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1. Preamble or Main target

Main target is investigation of quantum theory and gravity in terms of the
measurability notion (definition below), with the aim to form the above-mentioned theories
proceeding from the variations (increments) dependent on the existent energies. Then
these theories should not involve the abstract infinitesimal variations dt, dx;, dp;, dE,i =
1,...,3

The main motive is the problem of divergences in the quantum
theory and the gravity correct quantization

2. Necessary Preliminary Information

It is assumed that there is a minimal (universal) unit for measurement of the length £
. . h . . .
corresponding to some maximal energy E, = 70 and a universal unit for measurement of time

T = £/c. Without loss of generality, € and t at Plank’s level, i.e. € = kl,, T = Kt,, where
constant  is on the order of 1.

|. E, « E, with the corresponding proportionality factor.

Then we consider a set of all nonzero momenta



P={p,}i=1,.3;|py| 0. (2.1)

Primarily Measurable momenta
_ h
pxi — pNi — N_it,) (22)
where N; is an integer and p,, is the momentum corresponding to the coordinate x;.

Definition 1. Primary Measurability
1.1. Any variation in Ax; for the coordinates x; and At of the time t is considered
primarily measurable if
Axi = NAxi'B'At = NAtT' (23)

where N4, # 0 and N4, # 0 are integer numbers.

1.2. Let us define any physical quantity as primary or elementary measurable when its
value is consistent with point 1.1 and formula (2.2).

Then we consider formula (2.3) and Definition 1. with the addition of the momenta



Px, = PN, = Nioe’ where N, is an integer corresponding to the time coordinate

(Na¢ In(2.3)).
For convenience, we denote Primarily Measurable Quantities -- PMQ. It is clear that
PMQ is inadequate for studies of the physical processes.

LA

N Nec op,

N s (2.4)
Esziz’l_l’ )3)

Pn, Pn,c are Primarily Measurable momenta, up to the fundamental constants are
coincident with py ,py,. and they may be involved at any stage of the calculations but,
evidently, they are not PMQ in the general case.

o 2 _ . h #  KG
Note.l’—lclp,lp —GC—3,? 3
Definition 2. Generalized Measurability
We define any physical quantity at all energy scales as generalized measurable or, for
simplicity, measurable if any of its values may be obtained in terms of PMQ specified by
points 1.1, 1.2 of Definition 1.



The main target of the author is to form a quantum theory and gravity only in terms of
measurable quantities (or of PMQ).

A) Low Energies, E < E,,.
Domain P,z € P (LE is abbreviation of "Low Energies") defined by

the conditions
Pip={py}i=1,..,3;Pp>» |py| # 0, (2.5)

where P, = E,/c--maximal momentum.

In this case Primarily Measurable Momenta (PMM) takes the form

Ni = xi{,,or

_ h 2.6
Px; = Pn; :N_it’ ( )
IN;| > 1,

For E K Ep, ie. (|N;| > 1), primary measurable momenta are sufficient to specify
the whole domain of the momenta to a high accuracy P;g.

Of course, all the calculations of point A) also comply with the primary measurable



momenta py,. = py,. Because of this, in what follows we understand P as a set of the
primary measurable momenta Px, = PN, (u=0,...,3) with [N,| > 1.

Remark 2.2. It should be noted that, as all the experimentally
involved energies E are low, they meet the condition E < E, ,
specifically for LHC the maximal energies are ~ 10TeV = 10*GeV, that is
by 15 orders of magnitude lower than the Planck energy ~ 10°GeV. But
since the energy E, is on the order of the Planck energy E, x E,, in this
case all the numbers N; for the corresponding momenta will meet the
condition min|N;| ~ 101>, So, all the experimentally involved momenta
are considered to be primary measurable momenta,i.e. P;; at low
energies E <K E,.

So, in the proposed paradigm at low energies E < E, a set of the primarily

measurable P, is discrete, and in every measurement of u = 0,...,3 there is the discrete
subset P,, C Ppg:

Py, = PN~ 1PNy PN +10--- (2.9)

In this case, as compared to the canonical quantum theory, in continuous space-time we
have the following substitution:



dpu = APNXll = pNXll - PNXH+1 = pNXu(NXu+1);
0 A OF AF(pqu) _ F(PNXH)‘F(PNXHH) _ F(pny, )~Fpny,+1) (2.10)
dp,  Apy’ Opy Apy PNy, “PNy,+1 PNy, (Nx, +1)

And for sufficiently high integer values of Ny, |, =0,...,3,
T/N.,€/N,, (which are the primarily measurable momenta P,, up to fundamental

constant) represent a measurable analog of small (and infinitesimal) space-time increments
in the space-time variety M c R*.
Because of this, for sufficiently high integer values of [Ny, |, we have :

the following correspondence

dxﬂ - ;
Xp
’ (2.11)
F — |-F
? A OF  AF(xy) (X”+qu> ()
- , - =

Now we formulate the principle of correspondence to a continuous theory.
Correspondence to Continuous Theory (CCT).

At low energies E < E,, (or same E < E,) the infinitesimal space-time quantities



dx,;u=0,...,3 and also infinitesimal values of the momenta dp;,i = 1,2,3 and of the

energies dE form the basic instruments (“construction materials”) for any theory in
continuous space-time. Because of this, to construct the measurable variant of such a theory,
(discrete case) (2.10) and (2.11) give the adequate substitutes for these quantities.

B) High Energies, E ~ E,,.
In this case primary measurable momenta are

Ni —

_ h 2.12
px,- :pNi =N_lf ( )
IN;| = 1.

where N; is an integer number and p,, is the momentum corresponding to the
coordinate x;.

The main difference of the case B) High Energies from the case A)Low Energies is in the
fact that at High Energies the primary measurable momenta are inadequate for
theoretical studies at the energy scales E ~ E,.

This is easily seen when we consider, e.g., the Generalized Uncertainty Principle (GUP),
that is an extension of Heisenberg's Uncertainty Principle (HUP) , to (Planck) high energies



4

Ax > % +ai3E (2.13)

where ' is a constant on the order of 1.
Obviously, (2.13) leads to the minimal length £ on the order of the Planck length [,

4

Axim = 2Va'l, = 2. (2.14)

p

In his earlier works the author, using simple calculations, has demonstrated that for the
equality in (2.13) at high energies E ~ E,, (E = E,) the primary measurable space
quantity Ax = N,,f, where Ny, = 1 Is an integer number, results in the momentum
P(Np,, GUP):

h
Ap = p(NAx,GUP) =

1/2(Np,+ Nﬁx—l)fl (2.15)

It is clear that for N,, = 1 the momentum Ap(N,,, GUP) Is not a primary
measurable momentum.
On the contrary, at low energies E < E,, (E < E,) the primary measurable space

quantity Ax = N,, £, where N, > 1 isan integer number, due to the validity of the limit
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lim /Ngx —1 = N,,, (2.16)
Npx—©

leads to the momentum Ap(N,,, HUP):

h h h

Ap = Ap(Np,, HUP) = S Nt 8x'(2.17)

1/2(Nax+ [N, —1)€

It is inferred that, for sufficiently high integer values of N,, the momentum
Ap(N,,, HUP) within any high accuracy may be considered to be the primary measurable
momentum.

3. Space-Time Metrics and Einstein Equations in Measurable Format

Low energies E < E,,

According to the above-mentioned results, the measurable variant of gravity should be
formulated in terms of the small measurable space-time quantities f/NAx,, or same

primary measurable momenta PNas,-

Let us consider the case of the random metric g,, = g,,(x) where x € R* is some
point of the four-dimensional space-time manifold M < R* defined in measurable terms.
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Now, any such point x € {xX} € M and any set of integer numbers {N,,x} dependenton
the point {xX} with the property |Na,x| > 1 may be correlated to the bundle with the base
R* as follows:

4

AxX

= X
BNx)( {x ’N

} e {xX) (3.1)

It isclear that lim B R?.

INjx|—o0  NVaxX

Thenasa canonically measurable pre-image of the infinitesimal space-time
interval square

ds*(x) = g, (xX)dx*dx” (3.2)
we take the expression

,t)Z
N AxI‘N AxV .

AS?NMX} (x) = guv(xr Npyr) (3.3)

Here g,,(x, Nayx) -- metric with the property that minimal measurable variation of
metric g, (X, Nayx) inpoint (3.3) for coordinate y — th has form
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Aguv(xr NAxX)x — guv(x + ’E/NAxXrNAxX) - guv(x» NAxX)» (3.4)

and Ay (6, Nase); By (8 Npr) = 2580 (3.5

The Ag,,(x,Naxx), Isa measurable analog for the dg,, (x) of the y-th component
(dg v (x)), ina continuous theory, whereas A, g,,(x, Nayx) isa measurable analog of
the partial derivative @, g, (x).

In this manner we obtain the (3.1)-formula induced bundle over the metric manifold
g uv(X):

Bg,NAxX = guv(xr NAxX) = guv(x)- (3.6)

The formula (3.3) may be written in terms of the primary measurable momenta

(pNAxi,pNAxo) = Pn,, as follows:

4

4
ASIZ\IMX (x) = ﬁguv(xr NAxX)pNAxupNAxv- (3.7)

Considering that € o lp (i.e., € = klp), where k = const is on the order of 1, in the
general case to within the constant £* /A%, we have
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ASIZVAX)( (x) = guv(xr NAxX)pNAxypNAxv- (3.8)

Thus, we can obtain measurable (discrete) analogs all component infinitesimal of
General Relativity:

In particular, the Christoffel symbols

[, () =5 g% (2) (3, Gpu(x) + By Gop(%) — B G (%)) (4.2)

have the measurable analog

1
F[,Ctlv(xr Nxx) = 2 gaﬂ(x’ Nxx) (Avgﬁu(xr Nxx) + Augvﬂ(xl Nxx) _

4.3
_Aﬁguv(x' Nxx))- ( )

Similarly, for the Riemann tensor in a continuous theory we have:
R¥,ap(x) = 84T, 5(x) — 0pTy0 () + Tyg () Typ(x) — [, (x0) Lo (%), (4.4)

With the use of formula (4.3), we can get the corresponding measurable analog, i.e.
the quantity R¥, g (x, N,).Ina similar way we can obtainthe measurable variant of Ricci
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tensor, Ry, (x, Ny ) = R% v (x, N,) , and the measurable variant of Ricci scalar:
R(x,Ny ) = Ry, (x, N, ) g*(x,N,.).
So, for the Einstein Equations (EE) in a continuous theory

1 1
Ry—5Rguy—5 Mgy =81GTy, (4.5)

we can derive their measurable analog, for short denoted as (EEM) Einstein
Equations Measurable--lattice approximation of (EE):

1 1
Ruv(xr Nxx) ) R(x: Nxx) guv(x: Nxx) ) A(x: Nxx) guv(x: Nxx) =

(4.6)
=8mGT,(x, Nxx),

where G -- Newton’s gravitational constant.
(EEM) given by formula represents deformation of the Einstein equations (EE) in the
sense of the Definition given Ludwig Faddeev in 1989 with the deformation parameter Ny,

and we have

lim (EEM) = (EE). (4.9)

|NxX|_>OO

We denote this deformation as (EEM)[N, ]. Since at low energies E < Ep and to
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within the known constants we have t’/NxX =Pn,, the following deformations of (EU) are
equivalent to

(EEM)[Ny,| = (EEM)|py, ). (4.10)
4. Some Important Comments and Problems
What are the advantages of this approach?

4.1. At low energies far from the Planck energies E < E, we replace the space-time
manifold  space-time manifold M < R* by the lattice model Lattlé M
*Xx

where the upper index le is the abbreviation for ”’low energies™), with the
nodes taken at the points {x, }€ M that all the edges belonging to {x, } have the size

t’/NxX,where N, - integers having the property [Ny | > 1.
The lattice model Latts M is dynamic and dependent on the existing energies. In this case
Xx

all the main attributes of a gravitational theory in the manifold M,including Einstein
Equations, have their adequate analogs on Lattl¢ M.
Xx

Correspondence to Continuous Theory (CCT).

4.2. Possibly (EEM)[N,,] on Lattl¢ M under some conditions for {Ny } have not
X
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pathological solutions in the form of the Closed Time-like Curves (CTC), involved in some
models of General Relativity.

Example: K.Godel's solution of Einstein Equations:

ds? = — (—(dt + e*dz)? + dx? + dy? + S e?*dz?).
—0o < t,X,y,Z< 0,®w =const 0

Godel, K. (1949). «An example of a new type of cosmological
solution of Einstein's field equations of gravitation», Rev. Mod. Phys. 21: 447-450.

4.3. As in the well-known works by S.Hawking all the results have been obtained within
the scope of the semiclassical approximation, seeking for a solution of the above-mentioned
problem is of primary importance. More precisely, we must find, how to describe



17

thermodynamics and quantum mechanics using the “language” of the measurable variant of
gravity and what is the difference (if any) from the continuous treatment in this case.

5. Natural Transition to High Energies (Quantum Region).

5.1. However, minimal measurable increments for the energies E = Ep are not of
the form t’/qu because the corresponding momenta {p"’xx} are no longer primary

measurable, as indicated by the results in Section 2.

So, in the proposed paradigm the problem of the ultraviolet generalization of the
low-energy measurable gravity (EEM)([N,, ] Is actually reduced to the problem: what

becomes with the primary measurable momenta {pNxX}’leX|>>1 at high

(Planck’s) energies?! In a relatively simple case of GUP in Section 2 we have the
answer,

In more general case KMM (Kempf,Mangano,Mann, Hilbert space representation of the
minimal length uncertainty relation, Phys. Rev. D 1995, 52, 1108-1118).

AxAp > h(1 + B(Ap)?) (5.1)

Axy =2h./B = ¢

when (5.1) is equality, Ap = py, , - generalized measurable
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. £2
(PN ) = 7 PNy |Nagn| = 1
: . ot
ASIZVAxX(x; q) — .guv (xr Nx)(' Q) lH(pNAxy)lH(pNAxv) = ﬁguv (x; Nxxl q) pNAx”pNAxV; |NxX| ~ 1

|Nxx|z1_>|NxX|>>1
pn, (INx | = 1) = P, (INy, | > D). (5.2)

|Nxx|z1_’|NxX|>>1 ?
i(Pn, ), (INy, | = 1) = v (INx, | > 1).
X

Aqguv(x' NxX' q)){ = guv(x + lH(pNxX): NxXJ q) _ guv(x: Nxxi (I); (5.3)

Aquv (x'NxX»Q))(
ly (PNxX)

A)(,qguv (x: NxX: q) =
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1 1
EEMIq] = R,y (x, N+, @) =5 R(X, Ny, @) Gpuv(X, Ny, @) = 5 A Ny, @) Gy (X, Nog, @) =
=8mGTyy(x,Ny,q)

E<l<1]§1n}axEEM[q] = EEM, or llelXI|I>l>1 EEM|q] = EEM

Finally limy_ .. EEM[q] = Einstein Equations = lim,_,, EEM|[q
Ny, | q q

6. Generalized Uncertainty Principles in Thermodynamics

Now we consider the thermodynamics uncertainty relations between the inverse
temperature and interior energy of a macroscopic ensemble (Bohr,Heisenberg,Lavenda,...):

A% > f—f’, (kg is the Boltzmann constant) (6.1)

(Uncertainty Principle in Thermodynamics UPT)
At very high energies the capacity of the heat bath can no longer to be assumed infinite at
the Planck scale. In this case an additional term should be introduced into (6.1)

A->

% _Z n AU, (n is a coefficient) (6.2)



(Generalized Uncertainty Principle in Thermodynamics -- GUPT)
Shalyt-Margolin,Tregubovich,Mod.Phys. Lett.A. Mod. Phys. Lett. A, 19,
71 (2004); R. Carroll, Fluctuations, Information, Gravity and the Quantum
Potential. Fundam.Theor.Phys. 145 Springer, N.Y., 2006:
A.Farmany, Acta Phys. Pol. B., 40, 1569(2009)

Dimension and symmetry reasons give

k  k
11=E—g 0rn=aE—g (6.3)

(6.2) leads to the fundamental (inverse) temperature.

T _ h _ Ey Ty, h
max — 2\/a'tpk3 a 2\/(Z'k3 - 2Va' B tminkB,
(6.4)
ﬁ - 1 — tmin
min kBTmax h

Thus, we obtain the system of generalized uncertainty relations in a symmetric form

20



h (A h
(Ax > “+a (—p> —
Ap Pypi) Ppi
h ' (AE\ *
JAt = —+a (—) —
AE E,/) Ep
1 k (AU k
A- = Z4al|—|=
\ T AU E,) Ep
or in the equivalent form
( > h 12 Ap
Ax = Ap+ozlp -
h ' o AE
> -
At = —+at; —
1 kg ' 1 AU
- > = -
LAT = wt@ T; kg

(6.6)

21

Here T, is the Planck temperature: T, = E,/kg. In this case, without the loss of

generality and for symmetry, it is assumed that a dimensionless constant in the right-hand side
of GUP and in the right-hand side of GUPT is the same -- «'.



7. Minimal Inverse Temperature and Measurability. Duality

Now, let us return to the thermodynamic relation in the case of equality:

1_ ke
A-=-24+7AU, (7.1)

that is equivalent to the quadratic equation

1 (AU)? — AZAU + kp = 0. (7.2)

leading directly to (A %)min

1  k
(A D) min = 2Va E—z (7.4)

It is clear that (A %)mm corresponds to T,

Tpax = Tpp > 0. (7.6)
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. 1
In this case A; ~ = and, of course, we can assume that

1
T

1

(%)mm =T= (7.7)

Tmax

Trying to find from formula (7.7) a minimal unit of measurability for the inverse
temperature and introducing the " Integrality Condition” (IC)

% = N7, Ny >0 Is an integer number  (7.8)

analog of the primary measurability notion into thermodynamics.

Definition 3 (Primary Thermodynamic Measurability)
(1) Letus define a quantity having the dimensions of inverse temperature as primarily
measurable when it satisfies the relation (7.8).
(2) Let us define any physical quantity in thermodynamics as primarily measurable
when its value is consistent with point (1) of this Definition.

Definition 3 in thermodynamics is analogous to the Primary Measurability in a
quantum theory ( Definition 1).
Now we consider the quadratic equation (7.2) in terms of measurable quantities in the
sense of Definition 3. In accordance with this definition we can write
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Al

== Naa/nT, Naar) > 0 Isan integer number.

This quadratic equation takes the following form:
1 (AU)? — Ny TAU + kg = 0. (7.9)

we can find the " measurable" roots of  this equation:

[Nacmyt [Nia/m =117
(A U)meas,i = 21 —

B ZkB[NA(l/T)i\/m]* B (7.10)

72

2kg[Na/mt /Nﬁg/r)—l]

T

=2

The last line in is associated with the obvious relation 2n = %
B

In this way we derive a complete analog of the corresponding relation from a quantum

theory by replacement

Api = AUmeas,-l_-; NAx = NA(l/T); h= kB- (7.11)
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As, for low temperatures and energies, T < Tpq, < T, We have 1/T > 1/T,, and
hence A(1/T) > 1/T, and Ny 1y > 1.

Only the minus sign in (7.10) is consistent with high and low energies.

So, taking the root value in (7.9) corresponding to this sign and multiplying the nominator

and denominator in (7.9) by Ny + \/NAZ(l/T) — 1, we obtain
kp

(Au)meas —
%(NA(l/T)"',/Nia/T)—l)f (7.11)

to have a complete analog of the corresponding relation from quantum theory by
substitution.Then it is clear that, in analogy with QT, for low energies and temperatures
N1y > 1 may be rewritten as

k
(AU)meas = (AU)meas(T K Tpax) = 2N +\/l;,27_1)7' )
2WNaa/n+ [Naa/m (7.12)
~ NA(1/T)%’NA(1/ n>1

and , at high energies, for T =~ Ty,4x; Nac1/ry) = 1, we have:
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kp
(AU)meas — (AU)meas(T ~ Tmax) — )
1/2(Na@/m+ /N§(1/T)‘1)f (7.13)

NA(l/T) ~ 1.
(AU)peas 1S NOt  primarily measurable thermodynamic quantity. Therefore

Definition 4. Generalized Measurability in Thermodynamics
Any physical quantity in thermodynamics may be referred to as
generalized-measurable or, for simplicity, measurable if any of its values may be obtained
in terms of the Primary Thermodynamic Measurability of Definition 3.

It is clear that we have the limiting transition

(Naa/my=1)—>(Na@m)>1)
(AU)meas (T ~ Tmax) - (Au)meas (T << Tmax X Tp)’

that is analogous to the corresponding formula in a quantum theory.

Comment

Naturally, the problem of compatibility between the measurability definitions in
quantum theory and in thermodynamics arises.On the basis of the previous formulae we can
state:

measurability in quantum theory and thermodynamic measurability are completely
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compatible and consistent as the minimal unit of inverse temperature T is nothing else but the
minimal time t,,,;;, = T up to a constant factor. And hence Ny 1, (Na¢1/7y) 1S nothing else but

N;, (N4¢). Then itis clear that Ny = N,—;..

8. Black Holes and Measurability

Now let us show the applicability this results to a quantum theory of black holes.

Consider the case of Schwarzschild’s black hole.
Naturally, it is important to study the transition from low to high energies in the indicated

case.
We Investigate in measurable format gravitational dynamics atlow E < E,,
and at high E ~ E,, energies in the case of the Schwarzschild black hole and in a
more general case of the space with static spherically-symmetric horizon in
space-time.
More general cases have been thoroughly studied from the viewpoint of gravitational
thermodynamics in remarkable = works  of  professor T. Padmanbhan
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The case of a static spherically-symmetric horizon in cont space-time is considered, the
horizon being described by the metric

ds? = —f(r)c?dt?* + f~1(r)dr? + r*dQ>. (8.1)

The horizon location will be given by a simple zero of the function f(r), at the radius
r=a.
Then at the horizon r = a Einstein's field equations

¢lr@a-] = anpa’ 62

where P =T/} is the trace of the momentum-energy tensor and radial pressure.
Therewith, the condition f(a) = 0 and f'(a) # 0 must be fulfilled.

It is known that for horizon spaces one can introduce the temperature that can be identified
with an analytic continuation to imaginary time. In the case under consideration
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_ hefr(@
kepT =219, (8.3)

It is shown that in the initial (continuous) theory the Einstein Equation for horizon spaces
in the differential form may be written as a thermodynamic identity (the first principle of
thermodynamics)

hefr(@) ¢ (1 2\ _ 1lc*da _ 4m 3
4w Gh (441ta ) 2 G Pd(3 a ) (8.4)
kgT ds ~dE Pdv

where, as noted above, T -- temperature of the horizon surface, S --corresponding
entropy, E-- internal energy, V -- space volume.

It is impossible to use (30b) in the formalism under consideration because, as follows
from the given results da, dS,dE,dV are not measurable quantities.

First, we assume that a value of the radius r at the point a isa primarily measurable
guantity i.e. a = a,,p0qs = N,£, Where N, > 0 - integer, and the temperature T from the
left-hand side of (8.4) isthe measurable temperature T = T,,.,s Inthe sense of Definition
3.

Then, in terms of measurable quantities, first we can rewrite (8.2) as
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c* [2mkgT 1
E [nh—cB meas ~ E] = 4'7TPa12neas- (9-5)

. . 1
We express a = a0qs = Ngof In terms of the deformation parameter a, = ~2

a=ta,'? (8.6)

the temperature T is expressed in terms of T, o T,.

Then, considering that T, = E,, /kg, equation (8.5) may be given as

4 Ep 12 1
£ [\/61111\.1—1/141(:3“ / —Eaa] = 4‘1TP'£2 (87)

Because ¢ = 2vVa'l, and [, = he \we have
Ep

i ZmEy g o1z o0 _ctiem 12 100 4one
G Ny he ——La)" —Ca] = [Nl/T a " —Sa,) =4mPe?. (88)
Note that in its initial form this equation has been considered in a continuous theory, i.e.

at low energies E < Ej,. Consequently, in the present formalism it is implicitly meant that the
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"measurable counterpart” of this equation also initially considered at low energies, in particular,
Nyr > 1.
Let us consider two different cases.
8.1. Measurable case for low energies: E < E,. Then a = apeqs = Nof, Where the

Integer number is N, > 1 or similarly Ny, > 1.

As this takes place, a, = a,(HUP) isa primarily measurable quantity
( Definition 1), a, = N;?, though taking a discrete series of values but varying

smoothly, in fact continuously. (8.8) is a quadratic equation with respect to acll/ ’ N; 1 with
the two parameters Nl‘/lT and P. In this terms, the equation (8.8) may be rewritten as

+ 2m 1
- o a,”(HUP) — - a,(HUP)| = 4mP¢%.  (8.9)

So, at low energies the equation (8.9) written for the discretely-varying a, may be
considered in a continuous theory. As a result, in the case under study we can use the basic
formulae from a continuous theory considering them valid to a high accuracy.

In particular, in the notation used for Schwarzschild's black hole,

we have

(8.10)
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As its temperature is given by the formula

. hc3
"~ 8nGMkg'

Ty (8.11)

at once we get

1/2

hc hea,
= = : 8.12

H ZﬂkBNaf 271'ka ( )

8.2. Measurable case for high energies: E ~ E,. Then, a is the generalized
measurable quantity a = a0 = 1/2(N, + N3 — 1)£, with the integer N, = 1.

The quantity
Adyeas(q) = 1/[2(No+/N2=1)£] - N2 =1/[2(\N2=1—N,) €] (8.14)

may be considered as a quantum correction for the measurable radius r = a,,eqs.
that is infinitesimal at low energies E < E, and not infinitesimal for high energies E ~ E,,.

In this case there is no possibility to replace GUP by HUP. In equation (8.8)
a, = a,(GUP) =1/[1/2(N, + N2 —1)]? isa generalized measurable quantity.
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In this case the number Ny, is replaced by 1/2(Ny,r + le/T — 1), i.e. the equation is

of the form (quantum gravity analog)

4
%[ 21 acll/z(GUP) — %aa(GUP)] = 4T P¥>. (8.15)

1/2(Nyjr+ [N /7—1)

In so doing the theory becomes really discrete, and the solutions of (8.15) take a discrete
series of values for every N, or (a,(GUP)) sufficiently close to 1.
In this formalism for a "quantum” Schwarzschild black hole (i.e. at high energies E ~ E})
formula black hole temperature Ty is replaced by quantum black hole temperature in
measurable format

Ty(Q) =

hc . hcacll/z (GUP)

27'l'kB£

= (8.16)

wkg(Ng+ [N2-1)¢
and its quantum correction ATy(Q) = Ty(Q) — Ty (from formula (8.12)).

Similarly for for the mass M of a Schwarzschild black hole and other quantities.

Remark 8.1.

A minimal value of N, = 1 is unattainable because in this case obtain a value of the
length [ that is below the minimum [ < € for the momenta and energies above the maximal
ones, and that is impossible. Thus, we always have N, = 2.
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Remark 8.2. It is clear that we have the following transition:

(Ng=1)-(Ng»1)
Eq.(8.15)(E~E,) ~ - °  Eq.(8.9)(E < E,)

Remark 8.3. So, all the members of the gravitational equation apart from P, are
expressed in terms of the measurable parameter a,. From this it follows that P should be also
expressed in terms of the measurable parameter «,, i.e. P=P(a,): E<LE,, P=

p 1
Pla,(HUP)] at low energies and E =~ E,,P = P[a,(GUP)] at high energies.

2
Finally, as a,(HUP) = %p,vaz and py, are the primarily measuramle momenta
2
PN, = Nie and a,(GUP) = %p(Na,GUP)2 and p(N,, GUP)? are the generalized

h
measuramle momenta p(N,, GUP) =
¢ %(Na+ /N§—1>e

in measurable form at all energies scales for spherically symmetric space with horizon is special
case of general consideration measurable form Einstein Equations Sections 4-6.

then evidentlly, that Einstein Equations

Afterword

Thanu Padmanabhan showed, that "Gravity is an intrinsically
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quantum phenomenon" Mod. Phys. Lett. A17 (2002) 1147-1158 and many other
papers.for example Mod.Phys.Lett.A25:1129-1136,2010, and so on
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