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ABSTRACT

From Restraint Relativity it is possible to consider a corpuscle as a packet of strings. The
variation of the length of this packet is equal to the phase speed of the corpuscle as a packet
of waves times an universal constant. In a system of units where # = ¢ = a = 1 the string
vector becomes equal to the wave vector.

From quantum mechanics we had deduce that a Planck oscillator can emit or absorb power
only by quanta of power multiple integer of hv?. This allows us to divide space-time in
modular cells of action, momentum, energy...etc in the phase space geometry of the
oscillator and resolve the problem of vacuum energy density. Planck system of units serves
only for black holes topology.

Space-time is a four open dimensions. More than four the dimension should be curled.
Resolving gravitation field by computer machine with model using modular cells will be
without singularities . Einstein equations of gravitational field are available only in a quasi
static asymptotically flat Universe. Constants G & A of General Relativity are proportional to
the inverse square of the Universe radius.

We propose a new model for the hydrogen atom based on vacuum energy. Vacuum energy
its self depends on the dimensionality of space. For weak gravitational field the Infrared cut
off depends on real particle (the electron) and for strong gravitational field the Ultraviolet
cut off depends on fictive particle ( Planck atom). The holographic principle depends largely
on the dimensionality of the space. Also the principle of uncertainty depends in which
gravitational field considered weak or strong: we introduce for this Planck fine structure,
Planck charge, Planck electric permittivity, Planck electric impedence...etc.

1-Revisited Special Relativity:

The introduction of Special Relativity by Einstein in 1905 is due only theoretical thinking that
Maxwell equations of the electro-magnetic field should be the same in all inertial frames.
Those equations in vacuum are:
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Which are two equations of waves with a speed of propagation equal to ¢ = —
00

g = 8.8510712Fm™1 : the permittivity of vacuum .

Uo = 4m1077Hm™!  :the permeability of vacuum.



But what is vacuum? If vacuum signify that there is nothing but here there is the
electromagnetic field and so there is temperature. The only response is that vacuum is when
there is nothing and the temperature is zero absolute or approaches asymptotically to zero.
If there is any electromagnetic field in vacuum it signify the fundamental state of the field :
there is no emission of energy.

In Special Relativity based on the constancy of the speed of light in all inertial frames it is
defined:

-Let’s have two inertial framesS(ct, x,y,z)&S'(ct’,x',y', z") with S’ is moving in constant
speed v and the axes coincide at t' = t = Othan the Lorentz transformations of space and
time are as follows [1]:

ct' =y(ct — fx)
x" =y(x — Bet) (3)

With y = &ﬁ=§

1
1-B2
Considering two events A(ty, X4, Va,Za) & B(tg, X5, Vg, Zg) in the frame S the interval
squared :

As? = c?2At? — Ax? — Ay? — Az? (4)
is invariant under Lorentz transformations.

If As? > 0:than the interval is time-like.

As? = 0 : than the interval is light-like

As? < 0 :than the interval is space-like.

Lorentz transformations can be also considered as hyperbolic rotation in the 4t space
dimensions as the following:

ct’ = ctcoshy — x sinhy

x" = —ct sinh ¢ + xcoshy (5)
y'=y
z'=z

With thy =, coshy =y, sinhy = ypf.

Space & time are considered as a four dimensions continuum that describes physics world
with the Minkowski geometry related by relation (4).



The Minkowski geometry is not Euclidian due to the sign minus in (4).

The interval given by equation (4) is the “distance “ between the events A & B measured in
a straight line and can be considered as the worldline of a free particle moving in constant
speed between the points A & B.

The interval measured between the two points A & B in any arbitrary path is:
As = [} ds (6)
With: ds? = c2dt? — dx? — dy? — dz?: the line element of the space-time.

For a massive particle we define the proper time tas a parameter t(7), x(7), y(t)& z(7) in
order to determine the position of the particle in the 4™ space-time as:

dr?2 =% (7)

c2

Which mean that:

dr=[1-Z.dt =% (8)
c 4

The total elapsed proper time interval is:

ar= P [1-29 q; (9)

cz '
Where v(t) is the instantaneous speed of the corpuscle along its path.

If we introduce a rest frame in which the corpuscle is in rest along its path the proper time is
the time recorded by a clock moving with the corpuscle.

It is convenient to introduce the indexed coordinates x* (i =0,1,2,3) so we have:
x0 = ct,x! = x,x? = y,x% = z&ds? = g;;dx‘dx’

where g;; are the covariant metric tensor as the following:

10 0 O
0-10 O
Lol =100 -1 0 (10)

00 0-1
Or in shorthand notation as [gl-j] = diag[1,—1,-1,-1].

The contravariant of the metric tensor are the same as: [gif] =diag[1,—1,-1,-1].

In transforming coordinates x* in a Minkowski space-time to a new coordinates x'* the line &
s’element ds? must take the same form as:

ds? = g;;dx'dx’) = g;;dx"'dx"



Which means that the transformation x* = x’* must satisfy:

dxrk gxr!

9ij = 51 5.7 9 (11)

Which implies that the transformations must be linear to be a Lorentz transformations:
x't=Ax) + a (12)

Where A" ;&a’ are constants .

Transformations (12) are the inhomogeneous Lorentz transformations (or Poincare
transformations). With a‘taken equal to zero they are the ordinary Lorentz transformations
(or homogeneous transformations).

In a standard configuration of two inertial frames S & S’ the matrix transformation can be
written as follows:

_ Y —py0 0 coshy —sinhyQ 0

i1 [ex1_[-Br v 0 0 \_ [ —sinhy coship 0 0
[A]] - [axj] - 0 010 - 0 0 10 (13)

0 00 1 0 0o 01

Where 1y = , b= g& thy =, coshy =y, sinhy = yf

[
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The inverse transformation of (13) are obtained by replacing v by —v or Y by —y

The matrix inverse is:

/=[5

And the relation ship between the two matrices :
[A ] = g gu
And we have:
NN = N g Mg Ay = g™ G jm = 5

In any coordinate system the coordinate basis vectors are tangents to the coordinate curves
Inframes S & S’ basis vectors are related by:

el = A{ce"; el = A{Ce"‘
And we have;

e't.e'l = glel.el = gV

Dual basis vectors are defined as:



— kKl — 1k
€ = YJik€ €= gixe
And we have:
—_ ! —
€.¢; = gijei-€; = Jgij

Where the components of g;; are the same as g/ .
We can define a 4-vectorvof point P in Minkowski spacetime as :

v ="le;

At each point P we have a set of orthonormal basise;. The square of the length of a vector
Vis :

v.v = v;vt = g*v,

In two inertial frames S & S’ with Cartesian coordinates x!&x' the coordinates of a 4-vector
vatapoint P is:

v=vle;, =v'e;
And we have:
vi=wv.e'l =Ny
v =v.el = Ay
The 4-velocity u of a (massive ) corpuscle is as :
_ 2 _ 2
uu= (E) =c

The contravariant components of the 4-velocity are:

l ; dxt
=ue =—
U dt
It comes that:
[ l.] 1 dx! dx? dx3
wl= vz'(c' dt'dt'dt)
1=
With e = 2 40 = ot & _J(@)Z(vﬁ)ﬂ(ﬁ)z
th:e="2 % =¢ v= dt dt dt

The 4-moment of a massive corpuscle is defined as :

p =mu (14)
With :m : the mass of the corpuscle;

u : the 4-velocity of the corpuscle.



The component of the 4-moment are p' = p.e'and we have:
1 [E E
[p] =508 0% %] = E.5) (15)
With E the energy of the corpuscle and p its 3 ordinary moment in an inertial frame .

It comes that:

mc?

v2 v2
/1—6—2 1-%

The squared length of the 4-moment is p'p; and so get:

(16)

(D)? —p? = m2c? (17)
Where p? = p.p .

For a photon (massless corpuscle) we can’t use the proper time to parametrize its worldline
which is a null curve because dt = 0. We can use an affine parameter ¢ as for a photon
moving in the direction x = ct we have:

x! = out (18)
with: [u] = (1,1,0,0)
The tangent vector of the worldline is:

u=%ei (19)

And we have:
wu=0 &Z=90 (20)
do
Equation (20) is the equation of motion of the photon.

Of course in equation (20) we consider that the vector e;are constant and does not change
with the position.

The tangent vector ucan be multiplied by any scalar and the equation (20) will be satisfied.
The 4-moment of a photon can be defined as:

p=pu (21)

Where u is constant and the components of pare:

. E .
[P]:(?P)

Where E &p are respectively the energy and the 3-moment of the photon in a given inertial
frame S.

It comes that from equation (20):



E =pc (22)

The same equation (22) can be obtained for massless corpuscles if we take m = 0 in
equation (17).

Equation (17) is a more generalized equation (massive corpuscles and massless corpuscles).
For photon we can introduce the 4-wavevector k as:

p = hk (23)

And the components of the 4-wavevector are:
il = (2™ 1
[kl = k) (24)

Where :A : is the wave-length of the photon

k = 27”?1 : the 3-wavevector of the photon

7 : direction of the propagation of the photon ( 3-vector of one module).

Equation (24) like equation (17) can be generalized for any corpuscle (massless or not).
Equating equation (24) to equation (15) we get:

E_ g, 2m
==hZ (25)
p = hk (26)

Which mean that massive corpuscle can have waving behavior.

The group speed v, of such wave behavior of massive corpuscle is defined as :

1% (27)

Vg T dw
With :w = 2nv = 27'[% : the frequency of the photon (also the frequency associated to the

massive corpuscle).

From (25) & (16) we get:

E =ho = == . (28)
And from (26) & (16) we get:
> - mv
hk=p= = (29)
1-=

From (27) we get:

Vg =V (30)



The phase speed vy of such a wave is defined as:
v = % (31)

We have always:

V. Vp = v% = c? (32)

In equation (23) we had never speak about the constant # : it can be replaced by any other
constant and the 4-vector linked in will follow also.

For any corpuscle we introduce the 4- string-vectorl as:

p=al (33)

And the components of the 4-string-vector are:

1] =D (34)

With :l: the string-length associated to the corpuscle

[=17: string-vector in the 3-ordinary space

7 : direction of the propagation of the corpuscle ( 3-vector of one module).
Equating (34) and (15) we get:

= al (35)

p=al (36)

Let’s search the vector %(considering the corpuscle as a packet of strings)?

dl _dl dv _1dp dv _1dp hdk

_ h vr
dow dv'dew advdo adw adw

1
v a c?

h
.

It comes that:

L actadl _ a_czd_f
f 7 h dw ~ h av (37)
From (35) & (16) we have:
2
E=acl == (38)
From (36) & (16) we get:
al = § = 22 = nk (39)



We have always:

—

p=" 5 (40)

c c?

> E a

We can also define the 4-vector inertia&as:
p=§&=mu (41)

The components of the 4-vector inertia are:

[51] —_m _(1 dx® dx? dis) - 5_(1,‘1L1 ax? d_xs) (42)

v2 "dx9’ dx%’ dx© dx®’ dx®’ dx©
2
. m
With: x°=ct & f=—2
v
1=z

In a system of units where A = ¢ = a = 1 equation (40) can be written in simply form as:
B =¢&0=18= wd (43)
Inertia can be a mass or a length or a frequency or anything else as time for example.

We define the inertial time {as:
(=% (44)

It is evident if we associate to the corpuscle an inertial time at rest {, than according to
equation (8) we have:

o= J1-% ¢ (45)

d{ = dt : when the energy of the corpuscle change (46)

From (44) & (45) we get:

m

(o =— (47)

a
Of course we can also define the 4-vector inertial time {as:
§=ag (48)
From equations (17) & (25) we get:
h?v? — p2c? = m2c* (49)
With: E = hv : the energy of the corpuscle
V= zw_n : reduced inertial frequency of the corpuscle;

h = 2mh
Differentiate (49) according to time:

h?vdv = c?pdp = éc?V.dp = hvi.dp



Which mean:

P o_p®_ 2% _ 25
.v—hdt—ac dt—f.v (50)

518

With: f = 2—5 : the 3-dimensional force.
If the energy of the corpuscle change then we have always:
f. %= ac? (51)

An important case is when the speed of the corpuscle is low compared to . From equation
(49) we get:

hv = mc? + %mﬁz (52)
p~mv (53)
2 dB_dp .

f~mdt—dthth p =mv (54)

which mean:

hdv = mv.dv

dv A
hz = f v (55)
Equation (55) is the same equation as (50) even thought it is obtained by approximation.

The square of (52) is :

h?v? = m?¢c* + m?c?9? + imzﬁ‘* (56)
o2 dv 5 22_>d17_|_1 dv*
V— =Mm"Cc 4V.—— —m e
d dt 4 dt
av _ mc_> 1 2d174 1 ~m_02_>->_->_>
hdt - f+ dt "2mcZ+mu2  hv v.f=f.v(57)

which mean :hv ~ mc? for low speed.

From equation(50):

m2ct  pic

hv? = +

h h

d(?) _ 52 5 dB _ 52 v 2, 2—Zh— (58)
a uPa T Ay v =2vac Y
Which mean:
2 _ v
ac® = h— (59]

Than:



2
V= % t + constant when the energy of the corpuscle is changing.

But in this case we have: dt = d{ so:
2
V= %C which is a trivial result (with constant = 0) (60)

Equation (51) signify that a corpuscle never can’t be in rest otherwise the universal constant
a will be equal to zero.Than absolute vacuum never exist in a frame : there is energy
independent from the corpuscle and which don’t let the corpuscle become in rest.

2.Wave-corpuscle duality:

Constant h was suggested and determined in 1900 by Max Planck in his model of black body
radiation [2]. Planck model of black body was a cavity with many oscillators on his wall
exchanging energy with radiation inner. Planck determine the mean energy of an oscillator
and the radiation law at equilibrium in a temperature T of the cavity and get the values of
constants h &kjg (Planck constant and Boltzmann constant) by a statistical manner and
referring earlier to F.Kurlbaum& Wien measurements of black body radiation.

In his recent theory of heat radiation by 1911 Planck suggest that his oscillator should have
enough time to absorb energy from radiation[3] . The Planck condition for this is that the
frequency of the oscillator times time should be a great integer or in other manner:

vt > 1 (61)

By 1923 De Broglie suggest the wave-corpuscle duality i.e. a corpuscle can have a waving
behavior and vice versa: he propose the relation (27) and getting (28) & (29) by referring to
Restraint Relativity proposed by A. Einstein in 1905.

In his suggestion De Broglie consider a corpuscle as a packet of waves moving in the same
direction of the corpuscle and represented with a wave function having a constant
amplitude. De Broglie consider a corpuscle as many monochromatic waves which reinforce
each other in a limited region of spacetime and destroy each other away. Mathematically
speaking this model can’t be adopted because the waves will reinforce each other in many
regions of spacetime in the same direction of the corpuscle motion and we can’t see where
is really the corpuscle. A replacement model of De Broglie one is that a corpuscle should be
considered as a pulse and not as a packet of waves because in this case the corpuscle is
more identified with the condition that the pulse should not spread so much in time.
This condition implies that:

rt<l1 (62)
The condition satisfying the two models (Planck & De Broglie) is:

v.t=1 (63)

dt ~ —— (64)



We take always dt positive and so we can omit the sign minus in (64) or take its absolute
value:

dt = a4 (65)

2
Replace (63) in (55) for low speed corpuscle we get:
e =f.7 (66)
Replace (63) in (58) for high speed corpuscle we get:
e =f.7 (67)

Equation (67) is the same equation as equation (66) so it is applicable for any kind of
oscillator. It is the power absorbed or emitted by an oscillator in a black body.

Planck oscillator is a classic oscillator so equation (66) is the work of a force applied on a
corpuscle by unit time i.e. for a corpuscle in motion in a straight line along the axis x for
example:

So the force acting on the corpuscle is:

Duality of wave-corpuscle implies that:

B dk
T dw

1
v
with v = v, : the group speed of the packet of waves assimilated as a corpuscle;
k: wave-vector of the packet of waves
w = 2mv : the frequency of the packet of waves.

So:

e ko dk o dk_ d(RK)
f= v'dw_ V'anv_ V'dv_ dt

With :h = % : reduced Planck constant.

hk : have the dimension of a moment. So:

d . .
f= d_z; with p = muv :is the moment of the corpuscle.

This relation is generalized as:



f = my(68)
With: y = ‘;—fthe acceleration of the corpuscle

m : the mass of the corpuscle.
Equation (68) is the fundamental law of dynamics or the Newton first law.

Planck oscillator can have also very high speed and equation (67) will be applicable. As
Planck suggest that his oscillators can absorb or emit energy with quanta as a multiple
integer of hv at the same time we extend this idea that Planck oscillators can absorb power
or emit power with quanta as a multiple integer of hv? .

Between the two models of oscillators (classic and relativist) there is a special frequency v,
in the border of our consideration to balance in one side or another and to deduce from
Planck model of black body radiation even thought to apply this model for vacuum which
can be considered as a black body at zero absolute temperature (no radiation) or
approximately near zero absolute. Replace (65) in (59) we get:

ac? =~ hv? (69)

Which mean that the frequency v is near v, changing all time otherwise there is no
constant.

In fact we have exactly:

2
hvg

a = c_z (70)

Even thought the constant v, can be derived from classic approximations.

In general we have:

<U

m d

dp _ d(adv) _ — = av + myfor ||V|| < ¢

av +

dt dt 2 dt
Ji—z
C
Than:
- d_) - e -
myzd—f—avzf—av (71)

. 2 dp o
All forces applied on the corpuscle are equal to f = d—f plus a permanent force av in the

opposite side of its motion which mean an external force which drive the motion of the
corpuscle even thought it is in rest. The corpuscle never can’t be in rest and will oscillate
around its position.

3.Determination of constant v, :

Planck oscillators are classic oscillators. They are oscillating charged corpuscles. In a black
body they are the electrons of the atoms of the wall of the black body cavity (oscillations of
nucleus of atoms are neglected).



According to Bohr model of the atom, the electron in an hydrogen atom is moving in planetary
. . . 1 )
motion (circular) as the speed of the electron is equal to ac where a = Ethe fine structure

constant. The vacuum in atoms is the same vacuum in the cosmos. Vacuum which is filled with
energy has a certain mechanical impedance and a negative pressure so there is no friction in the
motion of any corpuscle as it is given by General Relativity.

Suppose that a corpuscle is in motion from a point 4 to a point a point B, its energy exchanged with
vacuum is:

B > B B 2 1 1
e= [, av.vdt = [, av?dt = [, ac? ( — g—‘;) dl = ac?({z — {4) + aczfg(g—a)(n)
We have not do any approximation in equation (72). It is done in a 4-space dimensions frame .

Let’s take an origin for the energy exchanged which is the point Awhere the corpuscle is in rest, than:

mc? Zo—¢ mc? ’ v2 1
£ = 1vz_mc2+aczqg(é_’o—{)=7—mc2+mcz< 1—C—2—1>=mC2 7—14‘
-5 ve _v

_CZ C2

7 2
O N e A e
1-% 1=z

For the electron of Bohr atom we get:

— 22~l4 2
v1—a?) ~Jatme (74)

mc?
=M (1 -
¢ \/1—a2(
With: m = 9.1 10731Kg the mass of the electron.

If the electron is oscillating in a 4™ space dimension than its oscillations are driven by an
electromagnetic field in its fundamental state. The energy of an oscillator in its fundamental state is
[4]:

E= %hv (75)

Vacuum is defined as a degenerate state of the electromagnetic field near zero Kelvin. A Planck
oscillator in this field have an infinite degree of states and only one degree of freedom and his energy

can take any value multiple integer of% hv and if the half of this integer is integer than it can be the

source of spontaneous emission as proposed by Einstein in his theory of laser radiation. The energy
of the oscillator is also called zero-point energy and is protecting bound states in an atom [5].

We can modeling the mean energy of the oscillator as Planck did in his theory of black body radiation
by considering the high states of the oscillator are not so probable and the low states are more

probable by referencing to a characteristic energy%hvo of the vacuum ,which should be normally in

the infrared.

Taking this model the mean energy U of the the electron is by statistical manner:



%hv
exp (;—0) -1

Equation (76) is obtained by statistical manner as for low frequencies the energy of the oscillator is:

U= (76)

E =~ %hvo (77)

Considering the electron as 4-space dimension corpuscle than we get:

%hvo = élacifrc‘*rnc2 = a*mc? (78)
Which mean:

atmc? 12
Vg =2 P 0.7 10“Hz (79)

4-What is a corpuscle?:

Planck had determined his constant h from a thermodynamic system the black body which is
a closed system. This constant is an adiabatic invariant used for linked systems (the
oscillators) as an integral of action [6].

For open systems the action can vary with time and if we introduce an element of periodicity
Planck constant will have all its generality using it for any system and this what Louis De
Broglie had understand in earlier time [7].

To link Planck theory of the grain of energy E = hv to the relativist theory of the corpuscle
packet of energy E = mc? De Broglie had associate to the corpuscle internal frequency
when the corpuscle is in rest as:

hvy; = mc? (80)

With :m: the mass of the corpuscle in its rest frame S’ (sometimes it is the mass of the
electron for De Broglie).

If the corpuscle is in motion from a fixed observer in an inertial frame S with a fixed speed
v than according to Lorentz transformations of time we have:

’ v?
t =1:/1—C—2 (81)

t': time measured with a fixed clock in the frame S’
t: time measured by the observer with a fixed clock in the frame S .

The internal frequency associated to the corpuscle becomes for the observer in the frame S
as the inverse of transformation (81) of time:

2 2 2
Vi:VOifl_Z_z:%’l_Z_z (82)

But for relativity the energy of the corpuscle is :



2
E=—"— (83)

And the grain of energy according to Planck theory should have a frequency v as:

2

V= = (84)
-5
C

>

Which is radically different from (82).

In general Lorentz transformations for space & time when the frame S’ is in motion from
frame S with a constant speed v are:

Xv
t-=2

[ A— C
t' = —= (85)
1=z
;. x—vt
x' = —

N

c

If there is a stationary wave in the frame S’ associated to the corpuscle and have the internal
frequency as v,; than this wave appear for the observer in the frame S as having a phase:

Veit—V Xv mCzt mczxv mCZt mxv 2 2
r_ oit— OLC_Z _ T - h c2 _ hn - h mc pa _ 7 v
Vot = =5 = R t-a)=viyl-= (89

It is like that it have a packet of waves in the frame S with a frequency:

(87)

And propagate in the frame S with a phase speed:
2

Combining equations (81) & (86) we get:

2 2
voit' ="t /1—’:—2=vit=v(t—’z—’z’) (89)

So the internal wave v; have the same phase as the associated packet of waves v.

But the two waves v & v;have not the same phase speed. This problem had intrigued De
Broglie for a long time and his reconciliation is only that they have the same phase which is
an invariant in relativity . Also he postulate that they have the same phase speed. Georges
Lochak had appease this postulation by considering that in a Galilean frame the difference
between the two frequencies is compensate by the difference in phase speeds.

This grain of energy should have an associated wave as :



v h 2
A=L="¢ (90)

==t (91)

The two associated waves are not the same. So we have according to the harmony of phases
as De Broglie postulate (same phase and the same phase speed):

21

21
—x — 2ny;t = 3

y x — 2nvt forevery (x,t) (92)
1
It is very easy to deduce from equation (92) that:
v=20 (93)
This is not what we should expect. Instead of equation (92) we can relax it as:

v=0 (94)

The corpuscle is an oscillating resonator with a mean speed equal to zero (g = 0).

2
Or equation (92) becomes when neglecting the quadratic term (E) :

2mmv 2mmc?  2mmw 2nmc?

x — t= x — t (94)
h h h h

The two members (left & right) of equation (92) becomes the same.

For De Broglie “the energy of an electron is spread over all space with a strong concentration
in a very small region”. Speaking about a mass in a point have no sense and this mass which
characterize the corpuscle only because it is not undividable and constitute a unit as De
Broglie postulate.

2
The formulae of the energy of a corpuscle as given by Restraint Relativity E = = isin

fact not an exact formulae: it should be revisited. From Restraint Relativity we can deduce
such a conclusion.

Let’s consider the scalar product of the 4-vector force and the 4-vector speed as[8]:

2dm

dr (95)

d dm du am du
fu==Lu= (—u+m—).u =ci—+4+mu—=c
dt dt dt dt dt

Where we have used that in (14) the fact that u.u = c2.

If m = Constant than f.u = 0 so the 4-force doesn’t bring any mass to the corpuscle. We
can relax this assertion by considering that if the parcel of energy mc? does not spread
much away in his rest frame than the 4-force f is a pure force.



If the energy of the corpuscle is not exactly determined than we can consider it is as
oscillating around which we consider its position and it have some spatial extension as:

p=al (96)
With | : 4-vector string associated to the corpuscle

The corpuscle is oscillating because we need g = 0 to be conform with De Broglie phase
wave. Such a corpuscle will influence by its packet of waves all the other corpuscles around it
and vice versa because there is overlap of waves incoming from many sources. As a string
when it is stretched by an increasing force it will vibrate more and more sharply, the overlap
of waves will create an interaction force between corpuscles and this is universal
independent from the nature of corpuscles: this is gravitation.

If there is a wave associated to the corpuscle we expect that this wave move in the same
direction of the corpuscle and it is represented by the wave function [9]:

Y(x,t) = Aexp(ikx — iwt) (97)

This wave function describe a plane wave which itself and the same phase planes move with
the phase speed:

The group speed is the speed at which a quantity of energy is transmitted in the space and

the corpuscle can be considered as a packet of energy which move at the speed:

dk _dk d
o & W (99)

v dw dv dw

If the relation E = hw is valid for photons and still continue to be valid for corpuscles than

we have:

hw = E . (100)
And from (99) & (100) we deduce that:
mv

1_

N

c

If equations (100) & (101) are valid in a frame S than they should be valid in any inertial
frame S’ which is in constant motion by reference to S. If the frame S’ is the rest frame of
the corpuscle than and by convenience that the phase kx — wt is invariant we should have:

2
kx — wt = —%t’ (102)

The time t' is given by Lorentz transformations as:

-3
t=—= (103)

1=z



And so we get from (102) the same relations (100) & (101).

2
If we neglect totally the quadratic term 1;—2 we get De Broglie wave function without the

notion of internal vibration: it signify only that the position of the corpuscle (the electron) is
very well defined as in the classic way.

Let’s take the dynamic state of the corpuscle described by the initial wave function
Y (x,0).What is the position and the moment of the corpuscle at the time t = 0?

Photons propagate as train of waves . We don’t know exactly the position of the photon. If
Ax is the uncertainty on the position of the corpuscle than we can take the length of the
train of material waves as an approximate measure of the uncertainty on the position. If the
train contain n complete periods than we have:

_nh
14

Ax = nA (104)

Where : 4 : the wave length

It is evident that the wave length is more defined when the number of oscillations in the
train is great. As a rough measurement of the relative uncertainty of the wave length we can
take the quantity:

1
—x—=F (105)

Where :Ap: the uncertainty of the moment
Combining equations (104) & (105) we get:
AxAp = h (106)

The length [ associated to the corpuscle can be considered as the uncertainty on the position
of the corpuscle. We have:

l=Ax=nAa (107)
Taking in consideration that :
p = al =% (108)

It is evident that if [ is so great than the moment p of the corpuscle becomes well defined
and vice versa.

We deduce from (108) that:
A2 =— (109)
With n: integer

Ifn - cothan A — 0: the position of the corpuscle is very bad defined



ho. . . .
Ifn -1 than 4 - \/; :itis a length to get a compromise between the corpuscle behavior

and the wave behavior. It depends on the circumstances of the experiment and how precise
the position or the moment of the corpuscle we want to measure.

If A > cothann — 0: the position of the corpuscle is very well defined: it exist in the all
Universe which having no sense( we should exclude n = 0).

In fact associate to the corpuscle an internal frequency when it is in rest, signify normally to
De Broglie that the position of the corpuscle is not so precise even thought it is in rest: we
should take it like this.

For a classic corpuscle considering it like photons , so associating to it a frequency in rest as :

mc?

h

v, = (110)
As a 4-dimensions corpuscle it is in motion along the axle time with a speed .

It have an associate packet of waves as :

Ao =— (111)

We associate to this corpuscle a length [, which is the uncertainty on its position as:
mc = al, (112)

From equation (107) we have :

L _ mc

n==ts (113)

Than n # 0 : even thought the corpuscle is in rest it have a relative uncertainty on its
position and its moment. This is a new result different from classic mechanics.

At leastn = 1 than:

m=my, = \/%_h (114)

In equation (114) constant m,,. represent a module for measuring mass. It is a modular cell
for mass [10].

A modular cell for energy is:
E=m,.c?=cJah (115)

A modular cell for time is :
== |- (116)

A modular cell for length is :



lme = |~ (117)

A modular cell for action is:
Sme = MypcClne = h (118)
A modular cell for moment of inertia is:

2
== (119)

Jme 4m2vi  am?ac?

Max Planck had understood this notion of modular cell in earlier time as we see in the
following paragraph.

5. Revisited quantum mechanics:

In 1900 ,to resolve the problem of black body radiation Planck had conceive a black body as
a cave at an equilibrium temperature T with oscillators on its walls exchanging energy with
the electromagnetic radiation . Planck determines the entropy of an oscillator with the
assumption that the statistical entropy is the same thermodynamic entropy. By referring to
F.Kurlbaum measurements and Wien displacement law he determine the values of two
universal constants h &kp : Planck action element and Boltzmann constant.

In 1906 Planck show that his oscillators with constant energy are described by an ellipse in
the phase space domain (p, g) moment & position and the area between two successive
ellipses is equal to the action element h, which corresponds to the smallest existing volume
of phase space. This volume corresponds to an elementary probability domain. The total
volume of a cell bordered by an ellipse is proportional to the probability to find the oscillator
in it. The result is justified by the hypothesis that all complexions are equally probable. The
oscillators corresponding to this cell domain are indistinguishable.

The energy quantity € corresponding to h verifies:

h=[ " dqdp (120)

2
The ellipse of the phase space of equation E = %qu + Z—Lhas a surface S(E) = ZnE\/% SO :

L
h=S(E+¢)—S(E) =2ne = 2mE.—

With K & L are respectively the stiffness and the mass of the oscillator.
Than:

e=hv (121)



The magnitude of power Wcorresponding for this same quantity of energye verify :

1 E+e K 1 K2m wE
W=i5lp Tdedp=z77e=5 (122)

Because K = Lw?.

This is possible (to have the dimension of a power) if € verify equation (121) or also there is a
constant ayhaving the dimension of a power such that :

&= ay( (123)
With{ : a characteristic time of the oscillator.
Constant ay can be also declared as anuniversal constant.

Constant h can be considered as a mapping of the phase space of the oscillator in blocks: it
is a modular cell for action .

The same thing for the constant ay: it is a modular cell for power.

With ¢ = Aw equation (122) becomes:

W=hv?=—[""Kdqdg=—5 [ "“dfdg (124)

a2 J'E
With: df = Kdgq: element of force;

q= Z—Z = % : the speed of the oscillating mass.
Which mean also that the oscillator can absorb power or emit it as multiple integer of the
guantum of power (124).
d (p?

We have also for the oscillator Z—f = 0 which mean that: , (Z) = —Kqq than which gain by

the oscillator as energy is loss by radiation that’s why there is equilibrium.
From equation (70) it is very easy to identify the constant « as:

ay, = ac? = hvg = 3.25 1071° watt (125)

The constant "a" has the dimension of a mechanical impedance, in other words space-time

cannot be conceived as completely empty: it is a super fluid of coefficient of friction "a" and
having a negative pressure to cancel the viscosity effect as it is conceived in GR.

We can construct as Planck did with constants h,c & G a system of units where h = ¢ =
a, = 1 so we get also from(93) that : a = v, = 1. This system is

h hc? 4
lmc = E = a—o =4310 meter
_ | _ |h_ -12
tme = |22 = = 1.4 10" second (126)



Mo = \/% = /% = 0.5 10738 Kilogram

This system is also a definition for modular cells of length, time & mass. In its ground state
an oscillator absorbs a certain amount of energy and returns it to space-time in a perpetual
fashion.

The modular cell of energy is :
Epe = Mpec? = cvVha = \Jhay = hvyg = 21.5 10722 Joule
The constant a which have mechanical impedance is :

a hv3 _ _
—=—2=36110"% Kg.s™*

a=
c? c

The electromagnetic field can be considered as an oscillator in its fundamental state and it
fills all space-time. Thus the vacuum can be defined as being the fundamental state of the
electromagnetic field: all the points of space-time are oscillators in their fundamental states.

Let’s exam the uncertainty on the position of the oscillator by the root mean square error
i.e. the square root of its mean quadratic fluctuations [11]:

q=J]a°—q
We can pose that:q = 0

So:

A_qz\/%z fAzcosz(a)t)z /%AZ (127)

With: A: amplitude of vibration equivalent to the classic relation € = %LAZa)Z = %KA2 than:

Ag = \/g (128)

With the same manner we have:

Ap = /F = JI2A2w?sin?(wt) = %LZAZ(U2 = Le (129)

So we have:

AqAp = e\g == (130)



According to the uncertainty principle we have AqAp = f and the value of the lower limit of

. . h )
the product of the mean quadratic errors is 5 aswe will have:

AqAp > (131)

N |

If we take in (130) as AgAp = gand comparing with (128) & (127)than:
w==-v (132)

Which mean that Planck model for black body radiation can be also useful as a model for
vacuum energy density with a mean energy of the oscillator at low frequencies as equal to

1 . . . .
about > hv, where v, is an universal constant. The mean energy of the oscillator will be

defined by analogy to Planck model of black body radiation as:

.
=ocon
%=8°;h1/-exp(1fw ) 1, )
Thve .
U= e =—2~—~-hy if vy, (133)
n=co g ~2W exp(-)-1 2
n=o €xp(7 ) Vo
2o

The difference with Planck model of black body is that at T = zero Kelvin all Planck
oscillators lies in an ellipse of phase space which have a surface non null. Every oscillator in
this case have one degree of freedom and can have an infinite states. The statistical manner
limit the number of states in order to get a finite density of vacuum energy.

It is clear that our Universe can have many space dimensions: every corpuscle can have a 4"
space dimension, the 4t space dimension can be considered in itself another Universe with
4-space dimensions and so on. We have always those relations:

p=hk=al=7 (134)
A : wave-length associated to the corpuscle.

If l = A we deduce directly from (134) that:

l:z:lmcz\/é (135)

This is at list the meaning of the string associated to the corpuscle and how to use it.

If our presumptions are correct than we can determine the vacuum energy density in a
naive way as one modular energy per cubic modular length & by means of a regulation
coefficient to fit the exact value (or the inverse if we know the value of vacuum energy than
we can determine any value of a modular cell always & by means of a regulation coefficient
to fit the good value):



Jh
po = e = V190 — 0271071 Joule.m™3  (136)
lne hc?
Neny
The real value is ten times the above value: we are not so far from it. To fit the real value we
should take the modular cell of density of energy as ten modular cell of energy per cubic

modular cell of length, which correspond to twenty electromagnetic field oscillators in their
fundamental states per cubic modular length.

Do modular units have any relationship with Planck units?. The response is yes: at list the
two systems of units define an absolute measurement independent from any frame of the
Universe. Planck units have a relationship with gravitation, so necessary the modular units
will have a relationship with gravitation.

The original Planck system of units is as follows [12]:

hc s
mp = |- =54610"Kg

lp; = \/fc‘:‘j =4,0110"*m (137)

hG
tp = |5 =1351107*s

Planck system of units is also a modular cells for mass, length & time but where or in what
conditions ?. A priori it corresponds to high gravitational fields because the length
lp;~1073%m is unattainable by any means (the ultraviolet domain).

An implementation of calculating vacuum energy density was done successfully by Laurent
Freidel, Jerzy Kowalski-Glikman, Robert G.Leigh & Djordje Minic (FKLM) as calculating the
microscopic states of vacuum and equating this calculation to the macroscopic value of
gravitational entropy using a floating scale of momentum and position in the phase space
geometry [13]. FKLM consider that gravitational entropy is non extensive and suggest that
the holographic bound on entropy can be thought as a good contextual scale to determine
the elementary phase space cell which will be the modular cell for action.

To count cells FKLM consider that there is no limit to the momentum in the 4-space
dimensions of the Universe and so the width of a modular cell is one momentum and their
number is bound by the ratio power four of the radius of the observable Universe and Planck
length. This ratio should make a sort of regulation between the UV-IR mixing phenomenon
otherwise it will explode because there is in classical particle picture one state for each
position in the 4-phase space. To do so, in quantum theory there is a bound of the number
of states since constant h is the minimum area for action in phase space volume which
mean that the number of quantum states is finite. Than it means that the vacuum energy
density times the space-time volume is proportional to the finite number of states i.e. it is



also proportional to a sort of an entropy S. In what follows we will equate this entropy to the
gravitational entropy.

To do so let’s take a system which have a mass mp; with a spherical radius R. This choice of
Planck mass is typical to find a positive vacuum density of energy independently from the
ultraviolet scale represented by Planck length [p; but only depends on the infrared scale
represented by the modular cell of length [,,,. supposed not yet determined.

A priori the modular cells [, t;n.& M, correspond to a weak gravitational field created by
Planck mass which is a big mass compared to the mass of the electron with which we had
calculate vacuum energy density and also a very thin mass compared to the gravitational
fields created by planets in the Universe.

In a weekly gravitational field in an asymptotically flat space the entropy is [14]:
ER

S < 27TkBE (138)

With kg: Boltzmann constant ;

E = mp;c?: The total mass-energy of the matter system

The holographic bound of entropy is as:

Area 4TR?

S=kB =kB

(139)

2 2
lmc lmC

Equating the two entropies we get:

Lne = /2Rlp, (140)

If R = lp; than equation (140) is not verified by reference to (126) but we will have [, =
V215, and the holographic principle is satisfied;

If R = [;~2.31 10%”meter (radius of the observable Universe) than equation (140) is
verified by reference to (126) .

_ 26mp; _

If l,e = —5— = 2lp, : the Schwarzschild radius which is the horizon of a black hole
C

of mass mp; than [, = 2lp; but in this case the entropy is of a black holeas: S <

Area h Ly
kg —— = kg4m than mp;lp; = — which is correct.
412, c

Hawking formulae is still valid [15].

For any mass M with spherical radius R we get from ( 139) &( 140) that:

]2 — 2R
mc — Mc
And according to Hawking we have that in maximum:

__ 2hR

2
clp;



It comes that from the two above equations: [,,,. = lp; which mean that the holographic
principle as given by the formulae (139) is always valid & independent from the radius.

In the case R = [p; than the mass inner is maximum: M = 2mp,.
Planck system of units serves only for topology in black holes.
Topology from asymptotically flat space-time to black holes changes radically.

FKLM find the same equation (140) of the modular cell of length using string theory but with

a factor v/2 . We can expect such a result because Planck mass will create a weak
gravitational field away from the radius Planck length.

FKLM did not go more far from to deduce more modular cell units for asymptotically flat
space even thought they have the modular cell for momentum as Planck constant h and the
length which they determine resolve the problem of vacuum energy density & corresponds
to the IR region which is the life region in a weak gravitational field.

Planck oscillators are classic oscillators. The mean energy of an oscillator in a cavity at an
equilibrium temperature T is according to Planck [16]:

hv
Emea = W (141)
-1

exp kpT

Every oscillator can absorb or radiate energy as per quanta multiple integer of hv . The
same thing for the oscillator about the power radiated or absorbed as per quanta multiple
integer of hv? and the mean power of an oscillator is:

hv?
T

We have for example for the energy of an oscillator as:

Wiea = (142)

E=[hvdt=[m?Z =hy (143)
But we can’t writeitas E = [ hv3dt = fhvz.%dv because f =my = Z—f is valid for

classic mechanics and it is invariant by Galileo transformations of space-time (Lorentz
transformations of space-time with ¢ = oo ) & non valid for restraint relativity because it is
not invariant by Lorentz transformations of space-time.

With Planck we deal with classic oscillator and if the quantum of energy hv is OK for his
model of black body than the quantum of power hv? is also OK for his model of black body
even thought the speed of the oscillator can reach any value. We remain with Planck context
even thought it appears that equation (134) is always valid for low speed corpuscles or high
speed corpuscles. It is like that the Planck model is an extension to be valid for high speed
corpuscles as an average model and experimentally strongly confirmed by thermodynamics.

The 4-vector force fwhich is invariant by Lorentz transformations is [17]:

d
f== (144)



And its contra- variant components are:

1

[F1] = 5 (145)

v2

With fis the ordinary 3-force and ¥ the ordinary 3-speed measured in the frame S.

If the speed of the corpuscle tends to zero than:
. 2 2
[F] ~ 2=,0) > (%2,0) (146)

And the constant v, can be not equal to zero i.e. the mean speed of the corpuscle can be
equal to zero but its mean square speed can be not equal to zero and this correspond to a
perpetual sinusoidal motion which mean vacuum is full with an energy which drive the
corpuscle around and equilibrium position with a force equal to "av"and a mechanical

. hv3 . e o
impedance of vacuum a = C—z" If we assign to the corpuscle a position in time as it will

have a moment along the axle time as a{c and an energy H ( in terms of analytical
mechanics with 4- space dimensions where ct is the 4" space dimension) [18] as :

oH
d(alc) ¢

o) H = a{c? (147)

The force which acting along the time axle ( in terms of analytical mechanics) is:

_OH
)

—ac (148)

Also we have :

OH
ac)

ac (149)

Which mean there is only conservative forces.

The position of the corpuscle at rest on the axle timeis {, as :

fo="2 (150)

a

With m: mass of the corpuscle.

And at any time the relation ship between its inertial time ¢ and its position in rest {; is
given by Lorentz transformations as :

H=0]1-% (151)

The moment of the corpuscle in the 3-oridnary space will be :

F=alp=-"T"p (152)

: the mass of the corpuscle in motion.



And this moment is in accordance with analytical mechanics as:

5= oL
=5 (153)

72
With :£L = p.¥ — H = mc? fl — z—z : Lagrange function of the corpuscle (or kinetic

potential) which corresponds to the De Broglie internal frequency if divided by Planck
constant h : the corpuscle is considered as a beam of light with a speed ¢ along the time
axle.

6-Revisited General Relativity:

The equations of gravitational field in an asymptotically flat Universe , according to General Relativity
are [20]:

1 8mG
Rix =5 R = =5 Tie — AGix (154)

With R; : curvature tensor;
R : scalar (curvature of space-time)
Tir : momentum-energy tensor of matter
Jix : metric tensor with signature (+,-,-,-)
i,k =0,1,2,3 : tensor indices
Note that from the space dimension 5 there is no derivation related to it because it will be curled.
The energy density of vacuum as given by General Relativity is as follows[21] :
Uy = Act 10~%Joule.m™3 (155)
8nG
With :
A =1.08810752m"2 : cosmological constant ;
¢ =3 108m.s~ 1 : light celerity in vacuum ;
G = 6.67 10711 ST units : gravitationnel constant ;

The total energy density of the vacuum is then according to the model of the black body theory:

Up = J° 8Z:Z.Udv = fow%’l.exp(”;)_ldv = ‘;:_i’;.vg (156)
vo
Equating (155) & (156) we get:
1
Vo = [3;5;;::}1]1 ~ 0.7 10'2Hz (157)

This is an experimental proof that the electron is a 4-space dimension corpuscle. It means also that
extension in space is energy.



For a space with D space-dimensions (D = 4) the half quantum of vacuum energy is:

1 1
—hvy = D.—a*mc?
20 4

So vy = 2 a*me? (158)

2h
Replace (158) in (156) we get :
6,,16,,4
A=27Ta m*cG 4 (159)

15.h3

With: m = 9,1 10731K g the mass of the electron.

From equation (140) and for R = [;; we deduce directly that:

3 7 3
G = hc —_¢ — h (160)

T 40213, ahvily  e4alSmicly

Replace (160) in (159) we get:

71'6 4

= 2
480 13

(161)

Replace a by Na in equation (160) and by Za in equation (161) to get quantified constants
G &A with N & Z positive integers ( to consider the first layer of Bohr atom to calculate
exchanged vacuum energy for the electron).

Equations of the gravitational field becomes:

h? 76710 4

1
R, —-Rgy, =————-T.. —————D70: 162
ik 5 Yix gN16416 4c5l%/ ik 480N16 lZU Yix ( )

ForN =7 =1,D = 4 &l; ~ 2.31 10’ meter we get Einstein equations.

Taking in consideration modular cells for space and time it is convenient to replace the derivation in
equation (160) by modular cells of space and time. The resolution of such equation needs a
numerical model & can be resolved by computer machine: there will be no singularities. It is clear
that Einstein equations of gravitational field are available only in a quasi static Universe (I =
Constant).

7-Vacuum energy:

There is not any experience proofs that our Universe had only three space dimensions. It can
have D —space dimensions. The other space dimensions-from the 5" dimension- can be
curled in little spheres about the Planck length and more.

For a black body in D — space dimensions Universe the number of modes with frequencies

between v&v + dv is [19]:

— (D — 1) -2 (¥ o1
Nw)dv = (D 1)VF(§)(C) vP-1ldvy (163)



With: V: volume of the black body

I'(x) = fooo t* 1 e~tdt : Gamma function.

D > 1: number of space dimensions of the Universe.

The density of power between v&v + dvis :

D D
‘/E) p-1_ WO (164)

WT(V)dV =2 (T Tg)—exp(%)_l

The total density of power is obtained by integration of (164):

D+1-1
* * D+1-2  hvP*!

Wr =f wr(v)dv =f 2<ﬁ> D+1-1 th dv

0 0 ¢ I'( > )exp(—)—l

kT

1
2x—5
And using the identity I'(2x) = 2\/2_7: FOOC(x + %) we get:
D+1
_ ¢ GIbp1 D+2
Wr = N F(g) Ap+1 (165)
With :

ap = (%)D (V)" ks" D (D - Dr(22) ¢ +1) (166)

The radiancy or the rate of radiation of energy per unit area of the cavity surface of the black
body or generalized Stefan-Boltzmann law is :

Ry = opTP+1 (167)

With :

=) (m DD - Hr&io + D(121)

c hD
Using the identity I'(x + 1) = xI'(x) we get:
wr = (D — 1)op,TP*? (168)

It is clear that for a Universe with D — space dimensions there is D — 1 sides of
propagation of energy to cover all the Universe (example: for D = 3 there is 2 sides of
propagation of energy: front and rear). The density of power is not equal to the radiancy
except for a D = 2 space dimensions of a Universe where it is equal to the radiancy of
D = 3 space dimensions of a Universe because the electromagnetic field can exist at list in
a two dimensional Universe.

The total density of energy in the cavity is:

pr = apTP*! (169)



For the density of vacuum energy in the Universe we obtain it only by multiply equation
(163) with the mean energy of an oscillator equation (133) , replace kg by h & T by v,:

pop = aopvy ! (170)

With:

1 /2\P D-1 D+1
ap =5(2) (Vr)" hD@ - Dr (%) +1)  (171)
It is clear from equation (170) that vacuum energy density grow rapidly with the number of
dimensions of space so there is evidence that Universe accelerate in expansion.

8-A model for the hydrogen atom:

The classic total energy of an electron in the hydrogen atom is:

p?> e? .
E=—-— — (cgs system of units) (172)

2m
The uncertainty on the position of the electron is as equation (105):

amdr =1 (the trajectory is circular) (173)

21r n

n: not necessary equal to the inferior limit as given by equation(113).

The uncertainty on the moment of the electron is as:
L= (174)

n': not necessary equal to the inferior limit as given by equation(113).

We have at the limit:

ArAp =h (175)
Which signify that:
aAnnrs
r= > (176)
_p_ e
E= 2m nn/h (177)

We get for the energy a minimum for p = p, when the derivation of (177) is equal to zero:

(@) =mmo 79
Than forry = LS get:

Po
Po=DC &=t (179)



me*

2h2

With : Ry, = = %azmc2 : Rydberg constant

N = nn':integer

e 1 .
a = — =~ — : fine structure constant
hc 137
Than:
— amc — N2
Po=—F" 7T = N<a,
With :
X h .
ap = = —— : Bohr radius

me? mac

The electric force between the electron and the proton is attractive. The proton is supposed
that have an infinite mass , than the electron with a negative bound energy should normally
move towards the center of the atom and so not have an hydrogen atom. The only way to
conserve the situation is that the electron remain at the same place and exchange energy
with vacuum at least to equal the absolute value of its bound energy: it will oscillate around
its position ry.

The mean energy of electron exchanging energy with vacuum is as given by equation (133):

lhv

—_ 2 1 i
U= exp(%)_l . hvy if v L v, (181)

The total energy of the electron will be:
E=—224(N+3)hv (182)
N 2
With: N': integer
hvy, = 2a*mc? : frequency of oscillation of the electron at low level.
In its fundamental oscillation state (N’ = 0) how many bound level we get?

From equation (182) we have :

2 2
E~0= —azxzc + 2a*mc?
Than :
N = i = 68.5 ~ 68

In its lowest bound fundamental state (N = 1) how many sub-bound statel we can get?
(N’ + %) 2a*mc? = %azmc2
Than:

= 1 4691.75 ~ 4692

1
42 2



We can continue like this for the other bound states.

This shows that it is possible than the hydrogen atom can be ionized spontaneously when
the total energy of the electron becomes positive.

Vacuum energy maintains the structure of the atom.
9-Uncertainty in strong gravitational field:

For a weak gravitational field we have the degree of uncertainty of the position of a
corpuscle as given by equation (113):

(183)

With : m: mass of the corpuscle

If n = 1than it is the best precision to determine the position of a massive corpuscle. We
can’t go under this precision.

This signify that we can’t determine a mass under the precision of:

m = Yol (184)

Cc

We can do the same thing for the moment:

mc = ah (185)

The same for the energy:

mc? = cvah (186)

What about space-time and energy for a black hole?

A black hole have strong gravitational field. For this we use Planck sytem of units as modular
cells for space-time and energy:

hc s
Mmp; = - 5.46107° Kg

lp, = \/’;:f =4.0110735m

hG
tp = |5 =1351107*s

By analogy to weak gravitational field we define Planck mechanical impedance as:

ap;c? = hvj, (187)



5
With: v = — = —=7410% Hz
Pl

Than:

3
ap; = % =4.110%3Kgs™!

Also we can define Planck fine structure as:

hvp, = 2ap,mp;c? (188)
than:
ap = o555 = 0.841 (189)

With this constant we can also define a Planck atom which can exist only in a strong
gravitational field: to do so replace in Bohr atom the constant a by Planck fine structure
constant ap; and replace the electron mass by Planck mass mp; . In the visible domain the
radiation from the horizon of a black hole will be continuous: there is no spectrum because
the energies levels are too near to each others with high quantum numbers. There is a
perfect symmetry between the strong gravitational field and the weak one: in the weak field
the IR cut off can be determined with real atoms and real particle (the electron) and for the
UV cut off there is no real atom (Planck atom) and no real particle (Planck mass).

The position of a corpuscle in a strong gravitational field is well defined when:

m2c?

Np; = =1 (190)

aplh

Than the precision of a mass in a strong gravitational field can’t go more than:

1 h
m= ;‘/hapl = \/% = mp, (191)

The same thing for the moment:

hc3
mc = mp;c = /T =/ hap, (192)

Also for the energy:

5
mc? = mp;c? = /h% = hvp; = cyJhap;  (193)

Also for force:

2 4
__ mpic _ mpict _ _
Fiimic == - =—"—="7-=apc (194)
Pl Pl

And for power:

CS
Wiimie = Flimic€ = = ap,c? (195)



It is also possible to determine the mass of the Universe. According to Salecker & Wigner
thought experiment the uncertainty 61 on the position [ of a clock having a mass m is[22]:

512 > (196)

mc

If the clock is massive it will reduce the uncertainty but this same clock should not distort the
space-time severely as a black hole so:

6l > — (197)
The conflict between the two conditions (196) & (197) reach a compromise as :
513 > U3, (198)
Divide equation (197) by [ we deduce that:
c?L &l

m< —.

—.2 (199)

But for the Universe:

% = % with n = 1 the lowest value because there is no position for the Universe. Than:
2
my < =3.1210% Kg (200)

It is ten time the most value adapted by many scientist.

Also we can determine the age of the Universe. The uncertainty &t of the running time t; of
the Universe is bounded by [23]:

5t2 > v (201)

myc?

On the other hand the upper bound of the mass m; is satisfied by diving equation(197) by ¢
as:

Gmy

5t > (202)

C3
Replace (202) in (201) we get:

G*m},
ty <
u hc*

= 2.52 1012 seconds = 7 10138 hours = 8 103*years (203)

And this is a new result.

In the other hand if we suppose that the Universe was a black hole and if after the life time
of the black hole state the Universe start to expand with the speed c than it’s the age of
this one is:

ty =L (204)
Where [, = 2.31 10?” meter: the observed value.

Than :



ty = 0.77 109 seconds = 2.14 10* hours = 2.44 10! years =
244 billions of years

(205)

Which is a very low value compared to (203) and it is ten to twenty time the conventional
value adapted by many scientists.

Hawking life time of the Universe as a black hole is [23] :

2..,3
G my
hc*

thy = (206)

With: my =~ 3.12 10°* Kg actual observed value
Than:
tyy = 2.74 102 seconds = 7.61 10*38hours = 8.7 1013* years (206)

It is clear that the age of the observable Universe is insignificant in front its life time as a
black hole.

The uncertainty on the length (198) can be written as a function of the power limit or the
force limit as [24]:

&z(lh)i=(lh)i (207)

Wiimit c?Flimit

The same thing for the uncertainty on time can be obtained when the conflict between the
two conditions (201) & (202) reach a compromise as:

&2( th )%:( th )% (208)

Wiimit CFlimit

10-Vacuum density of energy:

Failure in calculating vacuum energy density is a central problem in physics because the
Universe is always considered as a continuous medium where we can divide space-time
without limits. However Bolotin & Yanovsky had shows in equations (207) and (208) that
there is limits for dividing space & time. The possibility to determine an accurate vacuum
energy density becomes in the hand since we can made a sort of quantum space-time by
dividing the four dimensional space-time in modular cells of the 4-phase space geometry
where every surface of a cell is equal to the Planck constant h . Vacuum energy density will
be approximately the energy contained in cubic space cell. This energy can be obtained by
dividing the total mass of the Universe by the total number of 4-phase space geometry .

For the Universe it is approximately static than the relative uncertainty on position is:
d=1-1 (209)
=—=

Than from (198) we will have that:



(l)3=1<i (210)

sl T 1
Than in the vicinity of [, = lp; = ——wecan determine vacuum energy density.
Pl

From equation (207) we have:

(l)3 —1<-_n¢ (211)

i T PWiimie

Note that the existence condition for the minimum uncertainty for length in equation (207)
is related to the existence of the limit power which is dictated by the existence of the
horizon.

If now we consider the observable Universe far away any horizon equation (211) will be
still valid with another condition of power limit in a weak gravitational field. In this case
equation (211) becomes:

hc?
lZ

Wiimit = (212)

With : [ : a characteristic length between the Ultra-Violet/ Infra-Red (UV-IR)relation to
separate description of quantum process for macro-scale objects having or in strong
gravitational field and description of quantum process of micro-scale objects in weak
gravitational field.

We can write the power limit as:

Wiimir = apic? (213)
3
With : ap;, = % = hv3, : for strong gravitational field.

For a weak gravitational field space-time is asymptotically flat and a[Kg.s 1] have the
dimension of a mechanical impedance (for vacuum)(Replace ap; by a to search and the
same dimension).

From equations (212) & (213) we deduce the characteristic length:

l. = - (214)

There is only one state for every phase space cell which corresponds to one degree of
freedom. The question is a three space dimensional cell contains how many phase space
cell? Because if we know this number & multiplied by the energy of the cell given by
equation(186) and divided by the cubic of (214) we get approximately a very good approach
to vacuum energy density.

There is also a characteristic time:

t,=<== |- (215)



A characteristic energy:
Ec = VVlimittc = cVha (216)
Of course the constant a should be determined from experiments facts.

Vacuum energy is considered as the density of the fundamental state of the electromagnetic
field at approximately zero Kelvin.

The density of vacuum energy is as given by equation (153):

_ 4°h 4

Up =15V (217)

With:

hvy = E, = cvVha (218): a characteristic frequency of vacuum in one
direction.

Than:

Vo = cﬁ (219)

Uy, = 47;?;126 ~ 107° joule.m™3 (220)

So: a=5210"%" Kg.s™! (221)

Vo = 0.84 1012 Hz

We get approximately the same values as before. It depends how the accuracy to measure
the observed vacuum energy in cosmology.

Also the possibility to determine an accurate vacuum energy density becomes in the hand
since we can made a sort of quantum space-time by dividing the four dimensional space-
time in modular cells of the 4-phase space geometry where every surface of a cell is equal to
the Planck constant h . Vacuum energy density will be approximately the energy contained
in cubic space cell. We will do the same thing what it has done by FKLM [13] but Instead
using quantum gravitation theory we will the black body theory in D — space dimensions
Universe at approximately zero absolute temperature.

The mean energy of an oscillator at zero absolute temperature is as in equation (133):

1 hv
Emean v (222)
2 exp(%)—l
The number of oscillators per unit volume is [19]:
1 o0 (va\PD-1 vP-1
Posci = 3 fo 2 (Tn) dv (223)

e
The number of oscillators per unit volume is the number of degree of freedom unit volume.

Replace D' = D — 1 and recalculate (223) we get:



Posci =2°2VT (D —1)(D - 2IDIFH 5 (224

With: 1 ==

Ade =h, €= % : the phase space cell.

There is only one degree of freedom per phase space cell.
The total number of oscillators is:

Nosci = PosciV (225)

NJie]

With: V = —5—12 , [: the radius of the sphere.
r(o+1)

Than:

2D-1

Nosei = 2°P7%m ™ (D = 1)(D — Z)G(D)F(—)

Ly = (226)
According to equation (198) or the principle of maximum force [26] the number of degree of
freedom for a three volume is as:

s1\3 _ 12
=(%) = (227)

1
N l

2

l .
Thus: N < = and at the limit we can have:
Pl

N=~— (228)

For the Universe (I = ;) equating (226) to (228) we get:

2 2
A=1, P2 |22-2y7" T (D — 1)(D

r(§+1) (229)

ForD = 4 and I, = 2.31 10?7 m we get:

A= Jlylp; [24V7 %1.0823% WI]OZS = [lylp [6xm*x1.0823]%25 = 15.26 10~4m (230)

We can ameliorate this result as to obtain the same IR cut off before by considering that the
most volume of a D —sphere exist in its exterior region with the thickness € = EU .We can

also multiply equation (226) by a constant k? as to consider the logarithm of the new
expression of N,,.; the entropy of vacuum which tends to a constant non necessary equal to
zero when the temperature tends to zero. So we can adjust the constant A as to be equal
exactly to % = 4.286 10"*m & I, = 2.31 10?’m than:

k~0.28 & A~ 107*m (231)



If we opposite to this idea, we should accept that the number of degree of freedom in
vacuum with space dimensions D is:

lZ

D = oz, (232)

With k: positive constant as to respect the same IR cut off of the observable Universe .

It is like that we have much more states than we had expected.” Most of the states of a
reqularized quantum field theory would have so much energy that they collapse into a black
hole before they could dictate the further evolution of the system in time. If we want to
avoid this a much more rigorous cut-off than a Planckian one must be called for”. “ at a
Planckian scale our world is not 3+1 dimensional”[25]. The UV-IR cut offs should change with
the dimensionality of space-time as given by equation (229): if we fix one the other change.

It depends of our experimental ability to explore more and more deep distances.

It is possible to accept the IR value cutoff (230) as a good value and continue to accept it as
always available but this entropy is violated by referring to thermodynamics laws for a black
hole [25].

We can say that the principle of maximum force is OK but not the entropy of the black hole:
it should be corrected. By introducing the notion of the holographic dark energy where the

total energy in a volume of linear dimension [ should not exceed the mass of a black hole of
the same size , Andrew G.Cohen, David B. Kaplan and Ann E.Nelson (CKN) had proposed for
the maximum of entropy[27]&[24]:

Smax = ( : )E (233)

Ip;
Equating this entropy to (226) we get:
1

3 3

A=1, P [ZD-WEZD'l(D SENCERONC

1
F(g+1) (234)
For D =4 weget A =80Km and to bring it to the normal value 4.286 10~*m we
should multiply the number of oscillators by a coefficient k*as k = 8.551073.Butifd =
80000 mis OK for D = 4 we should detect in the Universe such a wavelength or corpuscles

M 4476 1073°Kgm? :itis comparable

4m2c

which have a moment of inertia as equalto | =

to dust corpuscles.

But for D = 3 we find a value A = 12.11 10~*m which is approximately the same value as
(230): this is because the analysis of CKN is for a black body of the three conventional
dimensions ( D = 4 is not applicable for (233)). But in fact A = 12.11 10~*m correspond to
corpuscles which have a moment of inertia asymptotically equal to the known chemical
atoms & molecules.



We can continue like this and deduce such moments of inertia & see if it exists really in the
Universe.

To find a general solution for any space dimensions we should carry out the analysis of
entropy of black body with D space dimensions.

The energy in a black body of D space dimensions with a radius [ is:

D D
nz_.p _ _m2_ ,p D+1 _ 2
E =p\V = py @ +1)l = r(g+1)l apT = Mc (235)

With: : temperature of the black body.

M equivalent total mass of the energy in the black body.
2\P D-1 D+1
e =(=) (Va) k"D - DI (Z2) 7D + 1)

There is no black hole until the radius [ is more than the Schwarzield radius GC—I:I . At the limit:

GM
== l (236)
Than
D 1
4T(=+1) ¢ [P*?
m2ap

Since the maximum of entropy of 3-volume 13 is as [24]:
Sinax = 13A3 (238)
With: A = 8171 : the ultraviolet cutoff.
At the limit we should have:
c
kgT = hE (239)

Report the expression of T in (237) we get:

l D D+1
i=[Gnrof” = f(D)] (240)
With :

r+1)

D)= i 241
(D) ZD\/EZD_lD(D—l)F(%){(D+1) (241)
For D = 3 we get from (238) & (240):

3 3
l 2
Smax = (E)Z f(3)4 (242)

Which is the same as CKN proposal (233) with a little multiplying coefficient.



For D = 4 we get:

Smax = (il)g fays (243)

Equation (243) is more restrictive than the FKLM proposal for a 4-phase space dimension of
2

a Universe with entropy equal to ~ ;7 . But if we take the entropy of 3-space dimensions
Pl

Universe as:
Snax = [*A* (244)

Than for D = 3 we get:
12
Smax = Ef(3) (245)

Which is the same entropy taken by FKLM.

If we take that the maximum values are attained on the horizons than for a black hole the
temperature of the horizon is the Hawking one [26]:

hc3

= 16m2kgGM (246)

Ty
Equating this with equation (237) we get a relationship between the mass, the
dimensionality and the radius of a black hole as:

he2D+1 mP+2r(C+1)

16726230y > D(D-)I(Z)g(D+1)1P

2

(247)

This can have an application for D = 3 which is a black hole?: if we know the radius we can
determine the mass and vice versa.

11-Planck atom:

Planck atom is only a model for the radiation prevision of a black hole from its horizon which
is the frontier of the IR-UV cut offs. It is a manner to statute about if a radiation it comes
from a black hole or not.

The levels of energies from the horizon of a black hole are:

Roo
E=—=—"¢ (248)

With : Rep; = %aﬁlmmcz = 17.38 108Joule :Planck constant

The visible range is in the interval [4000A — 7000A] which correspond to the interval of
frequencies [4.3 101* Hz — 7.5 10*Hz] .We deduce that the visible levels N belongs to the
interval: [0.591 10 — 0.781 104].

Can we detect such a level?. The uncertainty on the energy is :

ReopiAN
N3

AE =2 ~ 351073* Joule (249)



With: AN = 1 & N ~ 10
| don’t know if that there are instruments which can measure such a variation of energy.

The only thing that we can say that the spectrum of a black hole is continuous in the visible
range.

If we choose the range of microwaves [300 MHz — 300 GHz] than the levels belongs to the
interval [0.03 101® — 9 10°]. The uncertainty on the energy is:

RooplAN

AE = ZT ~ 3510740 joule (250)

With: AN ~ 1 &N =~ 1016

The same problem of the accuracy of measurement but the spectrum will be approximately
continuous.

The essential is that the horizon of a black hole will emit a continuous spectrum & we should
search its range.

We should go for very high frequencies which corresponds to low values of levels and so the
radiation from the horizon of a black hole will be a sort of elementary particles which have
approximately the same energies.

In a classic way the acceleration of a particle of a mass m in circular motion of a radius R is

2
v . . . . . .
a=-— than the minimum radius of curvature of a particle world lines in a strong

gravitational field is [24]:

— 251
VPl Wiimit ( )

. c? c3 .
With : yp; = — = ¢* |— :Planck acceleration
Pl ™ hG

The Coulomb force between two Planck charge gp; at a distance of [p; to each other is:

2
— _ 9p1
Feoutomp = PPy (252)

With: ep; : Planck permittivity of vacuum which we suppose is different from
g = 8.8510712Fm™1,

4
This force should not exceed in any case the maximum force %than :
qp; = \/4mep he (253)
Planck fine structure is also defined as:

2
= bl — o el - (254)

ameghc £ 2025

ap;

Than the Planck permittivity is :



ep1 = Sig5 = 11844 1072 Fm™? (255)
The Planck charge becomes:

qp = JZOL_% =10.73 e (256)

Planck permeability of vacuum is as:

Hpr = —— = 93.81107Hm™ ~ 30m 107 Hm™* (257)

£pi

And Planck electrical impedance is:

Zpy = lipC = /‘E‘T{’; = 28143 Q (258)

It is very easy to verify that the two classical forces Coulomb force and Newton force are
equal in module:
C4—

— = Feoutomp (259)

2
_GmPl —
2, ¢
Pl

FNEWL'OTL -

12-Conclusion :

By introducing the notion of 4-vector string associated to a corpuscle we had in fact
incorporate the principle of uncertainty in Relativity (classic or restraint). To conserve the
same IR cut off in approximately flat space-time the UV cut off should change with
dimensionality of space-time.



References:

[1] M. P. Hobson, G. P. Efstathiou and A. N. Lasenby 2006 “General Relativity” page5,
Cambridge University.

.https://wigner.hu/~barta/GRcourse2020/Hobson%20M.P.,%20Efstathiou%20G.P.,%20Lasenby%20A.N.%20-
%20GR%20-%20An%20Introduction%20for%20Physicists(Cambridge,2006).pdf

[2] Max Planck « On the Law of Distribution of Energy in the Normal Spectrum”

http://strangepaths.com/files/planck1901.pdf

[3] Max Planck “Theory of Heat Radiation” page 269,
https://www.gutenberg.org/files/40030/40030-pdf.pdf

[4]E.Chpolski “Physique atomique” page 491 -MIR Moscow 1977

[5]Matt Visser « Lecture 1 of 4 : Zero point energy » Victoria University of Wellington
2016,https://www.google.com/url?sa=t&rct=j&g=&esrc=s&source=web&cd=&cad=rja&uact
=8&ved=2ahUKEwiw6 nM0g2QAXWfOAIHHc8eLNYQFnoECBcQAQ&url=https%3A%2F%2Fsm

s.wgtn.ac.nz%2Ffoswiki%2Fpub%2FEvents%2FAotearoaFP16%2FProgram%2FLecturel-
ZPE.pdf&usg=A0OvVawO0qFalBgPr4KNTfzMgudTLU&opi=89978449

[6] G. LOCHAK « Sur quelques interprétations de la constante de Planck »,
https://fondationlouisdebroglie.org/AFLB-132/LOCHAK.pdf

[7]Louis De Broglie « On the theory of quanta », https://fondationlouisdebroglie.org/LDB-
oeuvres/De Broglie Kracklauer.pdf

[8] M. P. Hobson, G. P. Efstathiou and A. N. Lasenby 2006 “General Relativity” page122,
Cambridge

University.https://wigner.hu/~barta/GRcourse2020/Hobson%20M.P.,%20Efstathiou%20G.P.,%20Lasenby%20A.N.
%20-%20GR%20-%20ANn%20Introduction%20for%20Physicists(Cambridge,2006).pdf

[9]Eyvind H.Wichmann « Berkley cours de physique volume 4 » Physique Quantique,
Chapitres 5 &6, Paris 1974.

[10] L. Freidel, R. G. Leigh and D. Minic, Phys. Rev. D 94, no. 10, 104052 (2016).
[11] E.Chpolski “Physique atomique” page 496 -MIR Moscow 1977

[12] M.Planck ,Uber irresible Strahlungsvorgange, https://uni-
tuebingen.de/fileadmin/Uni Tuebingen/Fakultaeten/MathePhysik/Institute/IAP/Forschung/
MOettel/Geburt QM/planck AnnPhys 306 69 1900.pdf

[13] L. Freidel, J. Kowalski-Glikman, R. G. Leigh, and D. Minic, “Vacuum energy density and
gravitational entropy,” Phys. Rev. D 107 no. 12, (2023) 126016,
https://arxiv.org/pdf/2212.00901

[14] R.Bousso « The holographic principle », https://arxiv.org/abs/hep-th/0203101



https://wigner.hu/~barta/GRcourse2020/Hobson%20M.P.,%20Efstathiou%20G.P.,%20Lasenby%20A.N.%20-%20GR%20-%20An%20Introduction%20for%20Physicists(Cambridge,2006).pdf
https://wigner.hu/~barta/GRcourse2020/Hobson%20M.P.,%20Efstathiou%20G.P.,%20Lasenby%20A.N.%20-%20GR%20-%20An%20Introduction%20for%20Physicists(Cambridge,2006).pdf
http://strangepaths.com/files/planck1901.pdf
https://www.gutenberg.org/files/40030/40030-pdf.pdf
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiw6_nM0q2QAxWf0AIHHc8eLNYQFnoECBcQAQ&url=https%3A%2F%2Fsms.wgtn.ac.nz%2Ffoswiki%2Fpub%2FEvents%2FAotearoaFP16%2FProgram%2FLecture1-ZPE.pdf&usg=AOvVaw0qFalBgPr4KNTfzMgudTLU&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiw6_nM0q2QAxWf0AIHHc8eLNYQFnoECBcQAQ&url=https%3A%2F%2Fsms.wgtn.ac.nz%2Ffoswiki%2Fpub%2FEvents%2FAotearoaFP16%2FProgram%2FLecture1-ZPE.pdf&usg=AOvVaw0qFalBgPr4KNTfzMgudTLU&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiw6_nM0q2QAxWf0AIHHc8eLNYQFnoECBcQAQ&url=https%3A%2F%2Fsms.wgtn.ac.nz%2Ffoswiki%2Fpub%2FEvents%2FAotearoaFP16%2FProgram%2FLecture1-ZPE.pdf&usg=AOvVaw0qFalBgPr4KNTfzMgudTLU&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiw6_nM0q2QAxWf0AIHHc8eLNYQFnoECBcQAQ&url=https%3A%2F%2Fsms.wgtn.ac.nz%2Ffoswiki%2Fpub%2FEvents%2FAotearoaFP16%2FProgram%2FLecture1-ZPE.pdf&usg=AOvVaw0qFalBgPr4KNTfzMgudTLU&opi=89978449
https://fondationlouisdebroglie.org/AFLB-132/LOCHAK.pdf
https://fondationlouisdebroglie.org/LDB-oeuvres/De_Broglie_Kracklauer.pdf
https://fondationlouisdebroglie.org/LDB-oeuvres/De_Broglie_Kracklauer.pdf
https://wigner.hu/~barta/GRcourse2020/Hobson%20M.P.,%20Efstathiou%20G.P.,%20Lasenby%20A.N.%20-%20GR%20-%20An%20Introduction%20for%20Physicists(Cambridge,2006).pdf
https://wigner.hu/~barta/GRcourse2020/Hobson%20M.P.,%20Efstathiou%20G.P.,%20Lasenby%20A.N.%20-%20GR%20-%20An%20Introduction%20for%20Physicists(Cambridge,2006).pdf
https://uni-tuebingen.de/fileadmin/Uni_Tuebingen/Fakultaeten/MathePhysik/Institute/IAP/Forschung/MOettel/Geburt_QM/planck_AnnPhys_306_69_1900.pdf
https://uni-tuebingen.de/fileadmin/Uni_Tuebingen/Fakultaeten/MathePhysik/Institute/IAP/Forschung/MOettel/Geburt_QM/planck_AnnPhys_306_69_1900.pdf
https://uni-tuebingen.de/fileadmin/Uni_Tuebingen/Fakultaeten/MathePhysik/Institute/IAP/Forschung/MOettel/Geburt_QM/planck_AnnPhys_306_69_1900.pdf
https://arxiv.org/pdf/2212.00901
https://arxiv.org/abs/hep-th/0203101

[15] S.W.Hawking “ Black holes thermodynamics”,Phys Rev D 13, 191 (1976).
[16] Max Planck « On the Law of Distribution of Energy in the Normal Spectrum”
http://strangepaths.com/files/planck1901.pdf

[17] M. P. Hobson, G. P. Efstathiou and A. N. Lasenby 2006 “General Relativity” page122,
Cambridge

University.https://wigner.hu/~barta/GRcourse2020/Hobson%20M.P.,%20Efstathiou%20G.P.,%20Lasenby%20A.N.
%20-%20GR%20-%20ANn%20Introduction%20for%20Physicists(Cambridge,2006).pdf

[18] S.TEBER “Eléments de mécanique analytique “ Université Pierre et Marie Curie Année
2018-2019,

https://www.lpthe.jussieu.fr/~teber/Teaching/MecaniqueAnalytique.pdf

[19] Tatiana R. Cardoso & Antonio S. de Castro “The blackbody radiation in D-Dimensional
Universes” arxiv 0510002v1,

https://arxiv.org/abs/quant-ph/0510002

[20] M. P. Hobson, G. P. Efstathiou and A. N. Lasenby 2006 “General Relativity” page183,
Cambridge

University.https://wigner.hu/~barta/GRcourse2020/Hobson%20M.P.,%20Efstathiou%20G.P.,%20Lasenby%20A.N.
%20-%20GR%20-%20ANn%20Introduction%20for%20Physicists(Cambridge,2006).pdf

[21] [6] M. P. Hobson, G. P. Efstathiou and A. N. Lasenby 2006 “General Relativity” page187,
Cambridge

University.https://wigner.hu/~barta/GRcourse2020/Hobson%20M.P.,%20Efstathiou%20G.P.,%20Lasenby%20A.N.
%20-%20GR%20-%20ANn%20Introduction%20for%20Physicists(Cambridge,2006).pdf

[22] Y.Jack Ng, CLOCKS, COMPUTERS, BLACK HOLES, SPACETIME FOAM, AND HOLOGRAPHIC
PRINCIPLE, https://arxiv.org/pdf/hep-th/0010234

[23]Y.Jack Ng, From computation to black holes and space-time foam
https://arxiv.org/pdf/gr-qc/0006105

[24]Yu.L.Bolotin, V.V. Yanovsky “Modified Planck Units”, https://arxiv.org/abs/1701.01022

[25]G.’t Hooft “Dimensional reduction in quantum gravity” Essay dedicated to Abdus Salem
https://arxiv.org/pdf/gr-qc/9310026.

[26] Yu.L.Blotin, V.A.Cherkaskiy “Principle of maximum force and holographic principle : two
principles or one?”, https://arxiv.org/pdf/1507.02839



http://strangepaths.com/files/planck1901.pdf
https://wigner.hu/~barta/GRcourse2020/Hobson%20M.P.,%20Efstathiou%20G.P.,%20Lasenby%20A.N.%20-%20GR%20-%20An%20Introduction%20for%20Physicists(Cambridge,2006).pdf
https://wigner.hu/~barta/GRcourse2020/Hobson%20M.P.,%20Efstathiou%20G.P.,%20Lasenby%20A.N.%20-%20GR%20-%20An%20Introduction%20for%20Physicists(Cambridge,2006).pdf
https://www.lpthe.jussieu.fr/~teber/Teaching/MecaniqueAnalytique.pdf
https://arxiv.org/abs/quant-ph/0510002
https://wigner.hu/~barta/GRcourse2020/Hobson%20M.P.,%20Efstathiou%20G.P.,%20Lasenby%20A.N.%20-%20GR%20-%20An%20Introduction%20for%20Physicists(Cambridge,2006).pdf
https://wigner.hu/~barta/GRcourse2020/Hobson%20M.P.,%20Efstathiou%20G.P.,%20Lasenby%20A.N.%20-%20GR%20-%20An%20Introduction%20for%20Physicists(Cambridge,2006).pdf
https://wigner.hu/~barta/GRcourse2020/Hobson%20M.P.,%20Efstathiou%20G.P.,%20Lasenby%20A.N.%20-%20GR%20-%20An%20Introduction%20for%20Physicists(Cambridge,2006).pdf
https://wigner.hu/~barta/GRcourse2020/Hobson%20M.P.,%20Efstathiou%20G.P.,%20Lasenby%20A.N.%20-%20GR%20-%20An%20Introduction%20for%20Physicists(Cambridge,2006).pdf
https://arxiv.org/pdf/hep-th/0010234
https://arxiv.org/pdf/gr-qc/0006105
https://arxiv.org/abs/1701.01022
https://arxiv.org/pdf/gr-qc/9310026
https://arxiv.org/pdf/1507.02839

