American Journal of Modern Physics
2021; 10(2): 30-35
http://www.sciencepublishinggroup.com/j/ajmp

(Y J' v I
otlencer

Science Publishing Group

doi: 10.11648/j.ajmp.20211002.12
ISSN: 2326-8867 (Print); ISSN: 2326-8891 (Online)

Minimum Time Transition Between Quantum States in
Gravitational Field

Branko Novakovic
Faculty of Mechanical Engineering and Naval Architecture, University of Zagreb, Zagreb, Croatia

Email address:
branko.novakovic@fsb.hr

To cite this article:
Branko Novakovic. Minimum Time Transition Between Quantum States in Gravitational Field. American Journal of Modern Physics.
Vol. 10, No. 2, 2021, pp. 30-35. doi: 10.11648/j.ajmp.20211002.12

Received: April 1,2021; Accepted: April 15,2021; Published: April 23,2021

Abstract: Here it is started with the proportionality between Planck’s and related gravitational parameters. Using the ratio
between Planck mass and related minimal gravitational radius (half of Planck length) we obtain maximal radial density (kg/m) in
gravitational field. On the other hand, minimal radial density one obtains using the ratio between Planck mass and related
maximal radius in gravitational field. It is based on new Relativistic Alpha Field Theory (RAFT) that predicts the existence of
minimal and maximal gravitational radius in a gravitational field. Thus, no singularity at the minimal gravitational radius and no
infinity at the maximal gravitational radius. It is shown that the maximal radial density is constant and is valid for all amounts of
masses. Also, minimal radial density is constant and is valid for all amounts of masses. Using Planck parameters, it is calculated
the energy conservation constant £ = 0.999934. Since this constant is less from unity and grater from zero, the minimal
gravitational radius cannot be zero (no singularity in a gravitational field) and maximal gravitational radius cannot be infinitive
(no infinity in gravitational field). Here quantization of a gravitational field is based on the multiplication of the minimal
gravitational length (twice of minimal radius) by parameter n =1, 2,... The calculation of the minimum time transition between
two quantum state for the proton gives 0.413466x 10 seconds. The minimal expansion time from minimal to maximal radius of
proton is equal to 1.253992x107* sec. This is in accordance with recently observation, revealing nano big bang: the first
millisecond of crystal formation. The calculation of the minimum time transition between two quantum state for Universe is
13.948503%10° years. The minimal expansion time from minimal to maximal radius of Universe is equal to 422,151.136168x10°
years. Previous calculation is based on the velocity equal to the speed of light. Since the real transition velocity is less than the
speed of light, the real transition and expansion times are greater compare to the previous calculation. Following the previous
results, one can understand why the quantum approach has only sense for the small mases i.e. particles.
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1. Introduction

A theoretically verification that only a non-Gaussianity
approach can create a quantum theory of gravity is presented in
previous study [1]. Namely, this approach gives a sufficient
signature that a gravitational field can be quantized. Further, the
problem of the minimum time evolution between two quantum
states is also presented and discussed [2]. The quantum
transition, time dependent perturbation theory, Fermi-Golden
rule and impurity scattering are presented in [3]. On the other

hand, the time-dependent perturbation theory is explained in [4].

One particle transition, classical to quantum transition,

quantum critical points, dynamical quantum phase transitions
and quantum thermodynamics are illustrated in [5-17].

In some applications of quantum theory, like quantum
computing, we want to know what is the shortest physically
possible time for a quantum state to evolve to another one?
This is closely linked to dynamical characterization derived
from the time-energy uncertainty relations [2]. In order to
develop the algorithm for solution of the mentioned problem
in quantum dynamics, one should use the time-energy
uncertainty relation and generalize it in the case of a
time-dependent Hamiltonian operator [18]. In the modern
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quantum theory, the generic Hermitian operator is used.

For the quantitative measure of the evaluation of the quantum
control system performance, one can use parameter 1. This
parameter is a ratio of the minimal (shortest) time (t.,,) for
transition of quantum states and the time by which this
transition can be measured by control system (tcqs), or control
algorithm. One of the possibilities to solve this problem is to
employ the time-energy uncertainty relation obtained by Pfeifer
[19]. An analytical approach to digital quantum computing
model is the Fahri - Gutmann system which is based on a
variation of the quantum search algorithm. This is similar to the
well - known Grover’s algorithm [20]. This approach can be
applied by following the presented steps procedures [21, 22].

Recently, it is presented the unification of quantum and
gravitational theories in 2d system [23]. In this unification the
related matrix model is discussed by using the thermal partition
function of Jackiw-Teitelboim (JT) gravity and asymptotically
Euclidean AdS2 background. It is shown that the partition
function of JT gravity is written as the expectation value of a
macroscopic loop operator in the old matrix model of 2d gravity.
It is happened in the background where infinitely many
couplings are turned on in a specific way. New discretization of
gravitational field is presented in the previous study [27].
Further it is discussed the possibility that positive gravitational
force could be source of dark energy [28]. The tension between
Planck’s and other observations is also analyzed [29]. The loss
of dark matter since the birth of the universe is elaborated in detail [30].
Laser test of the potential of the diffraction pattern is employed in order
to prove of Einstein’s Theory of Relativity [33].

Here it is considered the minimum time evolution between
two quantum states in gravitational field. This approach is

based on new Relativistic Alpha Field Theory (RAFT) [24-26].

In this theory each mass can be in the state of the minimal
gravitational radius, as well as, in in the state of the maximal
gravitational radius. Thus, the minimal gravitational radius
can be the initial point for quantization of gravitational field
and the maximal gravitational radius can be the final point of
quantization of gravitational field. It is shown that the
quantum approach in gravitational field has only sense for the
small mases i.e. particles. The minimal expansion time of
proton from minimal to maximal radius (for the expansion
velocity equal to the speed of light) is equal to 1.253992x107*
sec. On the other hand, the minimal expansion time of
Universe from minimal to maximal radius (for the expansion
velocity equal to the speed of light) is equal to
422,151.136168x10° years. Since the real expansion velocity
is less than the speed of light, the minimal expansion time for
proton and Universe is greater compare to the previous
calculations.

2. Gravitational Parameters as Functions
of Planck’s Parameters and Solution of
Energy Conservation Constant

New Relativistic Alpha Field Theory (RAFT) [24-26]
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extends GR to the extremally strong gravitational field,
including Planck scale. In RAF theory Energy Momentum
Tensor (EMT) of gravitational field is generated from the left
side of field equations [32]. Further, in RAF theory minimal
gravitational length, or minimal gravitational diameter, for
Planck mass is equal to Planck length. This means that the
minimal gravitational radius of Planck mass is equal to half of
Planck length for spherically symmetric mass. Further, the
ratio of Planck mass and Planck length is constant,
Mp/Lp:cz/G. In gravitational field, the ratio of mass M and
minimal gravitational length L, is also constant M/Lg:cz/G,
and is equal to the ratio of Planck’s mass and length.
Following this consideration, the gravitational length, time,
energy and temperature can be presented as the function of the
Planck length, time, energy and temperature, respectively
[31]:

Lg:Lpﬁz hG/C3£,tg:tp£: hG/csﬁ,
MP MP MP MP (1)
5 5
Eg:Ep%: hL%)T:g:Tp%: hi%
M, G M, M, NGk M,

Here L,, M, G, t,, E,, and T, are gravitational length, mass,
constant, time, energy and temperature, while L,, M,, 7, t,, E,
and T, are Planck’s length, mass, constant, time, energy and
temperature, respectively. The amounts of the Planck’s
parameters are given in the relations:

L, =1.616255007°m, M, =2.17643500 " kg,
h=1.05457100 m’kgs™" 1, =5.391245007s, (2)
E,=1956000"/,T, =1.416808 00’ K.

Following (1) we can introduce factor of proportionality (X,,)
equal to K,=M/M,,. Appling (1) to proton in gravitational field,
we obtain the related proton parameters:

Lg, =1.242116007* m, M, =1.672622007 kg,
G=6.6740800" 'mkg™'s 7% 1, =4.14325300™s,  (3)

E,, =1.503215007"°J, T, =1.08883810" K.

gpr

Generally, following the relations (1), (2) and (3), one can
conclude that the gravitational parameters (at the minimal
radius) for the masses less than Planck mass are smaller than
the related Planck’s parameters. On the contrary, the
gravitational parameters for the masses greater than Planck
mass are larger than the related Planck’s parameters.

In order to calculate the energy conservation constant X ,
one can use Planck mass and Planck length:

2GM 2GM
Ly =L, = b, k= -1,
(1+K)c Lyc 4

Kk =0.99993392118.
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The all spherically symmetric particles (bodies) in a
gravitational field, with mass M, have maximal and minimal
radial density at the minimal and maximal gravitational
radiuses, respectively [21]:

2
+
Bumar == XKV ) 6031820107 kg / m,
Zl 1-k)c’ ©
B =L = (A7H)ET 888779002 kg / m,
rmax

Here r,;, and r,, are minimal and maximal radiuses of
mass M, c is a speed of light in vacuum, G is gravitational
constant, and K is energy conservation constant from (4)
(see [27]). Further, p, i and p, i, are maximal and minimal
radial density in a gravitational field valid for all amounts of
masses.

Gravitational quantum effect for masses less than the

Plank’s mass is dominant in the region between L,,;, and 2L,,,;,..

Therefore, quantization of gravitational field shood be
determined in the following region:

o . 26M
b o dGM_ oo
‘min (1+K)02 ’ ‘min ‘min (1+K)cz ’ ( )
2L, —L,.
— M =y, N=12,..0,,..
Ly

Here L, is the minimal distance between two quantum
points.

3. Minimum Transition Time Between
Two Quantum States in Gravitational
Field

Let A7 s the shortest time during which the average value
of a certain physical quantity is changed by an amount equal to

the standard deviation. Thus 4l can be called standard
deviation, or uncertainty of time. This time should satisfy the
following relation:

AH AT > E,
2 )
‘//>2 )1/2-

AH" = (W|H|y) -yl

Here AH is the energy uncertainty. In the relation (7)
quantum dynamical evolution is starting from a generic state
|w) and is finishing in the related orthogonal state. The
quantitative measure of temporal quantum state transfer
efficiency 1), is given by:

) Ty _wD
”tE mm, nlﬂal//DE Y-y ,
TCQS TCQS (8)
TTh A
Ny _wyo=———, Ty _yo27Th/24H .
Y-wD TS0 Toos Y -y0

Heret?,,;, is the shortest physically possible time to obtain
the quantum transition between two quantum  states.
Parameter Tys can be stated as the time, effectively spent by
the controlled system or control algorithm. Parameter
Ty _ynis the shortest physically possible time that is spent

for the transition to the orthogonal state ¢ . This is the
minimum transition time between two quantum points. For
determination of the minimal time in quantum dynamical
evolution, one should use time depended Hamiltonian. In that
case, the time-energy uncertainty relation, obtained by Pfeifer
[19], can be used.

For application of the previous theory to the quantum
system one can start with the minimal distance between two
quantum states L, given by (6). Let the transition velocity
between two quantum points is denoted by v. In that case
distance between two quantum points, L,, can be determined
by the relation:

L, =vIly yo- Q)

The most minimal distance between two quantum points,
one obtains if the transition velocity between two quantum
points is equal to the speed of light. In that case the most
minimal distance between two quantum points can be
calculated by the relation:

v=c¢ - Ldmin :crl//al//D' (10)

Following the previous relations one can calculated the
maximal number of quantum points in the region 2L,,;,-L i,

< 2Lmin _Lmin

Mgy S— (11)
Ty -y

From (6) and (11) one obtains the maximal number of
quantum points in the region 2L,,;,-L,;, as function of the
gravitational mass:

2GM /(1+K)c?
crmh/24H"

nmax -

(12)

Thus, in gravitational field the maximal number of quantum
points in the region 2L,,;,-L,,;, are given by the relation:

4GM AH "

n <———.
mhe (1+K)

(13)

max

As it can be seen from (13), the maximal number of
quantum points is proportional to the gravitational mass.



33 Branko Novakovic:

Further, including only equality relations in (7) and (8), one
can obtain the following equation:
2GM

K

Ty g0 U0

Applying proton mass (3) to the relation (14) we obtain the
numerical relation valid for proton:

_0.826905 0010~
Ty o Unpge =—————— sec.

(1+k) (15)

4. Comparison of Minimum Time in
Quantum States Transitions Between
Proton and Universe

Now, including Universe mass into the relation (14) one
obtains the following relation:

M =1.775786 (10> kg,

. o, = 08797309 o' »
Y-y max (1 +K)

_ 0.8797309 110'3 S
Ty ynU1+kK)

(16)

Mo ec.

Farther, taking parameter € from (4) and including into (16)
we obtain the maximal number of quantum points in one
minimal gravitational length L,,;, of the Universe:

0.439879010'®
Ny ————————————— SecC. (17)
Ty yo

Using 7 = 1 and including parameter X from (4) one obtains
the minimal transition time of Universe (16) from the minimal
radius to the radius r, = 21 ,:

Universe : Ty, _ ,r =13.948503 D|09years. (18)

Thus, the present age of Universe is close to the age that
belongs to the radius (r, =2ry,;,). On the other hand, the present
Universe acceleration is close to the point (r. =2r,,;,) where it
will change to the deceleration.

Farther, using parameter K from (4) and n =1 we obtain,
from (14), the minimal transition time for proton from
minimal radius to the radius (r;=21,):

Proton: Ty_,n=0.413466007% sec.  (19)

Comparing (18) and (19) one can understand why the
quantum approach has only sense for the small mases i.e.
particles.

Now, one can ask how many quantum transition times are
there between minimal and maximal radius of a mass? The
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velocity equation for each mass expansion has two zeros. The
first zero is at the minimal radius and second one is at the
maximal radius [24-26]:

_ GM
(1-k)c*

GM

s @

Fin Fnax

Following (14) and (20), the maximal number of quantum
transition times between minimal and maximal gravitational
radiuses can be calculated by the relation:

_ 2GM
(1-K)c Wty _yn)

21

nmax

Including mass of the proton, parameter K from (4) and

T,
( 4 *wD) from (19), one obtains the following result:

=30,328.788 22)

(nmax )praton
On the other hand, including mass of Universe, parameter

7 .
K from (4) and (‘/j”wm) from (18), one obtains the
maximal number of transition times between minimal and
maximal radiuses of Universe:

=30,264.991 (23)

(nmax )universe

From the previous analysis one can conclude that the ratio
of the maximal transition times for the Universe and proton is
constant and is equal to unity. Numerically it is close to unity:

2GM,,;
(nmax )univ. = 3 S B
(1-K)c I]T[//al//D)un.ﬁrst
2GM
(nmax )prot. = b ’ (24)

3
(1-K)c MTwHwD)pr,ﬁrst

(Miax Juniv. — 0 997896 =1,
(nmax prot.

Thus, the maximal number of the quantum transition times
from the minimal to the maximal radiuses of the related mass
is the same for all quantity of masses. But, the quantity of the
one quantum transition time for the proton is some parts of the
seconds, while for the Universe it is close to 14 billion years.

Now, using (1) we can calculate maximal length of the
Universe at the maximal gravitational radius:

M

Ly = My Lniy = Moy NAG / € ——,
M

'max max—min

25
L, =3.02649910010* (11.3187268 107, (25)

L, =3.99125500%m.
The minimal expansion time of Universe from minimal to

the maximal radius (for the expansion velocity equal to the
speed of light) is:
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L expamiv = My g = 422,151.136168 (107 years. (26)

Since the expansion velocity is less than the speed of light,
the expansion time of Universe is greater of #,,, ., in (26).

The minimal expansion time of proton from minimal to the
maximal radius (for the expansion velocity equal to the speed
of light) is:

= MyTy g0 =1.25399200 sec.  (27)

tmimexpprot
This is extremally small expansion time of proton that can
be neglected in quantum calculation. Further, this is in
accordance with recently observation [34] where the scientists
were revealing nano big bang with the first millisecond of
crystal formation.
Now, we are interested about maximal radial velocity in a
gravitational field. In that sense, one can start from the relations
of radial velocity and acceleration in gravitational field [29]:

1/2
r':J_r[ZGM [1— GA/IZJ+(K2 —1)4 ,

r 2rc
(28)
._ GM GM
rE-— 1- 3
r re

As we know, the maximal radial expansion velocity in
gravitational field is at point where the radial acceleration is
equal to zero. Including this condition into (28) and taking &
from (4), one obtains the following result:

.. dr .
=0 - — =7 =T Kc,
dt max

i =% 0.99993392118 (¢,
Fooe =% 2.99772648 0% m / 5.

29

Previous condition is occurred at the point where the
gravitational radius is close to twice of the minimal radius

(rcgzrmin)-

5. Conclusion

Here quantization of a gravitational field is based on the
multiplication of the minimal gravitational length (twice of
minimal radius). The calculation of the minimum time
transition between two quantum state for the proton gives
0.413466x10** seconds. On the other hand, the minimal
expansion time from minimal to maximal radius of proton is
equal to 1.253992x10°% sec. This is in accordance with
recently observation, revealing nano big bang: the first
millisecond of crystal formation. For the comparison, the
calculation of the minimum time transition between two
quantum state for Universe is 13.948503x10° years. The
minimal expansion time from minimal to maximal radius of
Universe is equal to 422,151.136168x10° years. Previous
calculation is based on the velocity equal to the speed of light.

But the real transition velocity is less than the speed of light.
Therefore, the real transition and expansion times are greater
compare to the previous calculation. Following the previous
results, one can understand why the quantum approach has
only sense for the small mases i.e. particles. This article is
based on new Relativistic Alpha Field Theory (RAFT). This
theory predicts that there exist minimal and maximal
gravitational radius in a gravitational field. Thus, no
singularity at the minimal gravitational radius and no infinity
at the maximal gravitational radius. This is consequence of
existence of the energy conservation constant that here is
calculated for obtaining a numerical amount.
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