some relativistic thedorn
after the early Einstein formulation; the paper sim
instead to propose a new “ab initio” approach based
the Equation (1) only and to check the agreemetief
guantum results with the relativistic ones. It mbst
noted in this respect that the relativity alone
incomplete if not merged with the quantum theony; f
instance it cannot account for the important effdikte

is

the Hawking entropy or the vacuum polarization, as

instead the present model does.

The quantum instability of the orbiting systems ats
least three further implications, whose discussieads
however an introductory remark of general charadter
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“graviton”, i.e. quantum of wave energy introduced
throughon at the end of the section 4. Very high values
of n mean small spacing between gravitational guant
levels, so that n>>1 andnh>>1 can be approximately
regarded as continuous variables; then appropdate
and n can realistically fulfil the resonance coiodit
between two orbiting quantum systems far apartpies
the tiny interaction effect measurable accordinghe
results of the section 5, the huger space scalthef
cosmic systems involved and the large number ofdsod
orbiting around or accelerated by the field of othe
masses in the whole universe suggest the actuateha
of relevant amounts of energy exchanged with this
coupling mechanism.

Recall now the reasoning introduced when describing
the light beam bending: The motion of a test mass
perturbed by a field implies a local angular momemt
and thus a local angular velocityand curvature radius
Ar. The second implication of the model concerng jus

Pl
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the light beam bending, which from a gravitatiopaint
of view has been described by photons of energnd
equivalent masgu =g/ c®. Thus: Are bent light beams

able to irradiate themselves gravitational waves2ol|
then their wavelengths should increase in the poesef a
perturbing gravity field; this effect is similar tbe redshift
of a photon climbing radially outwards of the field this
specific case the relativity describes a symmetracess,
i.e., blueshift is expected when a photon falls amig
the gravity source; it is not surprising therefdahat
both redshift and blueshift could also occur evdremw

The previous results strongly suggest that both
relativity and quantum theory have a common
fundamental root, the uncertainty i.e., our hopeles
inability to know everything with arbitrary accusacl he
Equation (1) represent a sort of insurmountableidrar
that defines the essential information we can dffdyout
the events allowed in nature. It is really diffictd think
that such a limit of the quantum world should notdh
also in the relativistic realm. Just to this aspefcthe
model is devoted a closing remark.

The quantum mechanical approach hitherto carried

photons emit or absorb gravitational waves via theOut via the Equation (1) could seem less complege t

coupling mechanism previously introduced. In fact
have been experimentally observed bursts-tdys of
the order of 1¢/ J, which thus correspond to a total
equivalent mass of the order of*1&g similar to that
of the sun; as these figures are comparable todhat
orbiting solid bodies, it follows that at leastprinciple
even the light beam bending could significantly
contribute to the total energy balance of the
gravitational waves spreading throughout the usiger

It follows by consequence the third implication of
the quantum model, i.e. the ability of photons to
interact indirectly with matter via gravitationabwes:

that carried out via relativistic approach; fortarece we
haven’t concerned the polarizations “x” and “+” thie
gravitational waves, rather a simple energy balamte
the gravitational system only was enough to expign
instability. Of course further investigation on gke
points, in this paper waived uniquely for brevityg,
presently in progress. This omission is howevertinos
due to the priority attention that must be paidtlhe
limits posed by the quantum theory on the physical
observables: Any classical approach allows in [jiec
calculating everything, the commutation rules of
quantum operators discriminate instead which ansunt

Once regarding orbiting/accelerated matter and bent€@lly correspond to physical eigenvalues.

light beams as potential emitters/absorbers, hédds
both the possibility of positive or negatide, they in
fact exchange energy. Also this kind of long dis&n
interaction could be significant because of the éug
number of systems prospectively involved within the
whole universe.

This picture of interactions, although qualitative,
reveals a universe more interconnected and contpéax
that expected considering the direct effects ofglavity
only. One aspect of the research in progress abest
long-range interactions aims to verify these ideas
quantify the aforesaid effects, for instance calting the
probability of gravitational wave induced trangitso
between orbiting quantum levels. All these efféct®lve
well known topics typical of the quantum mechangs;
no conceptual restriction hinders in principle exiag
further the results hitherto exposed in order tdtebe
understand the physics of the gravitational waves,
particular their interaction with light and matt&rucial
appear instead the conceptual limits posed by uhatgm
theory itself. In other words further informatiom dhe
physics of the gravitational wave is achievable,vaithin
the limits of the quantum knowledge we can affarbis
compelling condition, consequential in a quantum
approach only, deserves more attention.
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8. CONCLUSION

The quantum approach introduced by the present
model poses new problems about the science of the
gravitational waves. The quantum theory was refused
by Einstein because considered imperfect (“God does
not play dice”), incomplete (e.g.? &nd J only have
physical meaning), non-local (EPR paradox and
“hidden variables”) and non-real (“The moon exists
even though nobody observes it”).

The relativity defines in detail several propertis
the gravitational wave, e.g., its “X” and “+” potzations
resulting from the quadrupole approximation to edive
field equations as a perturbation of the flat Mins&i
space-time. In effect the classical origin of th&tivity
does not put in principle limits to the amount &t of
quantities calculable; the quantum theory insteadsd
e.g., hobody could dare measuringadd J. So at the
end of this study is legitimate the question abdmw, in
general, the quantum standpoint could modify als® t
commonly acknowledged experimental frame to vatidat
the theoretical outcomes of the relativity. A pbsitask
is to examine carefully the true physical motivatiof
the unsuccessful attempts so far carried out tectet
directly the waves, despite an ample amount of
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