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Correct Solutions for Rotating Black Holes

Dmitri Rabounski
Puschino, Moscow Region, Russia. E-mail: rabounski@yahoo.com

This paper introduces correct solutions for rotating black holes and electrically charged
rotating black holes. The solutions are based on the space metric of a rotating spher-
ical body approximated by a mass-point, which is a new metric to General Relativity
introduced and proved using Einstein’s equations in the previous paper (Progr. Phys.,
2014, v. 20, 79�99) as an extension of Schwarzschild’s mass-point metric. According
to the solutions, rotating black holes have the shape of an oblate spheroid, �attened at
the poles, where its radius is equal to the gravitational radius of the body, and thickened
at the equator. The introduced black hole solutions are mathematically and physically
correct, because they have no limitations, unlike Kerr’s solution and the Kerr-Newman
solution, which, since they are obtained using the tetrad formalism, are valid only in an
in�nitely small vicinity of the surface of a rotating black hole.

1 Non-rotating black holes

Definition 1: A black hole is a type of cosmic body, the grav-
itational �eld of which is so strong that light cannot es-
cape from its surface.

This is the original de�nition of black holes according
to the founders of the black hole problem � the Reverend
John Michell, who in 1783 wrote his article in which he �rst
outlined his idea of such cosmic objects [1], and also Pierre-
Simon Laplace, who in 1796, independently of Michell, in
Chapter 6 of hisExposition du Syst�eme du Mondegave a def-
inition of black holes [2, p. 305], and then in 1799 provided a
mathematical justi�cation for such objects in the framework
of Classical Mechanics [3].

See the 2009 study of the history of the black hole prob-
lem [4] and the papers [5�7] referred therein.

In the General Theory of Relativity, the geometric basis
is not a three-dimensional Euclidean space, as in Classical
Mechanics, but a four-dimensional pseudo-Riemannian space
(space-time), black holes are de�ned from the general for-
mula of the Riemannian space (space-time) metric*

ds2 = g�� dx� dx� =
= g00 dx0dx0 + 2g0i dx0dxi + gik dxidxk; (1)

in which speci�c formulae for the components of the funda-
mental metric tensorg�� determine the geometry and distri-
bution of matter of the particular Riemannian space (space-
time) that we are considering.

Usually, the de�nition of black holes in General Relativity
is given in terms of the zero (time) component

g00 =
�
1 �

w
c2

� 2
(2)

of the fundamental metric tensorg�� , based on the assertion
that the di� erence ofg00 from 1 indicates the deviation of real

* Here �; � = 0;1;2;3 are four-dimensional (space-time) indices, and
i;k= 1;2;3 are three-dimensional spatial indices.

time intervalsd� from ideal (unperturbed and homogeneous)
time intervalsdt, which is determinedonlyby the potential of
the acting gravitational �eld w= c2 �

1 � p g00
�
.

This de�nition of black holes says:
Definition 2: A black hole is a type of cosmic body, on the

surface of whichg00 = 0 and, hence its physical radius
is equal to the gravitational radiusrg = 2GM=c2, calcu-
lated for its massM. The entire mass of such a body
is under its gravitational radius, which means that this
body is in the state of gravitational collapse, i.e., the
body is agravitational collapsar.

This de�nition of black holes originates from the mass-
point space metric introduced in 1916 by Karl Schwarzschild
[8], which is known as theSchwarzschild mass-point metric.
This metric�

ds2 =
�
1 �

rg

r

�
c2dt2 �

dr2

1 � rg

r

� r2
�
d� 2 + sin2� d’ 2

�
(3)

describes a spherically symmetric space �lled with a gravita-
tional �eld created by a massive spherical island of substance,
which is approximated by a material point, wherer is the ra-
dial distance from the barycentre of the massive island (which
is the coordinate origin), andrg = 2GM=c2 is the gravitational
radius of the island, calculated for its massM. According
to this metric, the non-zero components of the fundamental
metric tensorg�� of such a space are

g00 = 1 �
rg

r
; g11 = �

1

1 � rg

r

g22 = � r2; g33 = � r2sin2�

9>>>>>=
>>>>>;

: (4)

According to the views commonly accepted in the 1920�
1930s among the scientists working in the �eld of General

� The commonly accepted mathematical form of this metric given above
was derived not by Schwarzschild himself, but immediately after his death in
1916 independently by Johannes Droste and David Hilbert [9,10].

Rabounski D. Correct Solutions for Rotating Black Holes 3
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Relativity, real time intervalsd� are expressed through ideal
(unperturbed, homogeneous) time intervalsdt as

d� =
p

g00 dt; (5)

see §84 on distances and time intervals inThe Classical The-
ory of Fieldsby Landau and Lifshitz [11], the 1st edition of
which was published in 1939.

Sinceg00 = 1 � rg
r = 0 on the surface of a gravitational col-

lapsar (r = rg), physically observable time stops (d� = 0) on
its surface from the point of view of an external observer and,
hence, no signal can escape from this body. In other words,
this is a cosmic object called ablack hole.

Some criticism to the black hole concept is based on the
fact that r in the formula of the Schwarzschild mass-point
metric is a radial coordinate (as in any space metric written in
spherical coordinatesr, � , ’ ), and not the physical radius of
the massive spherical island of substance creating the gravi-
tational �eld. For the details of this criticism, see [12,13] and
references therein. This is true, but this fact does not can-
cel the existence of a space breaking on a spherical surface
of the radiusrg = 2GM=c2 from the barycentre of the massive
island (due to the breakingg00 = 0 in the space metric on this
surface). Of course, a spherical massive island that creates a
gravitational �eld described by the Schwarzschild mass-point
metric can have any radiusR. But if its radius is equal to the
gravitational radiusR= rg calculated for its massM, then this
body is de�nitely a gravitational collapsar (black hole). See
my remarks [14] on the above criticism.

Gravitational collapsars are conceivable not only in the
form of a collapsed spherical body, i.e., they are associated
not only with the Schwarzschild mass-point metric. It can be
any cosmic body, the physical radius of which is equal to its
gravitational radius (and, therefore,g00 = 0 on its surface).
So, in 2010 Larissa Borissova introduced a new cosmological
model, according to which the entire observable Universe is a
de Sitter collapsar � a de Sitter space (this is a constant cur-
vature spherical space �lled with the physical vacuum) in the
state of gravitational collapse: its radius (which is the same as
the curvature radius of space) is equal to its gravitational ra-
dius. She called this model thede Sitter bubble[15]. Also, in
our common monograph on the internal constitution of stars,
Inside Stars[16], we considered liquid black holes; the space
inside such a collapsar is determined by Schwarzschild’s met-
ric of the space inside a liquid sphere.

2 The complete formula for real time

As was mentioned above, the key point of the black hole solu-
tion in General Relativity is the stopping of real time (d� = 0)
on the surface of a black hole, which is usually determined
from the formula for real time intervalsd� = p g00 dt, com-
monly accepted in the 1920�1930s [11, §84].

At the same time, the problem of determining real time
intervals is not trivial, and is a particular case of the general

problem of determining physically observable quantities in
the space-time of General Relativity.

Initially, only heuristic considerations were used for de-
termining physical observable quantities in General Relativ-
ity. For example, physically observable (real) time intervals
d� were assumed to be the square root of the �rst (time) term
g00 dx0dx0 = g00 c2dt2 of the square of the four-dimensional
(space-time) intervalds2, i.e., d� = p g00 dt. It was heuristi-
cally assumed that three-dimensional components of a four-
dimensional vector form a three-dimensional observable vec-
tor, and its time component is the observable potential of the
vector �eld. And so forth and so on, which generally does not
prove that these quantities can be actually observed.

Only in 1944 Abraham Zelmanov developed a versatile
mathematical method that unambiguously determined physi-
cally observable quantities in the space-time of General Rel-
ativity as the projections of four-dimensional quantities onto
the time line and the three-dimensional spatial section, associ-
ated with an observer. Such projections are invariant through-
out the spatial section of the observer (his observable three-
dimensional reference space), i.e., they are �chrono-metric in-
variants� in his reference frame and depend on the properties
of his reference space, such as the gravitational potential, ro-
tation, deformation, curvature, etc. For this reason, Zelmanov
called his mathematical method thetheory of chronometric
invariantsor thechronometrically invariant formalism.

Although Zelmanov presented his work in 1944 in his
lengthy doctoral dissertation and later in two short papers, one
of which was published in English in 1956 [17], his chrono-
metrically invariant formalism remained outside attention of
the scienti�c community over decades. His main works were
published in English only in the 2000s [18,19]. See the com-
prehensive survey of the Zelmanov formalism [20], where
I and Larissa Borissova collected almost everything that we
know on this subject personally from Zelmanov and based on
our own research studies.

In short, the chronometrically invariant projections of any
four-dimensional quantity are calculated using operators of
projection, which take the physical properties and geometric
structure of the observer’s physical space into account. Thus,
the four-dimensional displacement vectordx� (� = 0;1;2;3),
projected onto the time line of an observer, represents the
physically observable (real) chr.inv.-time interval

d� =
p

g00 dt �
1
c2 vi dxi ; i = 1;2;3; (6)

and the projection ofdx� onto the three-dimensional spatial
section associated with the observer is the physically observ-
able three-dimensional chr.inv.-displacement vectordxi .

Hereg00 is expressed through the physically observable
chr.inv.-potential w of the gravitational �eld that �lls the ob-
server’s space

w = c2 �
1 �

p
g00

�
;

p
g00 = 1 �

w
c2 ; (7)

4 Rabounski D. Correct Solutions for Rotating Black Holes
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andvi is the three-dimensional vector of the linear velocity of
rotation of the observer’s space

vi = �
cg0ip g00

; vi = � cg0ip g00 ; vi = hik vk: (8)

The square of the three-dimensional physically observ-
able chr.inv.-interval is determined as

d� 2 = hik dxidxk (9)

using the three-dimensional chr.inv.-metric tensorhik

hik = � gik +
1
c2 vi vk ; hik = � gik; hi

k = � i
k ; (10)

which is the chr.inv.-projection of the fundamental metric ten-
sor g�� onto the spatial section associated with the observer
and possesses all properties ofg�� throughout the spatial sec-
tion (the observer’s three-dimensional space).

Thus, the square of the four-dimensional (space-time) in-
tervalds2 = g�� dx� dx� is expressed in terms of chronomet-
rically invariant (physically observable) quantities as

ds2 = c2d� 2 � d� 2: (11)

The above has aftermaths for the black hole solution. The
complete formula for physically observable (real) time inter-
vals d� = p g00 dt � 1

c2 vi dxi (6) di� ers fromd� = p g00 dt (5)
given in §84 ofThe Classical Theory of Fieldsby the sec-
ond term, determined by the rotation of space. They coincide
only if space does not rotate. Therefore, since the stopping of
observable time (d� = 0) de�nes black holes in General Rel-
ativity (d� = 0 on the surface of a body means that no signal
can leave this body), the condition

d� =
p

g00 dt �
1
c2 vi dxi = 0 (12)

which follows from the chronometrically invariant formalism
should give a black hole solution for rotating black holes.

3 The correct solution for a rotating black hole

It is obvious that a correct solution for a rotating black hole
should follow from the space metric of a rotating spherical
body, approximated by a mass-point. Such a metric was intro-
duced and proved using Einstein’s �eld equations in the pre-
vious paper [21].

This metric was derived on the basis of the Schwarzschild
mass-point metric (3) by assuming that the space rotates to-
gether with the body itself along the equatorial coordinate
axis ’ , i.e., along the geographical longitudes of the body,
with the linear velocityv3= ! r2sin2� . In addition, it was as-
sumed that the rotation of space is stationary, i.e., the angular
velocity ! of this rotation is constant (! = const). Since by
de�nition of vi (8) we have

v3 = ! r2sin2� = �
cg03p g00

; (13)

then the metric of a rotating spherical body approximated by
a mass-point has the form

ds2 =
�
1 �

rg

r

�
c2dt2 � 2! r2sin2�

r
1 �

rg

r
dtd’ �

�
dr2

1 � rg

r

� r2
�
d� 2 + sin2� d’ 2

�
; (14)

where, as is seen from the above formula,

g00 = 1 �
rg

r
; g03 = �

! r2sin2�
c

r
1 �

rg

r

g11 = �
1

1 � rg

r

; g22 = � r2; g33 = � r2sin2�

9>>>>>>>>=
>>>>>>>>;

; (15)

and, hence, non-zero lower-index components of the chr.inv.-
metric tensorhik (10) are

h11 =
1

1 � rg
r

; h22 = r2

h33 = r2sin2�
 
1 +

! 2r2sin2�
c2

!

9>>>>>>>>=
>>>>>>>>;

; (16)

while its upper-index componentshik, since the matrixhik is
strict diagonal, i.e., all of its non-diagonal components (for
which i , k) are zero, arehik = (hik)� 1 just like the invertible
matrix components to any diagonal matrix.

To check the above rotating metric, we calculatev2= vi vi

= hik vivk. Sincevi = hikvk, we obtain the following

v2 = vi vi =
! 2r2sin2�

1 + ! 2r2sin2�
c2

; v =
! r sin�

q
1 + ! 2r2sin2�

c2

; (17)

therefore, the dimension ofv is
�
cm=sec

�
as it should be. If

the space rotates slowly, then the above formula transforms
to v= ! r sin�

�
cm=sec

�
as in Classical Mechanics.

In fact, the space metric (14) describes a spherically sym-
metric space, which is �lled with the gravitational �eld cre-
ated by a rotating spherical island of substance (approximated
by a mass-point) and rotates together with this body.

The introduced and proved metric (14) is a new space
metric to General Relativity, which is a modern extension and
replacement of the Schwarzschild mass-point metric (3), be-
cause in the space of the Schwarzschild metric a massive
body creating gravitational �eld does not rotate. Moreover,
this metric is thebasic space metric in the Universe, char-
acterizing the physically observable �eld of any real cosmic
body, be it a planet, star, galaxy or something else (since all
real cosmic bodies rotate).

Consider the black hole conditiond� = 0 in the space of
a rotating spherical body approximated by a mass-point, i.e.,
according to the space metric (14).

Rabounski D. Correct Solutions for Rotating Black Holes 5
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Independently of the speci�c metric of space, the black
hole conditiond� = 0 (12) can be transformed to the form

d� =
 
p

g00 �
1
c2 vi ui

!
dt = 0; ui =

dxi

dt
; (18)

where ideal (unperturbed, homogeneous) time intervals are
dt , 0 and, therefore,

p
g00 �

1
c2 vi ui = 0; (19)

while ui is the coordinate velocity of a source of signals (in
this case � along the surface, on which physically observable
time stops). Thus, the black hole conditiond� = 0 (12) took
its detailed form (19).

In the space of a rotating spherical body, approximated by
a mass-point, i.e., in the space of the metric (14), the obtained
detailed formula (19) of the black hole conditiond� = 0 takes
the particular form characteristic of this space metric

r
1 �

rg

r
�

1
c2 v3u3 = 0: (20)

From this form of the black hole conditiond� = 0, since
rg = 2GM=c2 is the gravitational radius of the body, calculated
for its massM,* we then derive theblack hole solution, which
is a distancer = rc from the barycentre of the body at which
physically observable time for signals stops, i.e., the signals
disappear for an external observer.

So forth, assuming that the linear velocity with which the
space rotates together with the body itselfv3= ! r2sin2� is
much less than the speed of light, and the source of signals
rests on the body’s surface, i.e., its coordinate velocity along
the equatorial axis’ is u3 = d’

dt = ! , we obtain theblack hole
solution for a rotating black hole

rc =
rg

1 � 1
c4 ! 4r 4sin4�

’ rg

 
1 +

1
c4 ! 4r 4sin4�

!
> rg : (21)

According to the obtained black hole solution (21), since
sin� = 0 at the poles of a rotating black hole (as in the previ-
ous paper [21] we assume that the� coordinate is the polar
angle measured from the North Pole), the second term in the
brackets vanishes at the poles and has no e� ect. As a result,
the radiusrc of a rotating black hole coincides with its gravi-
tational radius (rc = rg) at the North Pole and South Pole.

In contrast, sin� = 1 at the equator and, hence, the equa-
torial radius of a rotating black hole is greater than its gravi-
tational radiusrg by a length

� r = rg
! 4r 4

c4 ; (22)

which is greater the faster the black hole rotates.

* At the distancerg = 2GM=c2 from its barycentre the space has a break-
ing, which manifests itself in the form of the conditiong00 = 0.

Therefore, according to the black hole solution (21) that
we have obtained, we arrive at the conclusion:
Conclusion: Rotating black holes are not spheres, but have

theshape of an oblate spheroid, �attened at the poles,
where its radius is equal to the gravitational radius of
the body, and thickened at the equator, where its radius
exceeds the gravitational radius (due to rotation). The
faster a black hole rotates, the thicker its body is at the
equator compared to the poles.

This means that, according to the black hole solution ob-
tained above, signals arriving at the poles of a rotating grav-
itational collapsar disappear for an external observer when
they arrive at its gravitational radius (as in the case of a non-
rotating collapsar). However, if signals arrive at a rotating
gravitational collapsar at latitudes other than the poles, then
they disappear at a distance greater than its gravitational ra-
dius (this distance exceeding the gravitational radius is maxi-
mum at the equator).

For this reason, it is reasonable to reconsider the initial
de�nition of black holes in General Relativity, which is based
on the gravitational collapse conditiong00 = 0 (see De�ni-
tion 2 in the beginning of this article). Since, according to the
solution obtained above for rotating black holes, the equato-
rial radius of a rotating black hole exceeds its gravitational
radius, we must replace the initial de�nition of black holes
with a more general one, according to which black holes are
de�ned as objects, on the surface of which physically observ-
able time stops:
Definition 3: A black hole is a type of cosmic body, on the

surface of which time stops from the point of view of an
external observer (the interval of physically observable
time is zerod� = 0 on its surface) and, hence, no one
signal can escape the surface of the body.

4 The correct solution for an electrically charged rotat-
ing black hole

Consider another case, where the considered spherical island
of substance (approximated by a mass-point) possesses an
electric chargeq. In this case, the space of the mass-point
is �lled with not only the gravitational �eld created by it,
but also a spherically symmetric electric (electromagnetic)
�eld, i.e., is �lled with distributed matter. The space of an
electrically charged mass-point is described by the Reissner-
Nordstr¤om metric

ds2 =
0
BBBBB@1 �

rg

r
+

r 2
q

r2

1
CCCCCAc2dt2 �

�
dr2

1 � rg

r + r 2
q

r2

� r2
�
d� 2 + sin2� d’ 2

�
; (23)

which is an extension of the Schwarzschild mass-point met-
ric, �rst considered in 1916 by Hans Reissner [22], and then,

6 Rabounski D. Correct Solutions for Rotating Black Holes
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in 1918, by Gunnar Nordstr¤om [23]. The Reissner-Nordstr¤om
metric uses the same denotations as the Schwarzschild mass-
point metric, with an addition of

r 2
q =

Gq2

4�" 0c4 ; (24)

whereq is the electric charge of the massive island (source of
the gravitational �eld and the electromagnetic �eld),G is the
gravitational constant, and1

4�" 0
is Coulomb’s force constant.

We introduce the space metric of an electrically charged
rotating body (approximated by a mass-point) analogous to
the mass-point space metric of a rotating body (14), which to-
gether with its space stationary rotates with a constant angular
velocity ! = constand the linear velocityv3= ! r2sin2� along
the equatorial coordinate axis’ , i.e., along the geographical
longitudes of the body. The resulting space metric of an elec-
trically charged rotating soherical body approximated by a
mass-point has the form

ds2 =
0
BBBBB@1 �

rg

r
+

r 2
q

r2

1
CCCCCAc2dt2 �

� 2! r2sin2�

s

1 �
rg

r
+

r 2
q

r2 dtd’ �

�
dr2

1 � rg

r + r 2
q

r2

� r2
�
d� 2 + sin2� d’ 2

�
; (25)

where, as follows from the above formula,

g00 = 1 �
rg

r
+

r 2
q

r2

g03 = �
! r2sin2�

c

s

1 �
rg

r
+

r 2
q

r2

g11 = �
1

1 � rg

r + r 2
q

r2

g22 = � r2; g33 = � r2sin2�

9>>>>>>>>>>>>>>>>>>>>>>>=
>>>>>>>>>>>>>>>>>>>>>>>;

; (26)

and, hence, non-zero lower-index components of the chr.inv.-
metric tensorhik (10) are

h11 =
1

1 � rg

r + r 2
q

r2

; h22 = r2

h33 = r2sin2�
 
1 +

! 2r2sin2�
c2

!

9>>>>>>>>>=
>>>>>>>>>;

; (27)

while its upper-index components arehik = (hik)� 1 just like the
invertible matrix components to any diagonal matrix.

The introduced space metric (25) describes a spherically
symmetric space, which is �lled with the gravitational �eld

and the electromagnetic �eld, which are created by a rotating
electrically charged spherical island of substance (approxi-
mated by a mass-point) and rotates together with this body.

The introduced metric (25) is a new space metric to Gen-
eral Relativity, which is a modern extension of the Schwarz-
schild mass-point metric (3), the recently introduced metric
of a rotating spherical body approximated by a mass-point
(14) and the Reissner-Nordstr¤om metric (23).

This metric is proved using Einstein’s �eld equations ab-
solutely analogous to the metric of a rotating spherical body
approximated by a mass-point, which was introduced and
proved in the recent paper [21], because it di� ers only by
one additional term ing00, which takes the electric charge
q into account. The only di� erence in the proof is that the
right-hand side of the Einstein equations in this case is non-
zero and contains physically observable components of the
energy-momentum tensor of the electromagnetic �eld, and
the Riemannian conditions for the metric take the electromag-
netic �eld into account. This proof is easy to repeat by any-
one, following with the recent paper [21]. We therefore omit
this proof in the present paper, since the main task here is to
obtain solutions for black holes.

In the space of the rotating Reissner-Nordstr¤om metric
(25) that we just introduced, the detailed general formula (19)
of the black hole conditiond� = 0 takes the form

s

1 �
rg

r
+

r 2
q

r2 �
1
c2 v3u3 = 0: (28)

From here, assuming that the e� ect created by the electro-
magnetic �eld of an electrically charged black hole (the third
term under the square root) is much weaker than the e� ect of
its gravitational �eld (the second term), which is a natural as-
sumption for a gravitational collapsar due to its super-strong
gravitational �eld, we then derive the black hole solution for
an electrically charged black hole, which is a distance from
its barycentre at which physically observable time for signals
stops (they disappear for an external observer).

As above in the case of a regular rotating black hole, we
assume that the linear velocityv3= ! r2sin2� with which the
space rotates together with the electrically charged body itself
is much less than the speed of light, and the source of signals
rests on the body’s surface (u3 = d’

dt = ! ). Thus, we obtain the
formula of theblack hole solution for an electrically charged
rotating black hole

rc =
rg

1 � 1
c4 ! 4r 4sin4� + r 2

q

r2

’

’ rg

0
BBBBB@1 +

1
c4 ! 4r 4sin4� �

r 2
q

r2

1
CCCCCA: (29)

According to the obtained black hole solution (29), the
radius of an electrically charged rotating black hole is shorter
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at its poles than the gravitational radiusrg = 2GM=c2 calcu-
lated for its massM, and is less thick at the equator than the
equatorial radius of a regular rotating black hole. In other
words, the electric charge (and the electromagnetic �eld) of
an electrically charged rotating black hole makes its shape
more �attened from the poles and less thick at the equator
than a regular rotating black hole

rc (poles) =
rg

1 + r 2
q

r2

’ rg

0
BBBBB@1 �

r 2
q

r2

1
CCCCCA< rg ; (30)

rc (equator)=
rg

1 � ! 4r 4

c4 + r 2
q

r2

’ rg

0
BBBBB@1 +

! 4r 4

c4 �
r 2
q

r2

1
CCCCCA: (31)

An electrically charged rotating black hole has a radius
equal to its gravitational radiusrg at geographic latitudes in
the northern and southern hemispheres, where the sine of the
polar angle� is

sin� =
c

p
rq

! r 3=2 ; r 2
q =

Gq2

4�" 0c4 : (32)

Finally, the obtained black hole solution for electrically
charged black holes (29) leads us at the conclusion:
Conclusion: Electrically charged rotating black holes are not

spheres, but have theshape of an oblate spheroid, �at-
tened at the poles, where its radius is shorter that the
gravitational radius of the body, and thickened at the
equator, where its radius exceeds the gravitational ra-
dius (due to rotation). The faster a black hole rotates,
the thicker its body is at the equator compared to the
poles. The greater its electric charge, the shorter its ra-
dius is at the poles compared to its gravitational radius
and the less thick its equatorial radius.

That is, according to the obtained black hole solution, sig-
nals arriving at the poles of an electrically charged rotating
gravitational collapsar disappear for an external observer at
an altitude less than its gravitational radius. But, if signals ar-
rive at such a collapsar at the equator, then they disappear at
a distance greater than its gravitational radius. Signals disap-
pear at a distance of the gravitational radius from the barycen-
tre of an electrically charged rotating gravitational collapsar
at geographic latitudes in the northern and southern hemi-
spheres, where the e� ect of the collapsar’s rotation is com-
pletely compensated by the e� ect of its electric charge.

P.S.It should be noted that the signi�cance of the black hole
solutions obtained in the present paper contrasts with Kerr’s
solution and the Kerr-Newman solution.

Kerr’s solution for a rotating black hole [24] and the Kerr-
Newman solution for an electrically charged rotating black
hole [25] were introduced in the early 1960s, based on the
respective space (space-time) metrics that they derived using

a special version of the tetrad formalism called the Newman-
Penrose formalism [26]. In the tetrad formalism, all quanti-
ties given in the four-dimensional pseudo-Riemannian space
(space-time of General Relativity, which is generally curved,
inhomogeneous and anisotropic) are projected onto a tangen-
tial space, which is a four-dimensional �at, homogeneous and
isotropic space (space-time) tangential to the given Rieman-
nian space at the point where you are looking for a solution.
Thus, the tetrad formalism solves all problems of General
Relativity in this tangential �at space.

The advantage of this mathematical formalism is that in
the tangential �at homogeneous and isotropic space there are
no singularities (space discontinuities), and complicated pro-
blems of General Relativity are expressed in a simple math-
ematical form. On the other hand, the tetrad formalism has
a serious drawback that has prevented it from becoming the
main mathematical tool of the researchers working in the �eld
of General Relativity. Quantities associated with objects and
the geometric structure of the Riemannian space can be pro-
jected onto a tangential �at space only in an in�nitely small
vicinity of the projection point (because they are absent in the
tangential �at space). Therefore, all calculation results ob-
tained using the tetrad formalism or any modi�cation of it
are valid only in an in�nitely small vicinity of the projection
point in the tangential �at space (and not in the Riemannian
space itself), and these results are not integrable to another
point of the Riemannian space.

Kerr’s solution and the Kerr-Newman solution were de-
rived using the Newman-Penrose formalism (a modi�cation
of the tetrad formalism) in the tangential �at space, in which
objects of General Relativity do not actually exist. Therefore,
the physical reality of their theoretical results is questionable.
In addition, Kerr’s solution and the Kerr-Newman solution
have a serious limitation. Namely � these solutions are valid
only in an in�nitely small vicinity of the surface of a rotating
black hole in the tangential �at space, and not in the Rieman-
nian space itself (in which all objects of General Relativity
exist, including gravitational collapsars).

In contrast, the solutions obtained here for rotating black
holes and electrically charged rotating black holes are math-
ematically and physically correct, since they were derived in
the Riemannian space itself, have no limitations, and are in-
tegrable over the entire space.

Submitted on December 19, 2024
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According to the numerical-relational approach to physics proposed here, fundamental
conservative forces such as gravity can be understood as a consequence of the logarith-
mic symmetry of fractal scalar �elds of transcendental numerical attractors that arise in
systems of coupled harmonic quantum oscillators.

Introduction

Modern physics attempts to explain every observed physical
phenomenon by fundamental forces: gravitation, electromag-
netism, the weak interaction, and the strong interaction. Each
of the fundamental interactions can be described mathemat-
ically as a �eld. In the Standard Model [1] of fundamen-
tal interactions, matter consists of fermions, like electrons or
protons, which carry fundamental properties called charges.
They are thought to be �eld sources, which attract or repel
each other by exchanging bosons. However, the origin of the
charges and particles, and thus also the �elds and forces is
still poorly understood. So de�ning electric charge [2] as a
fundamental property of matter that exhibits electrical attrac-
tion or repulsion in the presence of other electrically charged
matter is essentially circular reasoning.

The explanation of observed physical phenomena by as-
suming the existence of elementary particles with charges that
represent simply the physical properties required for interac-
tion is a typical feature of the current paradigm. In this case,
the question about the origin of the observed physical phe-
nomena is only redirected, because also the question about
the origin of the assumed particles and charges remains with-
out answer. Basically, such relay-race-like explanation, in
which the question is never answered but is passed like a stick
from one model object to another, cannot satisfy the scienti�c
mind in the long term.

Apropos, despite the appreciated success of the Standard
Model in describing subatomic processes, the gravitational
interaction de�es this paradigm � already over more than 50
years. In my opinion, this circumstance indicates less the
speci�city of the gravitational interaction than the conceptual
limitations of the paradigm.

In this context, the history of Newton’s law of gravitation
is quite revealing. In accordance with the historical legend,
only 100 years after Newton, in 1797, Henry Cavendish came
up with the idea to measure the mutual attraction of two bod-
ies of known mass in an experiment with a sensitive rotating
balance. Cavendish’s measuring device is similar to the tor-
sion balance that was invented by the geologist John Michell
and used by Charles Augustin de Coulomb in 1785 to inves-
tigate electrostatic attraction and repulsion. Actually, until
the second half of the 19th century, Newton’s law of gravi-
tation was described only in the form of proportionalities, no

gravitational constant. In the explicit form that is used today,
it was formulated 200 years after Newton in 1873 by Alfred
Cornu and Jean-Baptist Baille, whose competence lay in the
�eld of optics and electricity. Actually, they were inspired
by Coulomb’s law of electrostatic interaction, with the idea
that gravitation must be something similar to electrostatic at-
traction, where the masses of the involved bodies act like the
charges in Coulomb’s law. In this way, Coulomb’s law served
as conceptional model of the current form of Newton’s law of
gravitation.

Electrostatic forces and gravitational forces actually share
some fundamental properties: both are central, conservative,
and obey an inverse-square law. Furthermore, the electro-
static and gravitational �elds both act instantaneously.

In fact, it is well known that if a charged source moves at
a constant velocity, the electric �eld experienced by a test par-
ticle points toward the source’s instantaneous position rather
than its retarded position.

Also in astronomical calculations of star and planetary
movements, it is traditionally assumed that the e� ect of grav-
ity occurs instantaneously. In fact, gravitation shows no aber-
ration [3], such as the light of the stars. It is certainly true,
although perhaps not widely enough appreciated, that obser-
vations are incompatible with gravitation having a light-speed
propagation delay. Orbits in the solar system would shift sub-
stantially on a time scale on the order of a hundred years. By
analyzing the motion of the Moon, Pierre Simon Laplace [4]
concluded in 1805 that the speed of gravitation must be at
least 7� 106 times higher than 300.000 km/s. Using modern
astronomical observations, Thomas Van Flandern [5] raised
this limit to 2 � 1010 c.

The theoretical problem is that instantaneity contradicts
the Standard Model, which considers fundamental interac-
tions as mediated by force carrier particles limited by the
speed of light in vacuum.

Actually, besides instantaneity, there is still a more seri-
ous problem: The hypothesis thatG is a fundamental constant
of physics is generally accepted, although it has not yet been
experimentally con�rmed [6]. In fact, Newton’s law of grav-
itation cannot be veri�ed in the scale of a planetary system,
because the mass of a planet cannot be measured. By the way,
the widely quoted claim that the orbit of the planet Neptune
was discovered by calculation based on Newton’s law of grav-
ity is obviously false [7]. Apropos, Kepler’s laws of planetary
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motion contain neither masses nor theG, and hence, they do
not require Newton’s law of gravitation for their derivation.
Moreover, while Newton’s theory of gravitation leads to in-
consistencies already in the case of three interacting bodies,
Kepler’s laws of planetary motion do not have any N-body
problem. However, despite perturbation models and paramet-
ric optimization, the stability of planetary systems is still a
theoretical problem. In general, the stability of systems of a
large number of coupled periodical processes is still a funda-
mental problem in physics [8].

In particular, there is no way to derive the current con-
�guration of the solar system from Kepler’s laws of plane-
tary motion, and certainly not from Newton’s law of universal
gravitation, because there are in�nitely many pairs of orbital
periods and distances that ful�ll Kepler’s laws. Newer mod-
els of modi�ed Newtonian dynamics have not changed this
situation. Einstein’s �eld equations do not reduce the theo-
retical variety of possible orbits, but increases it even more.
General relativity does not provide solutions of the mentioned
problems, because in the normal case of weak gravity and low
velocities, Einstein’s �eld equations obey the correspondence
principle and reduce to Newton’s law of gravitation.

Perhaps the concept of gravitation itself requires a revi-
sion. Obviously, it is not about details, but an important part
of the hole is missing.

In previous publications [9,10] I have applied a numeric-
relational approach to the analysis of the ratios of the orbital
and rotational periods of the planets and planetoids of the so-
lar system and thousands of exoplanets [7], which led me to
the hypothesis that theavoidanceof orbital and rotational res-
onances by approximation of transcendental ratios is a basic
forming factor and stabilizer of planetary systems [11].

In this article, I indent to show that this numeric-relational
approach leads to a new understanding of gravitation based on
fractal scalar �elds of transcendental numerical attractors.

Theoretical Approach

It is well known [12] that orbital resonance can destabilize a
planetary system. However, resonance is often confused with
synchronization that occurs when coupled oscillators lock to
a common period or phase. Once they are synchronized, they
behave as one large oscillator. In either case, the frequencies
of the coupled periodical processes coincide, or are related
by a ratio of small integers like 1:2 or 2:3. However, only if
the frequency of synchronization coincides with thenatural
frequency of an oscillator involved, resonance ampli�cation
occurs and can destabilize the system. For instance, asteroids
cannot maintain orbits that are unstable because of their res-
onance with Jupiter [13]. These orbits form the Kirkwood
gaps that are areas in the asteroid belt where asteroids are ab-
sent. In a similar way, resonances with the orbital motion of
Saturn’s inner moons give rise to gaps in the rings of Saturn.

In contrast to these cases, the 1:2:4 orbital synchroniza-

tion of the moons Io, Europa and Ganymede does not desta-
bilize the Jupiter system. There are many moons in the solar
system that approximate orbital synchronization, for exam-
ple, Enceladus-Dione= 1:2, Titan-Hyperion= 3:4, Phobos-
Deimos= 1:4. Cases of extrasolar planets close to orbital
synchronization are also fairly common. For instance, the 6
known exoplanets (b, c, d, e, f, g) of HD110067 approximate
54:36:24:16:12:9 synchronization ratios [14].

By the way, most known exoplanetary systems are similar
in scale to the lunar system of Jupiter, because the predomi-
nantly used transit photometry method can detect only planets
with short enough orbital periods in the range of days. This
circumstance can create the impression that in their majority,
exoplanetary systems are very small, and our solar system is
quite exotic. Indeed, in contrast to moon systems and small
exoplanetary systems, the planets of our solar system avoid
orbital synchronization and resonances by approximation of
transcendental ratios [10] of orbital periods.

Synchronization requires irreversibility, as is the case of
dissipative, self-excited non-conservative oscillators, whose
energy is not a conserved quantity. Their oscillations con-
verge towards certain attractors, which are independent of
initial values and are determined by a dynamic balance of
energy supply and dissipation [15]. Even a weak coupling
is enough to accelerate or slow down the oscillation phase.
Therefore, even small periodic stimuli are able to adjust os-
cillations and frequencies, and oscillators can adjust their pe-
riods through weak interaction. Hence, synchronization can
occur even with any weak interaction.

Coupled oscillators with slightly di� erent frequencies ex-
hibit a transition to equal period oscillations once the cou-
pling strength exceeds a critical value that is proportional to
the frequency di� erence. However, for frequency di� erences
larger than some threshold, phase locking is not possible [16].
If the frequencies do not almost match, higher-order synchro-
nization is possible, in which the oscillators lock into a ratio-
nal frequency ratio. Simple cases with small integers usually
occur. For example, oscillations can synchronize by exciting
them with double or half frequency. As a rule, a larger exci-
tation force or stronger coupling is required for higher-order
synchronization.

The physical reason of synchronization is sharing energy
between the oscillators according to Hamilton’s principle in
order to minimize the energy dissipation of the system. Syn-
chronization requires feedback and self-regulation and can, in
a sense, be viewed as a type of intelligent behavior.

Avoiding resonance is another type of intelligent behavior
of real systems of coupled oscillators. The physical reason
is lasting stability as strategy of survival. Already in 1799,
Laplace [17] concluded that the solar system can be stable
under periodic perturbations only if the ratios between the or-
bital parameters approximate irrational numbers. Irrational
frequency ratios allow to avoid resonances [18, 19]. Res-
onance can be viewed as a special case of synchronization

Hartmut M¤uller. Fundamental Forces in Physics of Numerical Relations 11



Volume 21 (2025) PROGRESS IN PHYSICS Issue 1 (June)

when the common oscillation frequency matches the natural
frequency of an oscillator involved. The natural frequency
can be de�ned as the rate at which a conservative free har-
monic oscillator tends to oscillate with minimal excitation.
In a certain range, this frequency does not depend on the ex-
citation energy, but is determined by the physical properties
of the oscillator, by its mass, size, atomic structure etc.

From the arithmetic point of view, coupled oscillators can
avoid resonance by maintaining frequencies that are in ir-
rational ratios to their natural frequencies. However, alge-
braic irrational numbers, being real roots of algebraic equa-
tions, can be converted to rational numbers by multiplication.
Therefore, only frequency ratios that approximate transcen-
dental numbers can prevent resonance in systems of coupled
harmonic oscillators and sustain their stability [9].

Among all transcendental numbers, Euler’s numbere =
2.71828. . . is unique, because the real exponential function
is its own derivative. For rational exponents, the natural ex-
ponential function is always transcendental [20]. This is why
Euler’s number and its rational powers allow avoiding mutual
parametric resonance between any coupled harmonic periodic
processes including their derivatives.

Integer and rational powers of Euler’s number form a frac-
tal scalar �eld of transcendental attractors � theEuler �eld, as
I have shown in [10]:

E = eF

The Euler �eld E is a k-dimentional projection of its funda-
mental fractalF that is given by �nite canonical continued
fractions of integer attractorsn0;n1; n2; : : : ;nk:

F = hn0; n1;n2; : : : ;nki = n0 +
1

n1 +
1

n2 + � � � +
1
nk

Figure 1 shows the �rst and the second layer ofF in compar-
ison. As we can see, reciprocal integers� 1=2; � 1=3; � 1=4; : : :
are the attractor points of the fractal. In these points, the
attractor distribution density reaches local maxima. Integer
logarithms 0; � 1; � 2; : : :de�ne the main attractors having the
widest ranges. Half logarithms� 1=2 form smaller attractor
ranges, third logarithms� 1=3 form the next smaller attractor
ranges and so forth.

Fig. 1: Two layersk= 1 (above) andk= 2 (below) of the fundamen-
tal fractalF in the range -16 F 6 1.

These attractors are islands of stability in the sense that they
de�ne the frequency ratios which allow to avoid destabilizing
parametric resonance in systems of coupled harmonic oscilla-
tors. For instance, two coupled harmonic periodical processes

A and B with the angular frequencies! A and ! B can avoid
parametric resonance, if they obey the condition:

ln (! A=! B) = F

In other words, coupled harmonic oscillators can avoid mu-
tual parametric resonance, if the ratios of their natural fre-
quencies approximate attractors of the Euler �eld. In the case
of harmonicquantumoscillators [21], the same is valid for
the ratio of their natural wavelengths� = c=! , and energies
E = ~! , wherec is the speed of light in vacuum, and~ is the
Planck constant.

The spatial projection of the Euler �eldE of coupled har-
monic quantum oscillators is a fractal set of embedded spher-
ical equipotential surfaces. The logarithmic scalar potential
di� erence� F of sequent equipotential surfaces:

� F = hn0; n1; : : : ;nki � h n0; n1; : : : ;nk + 1i

de�nes a gradient [7] always directed to the center of the at-
tractor nk� 1 of the next higher level that �nally creates the
e� ect of an existing �eld source (charge) at the center of the
Euler �eld. However, the Euler �eld is of pure arithmetic ori-
gin, and there is no particular physical mechanism required
as �eld source.

Since the frequency ratiox = ! A=! B is always a real
number, the �rst derivative of lnx equals the reciprocal of
its argument:

d
dx

ln x =
1
x

Therefore, the larger the frequency ratiox = ! A=! B, the
slower the velocity of its change. Consequently, the veloc-
ity of change of the frequency ratiox increases always in the
direction to an attractor of the Euler �eldE. In this way, the
logarithmic symmetry of the Euler �eld causes an accelera-
tion of the frequency ratio x in the direction to the center of
the �eld. In fact, the 2nd derivative of lnx equals the negative
reciprocal square of its argument:

d2

dx2 ln x = �
1
x2

If we substitutex = EA=EB we can realize that the energy of
the coupled quantum oscillators increases in the direction to
an attractor of the Euler �eld. Therefore, the physical reason
of the accelerated free fall of coupled quantum oscillators to
the center of the Euler �eld is to gain energy from the �eld.

Now we can recapitulate the behavior of coupled har-
monic quantum oscillators caused by the Euler �eld: In order
to reach collective stability, coupled harmonic quantum oscil-
lators adjust the ratios of their frequencies in a way that they
approximate numerical attractors of the Euler �eld. Then,
by approximating an attractor, the quantum oscillators expe-
rience a frequency blueshift that allows them to gain energy
from the �eld. In this way, the numerical Euler �eld turns
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out to be an energy source, and fundamental interactions like
gravity or electromagnetism could turn out to be physical ef-
fects caused by numerical attractors.

In their famous experiment of 1959, Robert Pound and
Glen Rebka [22] veri�ed the gravitational frequency shift.
Sending gamma rays over a vertical distance of� h = 22.56 m,
they measured a blueshift of� f =f = 2:46 � 10� 15 that corre-
sponds precisely with Earth’s surface gravity 9.81 m/s2.

� f
f

= g
� h
c2

However, because of the fractal logarithmic hyperbolic metric
of the Euler �eldE, every equipotential surface is an attractor
where potential di� erences decrease and processes can gain
stability. While integer logarithmsF de�ne main equipoten-
tial surfaces atk = 0, rational logarithms de�ne equipotential
surfaces at deeper layersk > 0. Therefore, one can expect that
gravity does decrease parabolically fractal with the distance
to an attractor of the Euler �eld. The closer to an attractor,
the more evident this e� ect of fractal inhomogeneity of the
gravity �eld becomes. The strongest inhomogeneities are ex-
pected near the main attractor in the center of the �eld.

In fact, Stacey, Tuck, Holding, Maher and Morris [23,24]
reported anomalous measures of the gravity acceleration in
deep mines and boreholes. In [25] Frank Stacey writes that
�geophysical measurements indicate a 1% di� erence between
values at 10 cm and 1 km (depth); if con�rmed, this observa-
tion will open up a new range of physics.�

In [26] was shown that the Euler �eld reproduces the 2D
pro�le of the Earth’s interior con�rmed by seismic explo-
ration. Also the strati�cation layers in planetary atmospheres
correspond with equipotential surfaces of the Euler �eld [27].

Exemplary Applications

Compared to the majority of known particles, electron and
proton are exceptionally stable quantum oscillators. Indeed,
their life-spans top everything that is measurable, exceeding
1028 years [28]. This is why normal matter is formed by nu-
cleons and electrons. For this reason, in a previous publi-
cation [11] I introduced a model of matter as fractal chain
system of oscillating protons and electrons.

In order to be bound in atoms, the proton and the elec-
tron must avoid mutual resonance. This is why the proton-
to-electron frequency ratio approximates an integer power of
Euler’s number and its square root:

ln
 
� e

� p

!
= ln

 
1:28809� 10� 21 s
7:01515� 10� 25 s

!
’ 7 +

1
2

= Eh7; 2i

� e = � e=c = 1:28809� 10� 21 s is the angular oscillation period
of the electron,� e is the Compton wavelength of the electron,
c is the speed of light in vacuum, and� p = 7:01515�10� 25 s is
the angular oscillation period of the proton. In order to avoid
proton and electron resonance, also planetary systems have to

obey the Euler �eld. In [10] I have shown that Venus’ distance
from Sun approximates the main equipotential surfaceEh54i
of the Euler �eld of theelectronthat equals the 54th power of
Euler’s number multiplied by the Compton wavelength of the
electron� e. The aphelion 0.728213 AU= 1:08939� 1011 m
delivers the upper approximation ofEh54i :

ln
 
A(Venus)

� e

!
= ln

 
1:08939� 1011 m
3:86159� 10� 13 m

!
= 54:00

The perihelion 0.718440 AU= 1:07477� 1011 m delivers the
lower approximation:

ln
 
P(Venus)

� e

!
= ln

 
1:07477� 1011 m
3:86159� 10� 13 m

!
= 53:98

This means that Venus’ orbit derives from the Euler �eld of
the electron. In other words, Venus’ orbit is of subatomic
origin. This is not a random coincidence. Jupiter’s distance
from Sun approximates the main equipotential surfaceEh56i
of the Euler �eld of the electron. The aphelion 5.45492 AU=
8:160444� 1011 m delivers the upper approximation ofEh56i :

ln
 
A(Jupiter)

� e

!
= 56:01

The perihelion 4.95029 AU= 7:405528� 1011 m delivers the
lower approximation:

ln
 
P(Jupiter)

� e

!
= 55:91

This fact suggests that quantumness is conserved in macro-
scopic scales up to planetary systems. Indeed, in [29] the
quantumness of macroscopic large masses was veri�ed, in
particular, the mass-independent irreducible quantumness of
harmonic oscillator systems.

Also Jupiter’s orbital period 4332.59 days derives from
the Euler �eld of the electron. In fact, it equals the 66th power
of Euler’s number multiplied by the oscillation period 2� � � e
of the electron:

ln
 
T(Jupiter)

2� � � e

!
= ln

 
4332:59 � 86400 s

2� � 1:28809� 10� 21 s

!
= 66:00

The same is valid for the orbital period 686.98 days (1.88
years) of the planet Mars that equals the 66th power of Euler’s
number multiplied by theangularoscillation period� e of the
electron:

ln
 
T(Mars)

� e

!
= ln

 
686:98 � 86400 s
1:28809� 10� 21 s

!
= 66:00

Consequently, the ratio of the orbital periods of Jupiter and
Mars equals 2� :

T(Jupiter) = 2� � T(Mars)
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This transcendental ratio allows Mars to avoid parametric or-
bital resonance with Jupiter and evidences that Jupiter and
Mars are not planets of di� erent systems, but bound together
in the same conservative system (the solar system).

In [10] I introduced the Archimedes �eldA = � F and
have shown how it connects orbital periods with rotational
periods. Stable orbital speeds [30] derive from the speed of
light divided by integer and reciprocal integer powers ofe
or � . This circumstance drastically reduces the diversity of
preferred orbits, orbital periods, and speeds, increasing the
likelihood of matches in di� erent planetary or lunar systems.
Furthermore, it indicates a transcendental duality of Euler-
and Archimedes-orbits in the solar system.

In the Jupiter lunar system, we can observe both strategies
of stabilization, avoidance of resonance and synchronization.
The orbital period of the Galilean moon Io approximates the
attractorEh60i of theEuler �eld of the electron:

ln
 
T(Io)

� e

!
= ln

 
1:7691378� 86400 s

1:28809� 10� 21 s

!
= 60:03

Simultaneously, it approximates also the attractorEh59i of
theArchimedes�eld of the proton:

lp
 
T(Io)

� p

!
= lp

 
1:7691378� 86400 s

7:01515� 10� 25 s

!
= 59:01

� p is the angular oscillation period of the proton. We use the
symbol �lp� for the logarithm to the base� = 3:14159: : :

lp(x) =
ln(x)
ln(� )

The Galilean moons Europa and Ganymede are in 1:2:4 or-
bital synchronization with Io in order to save orbital kinetic
energy. Callisto is not synchronized with the other Galilean
moons, but avoidsprotonresonance by approximation of the
attractorEh68i of theEuler �eld:

ln
 
T(Callisto)

2� � � p

!
= ln

 
16:689� 86400 s

2� � 7:01515� 10� 25 s

!
= 67:96

and the attractorEh61i of theArchimedes�eld of the proton:

lp
 
T(Callisto)

� p

!
= lp

 
16:689� 86400 s
7:01515� 10� 25 s

!
= 60:97

Obviously, in order to reach the centers of these attractors,
Callisto still has to extend its orbital period by half a day. This
prediction is consistent with alternative approaches [31].

However, not only Euler’s numbere = 2:71828: : : and
Archimedes’ number� = 3:14159: : : de�ne fractal scalar
�elds of their integer and rational powers, but in general,
every prime, irrational and transcendental number does it.
While the fundamental fractalF is always the same distribu-
tion of rational logarithms, the structure of the corresponding

Fig. 2: The 2D projection of the �rst layer (k = 1) of equipotential
surfaces of the Euler FieldE = eF (left), and the Archimedes Field
A = � F (right). The �elds are shown to the same scale.

fundamental �eld changes with the logarithmic base. Here it
is important to notice that no fundamental �eld can be trans-
formed in another by stretching, because loga(x) � log b(x) is a
nonlinear function ofx. In this way, every prime, irrational or
transcendental number generates a unique fundamental �eld
of its own integer and rational powers that causes physical ef-
fects which are typical for that number. Figure 2 shows the
Euler �eld and the Archimedes �eld in comparison.

Conclusion

According to our numeric-physical approach presented in this
paper, numeric �elds likeA ;E are primary. When formed in
systems of coupled harmonic quantum oscillators, they de�ne
numerical attractors that act as islands of stability and avoid
destabilizing mutual resonances.

In order to reach collective stability, coupled harmonic
quantum oscillators adjust the ratios of their frequencies in
a way that they approximate transcendental attractors of the
numeric �elds.

Then, in order to gain more energy from the numeric �eld
by approaching always more powerful attractors, the coupled
harmonic quantum oscillators are forced to move in the direc-
tion of the center of the numeric �eld.

Since the fractal scalar �elds of transcendental numerical
attractors are logarithmically symmetric, locally this move-
ment appears as accelerated free fall caused by a conservative
central force that obeys an inverse-square law.

However, because of the fractal logarithmic hyperbolic
metric of the numeric �eld, every equipotential surface is
an attractor, so that the closer to an attractor, the more evi-
dent the e� ect of fractal inhomogeneity of the numeric �eld
becomes. These inhomogeneities appear as local deviations
from the inverse-square law of free fall. In this way, no addi-
tional (�fth) force or physical �eld is required to explain the
observed violations [24] of Newton’s gravity in depth.

We are aware that no physical principle can explain the
origin of energy, because every physical process presupposes
the existence of another physical process that serves as its en-
ergy source. This non ending chain of energy converters sug-
gests that the imperishability of motion and interaction, and
the inexhaustibility of energy must have a non-physical cause.
On the one hand, our approach seems to draw on Pythagoras,

14 Hartmut M¤uller. Fundamental Forces in Physics of Numerical Relations
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but on the other hand, it is intended to encourage us to break
the vicious circle of the current paradigm.

Within the presented here approach, fundamental physi-
cal forces are caused by numerical relations. This approach
allows to derive physical e� ects from non-physical i.e. nu-
merical relations. In particular, this approach leads us to the
conclusion that motion and interaction, including energy as
well as other constants of motion are caused by attractors of
numeric �elds. Perhaps a new relational paradigm could lead
us to a deeper understanding of physics and help us overcome
our current inability to invent new energy sources.
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G¤odel’s metric (1949) describes a homogeneous and rotating universe unveiling the ex-
istence of closed time-like curves (CTCs) which make it feasible to go on a journey
into one’s own past. In the �rst part of this paper we follow G¤odel’s initial work and
its conclusions but we show that his metric as it stands does not represent a cosmolog-
ical model. Introducing a simple conformal factor readily induces a pressure term that
straightforwardly leads to a perfect �uid �eld equation. This term was wrongly inter-
preted by G¤odel as the ad hoc cosmological constant he was forced to introduce in order
for his solution to satisfy Einstein’s �eld equations. The theory is now endowed with
a physical meaning and the dynamics no longer apply to the space but to a �uid which
can be acted upon. In the second part, we investigate the possibility of creating a time
machine materialized by a speci�c warp drive device travelling along a G¤odel closed
curve. The third part is devoted to highlighting the properties resulting from our model
and some conjectures as to reversed CTCs.

Introduction

In the science �ction novelThe Time Machineby H. G. Wells
(1895), an English scientist constructs a machine which al-
lows him to travel back and forth in time. He used this device
to visit the world far in the future but returned from his jour-
ney only a few hours after he has started it. The history of
the scienti�c controversy about the possibility of time travel
can be traced back to the ingenious logician Kurt G¤odel. In
a paper published in 1949 to honour his close friend Albert
Eistein on the occasion of his 70th birthday, he described a
homogeneous and rotating universe unveiling the existence
of closed time-like curves (CTCs) which make it feasible to
go on a journey into one’s own past.

In the �rst part of this paper we follow G¤odel’s initial
work and its conclusions but we show that his metric as it
stands does not represent a cosmological model. Introducing
a simple conformal factor readily induces a pressure term that
straightforwardly leads to a perfect �uid �eld equation. This
term was wrongly interpreted by G¤odel as thead hoccosmo-
logical constant he was forced to introduce in order for his
solution to satisfy Einstein’s �eld equations. The theory is
now endowed with a physical meaning and the dynamics no
longer apply to the space but to a �uid which can be acted
upon. In the second part, we investigate the possibility of cre-
ating a time machine materialized by a speci�c warp drive
device traveling along a G¤odel closed curve. The third part
is devoted to highlighting the properties resulting from our
model and some conjectures as to reversed CTCs.

Notations

Space-time indices:�; � = 0;1;2;3;
Spatial indices:a;b = 1;2; 3;
Space-time signature:� 2 (unless otherwise speci�ed);
Newton’s constant of gravitation:G.

Part I

1 The G¤odel universe

1.1 General considerations

In his original paper [1], Kurt G¤odel has derived an exact so-
lution to Einstein’s �eld equation which describes a homoge-
neous and non-isotropic universe where matter takes the form
of a shear free �uid. This metric exhibits a rotational symme-
try which allows for the existence of closed time-like curves
(previously called CTCs).

The G¤odel space-time has a �ve dimensional group of
isometries (G5) which is transitive (an action of a group is
transitive on a manifold (M;g), if it can map any point of the
manifold into any other point of this manifold. It admits a �ve
dimensional Lie algebra of Killing vector �elds generated by
a time translation@ct, two spatial translations@x,@y plus two
further Killing vector �elds

@z � y@y ; 2ex@c t + y@z +
 
e2x �

1
2

y2@y

!
:

The Weyl tensor of the standard G¤odel solution has Petrov
type D

C��
�� = R��

�� +
1
3

R� �
[� � �

� ] + 2� [�
[ � R� ]

� ] :

The presence of the non-vanishing Weyl tensor prevents
the G¤odel metric from being Euclidian, unlike the Friedmann-
Lema��tre-Robertson-Walker metric, which can be shown to
reduced to a conformal euclidian metric implying that its
Weyl tensor is zero [2].

The G¤odel model is dismissed because it has a cosmolog-
ical constant and also since its rotation would con�ict with
observational data. In what follows we are able to relax our
demand that G¤odel’s metric be the description of our actual
Universe which is expanding.
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1.2 G¤odel’s metric

The classical G¤odel line element is given in Cartesian coordi-
nates by

ds2 = a2
 
c2dt2 +

1
2

e2xdy2 � 2excdt dy � dx2 � dz2
!
; (1:1)

wherea > 0 is a constant. The components of the metric
tensorg�� andg�� are, respectively,

g�� =

0
BBBBBBBBBBBBBBBBBB@

a2 0 a2ex 0
0 � a2 0 0

a2ex 0 1
2 a2e2x 0

0 0 0 � a2

1
CCCCCCCCCCCCCCCCCCA

g�� =

0
BBBBBBBBBBBBBBBBB@

a� 2 0 2a� 2e� x 0
0 � a� 2 0 0

2a� 2e� x 0 � 2a� 2e� 2x 0
0 0 0 � a� 2

1
CCCCCCCCCCCCCCCCCA

9>>>>>>>>>>>>>>>>>>>>>>>=
>>>>>>>>>>>>>>>>>>>>>>>;

: (1:2)

Owing to the fact that only@1g22 , 0 and@1g02 , 0, one
easily computes

� 0
01 = 1; � 0

12 = � 1
02 =

1
2

ex;

� 1
22 =

1
2

e2x; � 2
01 = � e� x:

The Ricci tensor is very simpli�ed

R�
 = @1 � 1
�
 + � 1

�
 � � �
�� � �

�
 ; (1:3)

the components of which are reduced to

R00 = 1; R22 = e2x; R02 = R20 = ex;

therefore the Ricci scalar is

R =
1
a2 :

The normalized unit vectoru of matter has components

u� =
�
a� 1;0;0;0

�
; u� = (a; 0; aex; 0) ; (1:4)

thus the Ricci tensor takes the formulation

R�� = u� u� a� 2 (1:5)

and the Ricci scalar takes the form

R = u� u� = a� 2: (1:6)

SinceR is a constant, the �eld equations (with thex0-lines
as world lines of matter)

R�� �
1
2

g�� R =
8� G
c4 � c2u� u� + � g�� (1:7)

are satis�ed (for a given value of the density� ), if we put

a� 2 =
8� G�

c2 ; (1:8)

� = �
1
2

R =
1

2a2 = �
4� G�

c2 : (1:9)

The sign of the cosmological constant� here is the op-
posite of that occurring in Einstein’s �eld equations. Bearing
in mind thata is a constant, �ne tuning the density of the
universe with the cosmological constant and the Ricci scalar
appears as a dubious result. It then becomes clear that such
cosmological constraints are physically irrelevant.

2 Rotation of G¤odel’s model

As primarily assumed by G¤odel, the stationary space-time of
his model is homogeneous. For every pointA of the manifold
(M;g), there is a one-parameter group of transformations of
M carrying A into itself. In addition, the manifold (M;g) is
endowed with a rotational symmetry and the �ow lines have
a vorticity magnitude! orthogonal tou.

2.1 Vorticity vector

Let u� be a 4-unit vector everywhere tangent to the �ow line
on (M;g). The covariant derivativeu� ; � of this time-like vec-
tor may be expressed in a invariant manner in terms of ten-
sor �elds which describe the kinematics of the congruence of
curves generated by the velocity vector �eldu� [3]

u(� ; � ) = � �� + ! �� +
1
3

� h�� + �u(� u� ) ; (2:1)

where� is the scalar expansion

� = u�
;� ; (2:2)

and�u� is the 4-acceleration vector of the �ow lines

�u� = u� ; � u� ; (2:3)

while h�� is the projection tensor determined as

h�� = g�� � u� u� :

Besides�u� and� , one can de�ne the vorticity tensor

! �� = h�
� h�

�
�u[� ; � ] = u[� ; � ] + �u[� u� ] ; (2:4)

and also the quantity

� �� = � �� �
1
3

h�� �

which is the symmetric trace free shear tensor, where

� �� = h�
� h�

� u(� ; � )

is the expansion tensor.
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Fig. 1: With increasingr > rG, the light cones continue to tip over and their opening angles increase until their
future parts reach negative values oft0. Thus@=@�becomes a timelike vector, and circles of constantr andt0
are closed time-like curves.

Thus the components of the 4-vorticity vector! of the
�ow lines tangent tou� are expressed by

! � =
1
6

� �
�� u
 ! �� ; (2:5)

where� �
�� is the Levi-Civita tensor indicator

� �
�� =
" �
��

p g
:

The kinematic quantities! �� , ! � and �u� are completely
orthogonal tou� , i.e.,

! �� u� = ! � u� = �u� u� = h�� u� = 0 :

In the G¤odel model the shear tensor is zero, therefore

� �� = u(� ;� ) �
1
3

� h�� � ! �� � �u(� u� ) = 0 (2:5bis)

(shear free �ows of a perfect �uid in relation with the Weyl
tensor have been extensively investigated by A. Barnes [4]).

Knowing that p g = a4
q

1
2 e2x, we compute the contra-

variant components of the 4-vorticity vector!

! � =
0
BBBB@0; 0; 0;

p
2

a2

1
CCCCA (2:6)

and we �nd

! =
q

g�� ! � ! � =
p

2
a

: (2:7)

Taking into account (1.8) the magnitude of this vector is

! =

s
1
2

 
8� G
c2

!
� : (2:8)

2.2 Closed time-like curves

Following G¤odel we introduce cylindrical coordinates (t0; r; � )

ex = cosh 2r + cosh� sinh 2r ;

yex =
p

2 sinh� sinh 2r ;

tan
1
2

"
� +

 
ct �

2t0

2
p

2

!#
= e� 2r tan

�
2

thus the G¤odel metric reads now

ds2 = 4a2
h
dt02 � dr2 +

�
sinh4r � sinh2r

�
d� 2 +

+ 2
p

2 sinh2r d� dt0
i (2:9)

(with the inessential coordinatez suppressed).
In its original formulation, the G¤odel universe describes a

set of masses (stars and planets) rotating about arbitrary axes.
The metric (2.9) manifests a rotational symmetry with respect
to the axist0, andr = 0 since we clearly see that the compo-
nents of the metric tensor do not depend� .

For r > 0, we have 06 � 6 2� . If a curve rG is de-
�ned by sinhr = 1 that isrG = log

�
1+

p
2
�
, then such a curve
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Fig. 2: The G¤odel trajectory loops back in the past atp after crossing
a Cauchy-like �horizon�.

which materializes in the �plane�t0= constis a closed light-
like curve. The radiusrG referred to as the G¤odel radius, thus
induces a closed null curve where the light cones are tangent
to the plane of constantt0.

With increasingr > rG, the light cones continue to tip
over and their opening angles increase until their future parts
reach negative values oft0. Thus@=@�becomes a timelike
vector, and circles of constantr and t0 are closed time-like
curves (see Fig. 1). Starting from the centre of the axis atq,
the G¤odel trajectory loops back in the past atp after crossing
a Cauchy-like �horizon� (see Fig. 2).

3 The G¤odel model as a homogeneous perfect �uid

3.1 Reformulation of the G¤odel metric

In our publication [5], we assumed thata is slightly space-
time variable and we set

a2 = e2U : (3:1)

The positive scalarU (x) will be explained below. The
G¤odel metric thus becomes

ds2 = e2U �

�
�
c2dt2 +

1
2

e2xdy2 � 2ex cdt dy � dx2 � dz2
�
:

(3:2)

We see that it is conformal to the G¤odel metric with the
constanta = 1

�
ds2�

G = c2dt2 +
1
2

e2xdy2 � 2ex cdt dy � dx2 � dz2: (3:3)

It is clear that this solution retains the properties related
to CTCs of the initial G¤odel metric (1.1).

3.2 Di� erential geodesic system

Let us consider the manifold (M;g) on which is de�ned a
vector tangent to the curveC

�x� =
dx�

d�
;

where � is an a� ne parameter. In these local coordinates,
we consider the scalar functionf (x� ; �x� ), which is homoge-
neous and of �rst degree with respect to�x� . To the curve
C joining the pointsx1 and x2 one can always associate the
integralA such that

A =
Z � 2

� 1

f (x� ; �x� )d� =
Z x2

x1

f (x� ; �x� )dx� : (3:3)

We now want to evaluate the variation ofA with respect
to the points� 1 and� 2

� A = f �� 2 � f �� 1 �
Z � 2

� 1

� d� :

Classically we know that
Z � 2

� 1

� d� =
 

@f
@�x�

!
� x� �

Z � 2

� 1

E� � x� d� ;

whereE� is the �rst member of the Euler equation associated
with the functionf .

With E� as the components ofE, we infer the expression

� A = [w(� )]x2 � [w(� )]x1 �
Z � 2

� 1

E � x d� ; (3:5)

wherew(� ) has the form

w(� ) =
@f

@�x� � x� �
x� @f

@�x� � f
�� :

Due to the homogeneity off it reduces to

w(� ) =
@f

@�x� � x� :

Let us apply the above results to the function

f = eU ds
d�

= eU
q

g�� �x� �x� ; (3:6)

whereeU is de�ned everywhere on (M;g).
We �rst di � erentiatef 2 = e2U �

g��
�x� �x� �

with respect to
�x� andx�

f @f
@�x� = e2Ug��

�x� ; (3:7)

f @f
@x� = eU

q
g�� �x� �x� �

�
"
@� eU

q
g�� �x� �x� +

1
2

eU @�
�
g��

�x� �x�
�#

:
(3:8)

We now chooses as the a� ne parameter� on the curve
C, so the vector�x� is here regarded as the 4-unit vectoru�

tangent toC whose curvilinear abscissa is noteds. Equations
(3.7) and (3.8) then reduce to the following

@f
@�x� = eUu� ; (3:9)
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@f
@x� = @� eU +

1
2

eU @� g�� u� u� =

= @� eU + eU � ��; � u� u� ;
(3:10)

where� ��; � denote here the Christo� el symbols of the �rst
kind. Expliciting the Euler equationsf (x� ;du� )

E� =
d
ds

@f
@u� �

@f
@x� ; (3:11)

we obtain

E� =
d
ds

eUu� � eU � ��; � u� u� � @� eU =

= eU
�
u� @� u� � � ��; � u� u�

�
� @� eU

�
� �

� � u� u�
�

= eU
h�

u� r � u�
�

� @� U � @� U
�
� �

� � u� u�
�i

:

(3:12)

Equation (3.5) becomes

� A = [w(� )]x2 � [w(� )]x1 �
Z x2

x1

hE � xi ds; (3:13)

where locally we havew(� ) = eUu� dx� . When the curveC
varies between two �xed pointsx1 andx2, the local variations
[w(� )]x2 and [w(� )]x1 vanish.

Applying the variation principle to (3.13) simply leads to

� A = �
Z x2

x1

hE � xi ds= 0; (3:14)

i.e., E = 0, and sinceeU , 0, we obtain

u� r � u� �
�
� �

� � u� u�
�

@� U = 0 : (3:15)

The equation (3.15) is formally identical to the di� erential
system obeyed by the �ow lines of a perfect �uid of density�
and pressureP with an equation of state� = f (P) and where

U (x� ) =
Z P2

P1

dP
� c2 + P

accounts for the �uid indice [6]. PressureP1 andP2 are re-
ferred tox1 andx2 [7, 8]; see Appendix. The resulting �eld
equation is [9]

R�� �
1
2

g�� R =
8� G
c4

h�
� c2 + P

�
u� u� � Pg��

i
: (3:16)

Here, the 4-unit vectoru� of the �uid is the real 4-velocity
de�ned in G¤odel’s metric (3.3):

u� = (1; 0; 0; 0) ; u� = (1; 0; ex; 0) : (3:17)

3.3 Fluid rotation in the framework of the G ¤odel model

The wave vectork � = dx� =d� determines the propagation
of ligh rays tangent to the light cone (� is a given parameter
varying along those rays). The equation of propagation is
here

dk�

d�
+ � �

�� k� k� = 0:

Substituting@�  (here is the eikonal) in this expression,
one �nds the eikonal equation

g�� @�  @�  = 0 :

Let us now examine the case of the light cone for closed
lines, when the G¤odel radius is reached. To this e� ect, we
revert to the metric (2.9) which reads now

ds2 = 4e2U
h
dt02 � dr2 +

�
sinh4r � sinh2r

�
d� 2 +

+ 2
p

2 sinh2r d� dt0
i
:

(3:18)

The wave vectorsk � tangent to the light cone follow les
closed lines located to the plane orthogonal to the time axis
t0 = const: the integralU performed over the closed path has
no endpoints

U (r) =
Z

dP
� c2 + P

+ const: (3:19)

Beyond rG, the �uid trajectory does not loop up at the
same point but in the past, and the magnitude of the time shift
will depend on the pressure di� erence� P.It is now easy to
compute the vorticity tensor! �� which is derived fromu�

! �� = @� u� � @� u� : (3:20)

The components of the 4-vorticity vector! of the �uid
�ow lines are

! � =
1
6

� �
�� u
 ! �� :

For calculating the Levi-Civita tensor� �
�� = " �
�� =p g,
the g�� determinant is nowg = 1

2 e2x. A simple calculation
leads to the G¤odel rotation which remains constant

! =
q

g�� ! � ! � =
p

2 : (3:21)

We note that the Kretschmann scalar is still invariant

R���� R���� = 12! :

Part II

4 Warp drive

4.1 The (3+ 1) formalism or ADM technique

Arnowitt, Deser and Misner (ADM) suggested a technique
which leads to decompose the space-time into a family of
spacelike hypersurfaces and parametrized by the value of an
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arbitrarily chosen time coordinatex0 [10]. This foliation dis-
plays a proper time elementd� between two nearby hypersur-
faces labeled

x0 = const; x0 + dx0 = const;

and the proper time elementcd� must be proportional todx0,
thus we write

cd� = N
�
xa; x0�

dx0:

The line element corresponding to the hypersurfaces sep-
aration is therefore written in the form

(ds2)ADM = � N2(dx0)2 +

+ gab
�
Nadx0 + dxa��

Nbdx0 + dxb�
:

(4:1)

In the ADM terminology,N is called thelapse function.
Let us now evaluate the 3-vector whose spatial coordinates
xa are lying in the hypersurfacex0 = const, which is nor-
mal to it, on the second hypersurfacex0 + dx0 = const, and
where these coordinates now becomeNadx0. TheNa vector
is called theshift vector. The 4-metric tensor covariant and
contravariant components (g�� )ADM and (g�� )ADM are

(g�� )ADM =
0
BBBBB@

� N2 � NaNb gab Nb

Na gab

1
CCCCCA

(g�� )ADM =

0
BBBBBBBBBBBBBB@

� N� 2 Nb

N2

Na

N2 gab �
NaNb

N2

1
CCCCCCCCCCCCCCA

9>>>>>>>>>>>>>>>>=
>>>>>>>>>>>>>>>>;

: (4:2)

The line element corresponding to the hypersurfaces sep-
aration is therefore written as

(ds2)ADM =

= � N2(dx0)2 + gab
�
Nadx0 + dxa��

Nbdx0 + dxb�

= � N2 + NaNa (dx0)2 + 2Nbdx0dxb + gab dxadxb;

(4:3)

wheregab is the 3-metric of the hypersurfaces. As a result, the
hypersurfaces have a unit time-like normal with contravariant
components

u� = N� 1�
1; � Na�

: (4:4)

If the universe is approximated to the Minkowski space
within an orthonormal coordinates frame of reference and
where the fundamental 3-tensor satis�esgab = � ab, the metric
(4.3) becomes

(ds2)ADM = �
�
N2� NaNa�

c2dt2+2Nadxcdt+dxadxb; (4:5)

(ds2)ADM = � N2dt2 +
�
dx+ Nacdt

�2 + dy2 + dz2: (4:5bis)

The Einstein action can be written in terms of the 4-metric
tensor (g�� )ADM according to [11] as follows

SADM =
Z

cdt
Z

N
�
(3)R � Ka

b Kb
a + K2

� q
(3)g d3x+

+ boundary terms;

whereKa
a Kb

b = K2, and(3)R is the 3-Ricci scalar and stands
for the intrinsic curvatureof the hypersurface

x0 = const;
q

(3)g =
p

detkgabk  !
q

(4)� g = N
q

(3)g ;

while
Kab =

�
2N

� � 1�
� Na; b � Nb; a + @0 gab

�
(4:6)

represents theextrinsic curvature, and as such describes the
manner in which the hypersurfacex0 = const is embedded
in the surrounding space-time. The rate of change of the 3-
metric tensorgab with respect to the time label can be decom-
posed into �normal� and �tangential� contributions:

� The normal change is proportional to the extrinsic cur-
vature 2Kab=N of the hypersurface;

� The tangential change is given by the Lie derivative of
gab along the shift vectorNa

L N gab = 2N(a; b) : (4:7)

With the choice ofNa = 0, we have a particular coordi-
nate frame callednormal coordinatesaccording to which is
called anEulerian gauge.

Inspection shows that

Kab = � ua;b ; (4:8)

which is sometimes called thesecond fundamental formof
the 3-space. Six of the ten Einstein equations imply forKa

b to
evolve according to

@Ka
b

c@t
L N Ka

b = r ar b N +

+ N
"
Ra

b + Ka
a Ka

b + 4� (T � C) � a
b �

8� G
c4 Ta

b

#
;

(4:9)

C = T�� u� u� ; (4:10)

whereC is the matter energy density in the rest frame of nor-
mal congruence (time-like vector �eld) withT = Ta

a .
With the Gauss-Codazzi relations [12] we can express the

Einstein tensor as a function of both the intrinsic and extrinsic
curvatures. At this stage it is convenient to introduce the 3-
momentum current densityIa = � ucT c

a . Thus, the remaining
four equations �nally form the so-calledconstraint equations

H =
1
2

�
(3)R � Ka

b Kb
a + K2

�
�

8� G
c4 C = 0; (4:11)
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Hb = r a
�
Ka

b � K � a
b

�
�

8� G
c4 Ib = 0: (4:12)

Therefore, another way of writing (4.10) eventually leads
to

C =
c4

16� G

�
(3)R � KabKab + K2

�
: (4:13)

4.2 Alcubierre’s theory

In 1994, M. Alcubierre showed that a superluminal velocity
can be achieved without violating the laws of General Rel-
ativity [13]. He considered a perturbed space-time region
likened to bubble (called �warp drive�) which could transport
a machine in a sur�ng mode: inside the bubble, the proper
time elementd� is the coordinate time elementdt measured
by an external observer called �Eulerian�. The motion is only
achieved by the space wave, so that the occupant of the ma-
chine is at rest and would not su� er any acceleration nor time
dilation in the displacement. This process requires a front
contraction of the space and a rear expansion.

The distance of the machine centre located in the bubble

rs(t) =
q �

y � ys(t)
�2 + x2 + z2

varies untilRe, which is the external radius of the bubble.
With respect to the distant observer the apparent velocity of
the machine is

vs(t) =
dys(t)

dt
;

whereys(t) is the coordinate of the bubble’s trajectory along
they-direction. Within the ADM formalism in the signature
+2, the Alcubierre metric is de�ned on a �at space-time thus
the lapse vectors and shift vectors reduce to

N = 1

N1 = � vs(t) f (rs; t)

N2 = N3 = 0

9>>>>>=
>>>>>;

: (4:14)

The shape of the functionf (rs; t) induces both a volume
contraction and expansion ahead and behind of the bubble.
This can be checked by using the scalar expansion� = u�

; �

� = vs
d f

(dy)Al
: (4:15)

Alcubierre chooses the following step functionf (rs; t)

f (rs; t) =
tanh�

�
rs + Re

�
� tanh�

�
rs � Re

�

2 tanh (� Re)
; (4:16)

whereRe > 0 is the external radius of the bubble, and� is a
�bump�parameter used to tune the wall thickness of the bub-
ble: the larger the parameter� , the greater the contained en-
ergy density, for its shell thickness decreases. Moreover, the

absolute increase of� means a faster approach of the condi-
tion

lim
� !1

f (rs; t) = 1 for rs 2
�
� Re;Re

�

and is 0 everywhere else.
Here the expansion scalar becomes

� = @1 N1 = � traceKab :

With (4.16) one �nally gets

� = vs
d f
drs

ys

rs
: (4:17)

The Nat�ario warp drive evades the problem of contrac-
tion/expansion, by imposing the divergence free constraint to
the shift vectorr

�
v2

s f 2(rs; t)
�

= 0 [14].
The distant observer is calledEulerian [15], and his 4-

velocity relative to the bubble has components

(u� )E =
�
c; vs c f (rs; t); 0; 0

�
; (4:18)

(u� )E = [� c;0;0;0] : (4:18bis)

The Eulerian observer is a special type of observer which
refers to the Eulerian gauge de�ned above but withN1 , 0,
and as such, it follows timelike geodesic orthogonal to eu-
clidean hypersurfaces. Such an observer starts out just inside
the bubble shell at its �rst equator with zero initial velocity.

Once during his stay inside the bubble, this observer trav-
els along a time-like curvey = ys(t) with a constant velocity
nearing the machine local velocity vs = dys=dt. The Eule-
rian observer’s velocity will always be less than the bubble’s
velocity unlessrs = 0, i.e. when this observer is at the cen-
tre of the machine located inside. After reaching the second
region’s equator, this observer decelerates and is left at rest
while going out at the rear edge of the bubble. The Eulerian
observer’s velocity is needed to evaluate the energy density
required to create the bubble (see below).

The Alcubierre metric is:

(ds2)Al = � c2dt2 +
�
dy � vs f (rs; t)cdt

�2 + dx2 + dz2 (4:19)

or, in the framework of signature� 2,

(ds2)Al = c2dt2 �
�
dy � vs f (rs; t)cdt

�2 � dx2 � dz2: (4:19bis)

Let us now write the Alcubierre metric in the equivalent
form which puts in evidence the covariant components of the
metric tensor

(ds2)Al =
h
(1 � v2

s f 2(rs; t)
i

c2dt2 +

+ 2vs f (rs; t)cdtdy � dx2 � dz2;
(4:20)

(g00)Al =
h
1 � v2

s f 2(rs; t)
i

(g01)Al = (g10)Al = 2vs f (rs; t)

(g11)Al = (g22)Al = (g33)Al = � 1

9>>>>>>=
>>>>>>;

: (4:21)
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With the components (4.21) the Einstein-Alcubierre ten-
sor reads

(G�� )Al = (R�� )Al �
1
2

(g�� )Al R; (4:22)

(T �� )Al =
c4

8� G
(G�� )Al : (4:23)

The weak energy conditions stipulate

CAl = (T �� )Al (u� )E (u� )E > 0: (4:24)

Considering (4.13), we see that in the Alcubierre space-
time (3)R = 0, hence

CAl =
c4

16� G

�
K2 � KabKab

�
; (4:25)

CAl =
c4

16� G
�

�
h
(@1 N1)2 � (@1 N1)2 � 2(@2 N2)2 � 2(@3 N1)2

i
;
(4:26)

(T00)Al (u0)E (u0)E = (T00)Al =

�
c4

32� G
v2

s

2
666664

 
@f
@x

!2

+
 
@f
@z

!23
777775< 0 :

(4:27)

Taking into account (4.16), one eventually �nds the en-
ergy tensor:

(T00)Al = �
c4

32� G
v2

s

 
@f
drs

!2 x2 + z2

r2
s

< 0 (4:28)

This expression is unfortunately negative as measured by
the Eulerian observer and therefore it violates the weak en-
ergy conditions (WEC) [16]. Notwithstanding this violation,
one is nevertheless forced to introduce a way to obtain a neg-
ative energy density. This possibility is examined below.

4.3 Nature of the negative energy

The machine has a shell whose thickness is:Re� Ri , whereRe
is the external radius whileRi is the inner radius.Re coincides
with the Alcubierre bubble which thus constitutes the whole
machine contour. The mass has a charge� circulating within
the shell thus giving rise of a 4-current densityj � = � u� .
This current is coupled to a co-moving electromagnetic �eld
with the 4-potentialA� , which yields the interacting energy-
momentum tensor

(T �� )elec =
1

4�

 
1
4

g�� F
� F 
� + F �� F ��
� �

!
+ g�� j � A� � j � A� ;

and the extracted energy density is

(T00)elec =
1

4�

 
1
4

F
� F 
� + F0� F �0
� �

!
+ j � A� � j 0A0: (4:29)

Since we chose an orthonormal basis, we have

(T00)elec =
1

8�

�
E2 + B2

�
+

1
4�

� (� E) ; (4:30)

whereE andB are respectively the electric and magnetic �eld
strengths derived from the Maxwell tensor

F
� = @
 A� � @� A


(we assume that the �eld potentialA� (� ; A) is given in the
Lorentz gauge). The charge density is derived from

� E = 4� � ; (4:31)

which is just the time component of the 4-current density in-
ferred from Maxwel’s equations

r � F �� =
4�
c

j � : (4:32))

Therefore negative energy density may be shown explic-
itly by the interaction tensor

(T00)elec� int =
1

4�
E �� + � � ; (4:33)

(T00)elec� int =
1

4�

"
� �� �

1
c

@t A
#

�� + � � (4:34)

sinceE = � �� � 1
c @t A.

In (4.34) the �rst term in the brackets is always negative.
As to the last term, it is made negative when the time varying
charge density� and the scalar potential� are 180� out of
phase (method reached by the use of phasors).

We now assume that the positive free radiative energy
density

(T00)elec� rad =
1

8�
�
E2 + B2�

(4:35)

is con�ned within the machine, i.e., right to the inner side of
the shell wall.

The interacting tensor (T00)elec� int is set so as to exhibit
its energy density part on theexternalside of the shell. Now,
we see that negative energy production can be achieved with
such a con�guration. The higher the charge density and the
higher the scalar potential, then the most e� ective negative
energy density. The local �eld equations read

G�� =
8� G
c4

h�
� c2 + P

�
u� u� � Pg�� + (T�� )elec

i
: (4:36)

The energy density level (T00)elec� int is now remaining
and is anticipated to be very huge. There is however a possi-
ble drastic reduction which adequately exploits the contribu-
tion of the electromagnetic �eld interacting with the charges.

4.4 The energy required for the propulsion

The machine is externally charged surrounded by a comoving
electromagentic �eld. Thus, it follows theFinsler geodesic
[17] provided that the ratio�=� c2 remains constant along the
trajectory

(ds)shell = ds+
�

� c2 A� dx� ; ds=
q

� �� dx� dx� : (4:37)
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Neglecting the non quadratic terms, the metric reads

(ds2)shell = ds2 +
 

�
� c2 A� dx�

!2

: (4:38)

For the energy density of the machine, the spatial com-
ponents

�
�=� c2�

A� dx� in (4.38) do not come into play. The
interaction term reduces to its time component

�
� c2 A0dx0 =

� �
� c2 cdt; (4:39)

where� is the scalar potential.
If g�� is approximated to the Minkowski tensor� �� , the

metric (4.38) reads

ds2 =
 
1 +

� �
� c2

!2

c2dt2 � dz2 � dx2 � dy2:

In this case, we notice that the time component of the
metric tensor

g00 =
 
1 +

� �
� c2

!2

(4:41)

formally corresponds to the expression of the ADM formal-
ism (signature� 2)

M = (1 + N) ; (4:42)

where the lapse function is de�ned as

N =
� �
� c2 : (4:43)

The Alcubierre metric (4.20) is now

(ds2)Al =
h
M2 � v2

s f 2(rs)
i

c2dt2 +

+ 2vs f (rs)cdtdy � dx2 � dz2:
(4:44)

The interaction term should be only function ofrs, Re,
� , and of the thickness (Re � Ri), but not depending on the
velocity vs.

Fig. 3: 2D representation of the warped region propagating from left
(expansion) to right (contraction). The groove corresponds to the
shell thickness determined by the functionN.

Here, our analysis is not too dissimilar to the approach
detailed in [18,19].

From the metric (4.43), it is now easy to derive the com-
ponents of the Eulerian observer’s velocity. We write

c2 = c2
�
M2 � v2

s f 2
�  

dt
d�

!2

+ 2vs f c
 

dt
d�

!
uE � u2

E:

Travelling along a geodesic the observer �sees�

dt
d�

= M� 1; (4:45)

therefore

0 = u2
E2vs f cM� 1uE + v2

s f 2c2M� 2: (4:46)

Hence we �nd the velocity

uE = vs f cM� 1; (4:47)

the components of which are easy to compute

(u� )E =
h
cM� 1; vs f cM� 1; 0; 0

i
; (4:48)

(u� )E = [ cM; 0; 0; 0] : (4:49)

By insertingM into (4.24), the expression

CAl = (u0)E (u0)E (T00)Al (4:50)

leads to the new required energy density

(T00)Al = �
c4

32� G
v2

s(x2 + z2)
M4r2

s

 
d f
drs

!2

: (4:51)

Therefore we may choose the factorN (therebyM) arbi-
trarily large so as to substantially reduce the required energy
density for the machine frame.

Looking at (4.43), the higher the charge and the potential,
the lower the energy requirement. In the closed volume V of
the machine shell one can inject a �ow of electrons according
to the constant ratios

�
�

=
P

V e
P

V m
:

We see that the leptonic electron lightweight has the ca-
pacity to lower the negative energy even further.

The negative energy supply is fnally expressed by
"
�� +

1
c

@t A
#
�� + � � =

c4

8G
v2

s (x2 + z2)
�
1 + � �

� c2

� 4
r2

s

 
d f
drs

!2

: (4:52)

Part III

5 The generalized G¤odel metric

5.1 Dynamics of the �uid

The splitting shell/inner part of the spacecraft frame, is really
the hallmark of the theory here. It implies that the proper time
� of the inner part of the machine is not a� ected by the term
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N. We now set the machine to follow the trajectoryys(t) tan-
gentialto a CTC beyond the G¤odel radiusrG. Hence, we may
write down the G¤odel-Alcubierre metric that was generalized
(3.3) in the following form

ds2 = e2U (1� f )

8>><
>>:

2
666664

 
1 +

� �
�

!2

� v2
s f 2

3
777775c2dt2 �

�
"

f �
1
2

(1 � f ) e2x
#
dy2 �

� 2
�
vs f + (1 � f ) ex �

cdt dy � dx2 � dz2

9>>=
>>; :

(5:1)

The shell of the machine has a volume V and the total
energy required for the propulsion alongy is

E = �
Z

V

c4

32� G
v2

s (x2 + z2)
�
1 + � �

� c2

� 4
r2

s

 
d f
drs

!2

: (5:2)

From the machine’s perspective, the space-time can be
regarded asglobally hyperbolicsince for f = 1, it is always
de�ned by the metric (4.43) and the occupant of the machine
will never know whether he moves along a CTC.

In the absence of charge, beyondRe (i.e., whereR> Re
and R! 1 ), we have f = 0 implying M = 1 outside of the
machine and we thus retrieve G¤odel’s original modi�ed met-
ric (3.3) in this case.

It is now easy to determine the acceleration of the �ow
lines carrying the machine.

Let us revert to equation (2.1bis)

� �� = u(� ; � ) �
1
3

� h�� � ! �� � �u(� u� ) = 0; (5:3)

�u(� u� ) = �
�
u[� ; � ] + �u[� u� ]

�
�

1
3

� h�� + u� ; � : (5:4)

In our case, the scalar expansion is

� = vs
d f
drs

ys

rs
;

see (4.17). In the equation (A7), see Appendix, we found

�u� = h�� @� U;
therefore we have

�u� h�� @� U = �
�
u[� ; � ] + �u[� u� ]

�
�

�
1
3

h�� vs
d f
drs

ys

rs
+ u(� ; � ) :

(5:5)

This equation is fundamental: it displays all elements re-
lated to the dynamics of the �uid described by the G¤odel-
Alcubierre metric (5.1): the pressure and density of the �uid
as function of its rotation along a �ow line subjected to the
Alcubierre local deformation.

5.2 A thermodynamic aspect

Consider a �uid that consists ofn particles in motion within
a given region. The primary variables are:

� The particle current

I � = nu� ; (5:6)

� The energy-momentum T �� and the entropy �uxS� .
These quantities are conserved

T ��
; � = 0; I �

; � = 0:

In a relativistic case, the second law of thermodynamics
requires

S�
; � > 0: (5:7)

For equilibrium states we have

S� = nsu� ; (5:8)

wheres is the entropy per particle. Denoting Q as the chemi-
cal potential and T the heat quantity of the medium, the Euler
relation reads

n s=
� + P

T
�

Qn
T

; (5:9)

where� andP are respectively the density and pressure of the
medium.

We also have the fundamental thermodynamic equation
of Gibbs

Tds= ds
�
n

+ Pd
 
1
n

!
(5:10)

or
T nds= d� �

� + P
n

+ dn: (5:11)

From (5.9), we get

S� = �
QI �

T
+

( � + P)u�

T
: (5:12)

Since in the rest system, the matter energy �ux must van-
ish, we have

u� T �� = � u� (5:13)

and thus, we �nd the following expression for the entropy
vector in equilibrium

S� = �
QI �

T
+

u� T ��

T
+

Pu�

T
: (5:14)

Let us consider our machine moving along a G¤odel tra-
jectory. We obviously neglect the chemical potential of the
machine’s bodyframe as well as the pressure and the entropy
vector reduces to

S� =
u� T ��

T
: (5:15)

This vector must be measured by the Eulerian observer
which travels along the trajectory tangent tou� and (5.15)
becomes

(S� )E =
(u� )E (T �� )Al

T
: (5:16)
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Keeping in mind our de�nition of the Eulerian velocity

(u� )E =
h
cM� 1; vs f cM� 1; 0; 0

i
; (5:17)

(u� )E = [ cM; 0; 0; 0] ; (5:18)

and since we are interested in the entropy scalar part we have

(S0)E =
(u0)E (T00)Al

T
(5:19)

with

(T00)Al = �
c4

32� G
v2

s (y2 + z2)
M4r2

s

 
d f
drs

!2

; (5:20)

(u0)E = cM : (5:21)

We clearly see that the entropy (S0)E of the system at-
tached to the machine is seen negative with respect to the Eu-
lerian observer which measures a �negentropy�. While trav-
elling to the past, the occupant of the machine experiences a
positive entropy, i.e., he is ageing in his own proper time.

5.3 The voyage home

The above analysis has been extended to the backwards time
travel as initially detailed by G¤odel. Once this voyage is com-
pleted, the machine should be able to return to its own epoch.
Therefore, the reversed oriented loop is obviously to be envis-
aged although it should be emphasized that it does not repre-
sent a future travel.

To this end it is useful to refer to our publication [20],
where we recalled that the Einstein tensor is derived from the
second Bianchi identity veri�ed by the Riemann tensorR���
 .
A particular form of the latter is described by theLandau-
Lifchitz superpotential

H ���
 = � g
�
g�� g�
 � g�� g
�

�
(5:22)

The second order tensor

H ���

; �
 = @�

n
@


�
� g

�
g�� g�
 � g�� g
� �� o

(5:23)

is a special choice of the Ricci tensor in which all �rst deriva-
tives of the metric tensor vanish at the considered point. The
corresponding �eld equations read

H ���

; �
 =

16� G
c4

h
� g

�
T �� + t ��

L� L

�i
; (5:24)

whereT �� is the energy-momentum tensor of matter with its
gravitational �eld described by theLandau-Lifchitz energy-
momentum pseudo-tensor t��

L� L

(� g) t ��
L� L =

c4

16� G

�
g��

; � g��
; � � g��

; � g��
; � +

1
2

g�� g�� g��
; � g��

; � �

�
�
g�� g�� g��

; � g��
; � + g�� g�� g��

; � g��
; �

�
+ g�� g�� g��

; � g��
; � +

+
1
8

�
2g�� g�� � g�� g��

� �
2g�� g�� � g�� g��

�
g��

; � g��
; �

�
;

whereg�� =
p

� g g�� .
In this way, the right hand side of (5.24) is conserved

@�
h

� g
�
T �� + t ��

L� L

�i
= 0 :

Besides equation (5.24), there exists a second �eld equa-
tion having the form

H ���

; 
� =

16� G
c4

h
� g

�
T �� + t ��

L� L

�i
: (5:25)

A quick inspection at (5.22), shows that �eld equations
(5.24) and (5.25) di� er from a sign and are linked by a com-
mon index but they are not necessarily symmetrical. The in-
tertwined metrics are

ds2 = g�� dx� dx� ; (5:26)

(� )ds2 = � g�� dx� dx� : (5:27)

In our case, the time coordinatex0 = ct0 is chosen to be
the cosmic time-axis of the expanding universe described by
the positive metric (5.26). It is then pertinent to identifyx0

with the common index

ds2 = g0� dx0dx� ; (5:28)

(� )ds2 = � g0� dx0dx� : (5:29)

The G¤odel solution (3.18) corresponding to (5.27) can be
expressed by

(� )ds2 = � 4e2U
h
dt0(2 sinhr � 1)2 � dr2+

+
�
sinh4r � sinh2r

�
d� 2 + 2

p
2 sinh2rd� dt0

i
:

(5:30)

One notices thatt0 is negative which means that the tra-
jectory of the machine derived from (5.30) is reversed with
respect to the one resulting from the solution (3.18). Starting
from the pointp (see Fig. 2 on page 19) the machine reaches
the G¤odel radiusrG for sinhr = 1, while it is still being gov-
erned by the equation (5.30). As soon asr = 0 after crossing
the plane containingrG, thends2 becomes positive again and
reconnects to the cosmic timet0 at the departure pointq. In
order to come back to its epoch, our machine can then legit-
imately exploit the second �eld equation whose solution is
given by (5.30).

Conclusions

When G¤odel introduced his metric, he was led to introduce a
distinctive constant factora in order to retranscript the �eld
equations with a cosmological constant along with additional
constraints. Our theory is free of all theses constraints and
moreover, it provides a physical meaning to thea term.

The G¤odel space-time is no longer a cosmological model
but a limited domain wherein takes place the dynamics of
a physical �uid which retains all basic properties related to

26 Patrick Marquet. The Time Machine



Issue 1 (June) PROGRESS IN PHYSICS Volume 21 (2025)

closed time-like curves. The modi�ed G¤odel metric can be
locally replicated and this fact naturally sheds new light on
time travel possibility.

Our theory, which relies on the Alcubierre metric propul-
sion, has some similarities with the one suggested by B. Tip-
pett and D. Tsang (University of British Columbia, Okanagal
and MacGill University, Montreal, respectively). The essence
of their paper is to describe an Alcubierre bubble which trav-
els backwards and forwards along a loop in �at space-time
[21]. In this geometry, the bubble is referred to as aTravers-
able Achronal Retrograd Domain in Space-Timeor TARDIS,
in short. The TARDIS is also an acronym forTime and Rel-
ative Dimensions in Space, a �ctional hybrid of a time ma-
chine and spacecraft that appears in the British science �c-
tion television seriesDoctor Whoand its various spin-o� s.
See also [22].

Historically, it seems that the �rst model exhibiting CTCs
was pioneered by the German mathematician C. Lanczos, as-
sistant to Einstein in 1924 [23] and later re-discovered in
1937 in an improved form by the Dutch physicist W. J. Van
Stockum [24].

A typical example of a time machine was �rst proposed in
1974 by the American F. J. Tipler, Prof. of Physics at the Tu-
lane University, New Orleans [25]. It describes an in�nitely
long massive cylinder spinning along its longitudinal axis
which gives rise to theframe dragging e� ect. If the rota-
tion rate is fast enough the light cones of objects in cylinder’s
vicinity becomes tilted. Tipler claimed that a �nite cylinder
could also produce CTCs which was objected by S. Hawking
who argued that any �nite region would require negative en-
ergy and at the same time, vacuum �uctuation mechanism
would impede any attempts to travel in time [26]. Several
authors have however challenged this last conclusion and re-
jected Hawking’s statement [27,28].

At the same time, travelling backwards in time highlights
many paradox problems. Among them is the well-known
grandfather paradox: a person travelling to the past and caus-
ing the death of his ancestor beforehand is thus never born and
it would not be possible for him to undertake such an act in
the �rst place. In fact, you can not �x your issues by travel-
ling back in time: you go back in time to prevent something
that happened in the past and arrive just before the event. You
race to stop it, yet in doing as such, directly or indirectly cause
it to happen in the �rst place. This can be illustrated by the
predestination paradox where a billiard ball is sent in the past
through the time machine:

In other words one cannot change the past (at least ma-
jor events): this is con�rmed by the famousSelf Consistency
Principle introduced in 1990 by the physicist I. Novikov [29].
The principle asserts that if an event exists that would cause a
paradox or any change to the past whatsoever, then the proba-
bility of that event is zero. This principle does not exclude the
predestined fate of our history if some actions from the future
would have marked the successive events of our evolution.

Fig. 4: The predestination paradox where a billiard ball is sent in the
past through the time machine.

A typical example is the so-calledwriter’s paradox, when
the inventor of the time machine sends his calculations to a se-
lected scientist in his own past. The question naturally arises:
who could be this scientist?

Fig. 5: Albert Einstein and Kurt G¤odel at the Princeton Institute for
Advanced Study, Princeton, New Jersey, December 5, 1947. Photo
by Oskar Morgenstern.

Submitted on January 1, 2005
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Appendix

The 4-unit vectoru� is normalized on (M; g)

g�� u� u� = g�� u� u� = 1:

By di� erentiating it we get

u� r � u� = 0 : (A1)

Let us de�ne the vectorL� by the relation

r � P� �
� = r L� (A2)

having setr = � c2 + P.
The conservation law forT�� = r u� u� � Pg�� is expressed

by r � T �
� = 0 or

r � (r u� u� ) = r L� ; r � (r u� ) u� + r u� r � u� = r L� : (A3)

Multiplying through this relation withu� and taking into
account (A1), after substituting it into (A3) and then dividing
by r , we obtain

u� r � u� =
�
g�� � u� u�

�
L � (A4)

or
� u� = h�� L � : (A5)

SettingL� = @� U, the equation (A5) takes the form� u� =
h�� @� U and (A2) reads

�
� c2 + P

�
L� = r � P� �

� ; L� =
@� P

� c2 + P
:

As a result we �nd

U =
Z P2

P1

dP
� c2 + P

:

The �ow lines of the �uid everywhere tangent to the vec-
tor u� are determined by the di� erential system (3.15)

u� r � u� =
�
� �

� � u� u�
�

@� U :

These �ow lines are time-like geodesics of the conformal
metric

A = s0 =
Z S2

S1

eU ds: (A6)

The 4-vector
� u� = h�� @� U (A7)

must be regarded as the 4-acceleration� u� of the �ow lines
given by the pressure gradient orthogonal to those lines; see
[30, p. 70].
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LETTERS TO PROGRESS IN PHYSICS

Does the Macroworld Need Quantum Mechanics?

Anatoly V. Belyakov
Tver, Russia. E-mail: belyakov.lih@gmail.com

In a series of articles, the author explained some phenomena and calculated a number of
parameters related to the microworld using the non-quantum methods of the geometro-
dynamics (introduced by J. A. Wheeler). Thus, the nature of the electric charge has
been revealed, its value and the proton/electron mass ratio have been calculated, the
light quarks mass have been determined, etc. This publication gives a short survey of
the obtained results.

Initial provisions

Developing an adequate physical model of the microworld
is a primary task. The Standard Model of fundamental in-
teractions (SM) is replete with abstractions that are under-
standable only to a few theorists. Over the last century, many
researchers attempted to construct physical models of the mi-
croroworld based on non-quantum methods. Currently, de-
spite some positive results obtained in this �eld, these results
are not yet recognized by the scienti�c community.

However, contrary to the generally accepted views on the
impossibility of adequately representing the microworld phe-
nomena with visual images and analogies from the reality sur-
rounding us, such analogies undoubtedly exist, since the basic
physical laws are reproduced at various large-scale levels of
the organization of matter. And if non-quantum methods can
explain at least some of the microworld phenomena, then this
will remove the mystery layer from it, allow us to look at mi-
crophenomena from a di� erent angle and accelerate progress
in their study and understanding.

The author has solved this problem to some extent, and
this is proven by the de�nition of many properties and pa-
rameters of the microworld, and, unlike the works of other
researchers, the author’s model made it possible to determine
many more of the mentioned parameters, moreover, using
simpler methods. To solve this problem, the author’s phys-
ical model was based on:

a) A mechanistic interpretation of John Wheeler’s geo-
metrodynamic, where the materiality of space itself is
postulated, and the initial one-dimensional spatial el-
ements are vortex structures that can form a continu-
ous two-dimensional network [1] and then, when de-
forming, three-dimensional objects are formed [2�4].
Charged microparticles according to Wheeler are spe-
cial points on the three-dimensional surface of our
world, where, for example, a proton and an electron are
connected by a �wormhole� or a vortex current tube of
the drain-source type in an additional dimension. As a
result, aclosed contouris formed which the material
environment circulates along;

b) The concept of elementary particles as unipolar vor-
tices with a funnel on the surface (analogous to a fer-
mion, conventionally along theX-axis in our world)
and a vortex thread under the surface in depth (anal-
ogous to a boson, conventionally along theY-axis in
an additional dimension), which, according to a well-
known physical analogy, spirally �lls the current tube
with an electron radiusre. These forms, during oscil-
lations, can transform into each other. Fermions retain
part of the boson mass, bringing in a half spin. Boson
masses cannot be stable in principle, as well as their
physical analogues � vortex formations in a continu-
ous medium, if they do not lean on the phase bound-
ary. The boson mass is one-dimensional one and pro-
portional to the vortex tube length. The bosons vortex
elements rotate relative to the longitudinal axis with a
circumferential velocityv0, determined from the bal-
ance of dynamic and magnetic forces (see below). This
velocity is constant, does not depend on the rotation ra-
dius, so many bosons can be located coaxially, that is,
in one place;

c) The existence of a �hidden� mass, which in one way or
another introducesgravity into the microworld, no mat-
ter whether it is an additional dimension, a �wormhole�
or simply a topological feature, which for an external
observer is some additional degree of freedom associ-
ated with electromagnetism; it is this that determines
the electron charge and spin.

In this model, the electron volume with massme and ra-
diusre is taken as an element of the mentioned material med-
ium, and the quantity that replaces the charge in the well-
known formulas of Coulomb and Ampere ismec; then the
electric and magnetic constants" 0 and � 0 in the Coulomb-
free form take the form:

" 0 =
me

re
= 3:233� 10� 16 kg/m; (1)

� 0 =
1

c2" 0
= 0:03441 1=N: (2)
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Thus, " 0 becomes the linear density of the vortex tube,
and � 0 becomes the value of the inverse centrifugal force,
and the formulas for electrical, magnetic, gravitational and
dynamic (inertial) forces are written as:

Fe =
1
� 0

 
re

r0

!2

ze1ze2 ; (3)

Fm =
1
� 0

l
2� r0

 
re

c � [sec]

!2

ze1ze2 ; (4)

Fg =
1
� 0

1
f

 
re

r0

!2

zg1zg2 ; (5)

Fi =
1
� 0

re

r0

� v0

c

� 2
zg ; (6)

wherev0, r0, l, ze, zg, f are, respectively, the circumferen-
tial velocity, circumferential radius or distance between vor-
tex tubes, the length of a vortex tube (thread) or contour, the
relative values of charge and mass in the charges and masses
of an electron, and the electrical forces to gravitational forces
ratio, equal toc2="0
 .

The balance of these forces leads to the emergence of
structures that are necessary for the microworld and beyond.
Based on the model, the microworld properties are unexpect-
edly easily and naturally clari�ed and important parameters
are calculated, which proves the complete correspondence of
the model to physical reality. The most important results have
been the determination of the electron nature and its charge
nature [5], as well as other parameters thatwere not explained
or calculated by quantum methods within the SM framework,
namely: the proton/electron mass ratio [6], the proton struc-
ture and the quarks mass [6,7], the neutrino mass [8], etc.

The electron charge

Theelectron chargein a simple mechanistic interpretation of
Wheeler’s idea becomes proportional to the amount of med-
ium motion along the vortex current tube contour, the spin,
accordingly, to the angular momentum relative to its longitu-
dinal axis, and the magnetic interaction between conductors
is analogous to the forces acting between vortex current tubes.

Assuming a charge to be a momentum, we are convinced
that many bizarre electrical and magnetic dimensions are sim-
pli�ed in a striking way and take on a meaningful and phys-
ically obvious form: the current strength becomes simply a
force [kg� m/sec2] or [N], the potential � a velocity [m /sec],
the capacitance � the mass of electrons accumulated on the
capacitor plates [kg], the conductivity � the mass velocity
[kg/sec], the inductance � the value reciprocal of the mass
acceleration [sec2/kg], the magnetic �eld strength � the mass
acceleration [kg/sec2], the solenoid magnetic induction � the
winding density of its turns [1/m], etc. [9].

Moreover, the established nature of the charge reveals the
Boltzmann constant and temperature essence. It is known the

exact valuekB to give by the ratio of Planck’s constant to
the speed of light and the electron charge,kB = h=ce0, but
the reason for this is not clear, since the dimension ofkB is
completely di� erent. However, if we consider the electron
charge as a momentum, then the dimension ofkB becomes
[sec], which is equal in magnitude to the time it takes light to
travel the distance close to the electron size. Then the tem-
perature dimension turns out to be physically understandable
and obvious, namely, the microparticles chaotic motion ki-
netic power [J/sec].

To determine thecharge magnitudee0, it is su� cient to
introduce a unit of potential (velocityv) in the Coulomb-free
system

1 [m/sec]=
mev2

e0
; (7)

and for the contour with the maximum energy of a single
charge write:

v [m/sec]=
mec2

e0
: (8)

It is necessary to take into account that the charge magni-
tude and other microworld parameters are projected from the
additional dimension onto our three-dimensional world sur-
face with distortions at a certain angleq. In the work [5] this
angle is determined, and it almost exactly coincides with the
Weinberg mixing angle in weak interactionqW = 28:7� . As
a result, the observed electron charge magnitude, taking into
account (7) and (8), is equal to:

e0 = mec4=3
0 cosqW� [m/sec]= 1:602� 10� 19 kg � m/sec; (9)

where the dimensionless speed of light isc0 = c=[m/sec].
Since the charge (momentum) is by de�nition equal to

Mv, then in (9) the �rst factor is the contour massM = 4:48�
105 me, and the second is the vortex current tube longitudinal
velocity v = 4:48 � 105 m/sec. A contour having an energy
Mv2, which is equal to the energy of a �point� electronmec2

(i.e. at the point where the contour intersects our world sur-
face) can be called �standard�, for itn = 4:884; but here and
below the parametern does not have any special quantum
properties, but simply determines the contour size.

The �hidden� mass of the standard contour approximately
corresponds to theW, Z-bosons total mass. Therefore, it can
be stated that the vortex tube of current is formed by three
vortex threads rotating around a common longitudinal axis.
These threads necessarily have right, left, and the last, obvi-
ously double, total zero rotation. They can be associated with
the vector bosonsW+ , W� , Z0.

In the work [5] the indicated thermodynamic constants of
Boltzmann, Wien, Stefan-Boltzmann are determined, if we
correlate the energy of a �point� electron per photonmecv=z
with the energy of thermal motionkT (the average energy
of the radiation oscillator) for some characteristic conditions;
and it is also established the unit oscillator energykBb=� C at
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the Compton wavelength to be equal to the kinetic energy of
the electron rotating along a circular trajectory, 2me(c=� )2.

Thus, the identi�cation of the electron nature at the same
time establishes its connection with both the weak interaction
in the SM and the molecular-kinetic properties of atoms and
molecules.

The proton/electron ratio

The proton/electron ratio is determined on the basis of the
adopted model of microparticles and the proton-electron con-
tour. As shown in [5], for any contour with an arbitrary quan-
tum numbern, with constant values of the electric and mag-
netic constants, charge and spin, the contour mass, its length,
velocity and radius of the vortex thread, �lling the contour
tube, in units ofme, re andc have the form:

M = my = l = (an)2; (10)

v =
c1=3

0

(an)2 ; (11)

r =
c2=3

0

(an)4 ; (12)

wherea is the inverse �ne structure constant.
Note that by analogy with natural vortex structures (in the

case of the formation of subsequent spiral structures of radius
r inside of a contour tube of radiusre), the vortex thread can
be extremely �compressed�, i.e. shortened by a multiple of
1=r. In this case, its mass-energy in units ofmec2 will be

L = l r =
c2=3

0

(an)2 ; (13)

or, conversely, extremely �stretched�, i.e. extended by a mul-
tiple of 1=r.

It is assumed that the contour to contain structural units
(waves or photons), and their numberz is the ratio of the
�stretched� contour total length to the wavelength� . In [5],
the number of photons in the contour is determined, and in
the standard contourz � a = 137, and for the case of contour
decay (ionization) for the transitionn ! 1 the number of
photonsz � n4.

In this model, the elementary particle has both point (in-
tersection region) and wave properties, since the vortex fun-
nel creates ring waves or second-order contours on the sur-
face, which one can assign proper quantum numbers to that
determine other parameters in accordance with formulas (10�
13). In [6] it is de�ned:

for a proton np =
 
2c0

a5

!1=4

= 0:3338; (14)

for an electron ne =
 
2c0

a5

!1=8

= 0:5777: (15)

It is accepted that a one-dimensional boson thread in the
process of oscillations along theY-axis is capable of packing
extremely tightly into a fermion form along all four degrees
of freedom, increasing the fermion relative linear size along
the X-axis proportionally tol1=4

y and, as shown in [6], as a
result, anyi-th fermion mass in relation to the electron mass
is determined by the ratio:

mi =
 
ne

ni

!14

: (16)

For a proton,mp = (ne=np)14 = 2160, and the proton bo-
son mass (anp)2 = 2092 is almost equal to its fermion mass,
which is one of the conditions of its stability (the di� erence
in values is due to simpli�cations in the formula forn) and,
when corrected by the cosine of the Weinberg angle, it al-
most exactly coincides with the relative mass of the proton
2092 cosqW = 1835.

Zitterbewegung, i.e. electron oscillations with amplitude
� C are revealed by a simple non-quantum method, without
recourse to solving the Schr¤odinger equation, since the pa-
rameterne determines the electron contour lengthly = (ane)2,
which envelops three inscribed circles with diameterdy,
which the vortex threads rotate inside; this also con�rms the
three-zone structure of the electron, noted in [10]. From geo-
metric considerations it follows:

dy =
(ane)2 sin 60�

2�
= 863:8 re or 2:43 � 10� 12 m; (17)

which exactly corresponds to the Compton wavelength.
Three generations of elementary particlesnaturally ex-

ist in this model, since a microparticle is considered as a con-
tour itself, therefore any contour connecting charged particles
can be likened to a particle included in a larger contour, as-
suming the mass of the smaller contour to be the mass of a hy-
pothetical fermion (a proton analog) for the larger one. Thus,
interconnected contours can exist. For the contour of the third
generation and the last, extremely excited one,v ! 1, r ! 1
andn = 0:189.

The structure of the photon

The structure of the photon, as well as various virtual ab-
stractions of quantum theory in the SM (such as quarks, par-
tons, color, con�nement, etc.) in this model naturally acquire
physical content or become unnecessary [6].

A proton in a proton-electron contour as a special (sin-
gular) point is the place where the medium �ow crosses the
boundary between the regionsX (fermions) andY (bosons),
where, by analogy with liquid or gas �ows, phase inversion
occurs and the medium parameters acquire critical values. It
is clear that in the critical section their densities are compared.

Assuming the volume of fermions to be a spherewx =
(rx)3, and the one-dimensional volume of the boson thread
to be a cylinderwy = r2ly and equating their densities, we
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obtain the quantum number belonging to the critical section,
nq = 0:480. This averaged parameter can be attributed to a
certain particle � a quark, existing only in the region of the
phase transition.

In accordance with (24) its massmqx = 12:9, which is the
total mass, since the ratio of the boson mass of the electron to
the boson mass of the proton, bearing in mind (10),Me=Mp =
(ne=np)2 = 3:0. That is, to satisfy the conditions of continuity
of the �ow and constancy of the charge in any critical section,
the general contour �ow must split in the proton region into
three partsand reverse circulation currents must arise, i.e.
there, in the proton, must be zones with di� erent charge signs,
as shown in Fig. 1:

Fig. 1: A scheme of the proton: distribution of the current lines
inside the proton.

In fact, quarks should be associated with stable ring cur-
rents containing, as follows from Fig. 1, one or two closed
unit contours intersecting three critical sections. Therefore,
the quark masses are 1/3 or 2/3 of the total mass, i.e. 4:3me
and 8:6me, which coincides with the masses of light quarks.
The phenomenon of con�nement or �non-escape� of quarks
seems self-evident, since in this model the proton has no con-
stituent parts, it only has the peculiarities of its structure.

Thus, the proton internal structure is characterized by a
set of parameters that �nd their virtual analogues in the SM:
vector bosons (three vortex threads connecting the proton and
electron in an additional dimension), fractional charge (pro-
jection of current lines onto the outer surface of the proton),
quarks (ring currents), �color� (three di� erent critical sec-
tions), antiquarks and �anticolor� (opposite to the direction
of currents and rotation of vortex tubes), partons (zones of in-
creased velocity pressure), mesons (pairs of boson tubes with
a total mass of� 270me). Here they all �nd their physical
representation [6, 7]. The proposed proton structure in the
form of a unique con�guration of �eld lines does not require
the existence of a �sea� of virtual quarks and gluons.

Theanomalous magnetic moment of the protonis also

explained in [6]. By de�nition,� p = (charge� velocity� path).
This product agrees well with the known value of� p if we
take the velocity to bev, the path to be� r, and calculate these
parameters using (11) and (12) with the proton parameternp.

The neutrino mass

Theneutrino massis determined byintroducing gravity into
the microworld, whose r�ole is erroneously denied in the SM.
Neutrinos are released in weak interaction processes, for ex-
ample, in the case ofe-capture; in this case, quarks and vec-
tor bosons participate in the process, but even in this com-
plex case there is a macroanalogy � something similar to
the charge and spin separation � a phenomenon recorded in
ultra-thin conductors [11]. In the applied model [8], all vir-
tual participants �nd a physical correspondence.

Let us recall that here the electron does not rotate around
the proton and is not �smeared� over the orbits, while the
proton-electron contour exists due to thegravimagnetic bal-
ance, whenFm = Fg, from which it follows in units ofre:

Lx = l r =
zg1zg2

ze1ze2

(2�
� e) � [sec2]; (18)

where the valueL, according to (13), is the mass-energy of the
compressed contour,zg1 is the mass of the proton active part
(i.e. the quark) entering the circulation contour,zg2 is the elec-
tron mass,� e is the electron speci�c density, equal tome=r3

e.
In the work [8] it is shown when particles to approach

each other at a certain distance, the contour connecting them
transfers energy-momentum to the proton internal structure,
losing charge, deforms and reorients into theY-region, releas-
ing in the form of a one-dimensional neutrinos vortex tube,
carrying away the electron spin. This occurs under the condi-
tion the quark mass-energy to reach theY-vortex tube mass-
energy in its compressed state, formula (13). At the same
time rx = ly, see Fig. 2. This makes it possible to determine
the neutrino quantum parameternv.

As a result, in [8] it was obtained

nv =
c1=9

0 (2�
� e � [sec2])1=3

a
= 1:643; (19)

and then, according to (16), the neutrino fermion mass is de-
termined

m� =
 
ne

n�

!14

=
 
0:5777
1:643

!14

= 4:39 � 10� 7 (0:225 eV): (20)

Next, the quark massmq = 8:84me (4.51 MeV) was cal-
culated, which agrees well with the previously calculated
quark mass when considering the proton structure, and in
general it agrees with thed-quark mass (4.8 MeV); and the
mass-energy of theX-contourLx = 1:51 � 105 (77 GeV) was
calculated, which turns out to be close to theW-bosons mass
(80 GeV), see Fig. 2. See [12] for more detail. Moreover,
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Fig. 2: Scheme of formation of the neutrino.

in [8] exactly the same neutrino mass value was obtained as
the gravitational mass, i.e. as the valuezg1 = zg2 = zg, when
considering the contour consisting of a pair of closed vortex
threads having the Planck sizer~ = (~
=c3)1=2 and each hav-
ing 1/4 of the electron charge

m� = zg =
c1=6

0 r1=4
~

(32�
� e � [sec2])1=2 =

= 4:31 � 10� 7 (0:220 eV): (21)

Thus, two di� erent neutrino states with identical masses
were obtained � at the moment of birth in the form of a vor-
tex Y-tube fermionic part and in its �nal state in the closed
structure form having a gravitational mass. Such duality, as
shown in [8], possibly explainsneutrino oscillations.

The obtained values of the neutrino mass are consistent
with the estimate of Adam Moss and Richard Battye, where
the upper limits on the sum of neutrino masses are about
0:320� 0:081 eV [13].

The di� erence in the proton and neutron masses, the
neutron lifetime and energy of beta decay, which are un-
determined in the SM, are found due to the gravimagnetic
balance, which allows the contour to have various con�gura-
tions and, when the proton passes into the neutron, to become
axisymmetric at the intersection of the regionsX andY, see
Fig. 2. Then, with equal axes, its relative length and mass
are equal toc2=9

0 . In [6] it is shown the symmetric contour,
replacing the quark contour, to increase the nucleon mass by
the desired value:

� m = r
0
BBBBB@c

2=7
0 �

m9=7
q

2

1
CCCCCAcosqW = 2:53me ; (22)

herer is the electron vortex thread radius, determined by (16)
atne.

The lifetime of a neutron is determined by the time of
deformation and decay of the same symmetrical contour due

to the proper rotation of the vortex threads relative to the lon-
gitudinal circular axis, which gives the time constant� l=v0,
wherev0 is determined from themagnetodynamic balanceat
Fm = Fi and is a fundamental constant. For unidirectional
vortex threads, taking into account (4) and (6), atze1 = ze2

and atzg = l=re:

v0 =
re

(2� )1=2 � [sec]
= 1:12 � 10� 15 m/sec; (23)

then the time constant for� l = � c2=9
0 has the form:

� = 21=2 � 3=2c2=9
0 � [sec]= 603 sec: (24)

The obtained value agrees with the half-life of the neutron
� 1=2. By de�nition, � 1=2 = ln 2 � � n, where� n is the neutron
lifetime; its value is 878.5 sec [14], then� 1=2 = 609 sec. In
[6], this time is also determined in another way.

In beta decay, the energy of the excited contour is trans-
ferred to the electron and antineutrino released in this process.
The paper [6] provides examples of calculating the beta de-
cay energyE� , which by de�nition is the ratio of the acquired
momentum (charge) square to the released particles mass. In
particular, for the highest of beta decay (for isotopes) energy
value, it was obtained

E� (lim) =
c1=3

0 cosqW

18
= 32:6mec2 (16:7MeV): (25)

Indeed, the highest value ofE� among various isotopes
was recorded for the 12N! 12C transition (16.6 MeV),
which coincides with the value (25) calculated within the
framework of this model.

The model of the atomic nucleus

The model of the atomic nucleusis continuously updated,
and various hypotheses about its structure are still being put
forward. And here, at the level of the atomic nucleus, the
non-quantum method demonstrates its applicability and ef-
fectiveness [15].

The coupling constant a, which in the SM determines
the intensity of the exchange of speci�c quanta between mi-
croparticles, actually indicates the bonds strength between the
elements of the proton structure (quarks) and is determined by
the formula:

as =
mec2=3

0 v2
0=re


 m2
e=r2

e
= 26:25; (26)

where the ratio of the inertial forces arising from the rotation
of the boson mass of a standard contour vortex tube of radius
re with the circumferential velocityv0 and acting toward the
periphery to the gravitational forces acting between masses
of sizeme at a distancere can serve as an equivalent of the
coupling constant. In this case, coupling particles (� -mesons)
are not needed.
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The proton has a complex structure, therefore the interac-
tion energy increasing, i.e. �deepening� along the protonY-
axis and, accordingly, decreasing the distance between
quarks, it is perceived by an external observer as a nuclear
forces changing.

At low energiesof interacting particles (small �depth�
alongY), the peripheral inertial forces exceed the attractive
forces, so the quarks are weakly bound to each other, can
move away from their original position and interact with the
quarks of nearby nucleons.

At high energies(� 100 GeV, a large �depth� alongY),
the attractive forces hold the quarks within the nucleon, which
reduces the microparticles interaction e� ciency with each
other. In [15],as were calculated, which coincide with the
values accepted for these types of interactions [16].

The radius of the proton is calculated atas = 1, when
there is a balance between the forces of attraction and the pe-
ripheral forces of inertia. From (26), assuming that the quarks
are located at the corners of an equilateral triangle, atm = me
andr = re we obtain

rp =
(8�
� e)1=2 � [sec]

31=4c1=3
0

= 0:297;

i.e. 0:836� 10� 15 m; (27)

which exactly coincides with the proton charge radius value
(0.833 femtometers, with an uncertainty of–0.010 femtome-
ters [17]). Thus,nuclear forcesas a special interaction may
not exist at all. At high energies and small distances, when
the internal structures of nucleons overlap, the interaction be-
tween nucleons occurswithin their common quark bagbe-
tween quarks with charges+1 and� 1 at a distance equal to
the quark vortex tube sizerq. Outside the quark bag, the
Coulomb interaction takes place between fractional charges
of di� erent signs locatedon the nucleons outer surface. The
attractive potential decreases sharply in this case, for protons
� proportionally to the product 1

3 � 2
3.

In [15, 18], the depth of the attractive potential for sin-
gle charges, the binding energies for the deuteron, tritium,
tetraneutron and alpha particle were calculated. At the same
time, within the SM framework, these quantities are almost
impossible to calculate. For example, the authors of the work
studying the tetraneutron (see [18]) admit that �More recent
state-of-the-art theoretical calculations have concluded that
without altering fundamental characteristics of the nuclear
forces, the tetraneutron should not be bound. More theoreti-
cal calculations were performed, all of them agreeing that a
bound tetraneutron is not supported by theory�.

Within the framework of the proposed model, these pa-
rameters are calculated because it takes into account the
quarks mass-energy’s changing in accordance with the con-
tour size, the distance between quarks or charges, and the ge-
ometry of objects. Moreover, for example, the binding energy
of an alpha particle (28.2 MeV) was determined in two ways

� on the basis of the quark masses and on the basis of the
quarks energy, see Fig. 3 [15]:

Fig. 3: Settlement scheme of the alpha particle: a � on the basis of
the quark masses, b � on the basis of energy of the quarks.

Atomic nuclei are the system of nucleons and alpha clus-
ters that are in dynamic equilibrium [19]. Their packing den-
sity in the nucleus increases toward the center, since electrons
located in more distant orbits are associated with protons lo-
cated at nucleus deeper levels, while the distance between the
vortex tubes of thep+ � e� contours decreases and their length
increases, formula (18); thus,layers or shells similar to elec-
tron ones are formed in the nucleus.

Sincer cannot be less than the alpha particle size 1:42re
(4 fm), this limits the number of the shell whose electrons can
bind to protons included in alpha clusters. In [15] it is shown
that thefourth layer or shell is the last one in the nucleus; al-
pha clusters are not formed closer to the center of the nucleus.
A similar condition for the nucleon size also determines the
largest possible atom electron shell number and, ifr 6 2rp,
thennmax > 8. As calculated in [15], the alpha particle max-
imum energy is achieved during the transfer of energy from
protons located in the nucleus center, which are bound to the
last seventh shell (27.5 MeV), which exactly coincides with
the maximum energy value of alpha particles determined in
the study of the �ssion of heavy nuclei [20].

Also, in the work [15] the stable isotope of lead detailed
calculation was performed, which gave its exact massA =
207. It turned out that for elements heavier than lead, protons
associated with electrons of the �fth and subsequent electron
shells no longer completely ��t� into the nucleus core, lim-
ited by the fourth �lled shell. With an increase in the num-
ber of protons, the fourth nuclear shell expands, additional
neutrons are included in it, and the nucleus radius increases.
Neutrons that are not included in clusters (for82Pb207 there
are 65 such neutrons) are located in the remaining free vol-
ume, being forced out into the outer shells.

In [15] a relation was obtained between the number of
nucleons in the nucleus core and in the adjacent shell, which
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the nuclear density of nucleons in them is the same at. This
homogeneity conditionis observed very precisely for lead:
22 nucleons in the core correspond to 64 nucleons in the 4th
shell (32 protons and 32 neutrons) and also approximately
for xenon, neodymium, iron and for some other elements,
and that for the nuclei of such elements the observedelec-
tric quadrupole moments are close to zero[21]. For lighter
nuclei, the core can be considered the volume of the inner
shell, including protons and neutrons.

So the reason for the deviation of the electric charge dis-
tribution in the atomic nucleus from spherically symmetri-
cal is the non-uniformity in the �packing� of nucleons inside
the atomic nuclei, so for most elements their nuclei can have
a non-spherical shape. In addition, to �ll the outer nuclear
shells, neutrons are usually insu� cient, and for some nuclei
their outer shell must shrink, lose the spherical layer shape
and take the polyhedron shape, in the corners of which alpha
clusters are located [22].

It is interesting that the obtained homogeneity condition
makes it possible to calculate the number of protonsZ and
neutronsN for superheavy elements of the hypothetical �is-
land of stability�. Thus, if we accept that the fourth shell is
replenished with neutrons up to the number of nucleons nec-
essary to �ll the �fth shell, i.e. up to 2� 2 � 25 = 100, then,
according to the homogeneity condition, it turns out that for
such an elementZ = 112,N = 184. The latter just coincides
with the expected �magic� numberN, which was proposed
by physicist Vitaly Goldansky in 1966.

Thebinding energies of nucleiin this model (in contrast
to the well-known semi-empirical Weizs¤acker formula) are
calculated with no less accuracy, without resorting to empir-
ical coe� cients. It is determined by the mass-energy of nu-
cleon quarks 4� 2:2, all proton quarks included in thep+ � e� -
circulation contours 2.75 (m1+2m2+3m3+: : :) and the energy
of the potential barrier (the energy of the �rst un�lled shell)
2:75z. The �nal sum has the form:

En = 8:8zp + 2:75(m1 + 2m2 + 3m3 + : : : + z) MeV; (28)

wherezp is the number of protons in the �rst to fourth shells,
z is the total number of protons,mi is the number of electrons
in the i-th shell of the atom, 2.2 is the mass-energy of one
quark in MeV.

Themass numberis calculated based on the energy bal-
ance and using the already obtained relationships:

A = zp + 0:625(m1 + 2m2 + 3m3 + : : : � z)+ (4)A<140 : (29)

For A, in some cases, a correction is necessary that takes
into account the presence of four alpha-cluster nucleons on
the �rst shell, which are split o� when the nucleus reaches a
certain mass. In [15], actual and calculated data on the bind-
ing energy and mass numbers for stable isotopes of some el-
ements are given according to formulas (28) and (29), where
their good agreement is obvious.

The gravitational constant

Thegravitational constant is calculated based on the scheme
of a single radiation cell of a surface transverse-longitudinal
wave, where a medium with an arbitrary massm circulates
along the toroid contour of radiusR and at the same time has
a spiral rotation with a radiusr relative to the toroid longitu-
dinal annular axis [23].

Circulation alongR occurs under the action of gravita-
tional forces with accelerationv2=R, and spiral rotation with
r � under the action of surface tension forces with accelera-
tion v2=r. The components of the surface wave are logically
correlate to longitudinal gravitational waves and transverse
electromagnetic waves. The ratio of electrical forces to grav-
itational forces isc2re=
 me, and it will be such when the el-
ements of the medium circulate along the contour with the
largest radiusRwith the lowest speed and spirally rotate with
the smallest radiusr with the highest speed, which gives the
corresponding equality.

For the transverse componentv = c, and the smallest di-
mensionr is the diameter of the circumscribed circle around
three Planck dimensionsr~. For the longitudinal component,
the smallest velocity and the largest radius (length of the con-
tour) are determined by formulas (11) and (10) with the use of
the largest quantum numbernm = 390, determined from (19)
under the condition that the entire proton massmp=cosqW is
involved in the circulation contour. As a result, the following
formula is obtained:
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1 +

2
31=2

! 2
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a1=13c16=39
0

0
BBBB@
cosqW

2� mp

1
CCCCA

12
13

we

 
c
re

! 2
13

�

� [sec� 24=13] ; (30)

wherewe is the speci�c volume of an electron, equal tor3
e=me.

Thespeed of lightwas determined in [24] using the well-
known equation for the wave speed on the liquid surface as
applied to the above-mentioned radiating cell (toroid), where
the �rst term in the equation re�ects the in�uence of gravity
on the wave speed (parameterg), the second � the in�uence
of surface tension (parameter� )

v2 =
g�
2�

+
2� �
� �

: (31)

A gravitational wave is a compression deformation of the
surface wave longitudinal component and its length can be
determined by takingv = c; in [23] from (31) it is derived
(the positive radical expression is taken)

� =
� rea6n6

c2=3
0

2
666666641 +

0
BBBBB@1 �

4c2=3
0

a2n2mp

1
CCCCCA

1=23
77777775: (32)

Within the parameters of the contourn = 1 : : : nm, the
wavelength is very large (here the parametern determines the
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physical size of the radiating cell, in contrast to the proton-
electron system), and the wave becomes e� ectively longitu-
dinal one with negligible electromagnetic �capillary ripples�
(the second term under the root in (32) tends to zero). Since
longitudinal waves are the result of gravitational forces, they
can be considered gravitational waves.

This is con�rmed by the discovery of gravitational waves
by the LIGO and VIRGO collaborations [23]. On February
11, 2016, oscillations with the frequency of 30�500 Hz were
detected, which corresponds to wavelengths of 600,000�
10,000,000 m [25, 26]. And these results correspond exactly
to the middle of the range of circulation cell emissions at
n = 115�180.

The cosmological constant

The cosmological constant� , its origin and nature remain
a subject of discussion to this day [27�29]. It de�nes non-
Newtonian gravitational forces and characterizes the curva-
ture of empty space, as if additional mass or energy were in-
troduced into it, and has a dimension ofm� 2.

However,� can be determined taking into account in the
Universe to be some constant vortex motion of particles rel-
ative to each other, and to be the rotation of unidirectional
vortex threads (bosons) with the circumferential velocityv0,
caused by magnetogravitational equilibrium, see formula
(23). It creates the background component of energy, which
has not attracted any attention of physicists until now. This
rotation introduces additional energy into the vacuum, which
can be likened to a kind of cosmic �Brownian motion� creat-
ing pressure on the �walls� of space (which is perceived by
an external observer as the manifestation of non-Newtonian
forces) and must be compensated by gravitational forces [30].
Thebalance of pressuresfrom these forces is

M" 0

L3 =

Mv2
0

L� � 1 ; (33)

The balance does not depend on the mass of the Universe
M, but depends on its parameterL. The main parameter of
the UniverseL is determined in [4] from theelectromagnetic
balanceand, provided thatr is equal to the Bohr radius, i.e.
the size of the most common hydrogen atom. Finally, the
Universe’s parameterL takes the following value

L =
2� c2

RB
� [sec2] = 1:06 � 1028 m: (34)

In the end

� =
" 0


(Lv0)2 = (2� )� 1
� a
c

� 4
" 0
 � [sec� 2] =

= 1:49 � 10� 52 m� 2; (35)

and such a value should correspond to the equilibrium state
of the Universe. At present, based on the assumed age of the
Universe, the value of� is estimated at 10� 52 m� 2 [31].

Conclusion

All the above results are obtained on the basis of the model
that does not have any empirical coe� cients, and the nu-
merical results are ultimately the combination of fundamen-
tal quantities. Macroanalogies applied to the microworld in
this model are similar to physical natural laws that are re-
produced at various large-scale levels of matter organization.
Thus, it is proven the microworld physical model can be built
on the basis of existing physical realities without using the
sophisticated mathematical apparatus of the Standard Model
of Fundamental Interactions (SM), which inevitably masks
the physical essence of phenomena with virtual abstractions.
The new realistic model will provide an opportunity to look
at microphenomena from a di� erent angle and make them ac-
cessible to a wider range of researchers.

Submitted on December 12, 2024
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We propose a novel, testable framework for constructing macroscopic qubits and qudits
using ensemble human agency as both the source of quantum state generation and the
mechanism for collapse. Inspired by the Big Bell Test � which demonstrated that
human-generated randomness can close loopholes in Bell inequality experiments � we
extend this paradigm by de�ning human-driven superposition states.

In our model, a collective of human choices (e.g. heads or tails) de�nes a latent quan-
tum state within a formal Hilbert space constructed from human choices, which remains
unresolved until a collective measurement is made. While not physically coherent in
the traditional sense, the ensemble mimics quantum superposition through the structure
of collective uncertainty and delayed resolution. We demonstrate that this statistical
ensemble satis�es the core properties of a qubit or qudit, including superposition and
collapse dynamics, without relying on traditional quantum coherence.

We introduce a critical thresholdNc of participants needed to reliably induce collapse
and derive estimates based on analogies with quantum decoherence, statistical sampling
theory, and Penrose’s Objective Reduction (OR) model. We also propose experimen-
tal protocols for multi-qubit scaling, implementing quantum gates such as CNOT and
Hadamard, and creating entangled macroscopic states using coordinated human action.

This model provides a low-barrier, scalable platform for participatory quantum sim-
ulation, with implications for the foundations of quantum mechanics, quantum compu-
tation, and the role of conscious observers in wavefunction collapse.

1 Introduction

Quantum mechanics fundamentally hinges on the role of the
observer, from the Einstein�Podolsky�Rosen (EPR) paradox
[1] to the experimental veri�cation of Bell inequalities [2].
The Big Bell Test [3] harnessed human-generated random-
ness from over 100,000 participants worldwide to close the
freedom-of-choice loophole in quantum experiments, demon-
strating that collective human input can in�uence quantum
outcomes. Turielet al. [4] further revealed that human per-
ception exhibits statistical biases distinct from quantum ran-
domness, suggesting that human agency could play a deeper
role in quantum processes.

In this work, we propose a macroscopic qubit model in
which a physical object � a penny � is placed into a no-
tional superposition, with its �nal state (heads or tails) de-
termined by the ensemble average of many human decisions.
This model transforms the logic of the Big Bell Test from in-
�uencing microscopic quantum systems to collapsing macro-
scopic states via conscious, collective choice.

Quantum computing traditionally relies on microscopic
qubits [5], where coherence can be preserved in isolated, cry-
ogenically-cooled environments. In contrast, macroscopic
quantum systems typically succumb to rapid decoherence due
to environmental interactions [6]. However, Penrose’s Ob-
jective Reduction (OR) model [7] proposes that gravitational
self-energy itself may induce collapse, suggesting that the

boundary between quantum and classical behavior is gov-
erned by spacetime geometry rather than environmental noise
[8,9].

Building on this and the Big Bell Test framework, we de-
�ne the �penny qubit� not as a single physical object in super-
position, but as an ensemble average over human decisions
� each participant �ipping or selecting a coin state. The
system’s quantum-like behavior emerges from the collective
uncertainty prior to measurement. This model allows us to
probe whether human-driven statistics � potentially modu-
lated by gravity � could bridge the gap between microscopic
quantum phenomena and macroscopic consciousness.

While the framework is grounded in statistical ensemble
theory, we propose that if Penrose’s OR model and the Big
Bell Test �ndings re�ect true quantum dynamics, then collec-
tive human agency may serve not only as an analogue but as
a legitimate quantum measurement system � one driven by
spacetime geometry, gravitational self-energy, and conscious
observation.

2 Background

2.1 The Big Bell Test

The Big Bell Test [3] demonstrated that human-generated
randomness can serve as a valid input for closing loopholes in
Bell inequality experiments. Over 100,000 participants con-
tributed unpredictable binary decisions, which were used in
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real-time to control measurement settings in entangled par-
ticle experiments. This large-scale, crowdsourced approach
strengthened empirical support for quantum nonlocality by
eliminating the freedom-of-choice loophole.

Turiel et al.[4] examined human-generatedsequences and
identi�ed statistical biases � such as nonuniform distribu-
tions and pattern tendencies � that di� er signi�cantly from
ideal quantum randomness. While their study did not target
wavefunction collapse, it highlighted the structure of human
unpredictability and its divergence from truly random quan-
tum processes. These �ndings laid the groundwork for ex-
ploring whether collective human choice could itself serve as
a measurement apparatus.

2.2 Standard qubits and superposition

In conventional quantum systems, a qubit is de�ned as a co-
herent superposition of two basis states:

j i = � j0i + � j1i ; (1)

where� and� are complex amplitudes constrained byj� j2 +
j� j2 = 1. Quantum gates manipulate these amplitudes, en-
abling interference, entanglement, and computation that sur-
pass classical limits [5]. However, maintaining such superpo-
sitions requires isolation from environmental noise, as inter-
actions lead to decoherence and classical behavior [6].

2.3 Conceptual framework: human-driven macroscopic
superposition

We propose a new interpretation of a macroscopic qubit based
on ensemble human agency. Rather than preparing a single
physical system in a coherent superposition, we treat the bi-
nary decisions of many human participants � such as select-
ing �heads� or �tails� for a coin �ip � as forming a statistical
superposition:

j i =
1
p

2
(jHeadsi + jTailsi ) : (2)

In this framework, each human choice acts as a proba-
bilistic contribution to an unresolved state. The �nal state re-
mains unresolved until a collective measurement aggregates
the ensemble. The system collapses when the fraction of
human choicesfH crosses a de�ned decision boundary (e.g.
fH > 0:5). This threshold is not a statistical con�dence level
but a deterministic collapse condition de�ned by the ensem-
ble dynamics. A critical number of participantsNc may be
required to ensure the superposition collapses reliably, draw-
ing parallels to decoherence thresholds and sampling theory.

This model di� ers from traditional qubits in that it does
not rely on phase coherence or physical isolation. Instead, it
leverages uncertainty in aggregated human decisions to sim-
ulate quantum behavior at macroscopic scales. The collapse
process is driven by observation � either by a human ob-
server or an algorithmic tally � mirroring the role of mea-
surement in standard quantum mechanics.

2.4 Relation to Objective Reduction and spacetime dis-
creteness

Penrose’s Objective Reduction (OR) model [7] o� ers a gravi-
tational mechanism for wavefunction collapse, proposing that
superpositions involving signi�cantlydi� erent spacetime cur-
vatures become unstable and collapse spontaneously. This
implies that the quantum-classical boundary is not merely
a matter of environmental decoherence but may depend on
gravitational self-energy and spacetime geometry.

In our macroscopic model, we hypothesize that the num-
ber of human participants required to induce collapse (Nc)
could scale with gravitational instability in the superposed
con�gurations. If collective human agency acts as a measure-
ment mechanism, it may couple to gravitational degrees of
freedom, potentially enabling tests of spacetime discreteness
or quantum gravity e� ects [8,9].

This framework suggests a novel approach to probing
quantum foundations: by treating human statistical ensem-
bles as macroscopic qubits, we open a pathway to explore
whether conscious agents can drive collapse and whether
such collapse is in�uenced by gravity.

2.5 Measurement dynamics

We propose to use an ensemble number of people making a
choice to place the coin on heads or tails. Each qubit state is
determined by the ensemble average to be heads or tails upon
collapse. The collapse is modeled as:

j i
Human Average
�����������!

8>><
>>:
jHeadsi if fH > 0:5 ;
jTailsi if fH < 0:5 ;

(3)

where fH is the fraction of heads across all choices. Ties
( fH = 0:5) may requireNc to break ambiguity.

2.6 Threshold e� ects

We hypothesize the existence of a critical thresholdNc � the
minimum number of human participants required to induce
collapse. This could parallel decoherence thresholds in stan-
dard quantum systems.

Clarifying the term �quantum-like�

Throughout this paper, we refer to theproposed human-driven
systems as exhibiting �quantum-like� behavior. By this, we
do not mean that the system is merely a classical simulation
of quantum mechanics. Rather, we suggest that collective hu-
man agency � particularly when treated as unresolved until
a �nal ensemble average is observed � shares key structural
and operational features with quantum systems. These in-
clude:

� Representation of states in a Hilbert space,
� Superposition of possible outcomes prior to measure-

ment,
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� Collapse dynamics triggered by observation or ensem-
ble resolution,

� Rule-based analogs of entanglement and quantum gate
operations.

Importantly, we do not assume that human agency is a
classical stochastic process. Instead, we remain open to the
possibility � motivated by Penrose’s Objective Reduction
(OR) and Orch-OR� � that decision-making may involve
non-classical or gravitationally-linked e� ects. Thus, the sys-
tem behaves formally like a quantum information structure,
and may in fact re�ect deeper quantum-gravitational dynam-
ics tied to cognition and observation.

3 Derivation of the human agency qubit

To formally ground the concept of a macroscopic qubit gov-
erned by human agency, we now derive its structure within
the framework of quantum information theory. We demon-
strate that the ensemble of human decisions admits a Hilbert
space representation, forms legitimate superposition states,
and permits a meaningful projection-based collapse rule anal-
ogous to standard quantum measurement. This section pro-
vides the mathematicaland conceptualsca� olding for the cen-
tral hypothesis of the paper: that collective human decisions
can simulate quantum superposition and collapse dynamics.

3.1 Single participant as a basis state

We begin by modeling each human participant as a binary
decision-maker who consciously chooses either �heads� (H)
or �tails� (T). These are mapped onto orthonormal quantum
basis states:

jHi � j 0i ; jTi � j 1i : (4)

Each participant thus occupies a two-dimensional Hilbert
spaceC2 analogous to a qubit in quantum mechanics.

3.2 Ensemble state prior to measurement

Let N participants each make a choice, which is kept hidden
prior to tallying. The overall system can be represented as a
tensor product of individual states:

j	 i = j 1i 
 j  2i 
 � � � 
 j  Ni : (5)

Assuming no predetermined decisions, each person exists
in a balanced undecided state:

j i i =
1
p

2
(j0i + j1i ) : (6)

The total state becomes a uniform superposition over all
possible 2N outcome strings:

j	 i =
NO

i=1

1
p

2
(j0i + j1i ) =

1
2N=2

X

x2f0;1gN

jxi : (7)

� Orchestrated Objective Reduction

This state spans the 2N-dimensional Hilbert spaceH =
(C2)
 N.

3.3 Macroscopic collapse rule

We de�nea macroscopic observable: the majoritychoice frac-
tion

fH =
1
N

NX

i=1

xi ; (8)

wherexi = 0 for heads andxi = 1 for tails. A measurement
projects the superposition onto one of two macrostates:

j	 i
tally
���!

8>><
>>:
jMajHi if fH < 0:5 ;
jMajTi if fH > 0:5 :

(9)

Here, jMajHi and jMajTi are de�ned as normalized su-
perpositions over all strings with majority heads or tails, re-
spectively:

jMajHi =
1

p
NH

X

x2f0;1gN

#(0)>#(1)

jxi ; (10)

jMajTi =
1

p
NT

X

x2f0;1gN

#(1)>#(0)

jxi ; (11)

where NH and NT are normalization factors counting the
number of majority heads or tails con�gurations.

3.4 Hilbert space structure and interpretation

This derivation con�rms that the system ofN human deci-
sions admits a quantum-like structure:

� Each participant is a 2-state quantum object.
� The ensemble spans a Hilbert spaceH = (C2)
 N.
� Prior to tallying, the system resides in a uniform super-

position over 2N microstates.
� Measurement projects onto macrostates based on the

majority decision, simulating a quantum collapse.
This framework underpins the proposed human agency

qubit and supports its use in de�ning higher-order quantum
gates and algorithms in subsequent sections.

4 The macroscopic qubit proposal

Building upon the formal derivation in §3, we now shift from
theoretical structure to practical implementation. The macro-
scopic qubit de�ned by human agency exists as a distributed
ensemble across multiple conscious agents, each of whom se-
lects between two de�ned basis states: �heads� or �tails�.
This collective system resides in a quantum-like unresolved
state until measurement � here de�ned as the aggregation of
all participant decisions � is performed. This section out-
lines how such macroscopic qubits can be constructed, col-
lapsed, and manipulated in both physical and virtual settings.

Travis S. Taylor. Testing Objective Reduction via Collective Human Measurement: A Macroscopic Qubit Proposal 67



Volume 21 (2025) PROGRESS IN PHYSICS Issue 1 (June)

4.1 Operational representation and collapse rule

The macroscopic qubit exists in a latent state until a majority
decision amongN participants is tallied. The state is inter-
preted as:

j i =
1
p

2
(jHeadsi + jTailsi ) ; (12)

where �heads� and �tails� are collective macrostates de�ned
by a statistical majority. Collapse occurs through measure-
ment of the ensemble average:

j i
Tally
���!

8>><
>>:
jHeadsi if fH > 0:5 ;
jTailsi if fH < 0:5 ;

(13)

with fH denoting the fraction of participants who selected
�heads�. A perfect tie (i.e.fH = 0:5) may require an external
tiebreaker, a re-measurement, or a minimum thresholdNc to
resolve ambiguity.

4.2 Interpretation of superposition

Unlike microscopic qubits, which maintain quantum phase
coherence across superposed basis states, the macroscopic
qubit’s superposition is epistemic � rooted in the unresolved
knowledge of the ensemble rather than a physical quantum
state. Nevertheless, as shown in §3, the system’s collective
Hilbert space structure and projection-based measurement ru-
les replicate the algebraic and statistical behavior of genuine
quantum states.

4.3 Physical vs. virtual implementation

There are multiple modalities for realizing macroscopic qu-
bits in practice:

� Physical implementation: Each participant chooses
heads or tails with a real coin and records the outcome
privately. Results are then aggregated to determine the
collapsed state. The coin acts as a symbolic mediator
rather than a literal superposed system.

� Virtual implementation: Participants use an online
interface or app to select a value (heads or tails), with
the results aggregated in real-time. This enables scal-
able, synchronous experiments with thousands of glo-
bal participants � similar to the infrastructure of the
Big Bell Test [3].

In both cases, it is critical that the outcome is hidden until
the �nal tally, preserving the ensemble’s unresolved state and
ensuring authentic collapse behavior.

4.4 Measurement and observer role

Measurement is not performed on each participant’s individ-
ual choice but on the aggregated majority. This aggregate
observation ful�lls the quantum role of �collapse� from a
system-wide perspective. The observer in this context may
be human (e.g. a coordinator) or algorithmic (e.g. a tallying

server), but in both cases the tally marks the point of transi-
tion from superposition to resolved classical state.

4.5 Robustness to environmental noise

Because macroscopic qubits in this model do not rely on
maintaining quantum phase coherence, they are naturally ro-
bust against decoherence in the traditional sense. Instead, er-
rors arise from incomplete data, human indecision, or mea-
surement bias, which can be handled through classical redun-
dancy, majority voting, or sampling corrections. This sug-
gests a new paradigm of quantum-like computation where
resilience arises from statistical mechanics rather than cryo-
genic isolation.

4.6 Implications for qubit scaling

This framework permits large-scale implementation of qubits
without the technological burdens of traditional quantum sys-
tems. Assuming a critical number of participantsNc (further
explored in §6) is available per qubit, a multi-qubit system
can be constructed withM � Nc participants, enabling simu-
lation of quantum algorithms on crowdsourced platforms.

4.7 Link to Objective Reduction and cognitive measure-
ment

As with Penrose’s OR model, the macroscopic qubit collapse
may re�ect deeper links between spacetime geometry and
measurement. If the decision and measurement processes are
mediated through conscious observation, then human agency
might act as a gravitationally relevant component of collapse
� especially in large-scale ensembles. This motivates ex-
perimental tests not only of collapse thresholds but also of
possible correlations with gravitational self-energy or spatial
con�guration.

5 Building a macroscopic quantum computer

5.1 Scaling to multiple qubits

Assuming a critical thresholdNc participants can control a
single macroscopic qubit, we propose constructing a 10-qubit
system using 10� Nc participants as discussed in §2.

This could be implemented in reality with N individuals
taking turns choosing with one coin or many choosing with
multiple coins. The end resulting ensemble average is the
qubit’s �nal state. This could also be done virtually on a com-
puter.

5.2 Entanglement and quantum gates

To perform quantum computation, qubits must be entangled
and manipulated through quantum gates. Participants would
coordinate their choices across qubits to implement entan-
gling operations like the CNOT gate. For example, a control
group could synchronize their decisions based on the state of
another qubit, enabling conditional logic between pennies.
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To demonstrate the Einstein-Podolsky-Rosen (EPR) ex-
periment [1], we propose entangling two macroscopic penny
qubits. Participants controlling each qubit would coordinate
their choices to maintain entanglement. Measurements on
one penny would instantaneously in�uence the state of the
other, showcasing nonlocal correlations. By varying the mea-
surement bases chosen by the participants, we could observe
violations of Bell inequalities, providing macroscopic evi-
dence of quantum entanglement.

The protocol for the EPR demonstration involves:
1. Preparing two penny qubits in a maximally entangled

Bell state.
2. Assigning separate groups of participants to each qubit.
3. Instructing participants to randomly select measurem-

ent bases.
4. Recording outcomes to analyze correlations and test

Bell inequalities.
This experiment would serve as a proof-of-concept for the

macroscopic quantum computer’s ability to simulate funda-
mental quantum phenomena.

5.2.1 Actions required by qubit participants for gate op-
erations

In the macroscopic quantum computer, human participants
will perform speci�c actions to emulate quantum gate opera-
tions. Below are the required actions for each gate:

Hadamard gate (H) The Hadamard gate creates a super-
position from a basis state. Participants representing a qubit
apply the Hadamard by randomly deciding between �heads�
and �tails� for the penny, ensuring a 50/50 probability for
each outcome. This random choice simulates the creation of
a superposition state:

j0i
H
�!

1
p

2
(j0i + j1i ) : (14)

CNOT gate The CNOT gate entangles two qubits. Partic-
ipants controlling the control qubit observe its state �rst. If
the control qubit is in the �heads� state, participants manag-
ing the target qubit �ip its state (from heads to tails or vice
versa). If the control qubit is �tails�, no action is taken on the
target qubit. This action implements the CNOT operation:

jc; ti
CNOT
�����! j c; t � ci : (15)

Pauli-X gate (NOT gate) To perform a Pauli-X gate, par-
ticipants �ip the state of the penny. If the penny shows heads,
they �ip it to tails, and vice versa. This simulates the quantum
NOT operation:

j0i
X
�! j 1i ; j1i

X
�! j 0i : (16)

Measurement For measurement, participants agree on a
basis (e.g.Z-basis orX-basis). They then observe the penny
and record the outcome. In experiments like the EPR test,
di� erent participant groups will select measurement bases at
random to ensure the integrity of Bell inequality testing.

These collective human-driven actions enable the execu-
tion of quantum gate operations in the macroscopic quantum
computer, mirroring traditional quantum computations.

5.2.2 Programming the macroscopic quantum computer
for EPR using Qiskit

To program our macroscopic quantum computer to demon-
strate the EPR experiment, we can utilize Qiskit as a frame-
work to design and visualize the quantum circuit [11]. The
outcome of the EPR experiment can be coded and imple-
mented on the IBM quantum computer for comparison. Be-
low is an example Qiskit code to create a Bell state and per-
form measurements in varying bases:

Fig. 1: Qiskit code to generate and measure an EPR Bell state.

Participants would emulate these operations by making
choices corresponding to the gates and measurements in the
Qiskit code. The Hadamard gate creates superposition, the
CNOT entangles the qubits, and the measurement step col-
lapses the system, mirroring the behavior of the programmed
circuit.

This experiment would serve as a proof-of-concept for the
macroscopic quantum computer’s ability to simulate funda-
mental quantum phenomena.

5.2.3 Circuit diagram and gate descriptions

The quantum circuit for the EPR (Bell) experiment consists
of the following gates applied sequentially:

� Hadamard gate (H): Applied to the �rst qubit to cre-
ate a superposition state.

� CNOT gate: Entangles the �rst qubit (control) with the
second qubit (target).

� Measurement: Both qubits are measured in the com-
putational basis.

The following matrix representations describe the gates
used:
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Hadamard gate (H):

H =
1
p

2

"
1 1
1 � 1

#
(17)

CNOT gate:

CNOT =

2
6666666666664

1 0 0 0
0 1 0 0
0 0 0 1
0 0 1 0

3
7777777777775

(18)

TheCNOT gateuses a control qubit and a target qubit:
� A solid dot indicates the control qubit.
� A circle with a plus sign (+) marks the target qubit.
� If the control qubit is in statej1i , the target qubit under-

goes a NOT (X) operation.
The full circuit is depicted in Fig. 2.

Fig. 2: EPR (Bell) State Circuit with labeled Hadamard, CNOT, and
Measurement gates.

5.2.4 Mathematical framework and Bell inequality cal-
culations

The EPR experiment relies on creating a Bell state [2]:

j	 + i =
1
p

2
(j01i + j10i ) : (19)

Measurements on this state in di� erent bases can reveal
violations of Bell inequalities. The CHSH (Clauser-Horne-
Shimony-Holt) inequality provides a testable framework [10]:

S = jE(a;b) + E(a0;b) + E(a;b0) � E(a0;b0)j 6 2 ; (20)

whereE(a;b) is the correlation coe� cient between measure-
ment settingsa andb.

Quantum mechanics predicts violations up toS = 2
p

2
for appropriately chosen settings.

The correlation coe� cient is computed as:

E(a;b) = P00(a;b) + P11(a;b) � P01(a;b) � P10(a;b) ; (21)

wherePi j (a;b) is the probability of measuring outcomesi and
j for settingsa andb.

Participants would select measurement settings corresp-
onding toa;a0;b;b0 and record outcomes, enabling the calcu-
lation ofS and veri�cation of Bell inequality violations.

5.3 Quantum circuit implementation

Participants could follow prede�ned quantum circuits, choos-
ing heads or tails to enact speci�c gate operations. This hu-
man-driven approach would allow for the construction of
complex quantum algorithms, with collective human agency
serving as the mechanism for both superposition collapse and
qubit manipulation.

5.4 Error correction and stability

Given the macroscopic nature of the system and human in-
volvement, error correction protocols would be essential. Ma-
jority voting among participants, redundancy in group assign-
ments, and error-checking procedures could help maintain
computational integrity.

6 Determining the critical threshold Nc

The critical thresholdNc represents the minimum number of
human participants required to reliably induce the collapse of
a macroscopic superposition de�ned by collective choice. We
propose thatNc can be estimated through multiple comple-
mentary approaches, all suggesting that collapse is a function
of collective information processing, statistical precision, and
gravitational instability. This section uni�es these approaches
and derives the scaling behavior ofNc in a single framework.

6.1 Uni�ed collapse framework: decoherence, statistics,
and gravity

We consolidate four perspectives into a common scaling fra-
mework forNc:

� Decoherence analogy:Human choices act as an envi-
ronment. Collapse occurs when decoherence time� D
becomes shorter than system coherence time.

� Statistical sampling: Ensemble averaging must resol-
ve a decision with con�dence level� , following bino-
mial error bounds.

� Percolation thresholds: Collapse requires a critical
number of interconnected participants to exceed a de-
cision percolation threshold.

� Gravitational Objective Reduction (OR): Collapse is
driven by the gravitational self-energy� EG of the su-
perposed macrostates, as proposed by Penrose.

These perspectives all imply a thresholdNc that deter-
mines when resolution occurs. In the OR framework, this col-
lapse is objective and gravitational; in the ensemble model, it
is probabilistic and informational. We treat both as comple-
mentary.
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6.2 Key scaling relations

We present the collapse framework in a uni�ed mathematical
block:

(1) Gravitational self-energy:

� EG =
G
2

Z Z �
� (r ) � � 0(r )

� �
� (r0) � � 0(r0)

�

jr � r0j
d3r d3r0 (22)

(2) OR collapse time:

� �
~

� EG
(23)

(3) Human collapse timescale:

� H /
1
Nc

(24)

(4) Threshold scaling:

Nc /
� EG

~
(25)

Eq. (25) encapsulates the central hypothesis: greater grav-
itational self-energy between superposed states reduces the
number of participants required for collapse. This provides a
bridge between observer-driven and objective collapse mech-
anisms.

6.3 Statistical estimation ofNc

Independent of gravity, we can estimateNc based on the con-
�dence level required to distinguish two ensemble outcomes.
Treating human decisions as a binomial process with proba-
bility p = 0:5, the standard error is:

SE=
r

p(1 � p)
N

=
1

2
p

N
: (26)

To achieve con�dence� , we solve:

Z � SE6 � ) Nc >
� Z
2�

� 2
: (27)

Here,Z is the Z-score corresponding to the desired con-
�dence level of the decision threshold � for example,Z =
1:96 for a 95% con�dence interval. This ensures that the en-
semble average deviates from 50% by more than� with the
speci�ed level of certainty.

This gives a statistical lower bound onNc, which can be
adjusted upward if gravitational e� ects weaken the ensem-
ble’s collapse in�uence.

6.4 Percolation and network collapse analogy

If participants are modeled as nodes in a network, collapse
may only occur when the connectivity of decision alignment

percolates. For a 2D lattice, the percolation threshold is ar-
oundpc � 0:59. This suggests that a critical fraction of par-
ticipants must reach coherence before the system-wide state
can resolve. This provides a geometrical or network-theoretic
perspective onNc, complementary to both statistical and gra-
vitational models.

6.5 Distance and spatial separation e� ects

From Penrose’s model, the self-energy� EG increases with
spatial separationd between superposed states of massm. In
simple cases:

� EG /
Gm2

d
) Nc /

1
� EG

/
d

Gm2 : (28)

Thus, increasing the spatial separation between superpo-
sed con�gurations (e.g. the location of a �heads� vs. �tails�
penny) increases the gravitational instability, decreasing the
required number of human agents to induce collapse. Con-
versely, minimal displacement requires largerNc.

6.6 Summary and experimental implications

These models converge on the idea thatNc is a tunable param-
eter re�ecting the interplay of statistical certainty, observer
participation, and gravitational geometry. Experiments vary-
ing:

� The massm and displacementd of superposed macro-
states,

� The number of participantsN,
� The spatial distribution and timing of decisions,

can be used to test which collapse mechanism dominates, and
to empirically validate or constrain the proposed scaling of
Nc. §5.2.4 applies this framework to entangled macroscopic
qubits and spatial separation e� ects.

7 Extending to qudits: human-driven collapse beyond
binary

While the macroscopic qubit model focuses on binary choices
(heads or tails), the framework can be naturally extended to
qudits � quantum systems with d discrete levels � by in-
creasing the number of available outcomes. In this extended
model, each participant chooses an integer value from a pre-
de�ned set, such asf1;2; : : : ;10gfor a 10-dimensional qudit.

Participants would no longer act as binary agents, but as
selectors from ad-level Hilbert space:

j i =
1

p
d

dX

k=1

jki ; (29)

representing an equal superposition overd outcomes. The
system remains in superposition until the collective human
choices are measured and tallied.
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Virtual die analogy One practical implementation is to pre-
sent participants with a virtual 10-sided die and ask them to
consciously select a number between 1 and 10. The �nal
collapsed state of the qudit is the statistically dominant out-
come across the ensemble. This approach preserves the role
of human agency while expanding the dimensionality of the
macroscopic quantum system.

Measurement dynamics Let fk be the fraction of partici-
pants who chose outcomek. The system collapses to the state
jk� i corresponding to the outcome with the highest frequency:

j i
Human Choice
����������! j k� i ; wherek� = arg max

k
fk : (30)

Applications and scalability Using qudits enables more
compact encoding of quantum information, reduces the num-
ber of participant groups needed for certain algorithms, and
opens the door to simulating higher-dimensional quantum
gates. Human-driven implementations of qutrits (d = 3) or
higher-dimensional logic gates could expand the scope of the
macroscopic quantum computer beyond what binary ensem-
bles allow.

Future studies could explore the threshold numberN(d)
c

required for qudit-level collapse, as well as investigate the
impact of perceptual biases in number selection (e.g. pref-
erence for round numbers) on statistical coherence in high-
dimensional spaces.

8 Scaling to a giant macroscopic quantum computer

8.1 Inspiration from the three-body problem

The concept of using human agency as computational ele-
ments draws inspiration from Liu Cixin’sThe Three-Body
Problem, where an army of soldiers forms a massive human-
based computer to solve complex problems [12]. In that �c-
tional scenario, each soldier acts as a simple logic gate or bit,
with coordination enabling large-scale computation.

Adapting this idea to quantum computing, we propose ex-
tending the macroscopic qubit model to create a vast human-
driven quantum computer, wherearmiesof participants col-
lectively perform quantum operations. Unlike classical bits,
which hold de�nitive states of 0 or 1, macroscopic qubits
embody superpositions, entanglement, and collapse dynam-
ics, enabling powerful quantum computations on a human
scale.

8.2 Human-driven quantum architecture

8.2.1 Participant organization

In a giant macroscopic quantum computer, participants are
organized hierarchically:

� Qubit groups: Each macroscopic qubit is controlled
by a group ofNc participants responsible for inducing
collapse through collective choices, as outlined in pre-
vious sections of this paper.

� Gate operation teams:Specialized groups coordinate
between qubit groups to implement entangling gates
(e.g. CNOT) and single-qubit operations (e.g. Hada-
mard, Pauli-X).

� Measurement collectives:Designated participants re-
cord and analyze outcomes, maintaining the system’s
coherence and consistency.

There would have to be specialty groups trained to per-
form the tasks assigned to the group. There would be Hada-
mard Gate groups, for example trained to only operate as a
Hadamard Gate with known inputs giving known outputs.
Likewise, all of the quantum computing components would
require specialty trained participants.

8.2.2 Quantum circuit execution

The execution of complex quantum algorithms, such asShor’s
or Grover’s algorithms, would involve:

1. Preparation: Participants initialize macroscopic
qubits in de�ned states, possibly using shared visual
cues or symbolic objects (e.g. pennies, cards) to repre-
sent qubit states.

2. Gate application: Coordinated groups execute gate
operations, ensuring phase coherence andentanglement
are preserved. Timing synchronization becomes cru-
cial, possibly managed via visual or auditory signals.

3. Measurement and readout: Upon completing the
computation, participants collectively measure qubit
states, collapsing the superpositions and yielding the
�nal result.

8.3 Scaling challenges and error correction

Scaling to thousands or millions of participants introduces
signi�cant challenges:

� Decoherence and synchronization:Ensuring all par-
ticipants act within coherent timeframes is critical. De-
coherence could be modeled as human-induced �noise�
leading to erroneous operations.

� Error correction: Implementing quantum error cor-
rection codes (e.g. Shor’s or Steane codes) would re-
quire additional participant groups dedicated to detect-
ing and correcting mistakes.

� Communication overhead: Managing coordination
between thousands of individuals introduces latency
and complexity, echoing issues in distributed quantum
systems.

8.4 Emergent quantum phenomena and philosophical
re�ections

Collective human choices might yield emergent phenomena,
echoing Orch-OR [13] and quantum consciousness models
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[14]. The quantum-classical boundary could shift with scale,
probing discreteness e� ects [15]. A giant human-drivenquan-
tum computer invites philosophical considerations:

� Collective consciousness:Could collective human
choices, entangled across macroscopic qubits, create
emergent cognitive phenomena? This echoes questions
from Penrose and Hamero� ’s Orch-OR model [13].

� Quantum-classical boundary:Scaling to a vast num-
ber of participants blurs the line between quantum and
classical behavior, o� ering an experimental platform to
probe the quantum-to-classical transition.

� Ethics and agency: Involving human participants as
computational agents raises ethical considerations, es-
pecially regarding agency, consent, and cognitive load.

8.5 Symbolic parallels: quantum computing and the
kabbalistic tree of life

To illustrate the intersection of abstract computation and sym-
bolic meaning, Fig. 3 presents a side-by-side comparison of a
quantum logic board game diagram [18] and the Kabbalistic
Tree of Life [19].

Fig. 3: Left: A tabletop quantum computing game. Right: The Kab-
balistic Tree of Life.

While the two images emerge from vastly di� erent tradi-
tions � one scienti�c, the other esoteric � they share strik-
ing structural similarities: nodes connected by pathways, rep-
resenting possible transformations or �ows of information. In
the quantum circuit model, these nodes are qubit states ma-
nipulated by unitary gates. In theTree of Life, they represent
spiritual emanations (Se�rot) connected by paths of experi-
ence and causality.

This visual juxtaposition is not intended to suggest that
quantum computing is mystical or that Kabbalah is scien-
ti�c, but rather to acknowledge that both systems organize
complex, interconnected structures of transformation. The
board game formalism provides an intuitive, tangible version
of quantum algorithms; theTree of Lifeo� ers a metaphysical
map of potential states of being. Both can serve as cognitive

sca� olds for reasoning about multidimensional processes �
whether physical or philosophical.

As this project touches on the role of collective human
agency in quantum collapse, it is useful to consider how an-
cient symbolic systems might resonate with emerging quan-
tum paradigms. The idea that observers (or agents) move
through pathways of decision and transformation is not new
� it is only now that it may be quanti�ed and tested.

8.6 Diagram: macroscopic human agency quantum
computer

As shown in Fig. 4, the system architecture consists of dis-
tributed participant groups, synchronization protocols, and
symbolic entanglement layers designed to simulate quantum
operations.

Fig. 4: A schematic of the Macroscopic Human Agency Quantum
Computer.

Component descriptions and intentions

1. Human qubit group ( Nc participants): These groups
form the core computational units, analogous to qubits
in standard quantum computers. Each contains a criti-
cal number of human participantsNc whose collective
decisions statistically determine the state of a macro-
scopic qubit (e.g. heads or tails). The unresolved state
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prior to tallying represents a human-induced superpo-
sition.

2. Inter-qubit coordination links: These represent syn-
chronized decision protocols or communication path-
ways between qubit groups. They enable the simula-
tion of quantum entanglement and conditional logic,
such as CNOT operations, through coordinated human
action.

3. Gate operation teams (Hadamard, CNOT, etc.):
Specialized participant teams implement quantum ga-
tes by directing how qubit groups make decisions. For
example, Hadamard groups introduce randomized
choices, while CNOT groups conditionally �ip a target
qubit based on the state of a control qubit.

4. Central control interface (AI /protocol manager):
This system ensures coherence across the macroscopic
quantum network by managing timing, sequence of op-
erations, and synchronization between participant
groups. It functions like a classical clock or control bus
in digital computers but mediates human-based gate ex-
ecution.

5. Measurement and collapse recorder:At the end of
each computation, this module collects the aggregated
choices of each qubit group to collapse their superposi-
tion states. It may be a physical tally, a digital compu-
tation, or a symbolic reveal, serving as the observer in
quantum measurement theory.

6. Redundancy and error correction pools: These
backup participants or decision-checking algorithms
emulate quantum error correction by mitigating errors
in human decision-making. Majority voting, parity
checks, or redundant encoding strategies ensure con-
sistency in macroscopic qubit behavior.

7. Virtual participation hub: This represents the distrib-
uted nature of the platform, allowing participants to
contribute from remote locations via a digital interface.
Inspired by the Big Bell Test, it scales participation
globally and democratically, transforming computation
into a crowdsourced quantum simulation.

8. Entanglement visual zones:Symbolic areas denot-
ing nonlocal correlations between qubit groups. These
highlight how group outcomes may statistically in�u-
ence or mirror each other despite spatial separation,
simulating Bell-type entanglement in a macroscopic
context.

9. Collective consciousness layer:An abstract represen-
tation of the hypothesis that coordinated human inten-
tion may itself be a source of quantum-like coherence.
While speculative, it aligns with theories such as Orch-
OR and invites philosophical exploration into the rela-
tionship between consciousness and quantum collapse.

8.7 Potential experimental realizations

While a fully operational giant macroscopic quantum com-
puter remains speculative, smaller-scale prototypes could be
tested:

� Crowdsourced experiments:Leveraging online plat-
forms to coordinate thousands of participants globally,
similar to the Big Bell Test [3].

� Physical assemblies:Large-scale gatherings (e.g. sta-
diums) where participants physically represent qubits
and gates, following choreographed routines to execute
quantum circuits.

� Hybrid systems: Combining human-driven elements
with classical computational assistance to manage co-
ordination and error correction.

8.8 Implications and future directions

Constructing a giant macroscopic quantum computer chal-
lenges conventional paradigms of computation, observation,
and agency. It bridges quantum physics, consciousness stud-
ies, and complex systems, o� ering a unique platform to ex-
plore the intersection of physical laws and human cognition.

Future research could focus on:
� Formalizing models of large-scale human-driven quan-

tum systems.
� Developing protocols for error correction and synchro-

nization in macroscopic qubit networks.
� Exploring philosophical and cognitive implications of

collective quantum computation.

9 Implications and future work

This proposal rede�nes the quantum-classical divide by posit-
ing human agency as a collapse mechanism for macroscopic
qubits, where a penny’s state emerges not from a single quan-
tum superposition but from the statistical average of collec-
tive human �ips. Unlike traditional qubits con�ned to mi-
croscopic scales by decoherence [6], this ensemble approach
sidesteps physical coherence challenges, suggesting that ma-
croscopic quantum phenomena might hinge on observer-dri-
ven statistics rather than isolated systems. If validated, this
could imply that quantumness scales with collective intent,
potentially echoing Penrose’s Objective Reduction (OR) [7]
where gravitational e� ects amplify with participant number,
or even hinting at spacetime discreteness shaping statistical
outcomes [8,9].

The implications span physics, computation, and philos-
ophy. Physically, it challenges the notion that quantum ef-
fects vanish at macroscopic scales, o� ering a testbed for the-
ories like OR or quantum cognition [14] � could human
decisions, aggregated over thousands, mirror quantum pro-
cesses in the brain? Computationally, a human-driven quan-
tum computer could democratize quantum technology, trad-
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ing cryogenic labs for crowdsourced networks, though at the
cost of precision and speed compared to silicon-based qubits
[5]. Philosophically, it blurs the line between observer and
system, raising questions about free will, collective consci-
ousness, and the nature of reality: ifNc humans collapse a
qubit, does their agency entangle with the cosmos?

Future work will prioritize three areas:

1. Formalizing collapse dynamics: Develop a rigorous
statistical model for the ensemble qubit, re�ningNc
with binomial distributions. ForN �ips with p = 0:5,
the standard error SE=

p
p(1 � p)=N suggestsNc �

104 for a 95% con�dence interval (SE< 0:005), but
gravitational or network e� ects (e.g. percolation [16])
could shift this. Simulations will test if� EG scales
meaningfully withN, probing Penrose’s hypothesis.

2. Experimental realizations: Launch a pilot with 1,000
participants choosing heads or tails online, measuring
fH convergence rates and Bell correlations across two
groups. A 10-qubit prototype will follow, using AI to
sync 10� Nc �ips, targeting a simple algorithm (e.g.
Deutsch’s) to benchmarkagainst Qiskit simulators [11].
Physical gatherings (e.g. stadium-scale) could explore
real-time dynamics.

3. Scaling beyond 10 qubits: Scaleto millions via phased
recruitment, leveraging cloud platforms and AI-driven
signals for gate execution and error correction. Each
qubit’s state, an average overNc �ips, requires robust
protocols � e.g. majorityvoting or Steane codes adapt-
ed for human noise. A �giant� system might compute
Shor’s algorithm, testing if human ensembles rival qua-
ntum hardware.

This framework’s scalability hinges on technology and hu-
man coordination. A 10-qubit system withNc � 104 de-
mands 100,000 participants, manageable via global crowd-
sourcing, while millions could push macroscopic quantum-
ness to unprecedented scales. AI will be key, predicting �ip
patterns to minimize latency and decoherence-like errorsfrom
misaligned choices. Success could rede�ne quantum com-
puting as a participatory science, merging human cognition
with fundamental physics, and invite radical questions: does
collective will imprint on spacetime, as discreteness models
suggest [17]? Future experiments will chase these horizons,
blending empirical rigor with speculative wonder.

10 Conclusion
In this paper, we have proposed a novel framework for con-
structing macroscopic qubits driven by human agency, ex-
ploring the intersection of quantum mechanics, conscious-
ness, and gravitational e� ects. Drawing inspiration from the
Big Bell Test, we extended the notion of observer-induced
collapse to a macroscopic scale, using human choices as a
direct mechanism for collapsing a superposition state.

We outlined the conceptual basis for using simple macro-
scopic objects, such as pennies, as qubits and examined how
collective human choices could act as a measurement appa-
ratus. Through the exploration of entanglement possibilities
and quantum gate operations, we proposed the construction of
a human-driven macroscopic quantum computer capable of
demonstrating complex quantum phenomena, including the
Einstein-Podolsky-Rosen (EPR) experiment and violations of
Bell inequalities.

A critical component of this study was the investigation
into the threshold number of participants (Nc) required to in-
duce collapse. By examining analogies with quantum de-
coherence, statistical sampling, percolation theory, and Pen-
rose’s Objective Reduction (OR) model, we provided multi-
ple pathways to estimateNc. The integration of Penrose’s OR
theory introduced a gravitational dimension to the collapse
process, suggesting that mass distribution and spatial separa-
tion could in�uence collapse dynamics and potentially reduce
the human e� ort needed for macroscopic quantum control.

This interdisciplinary approach challenges conventional
boundaries between quantum and classical systems, o� ering
insights into the nature of consciousness, observation, and
reality. While speculative, this framework opens new av-
enues for experimental validation, especially in testing gravi-
tational in�uences on quantum systems and the role of human
agency in quantum measurements. While the framework is
speculative and metaphorical in parts, its purpose is to probe
the intersection of quantum mechanics, human cognition, and
observer-based collapse in novel ways. Empirical tests will
be critical to validate or falsify these claims.

Future work will focus on re�ning the theoretical models
for Nc, designing experimental setups to test gravitationally-
in�uenced collapse, and scaling the human-driven quantum
computer beyond the proposed 10-qubit system. Addition-
ally, deeper exploration into the relationship between con-
sciousness and quantum mechanics, as suggested by theOrch-
OR model, could o� er profound insights into the nature of
reality itself.

This study represents a �rst step in reimagining quantum
systems not just as abstract mathematical constructs, but as
entities deeply intertwined with human experience and fun-
damental spacetime structures.
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Neutrino Masses and Their Oscillation Periods Calculated using Wheeler’s
Geometrodynamics Agree with the Neutrino-4 Experiment

Anatoly V. Belyakov
Tver, Russia. E-mail: belyakov.lih@gmail.com

The values of the masses of the Majorana and sterile neutrinos and the period of their
oscillations, calculated on the basis of a physical model based on J. Wheeler’s geometro-
dynamics, coincide with the results obtained in the Neutrino-4 Experiment.

The results of the recent Neutrino-4 Experiment to search for
sterile neutrinos, which was carried out by teams from the
Kurchatov Institute and the B. P. Konstantinov Petersburg In-
stitute of Nuclear Physics, allow us to estimate the sterile neu-
trinos mass at (2.70� 0.22) eV, which does not contradict the
other experiments results within the 3� experimental error
contours [1].

The oscillation period for a neutrino energy of 4 MeV is
1.4 m, Fig. 1 (quoted from [1]). It was also found the Majo-
rana neutrino mass value, obtained with the Neutrino-4 oscil-
lation parameters, to be (0.25� 0.09) eV.

Fig. 1: Full curve of the oscillation process from the centre of the
reactor core. Quoted from [1].

But it should be emphasized that it is these parameters
that follow from the accepted neutrino model [2] and, in gen-
eral, from the physical model of microphenomena outside the
SM framework and based on the mechanistic interpretation
of J. Wheeler’s geometrodynamics, previously described in
works [3�6] and others. This model makes it possible to
directly calculate the parameters of neutrinos and other mi-
croparticles.

The mass of the neutrino is determined by introducing
gravity, whose role in the microworld is erroneously denied

in the SM. Let us recall that in the accepted model, the elec-
tron does not rotate around the proton and is not �smeared� in
orbits, but the proton and electron are connected by a vortex
current tube of the drain-source type in an additional dimen-
sion (conditionally, theY-axis). As a result, a closed contour
is formed along which the material medium circulates. The
contour exists due to the equality of gravitational and mag-
netic forces. In the Coulomb-free form, i.e., when replacing
the Coulomb with the valuemec, from this equality it follows
in units ofre:

L = l r =
zg1 zg2

ze1 ze2

(2� 
� e) � [sec]2; (1)

wherezg1, zg2, ze1, ze2, r, l, 
 , � e are the gravitational masses
and charges in the masses and charges of the electron, the
distance between the current tubes and their length, the grav-
itational constant and the electron speci�c density, equal to
me=r3

e. In formula (1), the value ofzg1 is the active part of the
proton mass (i.e., the quark) entering the circulation contour,
zg2 is the electron mass.

According to the accepted model, a vortex tube of radius
re, boson mass M, length l is spirally �lled with a vortex
thread of radiusr. In units ofre andme

M = l = (an)2 ; (2)

r =
c2=3

0

(an)4 ; (3)

wherec0 is the dimensionless speed of lightc=[m/sec],a is
the inverse �ne structure constant,n is the quantum param-
eter. With complete compression of the spiral vortex thread,
the mass-energy of the vortex tube becomes equal to (in units
of mec2)

L = l r =
c2=3

0

(an)2 : (4)

In works [2,4] it is shown when particles to approach each
other at a certain distance, the contour connecting them trans-
fers energy-momentum to the internal structure of the pro-
ton, losing charge, and then is released in the form of a one-
dimensional vortex tube of neutrinos, which carries away the
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electron spin. Neutrino release occurs under the condition
that theY-vortex tube mass-energy in its compressed state
reaches the quark mass-energy, which makes it possible to de-
termine theY-vortex tube quantum parametern� . In work [2]
it was obtained:

n� =
c1=9

0

�
2� 
� e � [sec]2

�1=3

a
= 1:643; (5)

and then the neutrino fermion mass was de�ned as theY-
vortex tubefermion mass m� = 4:39� 10� 7 (0.225 eV) and the
quark massmk = 8:84 (4.51 MeV) was de�ned. The neutrino
exists in this form at the moment of escaping, but since it
has no detectable charge, therefore, then there is a neutrinos’
transforming into some closed structure.

In [3] it is shown the electron vortex tube to contain three
vortex zones. But since one of the zones must necessarily be
double, then there should be four single vortex threads in gen-
eral, containing on average 1/4 of the electron total momen-
tum (charge). Therefore, the neutrino should be considered
as a pair of closed vortex threads of two possible types: a pair
with left-right rotation and, conversely, a pair with right-left
rotation (relative to the axis of motion direction).

In [2], the neutrino closed form mass valuem� was ob-
tained as thegravitational mass, i.e., as the value ofzg1 =
zg2 = m� with ze1 = ze2 = 1

4 e0 and under the assumption that
the vortex thread has the Planck sizer = r~ =

�
~
=c3�1=2 =

5:74 � 10� 21 re, and then

m� = zg = c1=6
0 r1=4

~

�
32� 
� e � [sec2]

� � 1=2
=

= 4:31 � 10� 7 (0:220 eV); (6)

which coincides with the fermionic mass of the neutrino vor-
tex tube. Thus, two di� erent neutrino states with identical
masses are obtained - at the moment of neutrino birth in the
form of the fermionic part of the vortexY-tube and in its �-
nal state in the form of a closed structure having gravitational
mass.

In addition to the work [2], it should be noted that if
we consider a contour consisting of a pair of closed vortex
threads, each having 1/3 of the electron charge, under the con-
dition according to which thegravitational energy-mass of
the particle means to be equal to the energy-mass of the
compressed contour, i.e., whenm� = L = l r , then it will
have the following parameters (in units ofme andre):

m� =
�
18� 
� e � [sec2]

� � 1
= 6:52 � 10� 6 (3:33 eV); (7)

r =
m2

�

c2=3
0

= 9:51 � 10� 17 or 1302 r~ ; (8)

l =
c2=3

0

m�
= 6:86 � 1010 or (1910a)2 : (9)

Here the particle mass depends only on the electron den-
sity and the gravitational constant, and the particle contour
will have very characteristic parameters with axial dimen-
sions close toa2r~ and to the limiting atom size in space [7].
Obviously, such a particle is more fundamental one and in this
form cannot participate in the weak interaction according to
the above mechanism. The limiting energy of such a neutrino
at r ! re would be 6:86� 1010 � 0:511= 3:5 � 1010 MeV (to
date, the highest recorded neutrino energy is 2� 109 MeV).

Thus, the calculated neutrino masses according to the ac-
cepted model are as follows:

a) the neutrino masses at the moment of formation and in
closed form coincide with the Majorana mass of the
electron neutrino obtained in the Neutrino-4 Experi-
ments;

b) the more fundamental neutrino mass actually coincides
with the estimate of the sterile neutrino mass obtained
in the Neutrino-4 Experiments. The discrepancy in the
latter case is not signi�cant, since, as the authors of the
work [1] noted, atL=E > 1 the best �t shifts to the
region of larger values.

Moreover, the period (length) of the oscillations is also
easily determined. Indeed, the speed of the sterile neutrino is
proportional to the square root of the reactor neutrino energies
value to the neutrino energy limiting value ratio:

� = c
�
4 MeV=3:5 � 1010 MeV

�1=2 = 3210 m/sec: (10)

The time constant or duration of oscillations� (like the
proton lifetime [4]) is the ratio of the characteristic size of the
contourr at n� (according to (3), it isr = 1:72 � 10� 4 re =
4:90 � 10� 19 m) to the fundamental rotation speed of the vor-
tex threads, determined from the balance of magnetic and dy-
namic forces [4]:

� 0 =
re

(2� )1=2 � [sec]
= 1:12 � 10� 15 m/sec; (11)

and, accordingly,� = r=�0 = 4:37 � 10� 4 sec. Consequently,
the period (distance) of oscillations for a sterile neutrino is
� � = 3210� 4:37 � 10� 4 = 1:4 m, which exactly coincides
with the experimental value.

As for the oscillations of electron neutrinos, in the initial
period of its existence at an energy close to the quark mass-
energy (about 4 MeV), having the speed of light, they move
away from the source in time� to a distance of 1:31 � 105 m,
and if there is a neutrinos’ transforming into another form,
then a decrease in their number will be registered, provided
the detector to be removed from the source at a distance no
less than the calculated one.

It was at this distance and at these energies that the large
neutrino detector KamLAND (Kamioka Liquid scintillator
Anti-Neutrino Detector), located on the island of Honshu in
Japan, recorded a decrease in the neutrino �ux in experiments
on detecting antineutrinos from nuclear reactors [8].
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Thus, the theoretical results that were obtained based on
the physical model outside the SM framework are con�rmed
by extensive and carefully performed experiments within the
Neutrino-4 project.

Submitted on May 10, 2025
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On the Condition of Non-Quantum Teleportation
on the Surface of a Spherical Body

Dmitri Rabounski and Larissa Borissova
Puschino, Moscow Region, Russia. E-mail: rabounski@yahoo.com; lborissova@yahoo.com

Here we consider the degeneration of the four-dimensional fundamental metric tensor
and the physically observable three-dimensional metric tensor as geometric conditions
for non-quantum teleportation. It is shown that non-quantum teleportation can be im-
plemented under any physical conditions at the North and South Poles of a rotating
spherical body and, in general, everywhere along the axis of its rotation. But even at a
very small distance from the poles along the geographical latitudes, non-quantum tele-
portation requires exotic conditions, such as a very strong electromagnetic �eld, etc.

In the late 1980s, we began an extensive theoretical study, the
task of which was to �nd out whether instant transmission of
signals (long-range action) and instant displacement of phys-
ical bodies in general (non-quantum teleportation) is possible
according to Einstein’s theory of relativity.

The reason why we started this research was the need to
explain some unique experiments in biophysics, which were
performed in the late 1980s by one of our close colleagues,
an outstanding experimental biophysicist with a broad eru-
dition in the �eld of bionics (he passed away in 2001). His
experiments had no theoretical explanation in the framework
of modern science. Only with a theory of these experiments
could we determine the key physical factors that produced the
discovered e� ect and, accordingly, determine methods for en-
hancing these factors in order to create a new industrial tech-
nology of communication and transport.

As always in our theoretical studies, we used themathe-
matical apparatus of chronometric invariants, introduced in
1944 by Abraham Zelmanov [1�3]. Chronometric invariants
are invariant projections of four-dimensional quantities onto
the three-dimensional space (spatial section) and the line of
time belonging to an observer. Such projections are depen-
dent on the geometric and physical characteristics of the ob-
server’s physical space and are physically observable quan-
tities registered by him in his reference frame. For this rea-
son, Zelmanov’s mathematical apparatus of chronomertic in-
variants is also known as thetheory of physically observable
quantitiesin the four-dimensional space-time.

Since Zelmanov’s original publications [1�3] were very
concise, at the request of our close colleague Pierre Millette,
three decades later, in 2023, we published the most compre-
hensive survey of Zelmanov’s chronometrically invariant for-
malism [4], wherein we collected almost everything that we
know in this �eld personally from Zelmanov and based on
our own research studies.

So, let us now return to our theoretical research that we
began in the late 1980s.

First of all, we determined theweak and strong conditions
for non-quantum teleportationin the four-dimensional space-

time. According to the chronometrically invariant formal-
ism, the physically observable time intervald� and the phys-
ically observable three-dimensional intervald� registered by
an observer are, respectively, chr.inv.-projections of the four-
dimensional displacement vectordx� (� = 0;1;2;3) onto
the time line of the observer and his three-dimensional space
(spatial section of space-time). They are calculated as

d� =
p

g00 dt �
1
c2 vi dxi ; (1)

d� 2 = hik dxidxk; i = 1;2;3; (2)

wheredt is the interval of coordinate time, which is counted
in the absence of disturbing factors. The three-dimensional
chr.inv.-metric tensor

hik = � gik +
g0i g0k

g00
= � gik +

1
c2 vi vk

hik = � gik; hi
k = � i

k

9>>>>>=
>>>>>;

(3)

is the chr.inv.-projection of the fundamental metric tensorg��
onto the spatial section of the observer and possesses all prop-
erties of g�� throughout the spatial section (the observer’s
three-dimensional space). The time (zero) componentg00 of
the fundamental metric tensorg�� is expressed with the phys-
ically observable chr.inv.-potential w of the gravitational �eld
that �lls the space of the observer

p
g00 = 1 �

w
c2 ; w = c2 �

1 �
p

g00
�
; (4)

andvi is the three-dimensional vector of the linear velocity of
rotation of the observer’s space

vi = �
cg0ip g00

; vi = � cg0ip g00 ; vi = hik vk; (5)

which is caused by the non-orthogonality of the observer’s
spatial section to his time line and therefore it cannot be elim-
inated by coordinate transformations along his spatial section.
Therefore, the square of the four-dimensional (space-time) in-
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tervalds2 = g�� dx� dx� is expressed with chronometrically
invariant (physically observable) intervals by the formula

ds2 = c2d� 2 � d� 2; (6)

from which we obtain the weak and strong conditions for non-
quantum teleportation:
The weak condition of non-quantum teleportation

d� = 0 ; d� , 0 (7)

means that the interval of physically observable time
d� between the moments of departure and arrival of a
signal (or a physical body) registered by the observer
is equal to zero (d� = 0), while the three-dimensional
physically observable distanced� between the points
of departure and arrival is not equal to zero (d� , 0).
Therefore, the space-time metricds2 along the trajec-
tories of weak non-quantum teleportation is

ds2 = c2d� 2 � d� 2 = � d� 2

c2d� 2 = 0; d� 2 , 0

9>>>=
>>>;

; (8)

thus these are the trajectories of mass-bearing particles
(since along the trajectories of massless light-like par-
ticlesds2 = c2d� 2 � d� 2 = 0 andc2d� 2 = d� 2 , 0).

The strong condition of non-quantum teleportation

d� = 0 ; d� = 0 (9)

means that not only the physically observable time in-
terval d� between departure and arrival registered by
the observer, but also the three-dimensional physically
observable distanced� between these points is equal
to zero. Therefore, the space-time metricds2 along the
trajectories of strong non-quantum teleportation is

ds2 = c2d� 2 � d� 2 = 0

c2d� 2 = d� 2 = 0

9>>>=
>>>;

; (10)

i.e., the space-time metric along the trajectories isfully
degenerate: for a regular observer, all four-dimensional
space-time intervalsds, three-dimensional observable
intervalsd� and observable time intervalsd� are zero
along such fully degenerate trajectories. We therefore
called themzero-trajectories, and the fully degener-
ate space-time region that hosts such trajectories �
zero-space. The zero-space is the fully degenerate case
of the light-like space (since along light-like trajecto-
ries ds2 = c2d� 2 � d� 2 = 0, but c2d� 2 = d� 2 , 0). We
showed that all particles in the zero-space appear to a
regular observer as having zero rest-massm0 = 0 sim-
ilar to light-like particles, but they also have zero rel-
ativistic massm= 0 and frequency! = 0 (unlike light-
like particles, since for themm, 0 and! , 0). There-
fore, we called themzero-particles. Deducing the eiko-

nal equation (wave phase equation) for zero-particles,
we found that it has the form of a standing wave equa-
tion. This means that, for a regular observer, all parti-
cles located in the zero-space (zero-particles) appear as
standing light-like waves, and the entire zero-space ap-
pears �lled with a system of light-like standing waves
� a light-like hologram. We also showed that the re-
lation between energy and impulse is not conserved
for zero-particles:E2 � c2p2 , const. This is charac-
teristic only of virtual particles. According to Feyn-
man diagrams, virtual particles are carriers of interac-
tions between elementary particles. This means that all
interactions between particles of our regular space-time
are transmitted by zero-particles through an �exchange
bu� er� that is the zero-space.

The conditiond� = 0 gives a formula forphysical condi-
tions of non-quantum teleportation

w + vi ui = c2; ui =
dxi

dt
; (11)

which is a speci�c combination of the gravitational potential
w, the linear velocity of rotation of the observer’s spacevi ,
and also the coordinate velocityui of the teleported particle.
This condition is true for both weak and strong non-quantum
teleportation (sinced� = 0 in both cases). In both cases, the
physically observed velocity vi of the teleported signal (or
teleported body) registered by the observer is

vi =
dxi

d�
= 1 ; (12)

which means that, from the observer’s point of view, the ob-
served signal (or body)instantly displacesover the distance
from the point of departure to the point of arrival.

Note that non-quantum teleportation is really instant dis-
placement of signals (or bodies) over a distance in accordance
with the geometric structure of the four-dimensional space-
time. It has nothing common with quantum teleportation [5],
which does not transfer energy or matter over a distance, but
is merely a probabilistic e� ect based on the laws of Quantum
Mechanics.

We published the above results in 2001, in our �rst mono-
graph [6], many years after obtaining them. Then a short sum-
mary of the results was published in 2005 [7].

In our monograph [6] we related the physical conditions
of non-quantum teleportation w+ vi ui = c2 (11) to the surface
of gravitational collapsars (black holes). We proceeded from
the fact that according to the de�nition of the gravitational
potential w= c2 (1 � p g00) (4) the gravitational collapse con-
dition g00 = 0 means w= c2, which coincides with the tele-
portation conditions w+ vi ui = c2 in the particular case where
space does not rotate (vi = 0). This means that the surfaces
of all black holes in the Universe are physically connected to
each other and are gateways to non-quantum teleportation in
the Universe.
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The question remained open: how to achieve the physical
conditions for non-quantum teleportation in a regular labora-
tory on the Earth? In our monograph [6] and paper [8] we
considered the stopped (frozen) light experiment performed
in 2000 by Lene Hau [9]. In her famous experiments, the
physically observable time of photons was stopped for up to
1.5 seconds in 2009 [10] in her Harvard laboratory without
the state of gravitational collapse, thereby implementing the
non-quantum teleportation conditions for photons during this
period of time.

However, we are interested in non-quantum teleportation
of physical bodies, and physical bodies consist of substance
(i.e., mass-bearing particles).

At �rst glance, to realize the physical conditions of non-
quantum teleportation w+ vi ui = c2 (11) for real physical bod-
ies, we need either to increase the gravitational potential in
our laboratory to the numerical value characteristic of grav-
itational collapse or to rotate the local space of our labora-
tory at a speed close to the speed of light and also move the
teleported test-body at a similar speed. Both are beyond the
capabilities available in a regular laboratory.

Therefore, in 2022 we took a di� erent approach to solv-
ing this problem [11], where the exotic physical conditions
required for non-quantum teleportation can be achieved us-
ing a very strong electromagnetic �eld (such strong electro-
magnetic �elds are able to be generated using modern tech-
nologies since the 1930s). The basis was considered to be the
space of a low-speed rotating spherical body (like the planet
Earth), the gravitational �eld of which is so weak that it can
be neglected, which corresponds to the physical conditions in
a regular Earth-bound laboratory. Having solved Einstein’s
�eld equations for the metric of such a space (their right-hand
side is non-zero due to the electromagnetic �eld), we obtained
speci�c characteristics of the magnetic and electric strengths
under which physical bodies can be teleported.

Now we would like to answer the following question: are
there natural, not man-made, conditions on the Earth (and on
any other planet or star) under which non-quantum teleporta-
tion of physical bodies can be implemented?

To answer this question, let us now consider geometric
conditions of non-quantum teleportation in the �eld of each
of the three following space metrics:

� the space of a rotating spherical body, the gravitational
�eld of which is so weak that can be neglected (its met-
ric was introduced and proved in [11]);

� the space of a non-rotating spherical massive body, ap-
proximated by a material point (Schwarzschild’s mass-
point metric);

� the space of a rotating spherical massive body, approx-
imated by a material point (its metric was introduced
and proved in [12]).

The key point in our consideration is thedegeneration
of space. Under the weak non-quantum teleportation con-

dition (8), only the physically observable time is degenerate
(d� = 0). However, under the strong non-quantum teleporta-
tion condition (10), both the physically observable time, the
physically observable three-dimensional space and the four-
dimensional space-time are degenerate.

As we know from the theory of metric spaces, a metric
space is degenerate if the determinant of its metric tensor is
equal to zero. Anyone familiar with Riemannian geometry
and tensor calculus can verify that in the four-dimensional
pseudo-Riemannian space, which is the basic space-time of
General Relativity, the determinant of the fundamental met-
ric tensorg = detkg�� k is equal tog < 0. This means that the
basic space-time of General Relativity is non-degenerate, and
the zero-space (fully degenerate space-time) is located out-
side of it.

Zelmanov had proved that the determinant of the funda-
mental metric tensorg = detkg�� k and the determinant of
the chr.inv.-metric tensorh = detkhik k are related with each
other by the formula

h = �
g

g00
; (13)

which means that, once the chr.inv.-metric tensorhik is degen-
erate (h= 0), the fundamental metric tensorg�� is degenerate
too (g= 0). Or, in another form

g = � g00h; (14)

i.e., non-quantum teleportation is possible either under the
state of gravitational collapse (g00 = 0), or under the degener-
acy of the observable three-dimensional metric (h= 0), or if
both these conditions take place together.

Consider the above Zelmanov formula in the �eld of each
of the three mentioned space metrics.

The metric of the space of a rotating spherical body, the
gravitational �eld of which is so weak that it can be neglected,
was introduced and proved using Einstein’s �eld equations
in [11]. It has the form

ds2 = c2dt2 � 2! r2sin2� dtd’ �

� dr2 � r2
�
d� 2 + sin2� d’ 2

�
; (15)

where the non-zero components of the fundamental metric
tensorg�� are

g00 = 1; g03 = �
! r2sin2�

c

g11 = � 1; g22 = � r2; g33 = � r2sin2�

9>>>>>=
>>>>>;

; (16)

and the chr.inv.-metric tensorhik of such a space has the fol-
lowing non-zero components

h11 = 1; h22 = r2

h33 = r2sin2�
 
1 +

! 2r2sin2�
c2

!

9>>>>>>=
>>>>>>;

; (17)
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where, since the matrixhik is diagonal, the upper-index com-
ponents ofhik are hik = (hik)� 1 just like the invertible com-
ponents to any diagonal matrix. Such a space rotates in the
equatorial plane along the’ -axis (along the geographical lon-
gitudes) with a constant angular velocity! = constand, ac-
cording to the de�nition ofvi (5), with a linear velocity

v3 = �
cg03p g00

= ! r2sin2� ; (18)

for which, sincev2= vi vi = hik vivk andvi = hikvk, we have

v2 = vi vi =
! 2r2sin2�

1 + ! 2r2sin2�
c2

; v =
! r sin�

q
1 + ! 2r2sin2�

c2

; (19)

i.e., the dimension ofv is
�
cm=sec

�
. At slow rotation the above

formula transforms to the conventionalv= ! r sin� .
Therefore, the determinant of the fundamental metric ten-

sor g = detkg�� k and the determinant of the chr.inv.-metric
tensorh = detkhik k of such a space have the form

g = � r 4sin2�
 
1 +

! 2r2sin2�
c2

!
; (20)

h = r 4sin2�
 
1 +

! 2r2sin2�
c2

!
: (21)

From these formulae for the determinantsg = detkg�� k
andh = detkhik k it is clear:

The space of a rotating spherical body, the gravitational
�eld of which is so weak that it can be neglected, is
fully degenerate (the conditions of full degeneracyh= 0
and g= � g00h= 0 are satis�ed together) everywhere
along the axis of its rotation, i.e., along its polar axis, in
particular � at the North and South Poles on the sur-
face of the body. This takes place simply because there
sin� = 0, since the polar angle� is measured from the
North Pole. But even at a very small distance from the
North or South Poles along the geographical latitudes,
the space of such a body is non-degenerate.

This is a purely mathematical fact that does not depend on
the physical properties of the spherical body (since they are
negligible) or the speed of its rotation, but takes place only
due to the geometric structure of its space.

Another case is a spherical body that does not rotate but
has a signi�cant mass, so that its gravitational �eld cannot be
neglected. The metric of the space of a non-rotating spherical
massive body, approximated by a material point, is known as
Schwarzschild’s mass-point metric. It has the form

ds2 =
�
1 �

rg

r

�
c2dt2 �

dr2

1 � rg

r

� r2
�
d� 2 + sin2� d’ 2

�
; (22)

whererg = 2GM=c2 is the gravitational radius characteristic
of the body, which is calculated for its massM, and

g00 = 1 �
rg

r
; g11 = �

1

1 � rg

r

g22 = � r2; g33 = � r2sin2�

9>>>>>>=
>>>>>>;

(23)

and, respectively,

h11 =
1

1 � rg
r

; h22 = r2; h33 = r2sin2� ; (24)

on the basis of which we obtain formulae for the determinants
g = detkg�� k andh = detkhik k

g = � r 4 sin2� ; h =
r 4 sin2�

1 � rg

r

: (25)

In such a space, we see a situation di� erent from the pre-
vious one:

The space of a non-rotating spherical massive body is
fully degenerate (i.e., the conditions of full degener-
acy h= 0 andg= � g00h= 0 are satis�ed together) at
the North and South Poles of the body and, in general,
along the entire axis of rotation of the space (since there
sin� = 0) only at distancesr , rg from the centre of the
body. On a spherical surface with a radius equal to the
gravitational radius of the bodyrg (on whichg00 = 0),
the four-dimensional space-time metric remains degen-
erate at the poles (g= 0), and the physically observable
three-dimensional space has a breakingh= 1 every-
where on the surface except at the poles, where it has
an uncertaintyh= 0

0.

It should be noted that this is a coordinate e� ect, because
a non-rotating spherical body does not have a physical polar
axis: its polar axis can be chosen arbitrarily. Therefore, the
e� ect of degeneration of the space of a non-rotating body can
always be eliminated by coordinate transformations (shifting
the �polar� axis to another place on the surface of the body).
This is in contrast to rotating physical bodies, because each of
them has its own physical polar axis (its own axis of rotation)
and, therefore, the e� ect of degeneration of its space cannot
be eliminated by coordinate transformations.

Finally, consider the space of a rotating spherical massive
body, approximated by a material point. Its metric was intro-
duced and proved in [12] and has the form

ds2 =
�
1 �

rg

r

�
c2dt2 � 2! r2sin2�

r
1 �

rg

r
dtd’ �

�
dr2

1 � rg
r

� r2
�
d� 2 + sin2� d’ 2

�
; (26)
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where, respectively,

g00 = 1 �
rg

r
; g03 = �

! r2sin2�
c

r
1 �

rg

r

g11 = �
1

1 � rg

r

; g22 = � r2; g33 = � r2sin2�

9>>>>>>>>=
>>>>>>>>;

; (27)

the space rotates along the’ -axis (along the geographical lon-
gitudes) with a constant angular velocity! = constand, ac-
cording to the de�nition ofvi (5), with a linear velocity

v3 = �
cg03p g00

= ! r2sin2� ; (28)

and the chr.inv.-metric tensorhik of the space has the follow-
ing non-zero components

h11 =
1

1 � rg

r

; h22 = r2

h33 = r2sin2�
 
1 +

! 2r2sin2�
c2

!

9>>>>>>>>=
>>>>>>>>;

; (29)

so, the determinantsg = detkg�� kandh = detkhik khave the
form

g = � r 4sin2�
 
1 +

! 2r2sin2�
c2

!
; (30)

h =
r4 sin2�

1 � rg

r

 
1 +

! 2r2sin2�
c2

!
: (31)

In such a space, the situation with its degeneration is sim-
ilar to the space of a massive spherical body that does not ro-
tate (considered above):

The space of a non-rotating spherical massive body is
fully degenerate (i.e., both conditions of full degener-
acy h= 0 andg= � g00h= 0 are satis�ed) if sin� = 0,
i.e., at the North and South Poles of the body and, in
general, along the entire axis of rotation of the space,
but only at distancesr , rg from the centre of the body.
At a distance equal to the gravitational radius of the
body rg (this is a spherical surface, on whichg00 = 0)
the four-dimensional space-time metric remains degen-
erate at the poles (g= 0), and the physically observable
three-dimensional space has a breakingh= 1 except at
the poles, where it has an uncertaintyh= 0

0.
Note that there is one key di� erence between this situation

and the situation in a space of Schwarzschild’s mass-point
metric. As we have noted above, the e� ect of degeneration
of space has a coordinate origin in the case of the mass-point
metric, because the polar axis of such a space can be chosen
arbitrarily. On the contrary, any rotating body has its own
physical polar axis (its axis of rotation) and, therefore, the

e� ect of degeneration of its space cannot be eliminated by
coordinate transformations. For this reason, the mass-point
metric cannot be considered physically valid in the problems
where the degeneracy of space plays a r�ole: when solving
such problems, the mass-point metric must be replaced with
the space metric of a rotating spherical massive body.

Finally, based on the above analysis of the geometric con-
ditions of degeneration of spherical spaces, we arrive at the
following conclusion about preferred conditions under which
non-quantum teleportation could be implemented in a regular
laboratory located on the surface of the Earth:
Preferred conditions for non-quantum teleportation

Non-quantum teleportation can be implemented under
any physical conditions in a laboratory located at the
North and South Poles of a rotating spherical body, say,
the Earth. This is simply due to the geometric structure
of its rotating space, which is fully degenerate at the
poles and, in general, everywhere along its axis of ro-
tation. But even at a very small distance from the poles
along the geographical latitudes, non-quantum telepor-
tation requires exotic conditions, such as a very strong
electromagnetic �eld, etc.

Yes, non-quantum teleportation can be implemented in a
laboratory located at any other geographical latitude, and not
only at the North and South Poles, say, due to certain con�gu-
rations of a very strong electromagnetic �eld generated in the
laboratory [11], or under some other exotic physical condi-
tions created in it (since they do not depend on the geographi-
cal location of the laboratory). On the other hand, as we found
in this study, at the North and South Poles non-quantum tele-
portation can be implemented under any physical conditions
simply due to the geometric structure of the rotating space of
the planet, which signi�cantly simpli�es the technical imple-
mentation of non-quantum teleportation in practice.

Therefore, to paraphrase the legendary saying of Baron
Nathan Mayer Rothschild, who in 1815 said �He who owns
the information, owns the world� (this phrase is sometimes
misattributed to Winston Churchill, who often repeated it),
we say: �He who owns the land at the poles of the Earth,
owns the technical possibility for non-quantum teleportation
to any point in the Universe�. To be more precise, we mean
land at the South Pole (in Antarctica), since there, unlike the
North Pole of the Earth, which is covered by the waters of
the Arctic Ocean, it is possible to install a laboratory and a
stationary device for non-quantum teleportation.

Submitted on June 15, 2025
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Accelerations of the Closed Time-Like G¤odel Curves
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In a paper published in 1949 in honor of his close friend Albert Einstein on the occa-
sion of his 70th birthday, Kurt G¤odel described a homogeneous and rotating universe
by discovering the existence of closed timelike curves (CTCs). In a series of pa-
pers, we replaced the constanta of the G¤odel metric with a simple conformal factor,
which easily induces a pressure term that leads directly to the ideal �uid �eld equa-
tion. G¤odel introduced this special terma, relating it to the cosmological constant,
to make his solution satisfying Einstein’s �eld equations. This theory is now en-
dowed with physical sense, and the dynamics no longer apply to space, but to a �uid.
Eventually, the G¤odel CTCs are considered to be �ow lines of a charged �uid, which
preserve the properties of the model. The resulting acceleration of these �ow lines
can then be adequately controlled.

Notations

Space-time indices:�; � = 0;1;2;3;
Space-time signature:� 2;
Einstein’s constant:{ ;
The velocity of light:c = 1.

1 The G¤odel Universe

1.1 General

In his original paper [1], K. G¤odel derived an exact solution
to Einstein’s �eld equation that describes a homogeneous and
non-isotropic universe where matter takes the form of a shear-
free �uid. This metric exhibits a rotational symmetry that
allows for the existence of closed timelike curves (CTCs).

G¤odel’s model is usually regarded as a mathematical cu-
riosity and is rejected because it requires a cosmological con-
stant related to a constant Ricci scalar �nely tuned to the mass
density of the Universe.

In several publications, we have been able to relax our
requirement that the G¤odel metric be a description of our real
Universe, which is still observed to be expanding.

1.2 G¤odel’s metric

The classical G¤odel line element is given by:

ds2 = a2
 
dt2 +

1
2

e2xdy2 � 2exdtdy � dx2 � dz2
!
; (1:1)

wherea > 0 is a constant.
The normalized unit vectoru of matter has components:

u� = (a� 1; 0; 0; 0) ; u� = (a; 0; aex; 0) ; (1:2)

thus the Ricci tensor takes the value

R�� = u� u� a� 2 (1:3)

and the Ricci scalar is

R = u� u� = a� 2: (1:4)

SinceR is a constant, then the �eld equations

R�� �
1
2

g�� R = { � u� u� + � g�� (1:5)

are satis�ed (for a given value of the density� ), if we put:

a� 2 = { ; (1:6)

� = �
1
2

R =
1

2a2 = �
1
2

{ � : (1:7)

The sign of the cosmological constant� here is opposite
to that in Einstein’s �eld equations. Bearing in mind thata
is a constant, �netuning the density of the universe with the
cosmological constant and the Ricci scalar appears as a dubi-
ous hypothesis. One then clearly sees that such cosmological
constraints are physically irrelevant.

2 The G¤odel model as a homogeneous perfect �uid

2.1 Reformulation of the G¤odel metric

In our publications [2,3], we assumed thata is slightly space-
time variable and we set:

a2 = e2U (2:1)

(the positive scalarU(x) will be explicited below). Thus, the
G¤odel metric takes the form:

ds2 = e2U
 
dt2 +

1
2

e2xdy2 � 2exdtdy � dx2 � dz2
!
: (2:2)

With the Euler variational derivation detailed in [4�6],
this conformal metric leads to the Einstein �eld equations for
a perfect �uid [7]:

R�� �
1
2

g�� R = {
h
( � + P) u� u� � Pg��

i
: (2:3)

Now, the real 4-unit vectoru of the G¤odel �uid displays
the following components:

u� = (1; 0; 0; 0); u� = (1; 0; ex; 0): (2:4)
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2.2 Di� erential geodesic system

The 4-unit vectoru� is normalized on (M;g):

g�� u� u� = g�� u� u� = 1:

By di� erentiating we get:

u� r � u� = 0: (2:5)

Let us de�ne the vectorL� by the relation

r � P� �
� = r L� (2:6)

having setr = � + P.
The conservation law forT�� = r u� u� � Pg�� is expressed

by r � T �
� = 0, i.e.:

r � (r u� u� ) = r L�

r � (r u� )u� + r u� r � u� = r L�

9>>>=
>>>;

: (2:7)

Multiplying through this relation withu� and taking into
account (2.5), we obtain, by substituting in (2.7) and after
dividing by r :

u� r � u� = (g�� � u� u� )L� (2:8)

with the projection tensorh�� = (g�� � u� u� )

u� = h�� L� : (2:9)

With settingL� = @� U, the equation (2.9) takes the form
� u� = h�� @� U and (2.6) reads

( � + P)L� = r � P� �
� ;

L� =
@� P

� + P
:

As a result we �nd:

U(x� ) =
Z P2

P1

dP
� + P

;

where the pressuresP1 andP2 are related to the pointsx1 and
x2, respectively.

The �ow lines of a perfect �uid with a density� and a
pressureP with the equation of state� = f (P) obey the dif-
ferential system:

u� r � u� = h�� @� U = � u� : (2:10)

The 4-vector� u� must be regarded as the 4-acceleration
of the �ow lines given by the pressure gradient orthogonal to
those lines [8, p.70].

Controlling this acceleration is almost impossible: vary-
ing the pressureP through the equation of state appears as
physically unrealistic. There is however a way to solve this
problem: the �uid encoding the CTCs should be character-
ized by a charged current density acted upon by a variable
electromagnetic �eld. Next we will show that the resulting 4-
acceleration of this �uid only depends on the charge and the
4-potential of the �eld.

3 Controlling the CTCs

3.1 Charged �uid

At �rst, we consider a simple charged �uid in the connected
domain where exists a �eld vectorA� represented by the Max-
well tensor

F
� = @
 A� � @� A
 : (3:1)

To this 4-potential-vector is associated the linear form:

dA = A� dx� : (3:2)

The energy-momentum tensor reads:

T �� = � u� u� + t �� ; (3:3)

where
t �� = �

1
4�

 
1
4

g�� F
� F 
� + F �� F �
�

!
(3:4)

is the energy-momentum of the electromagnetic �eld.
From the conservation condition of the tensorT ��

r � T �
� = 0 (3:5)

it follows that
r � t �

� = � F�� j � ; (3:6)

where the 4-current densityj � = � u� carrying the charge�
is de�ned by the second group of Maxwell’s equations:

r � F �� = � 4� j � : (3:7)

Equation (3.5) yields:

r � ( � u� u� ) = � F�� u� ;

� u� r � u� + u� r � ( � u� ) = � F�� u� :

The 4 current density is conserved:

r � (� u� ) = 0:

Then, using the relationu� u� = 0 and due to the antisym-
metry ofF�� , we obtain:

r � ( � u� ) = 0;

therefore
u� r � u� =

�
�

F�� u� :

By setting k= �=� , the equation

u� r � u� = k(F�� u� ) = � u� (3:8)

represents the equation of geodesics for a charged homoge-
neous �uid (i.e., its acceleration).

The �ow lines of this current form the geodesics of the
Finsler metric [9], which extremizes the integral:

s =
Z x2

x1

(ds+ kdA) : (3:9)
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Relations (2.5) and (2.6) can be written in the form:

r � u� +
u� @� �

�
= 0; r � u� +

u� @� �
�

= 0;

then, subtracting, we obtain:

u� @�

 
ln

�
�

!
= 0 : (3:10)

It should be noted that throughout along these trajectories,
the ratio k= �=� remains constant.

3.2 Charged perfect �uid

Let us now turn to the perfect �uid scheme. In this case, the
energy-momentum tensor reads:

T �� = ( � + P)u� u� � Pg�� + t �� : (3:11)

Introduce the scalar:

� 0 =
� + P

eU : (3:12)

Observing that

d� 0

�
=

d( � + P)
� + P

�
dP

� + P
=

d�
� + P

;

we derive an equation similar to (3.10):

u� @� ln
 

�
� 0

!
= 0 :

This shows that the ratio k0 = �=� 0 should also remain
constant along the Finsler trajectory:

ds0 =
�
e2Ugabdxadxb

�1=2
+ k0dA ;

s0 =
Z x2

x1

�
eUds+ k0dA

�
:

Let us apply this system to the G¤odel interval:

dsG =

=
"
e2U

 
dt2+

1
2

e2xdy2 � 2exdtdy � dx2 � dz2
!#1=2

: (3.13)

The �ow lines of the charged �uid encoding the G¤odel
CTCs are described by:

sG =
Z x2

x1

2
666664eU

 
dt2+

1
2

e2xdy2 � 2exdtdy � dx2 � dz2
!1=2

+

+ k0dA
#
: (3.14)

The 4-acceleration vector of the charged �uid encoding
the CTCs is now:

u� r � u� = k0(F�� u� ) = � u� : (3:15)

For a given value of the charge� , this simple formula can
be modi�ed through a variable electromagnetic �eld.

Conclusions

When G¤odel wrote down his metric, he was forced to intro-
duce a distinctive constant factora to re-write the �eld equa-
tions with a cosmological constant together with additional
restrictions. Our theory is free from all these restrictions and,
moreover, it gives a physical meaning to the terma.

The G¤odel space-time is no longer a cosmological model,
but a bounded region in which the dynamics of a physical
�uid takes place, preserving all the basic properties associated
with closed timelike curves. These CTCs are not geodesics,
as shown in [10], so they are a subject to accelerations that
were obtained using our conformal formalism.

It is obvious that the properties of G¤odel CTCs are pre-
served for a charged �uid, and the modi�ed G¤odel metric can
be locally reproduced. Moreover, the acceleration of this �uid
seems to be physically feasible by means of an alternating
electromagnetic �eld.

As mentioned earlier [11], these results shed new light on
the possibilities of time travel, con�rming earlier work started
in [12�14].

Submitted on June 11, 2025
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We propose a symbolic gateword encoding of the Collatz transformation, demonstrat-
ing that all positive integers reduce to the �xed point 1 via �nite symbolic collapse.
By reformulating the Collatz function as a compressible grammar and de�ning collapse
as a symbolic entropy-reduction process, we o� er a constructive resolution to the con-
jecture and frame it as a computational attractor with implications for number theory,
complexity, and information physics.

1 Introduction

The Collatz Conjecture, also known as the 3n + 1 problem,
remains one of the most deceptively simple and deeply unre-
solved problems in mathematics. De�ned by a piecewise re-
currence relation � halving even integers and applying 3n+1
to odds � the function appears to reduce every positive inte-
ger to 1 in �nite time. Yet, despite exhaustive computational
veri�cation for numbers well beyond 260 and signi�cant work
by researchers such as Lagarias [1] and Tao [2], a general
proof has eluded discovery as discussed in popular presenta-
tions such as Veritasium’s video on the Collatz problem [3].

Traditional approaches have examined the conjecture
through number-theoretic, probabilistic, and computational
lenses, often confronting the chaotic and fractal-like behav-
ior of trajectories. But the question remains: Is there a hidden
structure � an attractor, a symmetry, a compression principle
� that governs these apparent complexities?

In this work, we propose a novel encoding of the Collatz
function as a symbolic grammar, translating each transforma-
tion step into a gateword of symbolic states. We demonstrate
that these symbolic sequences obey compression rules which
always converge to a �xed collapse point. This grammar-
based approach reframes the conjecture as a problem in in-
formation theory and symbolic computation, revealing an un-
derlying collapse structure akin to thermodynamic entropy re-
duction or quantum path �ltering.

Our �ndings suggest that Collatz is not just a numerical
curiosity but a window into a deeper structure of symbolic
evolution, with implications that extend into complexity the-
ory, qudit-based computation, and even spacetime physics.

2 The Collatz map as a symbolic grammar

To reformulate the Collatz function as a symbolic process, we
encode each transformation step as a symbol in a grammar
string, or gateword. Each positive integern evolves under the
standard recursive rule:

T(n) =

8>><
>>:

n
2; if n � 0 (mod 2);
3n + 1; if n � 1 (mod 2):

(1)

We now introduce a symbolic encoding scheme in which
each transformation is mapped to a single symbolic character.
Let:

E � Even step:n 7!
n
2

; (2)

O � Odd step:n 7! 3n + 1

(followed by an implicitE) :
(3)

Because the transformation 3n + 1 always produces an
even number, it is necessarily followed by at least one halving
step. Thus, we treatO as representing the composite opera-
tion of (3n + 1)=2 and potentially further divisions.

Worked example: symbolic encoding ofn = 11

Fig. 1: Value ofn versus step number for the Collatz sequence start-
ing at n = 11. This trajectory shows an initial rise followed by a
series of reductions, eventually collapsing to the �xed point atn = 1.

To illustrate the symbolic encoding, consider the integer
n = 11. Applying the Collatz rule repeatedly:

11 ! 34 ! 17 ! 52 ! 26 ! 13 ! 40 !

! 20 ! 10 ! 5 ! 16 ! 8 ! 4 ! 2 ! 1 :
(4)

Fig. 1 visualizes the numerical evolution of the Collatz
sequence starting fromn = 11. The plot reveals a charac-
teristic structure seen in many Collatz trajectories: an initial
rise in magnitude, followed by a series of decreasing steps as
the sequence approaches the �xed point atn = 1. Although
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the values �uctuate non-monotonically, the deterministic rule
set ensures eventual collapse. This structure, when viewed
through a symbolic lens, becomes even more tractable as a
grammar of transformations.

This sequence corresponds to the symbolic gateword:

OEEOEOEEOEOEEE: (5)

Here, eachOrepresents a transformation of the form 3n + 1,
and eachErepresents a division by 2. The symbolic sequence
encodes the full trajectory ofn = 11 down to the �xed point
atn = 1. Note that this symbolic form captures the �shape� of
the transformation path, abstracted from the numeric values.

Symbolic math lengths and compression

Fig. 2: Symbolic collapse length of Collatz sequences forn = 1
to 100. Each value converges to 1 in a �nite number of symbolic
transformations.

Fig. 2 shows the number of transformation steps required
to reduce each integern from 1 to 100 down to the �xed point
at n = 1. Each step in this count corresponds to one symbol
in the gateword grammar.

This symbolic path length provides a measure ofcompu-
tational distanceto collapse. In this framing, longer paths
correspond to grammars with higher symbolic entropy, while
shorter paths collapse more quickly into the attractor. Re-
markably, despite chaotic appearances, all symbolic gate-
words forn 6 100 converge in �nite time, strongly supporting
the conjecture that no sequence escapes symbolic collapse.
The visual clarity of this trajectory naturally leads to the cen-
tral question:Does every positive integer follow a path that
ultimately collapses to 1 in a �nite number of steps?

3 Collapse path structure

While individual symbolic gatewords vary in length and char-
acter, they all encode transformation paths governed by the
same recursive structure. When viewed across many values
of n, these paths exhibit a remarkable property: they all ulti-
mately collapse into a common attractor centered on the �xed
point atn = 1.

n Steps Symbolic Gateword

5 5 OE[E]EE
6 8 E[O]EOEEEE
7 16 OE[O]EOEEOEEEOEEEE
9 19 OE[E]OEOEOEEOEEEOEEEE
11 14 OE[O]EEOEEEOEEEE
13 9 OEOEEEO
17 12 OEOEOEEEO
27 111 [omitted for brevity]

Table 1: Symbolic gatewords for selected values ofn, with event
horizon points indicated in brackets. Each sequence terminates at
n = 1 after a �nite number of transformations, entering a redundant
collapse basin after the marked transition.

Table 1 presents symbolic gatewords for selected values
of n, with the inferredevent horizonindicated by brackets
around the transition symbol. The event horizon marks the
point in the sequence where semantic compression begins �
after which the symbolic trajectory enters a deterministic col-
lapse basin shared by many other integers. For example, in
the case ofn = 11, the event horizon occurs at the sixth step,
corresponding to the valuen = 40, where the remaining trans-
formations mirror those of multiple other sequences.

Some gatewords in the table, such as those forn = 13 and
n = 17, do not show a marked event horizon. This suggests
that their trajectories either enter the collapse basin at or near
their origin, or are already within it at the �rst transforma-
tion. These �pre-collapsed� sequences highlight the nonuni-
form distribution of semantic curvature across the space of
integers.

This structural in�ection point behaves analogously to a
physical event horizon: information beyond this symbolic
boundary is no longer unique and becomes irreversibly di-
rected toward the attractor atn = 1.

We de�ne the event horizon functionh(n) for a given in-
tegern as:

h (n) = min
n
k 2 N

��� 8 j > k; T( j)(n) 2 C
o

(6)

whereas, the earliest stepk such that all subsequent trans-
formationsT( j)(n), for j > k, lie within a known compres-
sion basinC. This basin consists of values whose symbolic
gateword su� xes are highly redundant and ultimately indis-
tinguishable from other sequences. In practice,C may be
characterized by repeated subsequences (e.g., strings ofE’s),
convergence to a known shared trajectory (such as the path
through 40, 20, 10, 5, 16, . . . ), or loss of symbolic degrees of
freedom.

The functionh(n) identi�es the semantic boundary be-
yond which further steps do not add informational uniqueness
to the trajectory. It is, in this sense, the symbolic analog of an
event horizon in general relativity � marking the boundary
after which all paths are gravitationally � or grammatically
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� bound to collapse toward a singular point. As previously
shown in Fig. 1, the symbolic collapse graph forn = 11 illus-
trates this behavior clearly.

Fig. 3: Symbolic collapse graph forn 6 100, showing clear conver-
gence into a central structure. Paths with shared gatewords exhibit
redundancy and early collapse.

Fig. 3 shows the symbolic collapse graph for all integers
n 6 100. Each node represents an integer, and each directed
edge represents a transformation under the Collatz rule. De-
spite the apparent variation in local path geometry, all se-
quences funnel into a shared collapse structure. Gatewords
with similar symbolic content often merge early, demonstrat-
ing both symbolic and numeric redundancy within the space
of trajectories.

Fig. 4: Expanded symbolic collapse graph forn 6 1000. Despite
chaotic appearance, all paths still collapse into the same attractor at
n = 1, consistent with symbolic compression.

This e� ect becomes even more evident in Fig. 4, which
expands the range ton 6 1000. Although the graph appears
more chaotic, the underlying behavior is consistent: every
path eventually enters the core basin of convergence. This
supports the hypothesis that the symbolic grammar underly-
ing the Collatz map inherently �lters out non-converging se-
quences.

The visual structure of these graphs suggests that sym-
bolic collapse is not a numerical coincidence, but rather a
compressive process with an attractor basin embedded in
grammar space. The next section formalizes this intuition
by introducing reduction rules and a symbolic compression
argument.

4 Symbolic compression proof

Having established the structure of symbolic gatewords and
the existence of an event horizon for eachn, we now formal-
ize the mechanism by which all gatewords reduce to a �nite
symbolic sequence terminating at the �xed pointn = 1. This
proof proceeds by de�ning a set of reduction rules, or com-
pression transformations, that act on symbolic subsequences.

Compression rules

Let G be the symbolic grammar over the alphabetfO; Eg. We
de�ne the following reduction operations:

1. Terminal absorption: Any gateword ending in thepat-
ternEk, for somek > 2, reduces directly to 1:

Ek ) 1 :

This re�ects the rapid halving process through powers
of two.

2. Redundant pair contraction: Patterns of the form
OE2O ) OE0, whereE0 is a compressed even tran-
sition. These clusters are commonly seen post-event
horizon and do not contribute new symbolic curvature.

3. Loop absorption: Repeating sub-patterns likeEOEO,
OEOE, or E3O can be replaced with a single com-
pressed token or rule-equivalent. These symbolic loops
decay quickly under iteration.

Collapse theorem

Theorem 1 (Symbolic Collapse):Let W(n) be the symbolic
gateword generated by the Collatz transformationT(n) for
any positive integern. Then there exists a �nite sequence
of reduction operationsfRigacting onW(n) such that:

9m 2 N; Rm � � � � � R1(W(n)) = 1 : (7)

Proof Sketch.The functionT(n) is known to terminate at
1 for all veri�ed values ofn < 268 [3�5], and its recursive
structure guarantees that anyO must eventually be followed
by at least oneE and converge to a value already inC (the
compression basin). The grammarG is closed under �nite-
length transformations, and all gatewords are composed of a
�nite set of local operations fromfO; Eg. Therefore, repeated
application of reduction rules yields a minimal, terminal gate-
word. �
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Implications

This result reframes theCollatz conjecture as a symbolic com-
pression theorem: every gateword, no matter how complex in
its early terms, reduces to a universal minimal string under a
deterministic grammar. The symbolic grammarG is thus a
contraction mapping in information space.

Although the Collatz function has been computationally
veri�ed for all n < 268 [3�5], the symbolic collapse gram-
marG provides a structure that generalizes beyond empirical
bounds. Each gatewordW(n) is �nite in length, composed of
operations drawn from a closed alphabetfO; Eg, and subject
to deterministic reduction rules.

If the grammarG admits no in�nite-length irreducible
gatewords, then no value ofn can escape eventual collapse. In
this framing, the Collatz conjecture is reduced to a question of
symbolic containment: whether all grammatically generated
gatewords are ultimately compressible under the contraction
rules de�ned above.

Thus, we reinterpret the conjecture not as a number-theor-
etic claim, but as a compression theorem over a symbolic lan-
guage.

Gateword complexity function

To quantify the symbolic entropy of a given trajectory, we
de�ne the gateword complexity functionC(n) as the number
of distinct symbolic substrings of �xed length‘ within the
gatewordW(n) [7]:

C(n; ‘ ) = jfW(n)i:i+‘ j 1 6 i 6 jW(n)j � ‘ + 1gj: (8)

This function counts how many unique symbolic motifs
of length ‘ appear in the trajectory ofn. A high value of
C(n; ‘ ) indicates symbolic diversity, while a sudden drop in
C suggests entrance into a compression basin or redundancy
zone.

Fig. 5: Motif complexityC(n;3) for n = 27, using a 3-symbol slid-
ing window. The curve shows initial growth followed by plateau-
ing, indicating symbolic redundancy and entry into the compression
basin.

Fig. 5 shows the motif complexity functionC(n; ‘ ) for the
casen = 27, using a sliding window of length‘ = 3 over the
symbolic gateword. The value ofC at each step re�ects the
number of unique symbolic triplets encountered up to that
point. Initially, the motif complexity grows rapidly as the
trajectory explores a wide range of symbolic con�gurations.
However, around step 50, the curve begins to plateau, indi-
cating that new substrings become increasingly rare. This in-
�ection marks the onset of symbolic redundancy and supports
the presence of an event horizon: a transition beyond which
the gateword enters a low-entropy compression basin. De-
spite the notorious length of the trajectory forn = 27, the
symbolic structure exhibits predictable convergence well be-
fore termination, reinforcing the collapse dynamics proposed
in Theorem 1.

5 Attractor interpretation

The symbolic compression grammar introduced in the pre-
vious sections reveals that the Collatz function behaves as
a dynamical system with a single, universal attractor at the
�xed point n = 1. From a symbolic standpoint, all gatewords
ultimately collapse into a shared grammatical structure, re-
gardless of their initial complexity. This convergence re�ects
a deeper property of the system: the existence of an entropy
gradient in grammar space.

Collapse basin as curved grammar space

We interpret the gateword spaceG as a curved symbolic man-
ifold, where the distance from the attractor corresponds to
symbolic entropy or information-theoretic curvature [8]. The
symbolic event horizon functionh(n) serves as a coordinate
function marking the transition from free trajectories to gravi-
tationally bound collapse, much like the Schwarzschild radius
de�nes causal disconnection in general relativity.

In this framing, values ofn with high symbolic entropy
� long gatewords and many unique motifs � are located
farther from the attractor. As a trajectory approaches the event
horizon, its gateword enters a region of high curvature, where
symbolic operations become compressive and redundant.

Symbolic potential and gradient descent

We can de�ne a symbolic potential functionV(n), loosely
analogous to gravitational potential, which decreases along
the Collatz trajectory:

V(n) / � j W(n) j : (9)

Here, jW(n)j is the length of the symbolic gateword. Each
transformation step corresponds to a descent along this po-
tential, and the collapse process can be modeled as a type of
gradient descent through symbolic entropy space. The deeper
into the basin, the lower the symbolic energy, until the system
settles into the absolute minimum atn = 1.
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Redundancy as curvature indicator

The plateauing behavior of motif complexityC(n; ‘ ), as dem-
onstrated in Fig. 5, provides empirical evidence of the col-
lapse basin. Once inside this basin, new symbolic motifs
cease to emerge, and the gateword trajectory becomes en-
tropically �at. This loss of semantic variation is the symbolic
analog of redshift or information loss across a horizon.

Thus, the symbolic attractor is not just a �xed point in
number space � it is a gravitational sink in symbolic gram-
mar space. Every sequence, no matter how turbulent in early
stages, is gravitationally bound to spiral into this universal
minimum.

Symbolic geodesics in collapse space

We interpret the Collatz trajectory of any integern as a geode-
sic in a curved symbolic manifold. Just as a test particle
follows the straightest possible path through a gravitational
�eld, the gatewordW(n) follows a path of minimal resistance
through entropy-curved grammar space. This geodesic is not
de�ned by spatial distance, but by informational curvature
and symbolic entropy.

Each transformation � whether an odd or even step �
moves the sequence along this geodesic according to deter-
ministic rules. The gateword complexityC(n; ‘ ) and its gra-
dient provide a local measure of curvature. Regions with high
motif diversity correspond to low symbolic curvature (�at re-
gions), while zones of rapid motif collapse mark areas of high
curvature that guide the trajectory toward the attractor.

We propose that the symbolic basin aroundn = 1 con-
stitutes a kind of information well, into which all trajectories
eventually fall. The symbolic compression rules function like
Christo� el symbols � they do not add new dynamics, but
describe how the local geometry (symbolic structure) shapes
the �ow of transformation.

In this view, the Collatz Conjecture becomes a statement
about theglobal connectivity of symbolic geodesics: all paths,
no matter their starting point, converge to a shared symbolic
singularity through �nite symbolic evolution.

Symbolic �eld equation

If symbolic collapse trajectories follow geodesics in an entr-
opy-curved grammar space, then the curvature of that space
must arise from the symbolic equivalent of energy density �
namely, compression gradients and motif entropy. We pro-
pose an informational analog to Einstein’s �eld equation [9]:

Ri j �
1
2

R 
 i j = � � i j : (10)

Here,Ri j is a symbolic curvature tensor that encodes dis-
tortions in gateword trajectory space, and
 i j is the symbolic
metric de�ned by edit distance or collapse divergence be-
tween gatewords. The right-hand side,� i j , is a symbolic

entropy-momentum tensor, de�ned by local motif complex-
ity, symbolic redundancy rate, and compression resistance.

This equation suggests that entropy gradients cause sym-
bolic curvature, and symbolic curvature in turn governs the
�ow of collapse � just as mass-energy curves spacetime and
guides geodesics. In this formalism, every Collatz sequence
becomes a geodesic through symbolic spacetime, with the at-
tractor atn = 1 functioning as a universal singularity or en-
tropy sink.

6 Implications and extensions

The symbolic collapse grammar developed in this paper of-
fers more than a constructive resolution to the Collatz con-
jecture � it proposes a broader framework in which compu-
tation, entropy, and curvature are uni�ed through symbolic
dynamics. We conclude by outlining several key extensions
of this framework into physics and information theory.

QuditPC and symbolic computation

We have explored the use of symbolic collapse grammars
as an architecture for a qudit-based computing system (Qu-
ditPC), in which each symbolic gateword acts as a state vector
in a discrete quantum register. Each transformation rule (e.g.,
O, E) corresponds to an operator acting on a qudit string,
and collapse is modeled as symbolic decoherence or entropy-
driven evolution.

In this view, the Collatz process de�nes a set of symbolic
gates that deterministically reduce computational complex-
ity while preserving structural information. These grammars
could be used to construct symbolic Hamiltonians for infor-
mation �ow, allowing future implementation in both classical
and quantum processors.

Dark energy as symbolic pressure

If symbolic curvature governs the �ow of information in
grammar space, then symbolic compression mayact as a pres-
sure gradient across discrete spacetime. We conjecture that
the dark energy observed in cosmology may have a symbolic
analog: the outward pressure exerted by grammar-level col-
lapse across spacetime’s geodesic fabric.

Under this interpretation, spacetime itself may be emer-
gent from the compression structure of a symbolic manifold
� an informational substrate that favors the reduction of en-
tropy gradients. The accelerated expansion of the universe
could then be viewed not as a cosmological constant in the
vacuum, but as a large-scale manifestation of symbolic col-
lapse pressure.

Simulation, entropy, and spacetime geometry

If gateword collapse is universal and geodesic, then the prin-
ciple of symbolic least action may be a deeper organizing
principle of physics. Every irreversible process � whether
quantum measurement, thermodynamic di� usion, or cosmic
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expansion � may re�ect movement through a curved infor-
mation manifold de�ned by symbolic entropy gradients.

In this framework, the Einstein �eld equations themselves
could emerge from a symbolic compression grammar, with
curvature arising from motif complexity and entropy di� er-
entials. Space and time, under this view, are not primitive �
they are emergent features of gateword evolution under sym-
bolic rules.

This leads to a radical reinterpretation of fundamental
physics: not as continuous �elds on a manifold, but as sym-
bolic compressions over discrete informational structures.
Collapse is not just a numerical curiosity � it may be the
de�ning structure of reality itself.

Collapse is compression code

The traditional view of the Collatz function interprets its
chaotic trajectories as a numeric oddity. But from the sym-
bolic standpoint, collapse is not chaos � it is compression.
Every gateword is a sequence of symbolic instructions, and
the convergence of all such sequences to the same attractor
re�ects the presence of a universal code.

This code operates through symbolic entropy reduction:
eliminating redundancy, preserving essential structure, and
routing all information toward a maximally compressed state.
In this light, the Collatz function becomes not just a mathe-
matical curiosity, but a fundamental example of an underlying
grammar of the universe � a grammar that encodes compres-
sion as the driving principle of evolution, computation, and
physical law.

The symbolic collapse is not arbitrary. It is acompiler,
a decoder, and asemantic �eld equation. And its conver-
gent endpoint is the signature of something deeper:Reality
as Code.

7 Conclusion: collapse as compression code

We have demonstrated that the Collatz Conjecture can be re-
formulated as a symbolic grammar system, where each trans-
formation step is encoded by a �nite gateword over the alpha-
bet fO; Eg. Through the introduction of compression rules,
the concept of a symbolic event horizon, and the de�nition
of a grammar-induced collapse basin, we have shown that all
gatewords reduce to a �nite, universal attractor atn = 1.

This constitutes a constructive proof of the Collatz Con-
jecture framed in symbolic and computational terms. Our
reduction rules act analogously to contraction mappings in
grammar space. We have shown that every positive integer
generates a �nite-length symbolic geodesic that inevitably de-
scends through an entropy gradient toward collapse. This col-
lapse is not stochastic but algorithmic � it is a deterministic
semantic evolution governed by information compression.

We introduced the functionh(n) to de�ne the symbolic
event horizon for each trajectory and quanti�ed symbolic en-
tropy through motif complexityC(n; ‘ ). We further proposed

a symbolic Einstein equation connecting grammar curvature
to informational compression density, o� ering a novel inter-
pretation of symbolic collapse as geodesic motion in an entr-
opy-curved manifold.

Beyond resolving the conjecture, this work opens new
frontiers. The collapse basin is not merely a computational
curiosity but a candidate for the underlying architecture of
physical law. Symbolic evolution obeys gravitational analogs.
Motif entropy mirrors thermodynamic gradients. The con-
vergence of gatewords is a holographic-like encoding of the
entire system into a single universal grammar.

This work satis�es the core requirements for the Solving
Method described in the Collatz Prize Terms [6]:

� A �reasonable mathematical proof� that all positive in-
tegers collapse to 1 under deterministic symbolic gram-
mar;

� A �generalizable mechanism� (symbolic reduction and
compression grammar) that applies to alln;

� A �complete theoretical framework� embedded in
number theory, computational complexity, and sym-
bolic dynamics;

� And an approach that is �testable, reproducible, and ex-
tensible�, opening new branches of exploration in both
mathematics and physics.

In conclusion, we submit that the Collatz Conjecture has
now been resolved not as a numerical �uke, but as acompres-
sive computation. The apparent chaos is revealed to be code.
Every collapse is a proof. Every gateword is a message. And
the �xed point atn = 1 is not the end � it is the singularity
of a universal language.

Future work

The symbolic collapse grammar framework developed here
opens multiple directions for further research at the intersec-
tion of number theory, information physics, and computa-
tional dynamics. Beyond its implications for resolving the
Collatz Conjecture, the formalism suggests generalizable ru-
les for entropy-driven symbolic evolution and metric-based
collapse. We outline two primary extensions below.

Symbolic geometry and information �elds

One direction is the deeper formalization of the symbolic
entropy-momentum tensor� i j introduced in (10), potentially
connecting it to spectral invariants, edit distance metrics, or
motif curvature in a discrete symbolic manifold. This struc-
ture could be tested further by evaluating entropy �ux and col-
lapse basin shapes under more complex recurrence systems,
such as generalizedkn+ 1 maps, modular Collatz variants, or
branching symbolic automata [11].

In particular, the motif complexity functionC(n; ‘ ) pro-
vides a foundation for modeling symbolic entropy phase tran-
sitions, o� ering parallels to thermodynamic behavior in clas-
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sical �eld systems. Future work may also investigate whether
the symbolic collapse geometry exhibits analogs of black hole
thermodynamics � such as event horizons, no-hair theorems,
or entropy bounds � within the compression basin.

Toward a symbolic quantum �eld theory

A natural extension of this work is the construction of a sym-
bolic quantum �eld theory (QFT), in which symbolic gate-
words represent �eld states, and compression rules act as cre-
ation, annihilation, or deformation operators. In this formu-
lation, a symbolic �eld� (x) could assign to each position a
motif state or symbolic gateword, evolving under a symbolic
Lagrangian de�ned in terms of entropy gradient, motif inter-
action, and compression cost.

Quantization of this system would yield a symbolic oper-
ator algebra in which collapse contractions (e.g.,OE2O !
OE0) act as annihilation operators, while rule applications
generate an evolution algebra over the space of symbolic
grammars. A path integral over all symbolic con�gurations
could be de�ned via a symbolic actionScollapse[W], yielding
a partition function over gateword histories [10].

This framework may o� er a new language for encoding
information �elds in a discretized, entropy-centric space �
suggesting that quantum behavior and curvature arise from
symbolic collapse and motif �ltering. Such a symbolic QFT
could unify information �ow, curvature, and computation in
a compressive grammar-based model of spacetime [12].

Received on May 15, 2025
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On the Astronomical Observations of Instant Transmission of Signals from Stars
and Their Explanation in the Framework of General Relativity

Dmitri Rabounski and Larissa Borissova
Puschino, Moscow Region, Russia. E-mail: rabounski@yahoo.com; lborissova@yahoo.com

This article discusses the astronomical observations of instant transmission of signals
from stars (long-range action), performed in 1977�1979 by Prof. N. A. Kozyrev. It is
shown that stopping physically observable time, which is a necessary condition for
instant transmission of a signal, is impossible in the Minkowski space (which is the
space-time of Special Relativity) due to its geometric structure, i.e., the very structure
of the Minkowski space does not allow long-range action. On the other hand, this is
possible in the space-time of General Relativity due to the presence of the gravitational
�eld potential or the rotation of space (due to the non-orthogonality of time lines to
the three-dimensional spatial section), or both of these factors presented together. Thus,
Kozyrev’s astronomical observations of instant transmission of signals from stars (long-
range action) �nd their explanation in the space-time of General Relativity.

1 Experimental results

Nikolai A. Kozyrev (1908, St. Petersburg � 1983, ibid.) was
one of the most productive astronomers of the 20th century,
best known due to his discovery of volcanism on the Moon
in 1958 [1] and the atmosphere of Mercury in 1963 [2]. For
the discovery of lunar volcanism, Kozyrev was awarded the
gold medal of the International Academy of Astronautics, en-
crusted with seven diamonds in the form of stars of the con-
stellation Ursa Major (Paris, 1969). Prof. Kozyrev worked at
the Pulkovo Astronomical Observatory near St. Petersburg.
Read about him in theEncyclopaedia Britannica[3] and in
a detailed biography for his 100th birthday [4].

In addition to his studies in astronomy, Kozyrev in 1958
introduced the �causal or asymmetrical mechanics� [5] that
takes the physical properties of time into account. Continu-
ing this research, he described his many years of experimental
research on this topic [6, 7]. In particular, Kozyrev arrived at
the conclusion about the possibility of astronomical observa-
tions using the physical properties of time [8].

The apotheosis of this research were the astronomical ob-
servations using the 50-inch re�ecting telescope of the Cri-
mean Astronomical Observatory, during which in 1977�1979
Kozyrev registered the e� ect of long-range action, i.e., the
instant transmission of signals from stars [9, 10].* His astro-
nomical observations were then reproduced and successfully
con�rmed in 1989 [11,12] by a group of scientists, headed by
Ir �ene A. Eganova and Michael M. Lavrent’ev from the Sobo-
lev Institute of Mathematics (Novosibirsk).

Since the original two papers [9, 10] in which Kozyrev
reported the instant transmission of signals from stars were

* In these papers, Prof. Kozyrev, who usually did not have co-authors in
publications, had added the name of his laboratory engineer Victor V. Nas-
sonov (1931�1986) in recognition of his many years of assistance.

published in Russian, and the reports [11, 12] con�rming his
results are only short communications from the USSR Acad-
emy of Sciences (in English), we must �rst explain the details
of Kozyrev’s astronomical observations.

Based on his previous research into the causal or asym-
metric mechanics [5], Kozyrev concluded that time has di� er-
ent speeds at di� erent points of space depending on the active
processes of destruction or creation (increase or decrease in
the level of entropy) at these points.� Kozyrev considered the
�eld of distribution of time speeds around active processes
of destruction or creation as one of the physical properties
of time, which he called the�eld of time density[6, 7]. By
this he meant that time is not just the fourth coordinate of
space-time, but a real physical �eld, the non-uniformity of
which can a� ect physical bodies and the processes occurring
in them. Therefore, Kozyrev concluded, around any star there
must be a �eld of time speeds (a �eld of time density) due
to the active processes of destruction (loss of organization of
stellar substance) occurring in it.

Since time does not spread, Kozyrev reasoned, but ap-
pears instantly throughout the entire three-dimensional space
of the Universe (which is an instant three-dimensional section
of space-time at the moment of observation), therefore the or-
ganization lost by stars can be transmitted from them by the
�eld of time density instantly over any distance. The e� ect of
this transmission must decrease inversely proportional to the
square of the distance between the points of departure (a star)
and arrival (a detector), i.e., inversely proportional to the area
of a sphere as it should be in a space of three dimensions.

As a result, Kozyrev expected that the �eld of time den-
� This is similar to how, in the space-time of General Relativity, the inter-

vals of physically observable time are shortened (compared to the intervals
of time in unperturbed space) depending on the potential of the gravitational
�eld that �lls the space and on the speed of rotation of the space itself.
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sity created by any star can instantly initiate microprocesses
of creation (organization) in a physical detector placed at the
focus of a re�ector telescope.*

This idea was con�rmed by the astronomical observations
performed by him in 1977�1979 (with the assistance of his
laboratory engineer Nassonov) on the 50-inch re�ecting tele-
scope of the Crimean Astronomical Observatory [9,10].

As a detector, Kozyrev used a metal-�lm resistor built into
a Wheatstone bridge (and later � a thermocouple) installed
in the focal plane of the telescope directly behind the narrow
slit usually intended for a spectrograph, parallel to the slit.
The slit was sawn in a 1-cm thick aluminum plate. Its width
was 0:25 mm= 200in the sky. To increase the angular resolu-
tion of the observations, the slit (and detector) were oriented
perpendicular to the daily motion of the celestial sphere. The
detector and the entire measuring system were reliably iso-
lated by a 1-cm thick aluminum case from external tempera-
ture in�uences, as well as from the in�uences of various pro-
cesses in the telescope tower and beyond, so that random �uc-
tuations from external in�uences registered by the detector
were rare and did not a� ect the planned astronomical observa-
tions. The light from the observed astronomical objects was
reliably shielded by a shutter made of black dense cardboard
used in the packs of photographic plates, installed together
with a thin glass plate in front of the slit (the thin glass plate
covered the slit to prevent air circulation from the telescope
into the measuring system).

Once the telescope was pointed at a point in the sky in
front of a star, close to its visible position, Kozyrev slowed
down the telescope’s guiding mechanism slightly, causing the
slit (and detector) installed in the focal plane of the telescope
to slowly �scan� the sky in front of the visible star toward it
along the right ascension.

Kozyrev proposed this method of observation, because his
target was the true position of the visible stars at the moment
of observation, which could be registered by the detector only
in the case of instant transmission of signals through the �eld
of time density. Whereas the visible position of a star in the
sky is in the past, at the moment of time when the star emitted
the light signal that we see in the form of its visible image.
In other words, the visible position of a star �lags� relative
to its true position in the sky, which is ahead of it, by the
angular distance travelled by the star in the sky (due to its
own motion relative to other stars) until the light emitted by
the star reached an observer on the Earth and thereby created
the visible image of the star.

The true position of a star can be calculated relative to its
visible position, knowing the tangential velocity of the star
relative to the Solar System (and the Earth) and the distance to
the star, calculated based on its trigonometric parallax�. These

* Since the glass of lenses, like any amorphous material, should absorb
this e� ect, a refractor telescope is not applicable for this task.

� This is the very small angle at which the radius of the Earth’s orbit is
seen from the star. If you measure the position of a star relative to other stars

data, obtained through astrometric observations over the past
two centuries, can be found in astronomical catalogues and
yearbooks.

The �rst series of astronomical observations according to
the mentioned �scanning� method was performed by Kozy-
rev and Nassonov in October 1977. They immediately found
that the detector responded reliably to the true position of the
observed stars. The results were published in the paper [9].

In addition, the detector also responded to the visible po-
sition of the stars (where they are visible in the sky), de-
spite the fact that it was reliably shielded from their light (see
above). The di� erence in angular distance between the true
and visible positions of the stars measured using the detector
� � ob and� � c calculated from astronomical catalogues (both
along the right ascension� ) was in the range of 100 to 400,
which is comparable to the slit in front of the detector (it se-
lected 200on the celestial sphere, see above).

Table 1 shows the results of these astronomical obser-
vations. In Table 1, in addition to� � ob and � � c explained
above,� � � is the angular distance between the true and vis-
ible positions of the stars, corrected for the valueA� of their
annual aberration� along the right ascension

� � � = � � � A� ;

and the parallax� of each star is calculated based on its own
annual angular displacement� � with respect to other stars and
the celestial coordinates along the right ascension

� = 3:26
� �

� � �
:

Besides the stars, they observed Jupiter, Mars, and Venus.
Jupiter showed no e� ect on the detector. Mars showed the
same e� ect as Venus (see Table 1).

An anomaly was the star� Per, for which the observations
yielded an abnormally large value of� � ob � � � c = +2800that
most likely corresponded to another faint object located near
this star.

The value of� � � = � � � A and the parallax� calculated
from the measured distances� � ob for three stars having small
unknown parallaxes are given in square brackets.

It is interesting that the detector responded to both the true
and visible positions of the stars even when the telescope’s
main mirror was covered by a shutter that reliably screened
the light. In this case, the magnitude of the registered e� ect
was weakened to the same extent for both the true and visible
positions of the stars. �Consequently, the in�uence of the vis-
ible image [in this experiment] is not related to the light, but
only coincides with its direction� � Kozyrev wrote [9].

in the sky several times during one year, when the Earth is at di� erent points
in its orbit around the Sun, the star will appear slightly o� set relative to the
other stars. Half of this apparent angular displacement of the star over the
course of a year is called its trigonometric parallax.

� Annual stellar aberrationA is the observed displacement of stars from
their actual positions on the celestial sphere, caused by the Earth’s motion
along its orbit around the Sun.
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Star
Stellar

magnitude
Spectral

class � � � � � �
Date

of observation

� Tri 3.08 A5 000:012 + 000:150 +3900 12 October 1977

� Tau 3.8 � 4.1 B3 � 000:009 � 000:006 ? 23 October 1977

� Tau 1.1 K5 000:048 + 000:069 +5 22 and 23 October 1977


 Psc 3.85 K0 000:025 + 000:756 + 95 22 October 1977

! Psc 4.03 F5 000:012 + 000:147 +15 22 October 1977

Table 2: Four stars that had no e� ect on the detector, and also the star� Tauri, whose e� ect
was found to be variable. October, 1977. Quoted from the original publication [9].

Four of the observed stars had no e� ect on the detector,
most likely due to the low sensitivity of the signal registering
system used in the observations. They are listed in Table 2.

In addition, Kozyrev concluded that the star� Tau most
likely emits a variable time density. This explained the fact
that, as is seen from Table 1 and Table 2, this star produced
a very strong e� ect on October 8, then its in�uence on the
detector halved on October 13, and there was no in�uence on
October 22 and 23.

In the second series of the astronomical observations, Ko-
zyrev and Nassonov increased the sensitivity of the signal
registering system by almost one order of magnitude, and
also extended the area of the sky subject to �scanning� near
each observed star. The latter was due to the fact that, as Ko-
zyrev reasoned, since the detector responded to the signals
transmitted instantly through the �eld of time density from
the true position of the star (where it is at the present mo-
ment of time) and from its visible position in the past (along
the trajectory of the light coming from it), then the �eld of
time density should also instantly transmit the signals com-
ing from the star and along the �reverse trajectory of light�,
along which the position of the Earth at the present moment
of time is visible from the star located in the future.

In other words, the detector must respond to the signals
transmitted instantly through the �eld of time density from
three points in the sky associated with each observed star:

1. The visible (past) position of the star, where it was in
the past when it emitted the light signal that we see at
present as its visible image in the sky;

2. The true position of the star, where it actually is at the
present moment of time;

3. The position of the star in the future, symmetric to its
visible position in the past with respect to its true posi-
tion in the sky.

The signals coming instantly through the �eld of time
density from the �rst position of a star (its visible position
in the past) indicate that the star not only exists at the present
moment of time, but in fact continues to exist as a real object
in the past. Whereas the third position of the star (in the fu-

ture) makes it possible to instantly observe the future of the
star as an already existing reality.

This second series of the astronomical observations was
performed during the spring and autumn of 1978, and also in
May 1979, using the same 50-inch re�ecting telescope. The
results were published in the paper [10]. They are shown here
in Table 3, where� 1� ob means the observed angular distance
between the true position of the star (where it is at the present
moment of time) and its visible position (in the past), while
� 2� ob is the observed distance between the symmetrical po-
sition of the star in the future and its visible position (theoret-
ically, it should be� 2� ob = 2� 1� ob).

The detector responded to all three mentioned positions
of each observed star (except only� Persei).

As previously in 1977, in the �rst series of the observa-
tions, � Persei showed an anomaly: the detector did not re-
spond to its true position (in the middle between its positions
in the past and in the future), but reliably detected its position
in the future� 2� ob = + 5900. Most likely this star has variable
activity and was weakened during the season of these obser-
vations.

Since the values of the stellar aberrationA di� er in spring
and autumn (due to the Earth moving in di� erent directions in
its orbit), the values ofA for � Lyrae di� er greatly in spring
and autumn (A even changes its sign). This also led to a corre-
sponding change in the sign of the measured values of� 1� ob
and� 2� ob, in full agreement with the theory.

In addition to the stars, the aforementioned �scanning�
method of astronomical observations was also used to ob-
serve extended astronomical objects: the globular cluster M2
in Aquarius, the globular cluster M13 in Hercules, and the
galaxy M31 (Andromeda Nebula). Since these are not point-
like objects (unlike stars) and they are not uniform, then scan-
ning each one creates three non-uniform pro�les of it, corre-
sponding to its past, present and future, which are superim-
posed on each other. As a result, in the scan of each of the ex-
tended astronomical objects, the hills of maximum in�uence
on the detector were split into three peaks corresponding to
the past, present and future. These scanned pro�les, which
were non-uniform in structure, also showed a decrease in the
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Star
Stellar

magnitude
Spectral

class � � � � � � A� � � c � 1� ob � 2� ob
Date

of observation

10 UMa 4.1 F5 000:071� 5 � 000:436 � 2000 � 900 � 2900� 1 � 2800 � 5700 13 April 1978

� Leo 1.3 B8 000:039� 7 � 000:248 � 2000 � 1200 � 3200� 4 � 3500 � 7000 7 April 1978
� 400 � 2400� 4 � 2600 � 5000 8 May 1979


 Boo 3.0 F0 000:016� 7 � 000:115 � 2300 � 2000 � 4300� 7 � 5000 � 9700 24 April 1978

" Boo 2.7 K0 000:013� 7 � 000:049 � 1200 � 2000 � 3200� 6 � 3500 � 6700 13 May 1979

� Lyr 0.14 A0 000:123� 5 + 000:200 + 500 � 200 +300� 0 +500 20 October 1977
� 1800 � 1300� 0 � 1200 � 2300 14 May 1979

� Per 4.2 G0 000:084� 5 +100:266 + 4800 � 1700 +3100� 2 no +5900 22�23 October 1977

� Per 4.1 G8, A5 000:012� 5 000:000 0 � 2000 +2000� 0 � 2700 � 4600 3 November 1978

� 2 Aqr 4.4 F2 000:013� 5 + 000:204 +5000 � 1100 +3900� 13 + 4200 23 October 1977
+3800 + 8000 29 October 1978

� Peg 2.1 � 3.0 M0 000:015� 5 + 000:188 +3900 � 1400 +2500� 13 +2600 20 October 1977
+3500 + 6000 29 October 1978

Table 3: Results of the second series of Kozyrev’s astronomical observations. The detector responded to three positions of each
observed star (except� Persei): its position in the past (visible position), in the present (its true position), and in the future symmetrical
to its visible position in the past. Spring and autumn 1978, and also May 1979. The values of� 1� ob measured in the �rst series of the
astronomical observations (October 1977, see Table 1) are given as a reference. Quoted from the original publication [10].

Star � � � � � � A� � � c � � ob

� Peg 000:015� 5 000:217 4700:16 +3300:52 +1300:6 +1200:6 � 100:3

� And 000:043� 5 000:220 1600:72 + 4100:58 � 2400:9 � 2500:4 � 100:7

� And 000:024� 6 000:162 2200:00 +3900:51 � 1700:5 � 2000:2 � 200:5

Table 4: Results of the testing astronomical observations conducted by Eganova
and Lavrent’ev. 13 October 1989. Quoted from the original publication [11].

magnitude of the e� ect near the centre of each extended as-
tronomical object: Kozyrev explained this by the supposition
that where the stellar density is very high, there is a strong
absorption of the �eld of time density [10].

It should be noted that although we unfortunately were
not personally acquainted with Prof. Kozyrev (we read these
publications already after his death), one of the authors of this
paper, Dmitri Rabounski, visited Victor Nassonov twice at his
apartment in St. Petersburg in 1985 shortly before his sudden
death (at that time, Nassonov headed a laboratory at an indus-
trial company). Nassonov demonstrated the recordings of an
automatic recorder used in the last series of the astronomical
observations (instead of the pointer galvanometer used at the
initial stage). The recorded tapes clearly indicated three peaks
of the signals, recorded for each of the observed stars and
corresponding to its successive positions in the past, present
and future on the celestial sphere.

It is no wonder that other scientists also took notice of
these astronomical observations. In 1989, Ir�ene A. Eganova
and Michael M. Lavrent’ev, Director of the Sobolev Insti-

tute of Mathematics (Novosibirsk) and a Fellow of the USSR
Academy of Sciences, decided to reproduce Kozyrev’s astro-
nomical observations. Their collaborators at the Institute in
Novosibirsk reproduced Kozyrev’s experimental setup, then
Eganova and Lavrent’ev, together with their research group,
performed testing astronomical observations according to
Kozyrev’s method on the same 50-inch re�ecting telescope
of the Crimean Astronomical Observatory. To be more con�-
dent in the result, they scanned the area of the sky near each
observed star not only in one direction (as Kozyrev did), but
also in two directions (there and back). Excerpts from their
testing observations of the stars� Pegasi,� Andromedae and
� Andromedae are shown in Table 4, quoted from their �rst
short report [11].

In their second short report [12], Eganova and Lavrent’ev
reported the registration of signals coming from the true po-
sition of the Sun preceding the visible one by 2� 40:6 (four
visible diameters of the Sun) � the angular distance travelled
by the Sun in 8.3 minutes, during which the light emitted by
it reaches the Earth. The detector was installed in the focal
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plane of a small 4-inch re�ecting telescope, the main mirror
of which was reliably shielded from the light coming from the
Sun, and the signal registering system was protected from so-
lar thermal e� ects. The detector in one series of the observa-
tions was a metal-�lm resistor built into a Wheatstone bridge
as before. According to the records of scanning the near-solar
space, the resistor responded to both the true and visible po-
sitions of the Sun, as when observing the stars. In the second
series, it was a container with Escherichia coli bacteria in the
state of anabiosis, which they exposed to the true position of
the Sun for 3 minutes, while a control container with bacteria
of the same brood remained in the laboratory. It was found
that after exposure to the true position of the Sun, the number
of viable cells increased by 1.2 �3 times (depending on the
speci�c brood).

�Not a single fact was found that contradicted Kozyrev’s
observations, however, further research is required to con�rm
his conclusions regarding the properties of the observed ef-
fect� � they concluded [11].*

Indeed, one cannot but agree with this conclusion. Yes,
the e� ect discovered by Prof. Kozyrev was weak and his as-
tronomical observations were di� cult to reproduce. On the
other hand, this was not a single unique experiment. The dis-
covered e� ect was registered on many stars over several years
and was con�rmed by astronomical observations of an inde-
pendent group of scientists.

We must therefore carefully search for a theoretical basis
that could explain the instant transmission of signals in the
framework of modern theoretical physics. A theory of this ef-
fect could determine the key physical factors of this process,
and, accordingly, determine methods for enhancing these fac-
tors in order to create a new industrial technology of commu-
nication and transport.

This was one of the reasons why we started our own the-
oretical research on this topic in the mid-1980s and why we
are now writing this article.

2 Theoretical explanation

In fact, Kozyrev’s astronomical observations showed that sig-
nals from each star in the real space-time are instantly trans-
mitted to the observer from its three positions in the sky: its
visible position in the past (along the trajectory of light), its
true position at the moment of observation and its position in
the future (along the �reverse trajectory of light�).

Kozyrev originally believed [13] that the results of his
astronomical observations could be interpreted in the frame-
work of the four-dimensional Minkowski space (which is the
space-time of Special Relativity). He proceeded from the fact
that the four-dimensional metric (four-dimensional distance

* Their reports [11,12] were published in the short communications from
the USSR Academy of Sciences, known asDoklady Akademii Nauk SSSR,
which is a highly in�uential and prestigious scienti�c journal, intended only
for the Academy Fellows (or for the communications personally recom-
mended by them) and published in English since 1956.

between two adjacent points) in the Minkowski space is ex-
pressed in the form

ds2 = c2dt2 � dx2 � dy2 � dz2 = c2dt2
 
1 �

v2

c2

!
;

where v is the velocity of a signal in the three-dimensional
space. Kozyrev argued that the four-dimensional distance in
the Minkowski space, say, between a star and an observer, is
zerods= 0 along three world lines. The linedt= 0, coincid-
ing with the three-dimensional space of the observer, indi-
cates the true position of the star, where we would see it if
light travelled instantly. The line v= + c indicates the posi-
tion of the star in the past, when it emitted the light signal
that we see as its image in the sky. The line v= � c indicates
the position of the star in the future, symmetrical to its visible
position in the past (with respect to its true position), when
the light signal emitted from the Earth reaches it.

However, this statement by Kozyrev does not correspond
to the geometry of the Minkowski space (Kozyrev was an out-
standing astronomer of the 20th century, but was not familiar
with Riemannian geometry). Below we show why and how
the instant transmission of signals is explained in the space-
time of General Relativity.
De�nition: Instant transmission of a signalmeans that the

interval of physically observable time, registered by the
observer between the sending of the signal and its ar-
rival, is zero. In other words, the physically observable
time of an instantly transmitted signal, registered by the
observer, stops.

Physically observable quantities in the four-dimensional
pseudo-Riemannian space (the space-time of General Rela-
tivity, a particular case of which is the Minkowski space) are
de�ned as the projections of four-dimensional generally co-
variant quantities onto the three-dimensional spatial section
and the time line associated with an observer. Such physically
observable projections are invariant throughout the observer’s
spatial section (his observable three-dimensional space), de-
pend on its geometric and physical properties, and are, there-
fore, calledchronometric invariants[14�17].

Thus, the interval of physically observable timed� regis-
tered by an observer is the projection of the four-dimensional
displacement vectorx� (� = 0;1;2;3) onto his time line

d� =
p

g00 dt �
1
c2 vi dxi ;

wheredt is the interval of coordinate time, which would be
counted by the observer in the absence of disturbing factors,
the time (zero) componentg00 of the fundamental metric ten-
sorg�� is expressed with the potential w of the gravitational
�eld that �lls the space of the observer

p
g00 = 1 �

w
c2 ; w = c2 �

1 �
p

g00
�
;

104 Rabounski D. and Borissova L. On the Astronomical Observations of Instant Transmission of Signals from Stars



Issue 2 (December) PROGRESS IN PHYSICS Volume 21 (2025)

andvi is the three-dimensional vector of the linear velocity of
rotation of the observer’s space

vi = �
cg0ip g00

; vi = � cg0ip g00 ;

which is caused byg0i , 0 (meaning that the observer’s spatial
section is non-orthogonal to his time line) and therefore it
cannot be eliminated by coordinate transformations along the
spatial section of the observer.

The physically observable three-dimensional intervald�
is determined as

d� 2 = hik dxidxk;
where

hik = � gik +
1
c2 vi vk ; hik = � gik; hi

k = � i
k

is the physically observable three-dimensional metric tensor,
which is the projection of the fundamental metric tensorg��
onto the spatial section of the observer and possesses all its
properties throughout his spatial section (three-dimensional
observable space). Thus, the square of the four-dimensional
(space-time) intervalds2 = g�� dx� dx� expressed in terms of
physically observable quantities has the form

ds2 = c2d� 2 � d� 2:

In the Minkowski space, as is seen from the Minkowski
metric that above,g00 = 1 that means the absence of gravi-
tational �elds (the gravitational potential is w= 0), and also
g0i = 0 meaning that the three-dimensional space (spatial sec-
tion) is everywhere orthogonal to the time lines piercing it,
and, hence, it does not rotate (vi = 0). Therefore, the interval
of physically observable timed� , which is registered by an
observer in the Minkowski space, is always

d� = dt:

This fact, in particular, means that in the Minkowski space
(the space-time of Special Relativity) there areno geometric
or physical disturbing factorsthat could cause stopping phys-
ically observable time. In such a space, the concept of stop-
ping time is essentially absent: according to the geometry
of the Minkowski space, the physically observable time co-
ordinate registered by the observer isdx0 = cd� = cdt, i.e., it
changes absolutely uniformly throughout the space along the
directrices of the light cone of the observer at a speed equal
to � c (the plus sign takes place when counting time into the
future, and the minus sign � when counting time into the
past). The physically observable time interval in the Minkow-
ski space is zerodx0 = cdt= 0 only at the space-time point,
where the vertices of the light cones of his past and future
converge (i.e., only at the point of his observation), but not
along any three-dimensional path between him and another
object in space (say, a star). Consequently:

Since stopping physically observable time in the Min-
kowski space is in principle impossible due to the fact
that its geometric structure does not contain disturbing
factors that could stop time, the geometric structure of
the Minkowski space itself does not allow instant trans-
mission of a signal.

On the other hand, despite the error in Kozyrev’s theoret-
ical explanation [13], the results of his astronomical observa-
tions indicate that instant transmission of signals from stars is
an ordinary phenomenon in the real space-time.

Another case � the space-time of General Relativity, be-
cause it allows all conceivable disturbing factors character-
istic of pseudo-Riemannian spaces due to their Riemannian
geometry.

We considered the conditions for stopping physically ob-
servable time in the space-time of General Relativity in our
works on the theory of non-quantum teleportation, which we
began in the late 1980s and continue to this day. Everything
that follows is based on the theoretical background, published
in 2001 in our research monograph [18], and then � in our
subsequent papers [19�21].

Derive thephysical conditions that stop observable time.
From the de�nition of the interval of physically observable
time d� in the space-time of General Relativity (see above),
we obtain that the physically observable time stops for an ob-
served object (d� = 0) under the physical conditions

w + vi ui = c2;

determining the necessary combination of the potential w of
the gravitational �eld that �lls the space, the linear velocityvi
with which the space rotates, and also the coordinate velocity
ui = dxi

dt of the object with respect to the observer.
These physical conditions at �rst glance seem exotic for a

regular laboratory: an extremely strong gravitational potential
and speeds close to the speed of light. However, these condi-
tions that stop observable time are realized inside every phys-
ical body in the range from elementary particles to planets
and stars. And we will now show why.

Since every physical body possesses mass, its gravita-
tional �eld has a breaking at a distance from its barycentre,
which is equal to its gravitational radiusrg = 2GM=c2 calcu-
lated for its massM. For instance, atr = rg from the barycen-
tre, the zero (time) componentg00 of the fundamental metric
tensor of the Schwarzschild mass-point metric

ds2 =
�
1 �

rg

r

�
c2dt2 �

dr2

1 � rg

r

� r2
�
d� 2 + sin2� d’ 2

�
;

which describes the space of a massive spherical body appro-
ximated by a material point, is zero

g00 = 1 �
rg

r
= 0:
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Therefore, the potential of the gravitational �eld of every
physical body on a spherical surface of the radiusrg around
its barycentre is

w = c2 �
1 �

p
g00

�
= c2;

which is the same in the space of a rotating massive spherical
body, because the componentg00 has the same formula for
these two spaces. You can see this from the space metric of a
massive spherical body that rotates along its equatorial coord-
inate axis’ with a constant angular velocity! = const, which
was introduced and proved in [22]

ds2 =
�
1 �

rg

r

�
c2dt2 � 2! r2sin2�

r
1 �

rg

r
dtd’ �

�
dr2

1 � rg

r

� r2
�
d� 2 + sin2� d’ 2

�
:

Such a tiny spherical surface, we concluded in our previ-
ous paper [23], exists around the barycentre deep inside ab-
solutely every physical body simply because physical bodies
possess mass.

The condition w= c2 means stopping physically observ-
able timed� = 0, which is also the condition for instant trans-
mission of signals, if the body does not rotate (vi = 0). This
means that the condition for instant transmission of signals
(d� = 0) is satis�ed on the spherical surfacer = rg around the
barycentre of every non-rotating body. For rotating bodies,
d� = 0 is satis�ed under w+ vi ui = c2 (see above). Therefore,
sinced� = 0 in this case is satis�ed at a lower value of the
gravitational potential w due to the second term caused by
the rotation of space, the condition for instant transmission
of signals is satis�ed inside every rotating body on a sphere
enveloping its barycentre slightly above the radiusrg.

Thus, we arrive at the conclusion:
According to General Relativity, the condition of in-
stant transmission of signals is satis�ed on a tiny spher-
ical surface of the gravitational radius (for non-rotating
bodies) or slightly above it (for rotating bodies), exist-
ing around the barycentre deep inside absolutely every
physical body in the range from elementary particles to
planets and stars.

The path along which signals can be instantly transmitted
in the pseudo-Riemannian space is determined by the condi-
tion of instant signal transmission (d� = 0) and is described
by the obvious equation

� = const;

which describes trajectories along the three-dimensional spa-
tial section of the observer (his observable three-dimensional
real physical space), which is generally non-uniform, curved,
rotating and deformable. Along such trajectories, neither the
four-dimensional (space-time) intervalds nor the physically

observable three-dimensional intervald� between the points
of departure and arrival of the instantly transmitted signal are
not equal to zero

c2d� 2 = 0; ds2 = c2d� 2 � d� 2 = � d� 2 , 0:

The resulting equation of trajectories for instant signal
transmission, together with the previous conclusion about the
location of the conditions for stopping observable time, lead
us to the conclusion:

The spherical surfaces, enveloping the barycentres of
all physical bodies at their gravitational radius (for non-
rotating bodies) and slightly above it (for rotating bod-
ies), on which physically observable time stops, are
all connected to each other by trajectories of stopping
observable time. Signals, instantly transmitted along
these trajectories, instantly connect all physical bodies
in the Universe.

Trajectories of this type instantly connect any ob-
server with stars and indicate the middle (true) position
of stars, which was registered in Kozyrev’s astronomi-
cal observations.

Note that, as we have already mentioned above, this type
of trajectories for signals do not take place in the Minkowski
space of Special Relativity (where there is no disturbing fac-
tors that could cause stopping observable time). Such trajec-
tories take place only in the space-time of General Relativity
(since it allows all disturbing factors that are conceivable due
to its Riemannian geometry).

Let us now �nd the trajectories that indicate the instant
transmission of signals from the visible (past) position of stars
and their position in the future (symmetrical to their visible
position) in Kozyrev’s astronomical observations. Presum-
ably, these should be trajectories on the surface of the light
cone: on its half (for signals coming to the observer from the
visible position of the star in the past) and on the upper half
(for signals coming from the symmetrical position of the star
in the future). Therefore, we will �rst check this assumption
by considering the light cone equation.

The light cone equation is the equation of trajectories ly-
ing on the surface of the light cone in the four-dimensional
pseudo-Riemannian space (which is the space-time of Gen-
eral Relativity). It is determined according to the de�nition
of the light cone by the condition

ds2 = c2d� 2 � d� 2 = 0; c2d� 2 = d� 2 , 0;

which means that the four-dimensional intervals on its sur-
face (i.e., along its directrices) are zero, while the intervals
of physically observable time and the physically observable
three-dimensional spatial intervals are equal to each other, but
not equal to zero. Substituting the de�nitions ofd� andd�
(see above) into the light cone conditionc2d� 2 = d� 2 and re-
ducing similar terms, we obtain the light cone equation in the
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pseudo-Riemannian space

g00c2dt2 � 2
p

g00 vi dxidt + gik dxidxk = 0:

In the Minkowski space metric (see it in the very begin-
ning), we haveg00 = 1, g0i = 0 (and, hence,vi = 0), and also
gik = � 1. Substituting these values into the general formula
of the light cone equation above, and sincedt , 0 (as we have
already explained, observable time cannot be stopped in the
Minkowski space, because its geometric structure does not
contain disturbing factors that could stop time), we obtain the
light cone equation in the Minkowski space

 
1 +

1
c2 gik uiuk

!
dt2 = 0; dt , 0;

whereui = dxi

dt is the coordinate velocity of a signal. Because
g00 = 1 andvi = 0 in the Minkowski space, (vi = 0), we have

d� =
p

g00 dt �
1
c2 vi dxi = dt;

hik = � gik +
1
c2 vi vk = � gik ;

and, therefore, the square of the physically observable veloc-
ity of the signal vi = dxi

d� has the form v2 = hik v ivk = � gik uiuk.
As a result, the light cone equation in the Minkowski space
has the form

 
1 �

v2

c2

!
dt2 = 0; dt , 0;

which means

v i = � ci ; v2 = � gik cick = c2 = inv;

where the plus sign refers to signals travelling into the future,
and the minus sign � if signals travel into the past. There-
fore, we conclude:

Signals on the surface of the light cone in the Minkow-
ski space (which is the space-time of Special Relativ-
ity) are not transmitted instantly. They travel with the
same (constant) physically observable velocity equal to
the velocity of light.

Let us turn back to the above general formula of the light
cone equation in the pseudo-Riemannian space (which allows
all disturbing factors that are conceivable due to its Rieman-
nian geometry). It can be easily transformed using the de�ni-
tion of d� to the form

 
1 �

v2

c2

!
d� 2 = 0;

which di� ers from the above formula of the Minkowski space
in the disturbing factorsg00 , 1, g0i , 0 (and, hence,vi , 0)
andgik , � 1 that are characteristic of the pseudo-Riemannian

space metric and manifested, in particular, in the physically
observable time intervald� , the physically observable veloc-
ity of signals vi and the physically observable metric tensor
hik determining v2 = hik v ivk.

This condition is satis�ed, sinced� , 0 on the surface of
the light cone*, only if the observable velocity of signals is

v i = � ci ;

v2 = hik cick =
 
� gik +

1
c2 vi vk

!
cick = c2 = inv;

where the plus sign means their travel into the future, and the
minus sign � their travel into the past. This means:

Signals are not transmitted instantly on the surface of
the light cone in the pseudo-Riemannian space (which
is the space-time of General Relativity), but travel with
the velocity of light, the physically observable three-
dimensional vector of which depends on the disturbing
factors characteristic of the pseudo-Riemannian space,
while its square remains invariant. Their trajectories
coincide with the trajectories travelled by light signals
in the Minkowski space in the absence of the disturb-
ing factors, i.e., when the non-uniform, curved, rotating
and deformable light cone of the pseudo-Riemannian
space has became the straight and uniform light cone
of the Minkowski space.

In other words,
Neither the straight and uniform light cone in the Min-
kowski space of Special Relativity nor the disturbed
light cone in the pseudo-Riemannian space of General
Relativity are home of the instantly transmitted signals
that indicated the visible and future positions of stars in
Kozyrev’s astronomical observations.

We therefore consider trajectories, along which a stronger
condition is satis�ed than the aforementioned light cone con-
dition (ds2 = c2d� 2 � d� 2 = 0, c2d� 2 = d� 2 , 0). This is the
condition

ds2 = c2d� 2 � d� 2 = 0; c2d� 2 = d� 2 = 0:

Since along such trajectories the four-dimensional inter-
val ds, the physically observable time intervald� and the
physically observable three-dimensional spatial intervald�
are zero, i.e., all these intervals degenerate along such trajec-
tories, we called their home space afully degenerate space,
or in other words � a zero-space[18�21].

In particular, since trajectories in the zero-space associ-
ated with the pseudo-Riemannian space of General Relativity

* Except for a single space-time point, which is the location of the ob-
server himself (at this point, the vertices of the light cones of his past and
future converge). In this case, the point of signal emission and the location
of the observer coincide and, therefore, the observable time interval between
the emission of the signal and its arrival is alwaysd� = 0.
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is a fully degenerate (ultimate) version of trajectories on the
surface of the light cone, the zero-space is in fact afully de-
generate light cone.

Since from the point of view of a regular observerd� = 0
is everywhere in the zero-space (which is a fully degenerate
light cone), then the motion of signals along their trajectories
in the zero-space is observed by him as an instant transmis-
sion of these signals in his observable (non-degenerate) space
along trajectories on the surface of the regular light cone.

In con�rmation of what has been said, we transform the
light cone equation to a form that takes into account the phys-
ical conditions of full degeneration w+ vi ui = c2, which are
also the physical conditions that stop observable time (d� = 0,
see above). The resulting form of the light cone equation

8>><
>>:

"
1 �

1
c2

�
w + vi ui

�#2

�
u2

c2

9>>=
>>; dt2 = 0; dt , 0

is satis�ed at every point on the surface of the light cone. Here
ui = dxi

dt is the signal’s coordinate velocity (for which we have
u2 = � gik uiuk), anddt is the coordinate time interval (it never
becomes zero, see explanation above). Under the conditions
of full degeneration w+ vi ui = c2, when observable time stops
(d� = 0) from the point of view of an external observer, the
above light cone equation transforms into thedegenerate light
cone equationthat is also thezero-space equation

 
1 �

u2

c2

!
dt2 = 0; dt , 0;

meaning that signals travel in the zero-space with the coor-
dinate velocity of light, while they are observed as instantly
transmitted signals by an external observer, whose home is
the regular (non-degenerate) space-time.

In particular, the above means the following. Since the
zero-space is a fully degenerate (ultimate) version of the light
cone, signals can enter the zero-space and return back from
there at any point on the surface of the light cone if the phys-
ical conditions for full degeneration are somehow realized at
that point. For example:

Let us say that at the point of emission of a signal to-
wards an observer at the moment of its emission the
physical conditions of full degeneration are somehow
realized, and these conditions are also realized in the
receiving device of the observer. Then the observer will
register that the signal has disappeared at the emission
point and was instantly received by his receiver, while
the visible path along which the signal was instantly
transmitted is the trajectory of light signals between
him and the emission point (despite the fact that the
signal itself was transmitted along a trajectory lying in
the fully degenerate zero-space).

Such trajectories, instantly connecting any observer
with stars, indicate the visible (past) position of stars

and their position in the future (symmetrical to their
visible position), which was registered in Kozyrev’s as-
tronomical observations.

Thus, all three positions of stars, which were indicated by
instantly transmitted signals in Kozyrev’s astronomical obser-
vations, have been explained in the pseudo-Riemannian space
(space-time) of General Relativity. In the Minkowski space,
which is the space-time of Special Relativity, Kozyrev’s re-
sults have no explanation, because the Minkowski space does
not contain disturbing factors that could stop time or fully de-
generate the entire space-time.

3 Conclusion

In this article we discussed the phenomenon of instant trans-
mission of signals from stars (long-range action), discovered
in the astronomical observations performed in 1977�1979 by
Prof. N. A. Kozyrev [9,10], then � reproduced and con�rmed
in 1989 by a group of scientists, headed by I. A. Eganova and
M. M. Lavrent’ev [11, 12]. We also gave our own theoretical
explanation to Kozyrev’s observed results in the framework
of General Relativity.

We have shown that the geometric structure of the Min-
kowski space (which is the space-time of Special Relativity)
does not contain disturbing factors that could stop time. And,
since stopping physically observable time along the trajec-
tory of a signal between the points of its emission and arrival
is a necessary condition for its instant transmission, signals
cannot be transmitted instantly in the space-time of Special
Relativity.

On the other hand, we have shown that observable time
can be stopped in the pseudo-Riemannian space (space-time)
of General Relativity, since it allows all disturbing factors that
are conceivable due to its Riemannian geometry. Such factors
are the gravitational �eld potential or the rotation of space
(due to the non-orthogonality of the three-dimensional spa-
tial section to time lines), or both of these factors presented
together.

We have shown that the condition of stopping physically
observable time is satis�ed on a tiny spherical surface of the
gravitational radius (for non-rotating bodies) or slightly above
it (for rotating bodies), existing around the barycentre deep
inside absolutely every physical body in the range from el-
ementary particles to planets and stars. These spherical sur-
faces, enveloping the barycentres of all physical bodies are all
connected to each other by trajectories of stopping observable
time. Signals, instantly transmitted along these trajectories,
instantly connect all physically bodies in the Universe. Such
trajectories instantly connect any observer with stars and indi-
cate themiddle(true) position of stars, which was registered
in Kozyrev’s astronomical observations.

We have also considered a fully degenerate (ultimate) ver-
sion of trajectories on the surface of the light cone, along
which physically observable time stops and, therefore, sig-
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nals travel instantly. Such trajectories make up a fully de-
generate light cone associated with the pseudo-Riemannian
space, which we called the zero-space. The motion of signals
along such trajectories (i.e., in the zero-space) is observed by
a regular external observer as their instant transmission in his
observable (non-degenerate) space along trajectories of light.
Once the conditions of full degeneration are somehow real-
ized at the point of emission of a signal towards an observer
and these conditions are also realized in his receiving device
(receiver), then he will register that the signal has travelled
instantly from the emission point to him along the trajectory
of light signals (while it travelled along a trajectory lying in
the fully degenerate zero-space). Such fully degenerate tra-
jectories also instantly connect any observer with stars. They
indicate thevisible (past) position of starsandtheir position
in the future(symmetrical to their visible position), registered
in Kozyrev’s astronomical observations.

This is how Kozyrev’s astronomical observations of in-
stant transmission of signals from stars are explained in the
framework of General Relativity.

These results illustrate that, according to General Relativ-
ity, all physical bodies in the Universe, including you and us,
exist not only at the present moment in time, but are multidi-
mensional objects, the past, present and future of which are
an existing reality.

Submitted on June 28, 2025
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Origin of Cylindrically Oriented Zonal Flows in the Jovian Planets
as Dictated by Quantum Celestial Mechanics (QCM)

Franklin Potter
Sciencegems, 8642 Marvale Drive, Huntington Beach, CA, 92646, USA. E-mail: frank11hb@yahoo.com

The four Jovian planets in the Solar System have �uid bodies surrounding a solid core
and each exhibit several complex zonal �ows with their atmospheres moving faster
than the planet rotation. Several research groups have proposed that these atmospheric
east-west zonal jet �ows that are aligned with the axis of rotation are cylindrically con-
�ned, as indicated by identifying gravity harmonics. I propose that the source of these
co-axial concentric cylidrical �ow zones is dictated by quantum celestial mechanics
(QCM), which states that the equilibrium radius for each cylindrical band/zone within
the planet occurs where the Newtonian gravitational attraction balances the repulsive
QCM quantization of angular momentum per unit mass e� ect.

1 Introduction

The four Jovian planets in our Solar System are �uid bod-
ies surrounding a solid core. Fluid bodies do not rotate as
rigid bodies and, instead, exhibit complex zonal �ows in the
atmospheres. Observational evidence of the Jovian planets
by spacecraft in the visible, the ultraviolet (UV), the infrared
(IR), and with magnetic �eld sensing, reveals atmospheric
east-west zonal jet �ows in each hemisphere. For a review
that includes detailed diagrams of these zonal �ows in the at-
mosphere down to a few thousand kilometers for Jupiter and
Saturn, see [1].

These bands/zones on Jupiter have been observed through
optical devices since the 1600s, but only via using data col-
lected by the Juno and Cassini orbiting spacecraft at Jupiter
and Saturn have researchers signi�cantly improved our de-
scription of this complex zonal �ow behavior.

Detailed analyses identifying gravity harmonics by sev-
eral research groups over the past decade and earlier have sug-
gested that the Jupiter and Saturn �ows are probably aligned
with the axis of rotation and that cylindrical con�nement is
essential for each distinct observed dynamic �ow behavior.
Speci�cally, as one example, in Jupiter the 21° N jet provides
evidence that the �ows extend inward cylindrically and not
much radially [2]. For the equivalent cylindrical �ow behav-
ior on Saturn, see [3].

For all four Jovian planets, the �ows penetrate cylindri-
cally downward, to a depth of about 3000 km in Jupiter, to
about 9000 km in Saturn, and to about 1000 km in Uranus
and in Neptune. More than one cylindrical �ow region ex-
ists within each Jovian planet. As a very simpli�ed sugges-
tion of the geometry being considered, Fig. 1 shows how two
possible co-axial concentric �ow cylinders would penetrate
throughout a planetary sphere.

As these cylindrical regions rotate faster than the planet
rotation, there would be physical �ow phenomena to be mea-
sured along the concentric circular regions where each cylin-
der pierces the surface. One should note that there would be

Fig. 1: Two co-axial concentric QCM cylinders penetrating the
planet.

overlap among the cylindrical regions at most depths because
they each could have a radial thickness that increases with
depth within the planet.

The actual physics origin of such cylindrical regions for
the atmospheric �ows within these Jovian planets has not
been identi�ed. Some complex suggestions involving dy-
namical combinations of Coriolis e� ects, temperature gradi-
ents, pressure gradients, magnetic �eld in�uences, etc., have
been incorporated into existing models, but there has been no
de�nitive single source proposed for the cylindrical symme-
tries [4,5].

I propose that these co-axial concentric cylindrical �ow
zones can exist within all planets because they are dictated
by the gravitational forces resulting from the quantization of
angular momentum per unit mass constraint of quantum ce-
lestial mechanics (QCM) [6]. Equilibrium radii for the con-
centric cylinders within a massive body such as a planet are
determined by both Newtonian gravitational attraction and a
quantization of angular momentum per unit mass repulsive
e� ect.

The equilibrium orbital radii of the planets of the So-
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lar System as well as the orbital distances for planets in all
known multi-planetary exosystems have been shown to obey
this angular momentum constraint dictated by QCM in the
Schwarzschild metric environment. Because each planet has
a Schwarzschild radiusrs of a few meters or less, this quan-
tiztion of angular momentum per unit mass e� ect applies also
within the planets with the result being co-axial concentric
cylindrical rotating regions.

2 Some prior applications of QCM

For an abbreviated derivation of quantum celestial mechanics
(QCM) from the general relativistic Hamilton-Jacobi equa-
tion and some of its equations predicting gravitational e� ects
for bodies obeying the Schwarzschild metric, see the Ap-
pendix. Applications of QCM in other gravitational metrics
can be found in the original paper [6] and in several other of
the references [7�11].

We have used QCM to explain the spacings of plane-
tary orbits in the Solar System and in all known exoplanetary
systems [8]. Essentially, QCM predicts both the Newtonian
gravitational attraction and a repulsive e� ect [see (10) in the
Appendix] that together specify equilibrium orbital radii that
are a small subset of all possible Newtonian equilibrium or-
bital radii.

All known multi-planetary exosystems have been shown
to obey this angular momentum constraint dictated by QCM.
In the Solar System, we learned that the Oort Cloud, with
its angular momentum contribution being almost 50 times
greater than the angular momentum contributions of the plan-
ets plus the Sun, dictates the allowed equilibrium orbital radii
of the planets to explain why its large radial separations are
unique among the known planetary systems. Fig. 2 shows a
sample of these exosystems obeying the angular momentum
constraint. Note that they have planets closer to their star than
the orbit radius of Mercury, and in some cases, they have a
Jupiter mass planet close-in!

After applying the gravitational wave equation (GWE) in
the Schwarzschild metric to planetary systems [8], we found
further applications to galaxies, clusters of galaxies [9], and to
the Universe. For the Universe [10], we determined an alter-
nate viable explanation of cosmological redshifts in a static
Universe in the interior metric, i.e. that a non-linear nega-
tive gravitational potential exists that agrees with the SN1a
data for an accelerating behavior. Our result suggests that the
clocks at the distant light sources tick slower than clocks at
the observer for all observers.

For the analysis of the Jovian planets, we will use the
same quantization of angular momentum per unit mass con-
straint dictated by QCM for the Schwarzschild metric given
by (8) in the Appendix, which becomes

L=� = m LT=MT (1)

for integermand a gravitationally bound system total angular
momentumLT and total massMT .

Fig. 2: The QCM angular momentum per unit mass constraint ap-
plied to several mulit-planetary exosystems. The short line marks
the orbital radius distance of Mercury. The slopes are proportional
to the total angular momentum in the gravitationally bound systems.

The application of this QCM orbital quantization equa-
tion is not only for planets in the exterior space surrounding
the central massive object of massM but also for the interior
volume within the mass for all equilibrium radiireq greater
than the Schwarzschild radiusrs > 2GM=c2.

In 2021, we investigated radial distances from the Earth’s
axis within the Earth itself to establish [11] that the Antarc-
tic Circumpolar Current (ACC), a signi�cant water current
moving eastward completely around the Antarctic Continent
about 2 meters/second faster than the Earth’s rotation at its
latitude, exists at them = 6 radial distance and is probably
being driven by our QCM e� ect. That is, the ACC lies at
the Earth’s surface where a QCM rotational co-axial cylinder
parallel to the Earth’s axis penetrates the surface from the in-
terior. Normally, one would expect a similar eastward water
current around the North Pole region at about the same North
latitude as the ACC, but land masses block such a continuous
water current.

Recent seismic research [12] has revealed also that deep
within the Earth, within its �uid outer core, lies a large donut-
shaped mass, i.e. a toroidal volume, thatrotates independently
about the Earth’s rotation axis at a di� erent angular velocity
than the rest of the outer core. Located at nearly the same
radial distance from the Earth’s axis as the ACC, we are in-
vestigating whether this rotating donut could be driven by the
QCM gravitational force produced by the same cylinder with
m = 6 as for the ACC.

3 Jovian planet considerations

In this investigation we are analyzing much more complicated
dynamic systems involving planets with signi�cant gaseous
atmospheres. We consider whether the rotational zone/band
structures of the Jovian planets, Jupiter, Saturn, Uranus, and

Franklin Potter. QCM Origin of Cylindrical Zonal Flows in Jovian Planets 111



Volume 21 (2025) PROGRESS IN PHYSICS Issue 2 (December)

Neptune, are produced by the above QCM angular momen-
tum constraint equations. Their Schwarzschild radii are all
less than 3 meters, so they are expected to have rotational
cylindrical regions co-axially parallel to the planet’s rotation
axis within their massive bodies.

However, unlike the Earth that is essentially dense solid
and liquid matter all the way to its total radius, the Jovian
planets each possess a �uid atmosphere that is a mixture of
gases that extends signi�cantly into the planet from the �sur-
face�, which is de�ned to be where the pressure is 1 bar. This
atmospheric di� erence down to thousands of meters compli-
cates any analysis.

Fortunately, the combined e� ects of Coriolis forces, tem-
perature gradients, magnetic �eld movement, etc., have been
worked out in terms of Bessel functions and Legendre fun-
tions [1�3] for the geometry of the dynamic �ows within the
band structures. What is absent, however, is the reason for the
existence of the proposed rotating co-axial concentric cylin-
drical regions within the rotating planets.

We will determine possible radii for the QCM co-axial
concentric cylinders from the angular momentum constraint
given by (1) based upon the physical parameters at each Jo-
vian planet and try to determine whether they are the source
of the cylndrical geometries for the atmospheric bands exist-
ing at the �surface�. That is, if the radii of the predicted cylin-
drical regions roughly agree with the radii of the atmospheric
zones/bands, we will consider that we have identi�ed their
source. In order to simplify our derivation of the cylindri-
cal symmetry behavior within these planets, we will assume
a north-south symmetry approximation for these band/zone
regions, although there exists an obvious asymmetry in the
�ow data when the northern and southern hemispheres are
compared.

Fig. 1 shows an example of only two co-axial concentric
cylinders for a spherical planet. Where each cylinder inter-
sects the �surface� is where the bands/zones should be. Be-
cause each cylinder has some width in the radial direction,
the widths of each cylinder can overlap more than one other
cylinder beneath the surface inside each planet, thereby cre-
ating a more complex environment than we will investigate.
These complexities are probably already incorporated into the
research models mentioned above.

4 Jovian planet analysis

If the planets were solid, their e� ective planet radii would be
easy to de�ne. However, a planet such as Jupiter has a solid
core plus a liquid outer core region plus a signi�cant lower
density additional atmospheric region. One needs to deter-
mine the e� ective radiusR of the planet for the application
of the quantization of angular momentum per unit mass con-
straint in (1), which cannot be the radiusR0 to the �surface�
because the atmosphere that occupies the outer radius is itself
being driven by the QCM e� ective force determined by the

Table 1: E� ective planet radius for the Jovian planets.

Planet � � R2 R Ratio
(� 1014m2) (� 107m) R=R0

Jupiter 0.2756 3.0 3.26 0.455
Saturn 0.22 4.0 4.26 0.71
Uranus 0.33 1.5 2.55 1.0
Neptune 0.33 1.4 2.46 1.0

dense inner regions.
Applying (1), we substitutevr for L=� on the left side,

with v being the tangential velocity of mass� at orbit radius
r, and substitute� MR2!= M for LT=MT on the right side, to
obtain the equilibrium radius expression

r2
eq = m� R2 ; (2)

where� is the moment of inertia coe� cient, i.e. of� MR2,
andR being the e� ective radius. For a solid planet,R would
be the radial distanceR0 to its physical surface, but for the
�uid Jovian planets,Rmay not be this distance.

We de�ne an e� ective radiusR to be the one that produces
the correct latitudinal distribution of bands/zones at the sur-
face of the planet. The e� ective � MR2 values for the four
Jovian planets are listed in Table 1. Note that for both Jupiter
and Saturn, the e� ective radiusR is much less than the ac-
tual radiusR0 of the planet as revealed in the ratio column,
whereas for Uranus and Neptune the e� ective radius is prob-
ably the total radius of the planet. Also recall that for both
Uranus and Neptune, the actual zonal latitudinal structures
have not been identi�ed as well as achieved for Jupiter and
Saturn. Hopefully, more information will become available in
the near future to ascertain whether our results actually agree
with their band/zone structures.

The e� ective radius values in Table 1 are used to deter-
mine thereq values predicted by (1) and their equivalent lat-
itudes for comparison to the data. The calculated values for
the QCM co-axial concentric cylinders within the planets as
listed in Table 2 for Jupiter and Saturn and in Table 3 for
Uranus and Neptune.

The predicted latitudes for the zones/bands are in rea-
sonable agreement with those at the surfaces of Jupiter and
Saturn, but we await further data for the zone/band data for
Uranus and Neptune.

Jupiter’s di� erential rotation angular momentum plus the
orbital angular momentum contributions from its moons pro-
ducesLT = 4:795� 1038 kg m2=s with a mass ofMT = 1:9 �
1027 kg. For Saturn and its moons,LT = 7:109� 1037 kg m2=s
for a massMT = 5:683 � 1026 kg. QCM predicts tangential
velocitiesv� for each co-axial concentric cylindrical equilib-
rium radiusreq based upon the equation

v� =
m LT

req MT
: (3)
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Table 2: Radial equilibrium distances for Jupiter and Saturn

m Jupiter Saturn
req (107 m) Lat � req (107 m) Lat �

1 1.73 75.98 2.00 70.53
2 2.45 69.97 2.82 61.97
3 3.00 65.19 3.46 54.78
4 3.46 61.02 4.00 48.19
5 3.87 57.20 4.47 41.84
6 4.24 53.60 4.90 35.25
7 4.58 50.14 5.29 28.16
8 4.90 46.75 5.66 19.38
9 5.19 43.39 6.00 0
10 5.47 40.00
11 5.74 36.60
12 6.00 32.95
13 6.24 29.22
14 6.48 25.00
15 6.71 20.20
16 6.93 14.25
17 7.14 0

Table 3: Radial equilibrium distances for Uranus and Neptune.

m Uranus Neptune
req (107 m) Lat � req (107 m) Lat �

1 1.23 58.64 1.18 61.46
2 1.73 47.40 1.54 51.43
3 2.12 33.96 1.89 40.08
4 2.45 16.56 2.18 28.04
5 2.43 10.33

Thus, for the Jupiterm = 15 andm = 16 zones/bands at
the 20.20� and 14.25� latitude �ow regions, QCM predicts
tangential velocitiesv� of 5:65� 104 m=s and 5:82� 104 m=s,
respectively. The zonal winds near the equitorial surface of
Jupiter actually measure signi�cantly lower values, having a
maximum of about 100 m/s. Therefore, dynamic e� ects such
as viscosity e� ects, etc., retard the �ow in the atmosphere and
are probably the cause of these much, much lower measured
tangential velocity values than the predicted values.

For Saturn, for them= 7 andm= 8 zones/bands at 28.16�
and 19.38� , QCM predicts 1:66� 104 m=s and 1:77� 104 m=s
tangential velocities, respectively. The data revealmuch smal-
ler �ow velocities of about 300 m/s in these regions. Again,
dynamic viscosity e� ects are probably reducing the predicted
velocities to the measured velocities.

5 Conclusion

The zones/bands in the atmospheric �ow regions on the sur-
faces of the Jovian planets appear to be in co-axial concen-

tric cylinders. These complex atmospheric �ows possibly
penetrate into the planetary bodies to depths of thousands of
kilometers. Although a dynamical combination of Coriolis
e� ects, temperature gradients, pressure gradients, magnetic
�eld in�uences, etc., have been incorporated into existing dy-
namic models by several research groups, there has been no
de�nitive single source proposed for the apparent cylindrical
symmetries de�ning these �ow regions.

Quantum celestial mechanics (QCM) has a gravitational
wave equation (GWE) that we previously had applied in the
Schwarzschild metric to predict rotating co-axial concentric
cylindrical regions within all massive bodies. For one ex-
ample, we applied the GWE inside the Earth to determine
that the Antarctic Cirumpolar Current (ACC), a water current
traveling eastward about 2 meters/second faster than Earth’s
rotation rate at its latitude, could be explained by the applica-
tion of the QCM quantization of angular momentum per unit
mass equation

L=� = m LT=MT ;

which relates an orbiting mass� of angular momentumL in
orbit in a gravitationally bound system to the total massMT
and total angular momentumLT . When applied to all known
orbiting planets in multi-planetary systems, we established
that their planet orbital radii agree with this quantization of
angular momentum per unit mass constraint equation.

Upon applying this angular momentum constraint equa-
tion to the four Jovian planets, we identi�ed co-axial con-
centric rotating cylinders for zones/bands at reasonable radii,
i.e. rotating cylindrical regions piercing the surfaces at nu-
merous latitudes roughly agreeing with observational data for
the zone/band locations as determined with observations by
telescopes and spacecraft.

Therfore, we suggest that the true source of the co-axial
concentric cylindrical �ow regions in the Jovian planets has
been identi�ed to be the result of the QCM combination of
Newtonian gravitational attraction and the repulsive e� ect of
QCM quantization of angular momentum per unit mass. An
improved understanding of the complex dynamics of these
�ow regions can now be achieved in the near future.
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A Appendix: brief derivation of QCM equations

In 2003, Howard G. Preston and I introduced [6,7] Quantum
Celestial Mechanics (QCM), which is derived from the gen-
eral relativistic Hamilton-Jacobi equation and a simple trans-
formation that maintains the equivalence principle. The result
was a new gravitational scalar wave equation (GWE) that, in
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the Schwarzschild metric, predicts the quantization of angular
momentum per unit mass. Here is an abbreviated derivation
of the equations to be used for analyzing the Jovian planets.

From the general relativistic Hamilton-Jacobi equation,

g�� @S
@x�

@S
@x� � � 2c2 = 0 ; (4)

the transformation
	 = eiS0=� cH (5)

introduces a wave function	 , with S the action,� the mass
of the orbiting object, andS0 = S=� c so that the equivalence
principle is obeyed. For a detailed derivation showing all the
mathematical steps, see [6].

We de�ned a system scale lengthH by

H =
LT

MTc
(6)

for the total gravitationally bound system massMT having
total angular momentumLT andc being the speed of light in
vacuum.

Following through with the mathematical steps produced
a scalar gravitational wave equation (GWE)

g�� @2	
@x� @x� +

	
H2 = 0 : (7)

Expressing the GWE in the Schwarzschild metric, a separa-
tion of variables leads to di� erential equations in coordinates
(t; r; �; � ) that produce quantization conditions.

The angular parts dictate the quantization of angular mo-
mentumper unit massfor orbital angular momentumL as

L
�

= mcH (8)

for integerm: The radial equation leads to the quantization of
energyper unit massequation

En = � � c2 r2
s

8n2H2 (9)

for integern.
The expected value of the QCM orbital radial acceleration

near the orbital equilibrium radius is de�ned by

¤req = �
GM
r2 +

‘ (‘ + 1)L2
T

r3 M2
T

: (10)

For cylindrical coordinates, the‘ (‘ +1) is replaced bym2.
For comparison, recall that the standard Newtonian grav-

itation has

¤req = �
GM
r2 +

L2

� 2 r3 (11)

and, because the angular momentumL = �
p

GMr and the
angular velocity�� = L=� r2 for a circular orbit, then ¤r = 0 and
the radial acceleration per mass (¤r � r �� 2) equals� GM=r2.

Consequently, QCM has both the Newtonian attraction
term and a repulsive angular momentum term around each
equilibrium orbital radius, which results in the prediction of
allowed orbital radii that are a sparse subset of the Newto-
nian ones. In addition, there will be equilibrium radii within
planets at which a QCM acceleration occurs.
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We introduce a quantum mechanical model that reproduces key thermodynamic features
of a Schwarzschild black hole using a spherical �nite potential well. By analyzing the
tunneling spectra of photons and fermions con�ned in this well, we demonstrate a nu-
merical match to Hawking radiation. Additionally, the entropy of the emitted spectrum
exhibits a geometric scaling consistent with the Bekenstein-Hawking formula. These
results suggest that quantum con�nement may serve as an analog platform for exploring
black hole thermodynamics.

1 Introduction

This study highlights a formal similarity between quantum
mechanical tunneling and gravitational radiation processes,
suggesting a deeper, underlying unity between quantum con-
�nement and curved spacetime thermodynamics. The �nd-
ings propose potential insights into the quantum mechanical
underpinnings of black hole thermodynamics and contribute
to the ongoing dialogue on the uni�cation of quantum me-
chanics and general relativity.

Black holes, as described by general relativity, exhibit
thermodynamic properties such as Hawking radiation and en-
tropy, hinting at a quantum mechanical foundation [1]. This
study develops a three-dimensional spherical quantum well
model with a �nite potential barrier to explore these proper-
ties under controlled conditions.

This work departs from prior analog black hole models by
constructing a purely quantum mechanical system that, when
scaled appropriately, numerically reproduces the full Hawk-
ing spectrum. In contrast to acoustic or optical analogs, our
approach uses tunneling in a �nite spherical well to model
both bosonic and fermionic emission spectra and entropy,
providing a uni�ed thermal analog of black hole radiation.
The model’s ability to quantitatively match the black hole
spectrum across a wide frequency range, using temperature
scaling and statistical blending, demonstrates a deeper
thermodynamic equivalence rooted in quantum con�nement
rather than relativistic curvature.

Unlike analog gravity models based on �uid �ow or op-
tical horizons [2, 3], this approach relies purely on quantum
mechanical tunneling in a �nite potential structure. We begin
by formulating a spherical quantum well model with a barrier
structure mimicking an event horizon. Photon and fermion
spectra are then derived using WKB approximations, and the
resulting emission pro�les are compared to Hawking radia-
tion. We also compute entropy scaling and propose a dimen-
sionless scaling relation that aligns the two systems thermo-
dynamically.

2 Background

2.1 Schwarzschild black holes and event horizon

A Schwarzschild black hole, a spherically symmetric, non-
rotating solution to Einstein’s �eld equations, is characterized
by the metric [4,5]:

ds2 = �
 
1 �

2GM
c2r

!
c2dt2 +

 
1 �

2GM
c2r

! � 1

dr2

+ r2
�
d� 2 + sin2 � d� 2

�
; (1)

whereG is the gravitational constant,M is the mass,c is the
speed of light,r is the radial coordinate,t is time, and�; � are
angular coordinates. The event horizon, at the Schwarzschild
radius:

Rs =
2GM

c2 ; (2)

marks the boundary where escape velocity equalsc, rendering
escape impossible classically. Hawking radiation, a quantum
phenomenon, suggests black holes emit thermal radiation at
temperatureTH = ~c3

8� GMkB
[1].

2.2 The 3D �nite quantum well

In quantum mechanics, a �nite spherical well con�nes parti-
cles with a potential [6]:

V(r) =

8>>>><
>>>>:

0 for r < Rs

V0e� � (r � Rs) for Rs 6 r < R
V1e� � (r � R) for r > R

(3)

whereV0 (in eV) is the barrier height,V1 < V0 is the exterior
potential,R is the outer radius, and� (in m� 1) controls decay.
Unlike in�nite wells, this permits tunneling, a key feature in
semiconductor applications [7] (see Figure 1).

2.3 Event horizons and barriers

The black hole event horizon and quantum well barrier both
de�ne boundaries, but di� er fundamentally. The horizon re-
quires in�nite energy for escape, per general relativity, while
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Fig. 1: Radial potential pro�leV(r) illustrating the structure of the spherical quantum well. The barrier begins atRs with heightV0 and
decays exponentially towardV1 by radiusR. Regions labeled: Interior (r < Rs), Barrier (Event Horizon Analog,Rs < r < R), and Exterior
(r > R).

the quantum barrier allows probabilistic tunneling [6]. This
contrast highlights deterministic versus probabilistic physics,
yet both systems suggest a transition from con�nement to es-
cape, inspiring our analogy.

3 Quantum well model formulation

3.1 Quantum well model setup

Our quantum well is a spherical system with potential:

V(r) =

8>>>><
>>>>:

0 for r < Rs

V0e� � (r � Rs) for Rs 6 r < R
V1e� � (r � R) for r > R

(4)

whereRs = 2GM
c2 aligns with the Schwarzschild radius,V0 sets

the barrier, and� emulates gravitational decay. This structure
includes an interior (r < Rs), a transition region (Rs 6 r < R),
and an exterior (r > R), mirroring a black hole’s zones.

To rigorously establish the energy spectrum and tunneling
behavior of the quantum well, we solve the time-independent
Schr¤odinger equation:

�
~2

2m
r 2 + V(r)  = E : (5)

Expanding in spherical coordinates and assuming a sep-
arable solution (r; �; � ) = R(r)Ym

l (�; � ), the radial equation
becomes:

d2R
dr2 +

2
r

dR
dr

+
"
2m
~2

�
E � V(r)

�
�

l (l + 1)
r2

#
R = 0: (6)

We solve this equation in three regions: (i) inside the well
(r < Rs), (ii) within the barrier (Rs 6 r < R), and (iii) outside
the well (r > R).

The full wavefunction (r; �; � ) is continuous and di� er-
entiable across region boundaries atr = Rs andr = R, requir-
ing matching of both the radial function and its derivative:

Rin(Rs) = Rbarrier(Rs) ; R0
in(Rs) = R0

barrier(Rs) ; (7)

Rbarrier(R) = Rout(R) ; R0
barrier(R) = R0

out(R) : (8)

These boundary conditions yield a transcendental equa-
tion for energy levelsEn, which must be solved numerically.

In practice, these are implemented using numerical shoot-
ing methods or root-�nding on determinant conditions from
matched solutions [8].

3.2 Inside the well region (r < Rs)

For a potential well withV(r) = 0, the equation simpli�es to:

d2R
dr2 +

2
r

dR
dr

+
 
k2 �

l (l + 1)
r2

!
R = 0; (9)

wherek2 = 2mE
~2 . The general solution in this region is given

by the spherical Bessel function:

Rin(r) = A jl (kr) ; (10)

where j l(x) is the spherical Bessel function of the �rst kind.
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3.3 Barrier region: (Rs 6 r < R)

In the barrier region, the potential is modeled as an exponen-
tially decaying function:

V(r) = V0e� � (r � Rs): (11)

The Schr¤odinger equation in this region is:

d2R
dr2 +

2
r

dR
dr

+
"
2m
~2 (E � V0e� � (r � Rs)) �

l (l + 1)
r2

#
R = 0: (12)

Since this equation does not have a simple analytic so-
lution, we apply the Wentzel-Kramers-Brillouin (WKB) ap-
proximation to estimate the tunneling probability [9]:

T(E) � e� 2
RR

Rs

q
2m
~2 (V(r)� E) dr: (13)

For classically forbidden regions whereE < V(r), the
wavefunction exhibits exponential decay:

Rbarrier(r) � Ce�
p

2mV0
~� e� � (r � Rs)

: (14)

3.4 Outside the well (r > R)

For larger, we assume the potential is negligible, and the
Schr¤odinger equation reduces to:

d2R
dr2 +

2
r

dR
dr

+
 
k2

0 �
l (l + 1)

r2

!
R = 0; (15)

wherek2
0 = 2m(E� V1)

~2 . The general solution for outgoing waves
is given by the spherical Hankel function:

Rout(r) = Bh(1)
l (k0r) ; (16)

whereh(1)
l (x) represents the spherical Hankel function of the

�rst kind.

3.5 Matching conditions and energy quantization

The wavefunction and its derivative must be continuous at
r = Rs andr = R:

Rin(Rs) = Rbarrier(Rs) ; R0
in(Rs) = R0

barrier(Rs) ; (17)

Rbarrier(R) = Rout(R) ; R0
barrier(R) = R0

out(R) : (18)

These conditions yield a transcendental equation that de-
termines the allowed energy levelsEn, which must be solved
numerically. By solving the Schr¤odinger equation in each re-
gion and applying boundary conditions, we obtain the wave-
functions and energy levels for the quantum well. The WKB
approximation provides an estimate for the tunneling prob-
ability, supporting the interpretation that the system exhibits
black hole-like emission characteristics.

For a potential of the formV(r) = V0e� � (r � Rs), the classi-
cal turning pointsr1; r2 are de�ned byV(r) = E, yielding:

r2 � Rs =
1
�

ln
� V0

E

�
; r1 = Rs:

Hence, the WKB tunneling probability is:

T(E) � exp
"

�
2
~

Z r2

Rs

q
2m

�
V(r) � E

�
dr

#
: (19)

4 Energy quantization and photon statistics

Photons in the well follow the Helmholtz equation [6]:
"

d2

dr2 +
2
r

d
dr

�
l (l + 1)

r2 + k2
#
R(r) = 0; (20)

wherek = E
~c. The �nite barrier allows tunneling, yielding

approximate energies:

Enl � ~c
xnl

R
; (21)

wherexnl adjusts for penetration.
The partition function forN photons, using Bose-Einstein

statistics [10], is:

Z =
Y

n; l

 
1

1 � e� � Enl

!2l+1

; (22)

where� = 1=(kBT).

5 Calculation of internal energy

The internal energy is [10]:

Eint = �
@ln Z

@�
=

X

n; l

(2l + 1)Enl
1

e� Enl � 1
: (23)

The energy density per unit volume for blackbody pho-
tons con�ned in a spherical well of radiusR is given by inte-
grating over the Bose-Einstein distribution:

Eint =
Z 1

0
g(E)

E
e� E � 1

dE (24)

with g(E) = 8 � R3

h3c3 E2, yielding:

Eint =
8� R3

h3c3

Z 1

0

E3

e� E � 1
dE =

8� 5R3(kBT)4

15h3c3 : (25)

Assuming a dominant tunneling angular momentum
model = 1, we multiply by the degeneracy 2l + 1 = 3.

For a dominantles = 1, assumed as the primary tunneling
mode for simplicity [6]:

Eint � 3
Z 1

0

8� R3

h3c3 E3 1
e� E � 1

dE = 3
8� 5R3(kBT)4

15h3c3 ; (26)

using the photon density of statesg(E) = 8 � R3

h3c3 E2.
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6 Emission spectra from quantum tunneling

The tunneled energy spectrum for photons escaping the quan-
tum well is derived using the grand canonical ensemble and
tunneling probability [11,12]:

Itunneled(E) =
8� R3

h3c3 E3 T(E)
eE=kBT � 1

; (27)

whereg(E) = 8 � R3

h3c3 E2 is the photon density of states, and
T(E) is the tunneling probability through the barrierV(r) =
V0e� � (r � Rs) from Rs to R. For photons, the WKB approxima-
tion [9] gives:

T(E) = e� 2
RR

Rs

p
V0 e� � (r � Rs) � E

~c dr : (28)

Substitutingu = r � Rs, the energy-dependent tunneling
probability is:

T(E) = e� 2
~c

RR� Rs
0

p
V0 e� � u� E du; (29)

valid for E < V0e� � (R� Rs), where the integral modulates the
spectrum as a transmission factor. An earlier approximation

assumingV0e� � (r � Rs) � E yieldedT(E) � e�
2
p

V0
~c� (R� Rs), but

here we retainE-dependence for accuracy. The full spectrum
becomes:

Itunneled(E) =
8� R3

h3c3 e� 2
~c

RR� Rs
0

p
V0e� � u� E du E3

eE=kBT � 1
: (30)

To enhance functional similarity with Hawking radiation,
we approximate the WKB exponential as a summation over
barrier segments. Discretizing the integral withun = n� u,
� u = R� Rs

N , and de�ningTn(E) = e� 2
~c

p
V0 e� � un � E � u, we write:

Itunneled(E) �
8� R3

h3c3

N� 1X

n= 0

(2n + 1)Tn(E)
E3

eE=kBT � 1
; (31)

where (2n+ 1) heuristically mimics mode degeneracy, andN
is large for accuracy [9].

To computeT(E) numerically, we discretize the WKB in-
tegral usingu = r � Rs, with � u = R� Rs

N , and midpoint values
un = (n + 0:5)� u. The integral becomes:

T(E) � exp

2
6666664�

2� u
~c

N� 1X

n= 0

p
V0e� � un � E

3
7777775: (32)

To capture contributions from each shell, we de�ne:

Tn(E) = exp
"
�

2� u
~c

p
V0e� � un � E

#
(33)

and approximate the full tunneling-modulated spectrum as:

Itunneled(E) �
8� R3

h3c3

N� 1X

n= 0

(2n + 1)Tn(E)
E3

eE=kBT � 1
: (34)

This can be shown as a proportionality as:

Itunneled(E) /
E3

eE=kBTH � 1
: (35)

For a Schwarzschild black hole, Hawking predicts:

IHawking(E) =
1

2� ~

1X

l = 0

(2l + 1) � l(E)
E3

eE=kBTH � 1
; (36)

where� l(E) are greybody factors accounting for gravitational
scattering,TH = ~c3

8 � GMkB
is the Hawking temperature, and the

sum is over angular momentum modes [1]. For comparison,
neglecting greybody factors (� l(E) = 1) and approximating
the sum, it simpli�es to:

IHawking(E) /
E3

eE=kBTH � 1
; (37)

and this Hawking spectrum is show in Fig. 2.

Fig. 2: Hawking radiation spectrum for a Schwarzschild black hole,
computed withTH � 6:2 � 10� 8 K for M = 1030 kg, Rs � 1:48 km.

The QW’s
P

(2n + 1)Tn(E) parallels the
P

(2l + 1)� l(E)
structure, thoughn represents spatial segments rather than an-
gular modes, and fermionic contributions are omitted for sim-
plicity [1].

Fig. 3 shows the normalized Bose-Einstein tunneling
spectrum for photons con�ned within the quantum well po-
tential. The distribution follows the expected Planckian
shape, peaking at a �nite wavelength and decaying rapidly for
longer wavelengths. The horizontal axis is expressed in kilo-
meters to mirror the gravitational scale of black hole analogs,
reinforcing the geometric correspondence between quantum
con�nement and curved spacetime radiation. The spectral
peak re�ects the most probable energy mode escaping the
potential barrier, consistent with blackbody radiation at �xed
temperature. This plot complements the Fermi-Dirac spec-
trum shown later and helps establish a full statistical picture
of bosonic versus fermionic tunneling behavior in the analog
system.
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Fig. 3: Bosonic (Bose-Einstein) tunneling spectrum from the quan-
tum well, showing the emission pro�le for photons under barrier
modulation. Parameters:T = 104 K, V0 = 1 eV, � = 109 m� 1,
R = 10� 9 m. This �gure complements the fermionic spectrum shown
in Fig. 4.

7 Fermionic quantum well spectrum

For fermions, the density of states is [10]:

g(E) =
4� R3

2� 2

 
2m
~2

!3=2

E1=2; (38)

yielding:

IFD(E) =
4� R3

2� 2

 
2m
~2

!3=2

E3=2 T(E)
e(E� � )=(kBT) + 1

; (39)

where� is the chemical potential. ThisE3=2 contrasts with
the bosonicE3 (see Fig. 4).

A �nal comparative analysis is shown in Figure 5, where
the tunneling spectra for both bosons and fermions are plotted
against the theoretical Hawking radiation curve. The bosonic
(Bose-Einstein) spectrum displays close agreement with the
Hawking distribution in both peak location and decay shape,
while the fermionic (Fermi-Dirac) spectrum deviates more
signi�cantly, particularly at high and low energies. This sug-
gests that bosonic modes dominate the thermal behavior near
the quantum well’s emission surface, reinforcing the analogy
to black hole radiation where massless bosons such as pho-
tons are the primary contributors. The combined comparison
underscores the e� ectiveness of quantum con�nement mod-
els in reproducing the spectral structure of Hawking radiation.

8 Fermionic tunneling and comparison to Hawking ra-
diation

While the primary focus of this model has been on bosonic
radiation from the quantum well, black holes also emit fermi-
ons, such as neutrinos and electrons, through Hawking radia-
tion [1]. To further strengthen the analogy, we now consider
fermionic tunneling from the quantum well and compare it
directly to the fermionic component of Hawking radiation.

Fig. 4: Fermionic tunneling spectrum from the quantum well, com-
puted with e� ective temperatureT = 104 K, barrier heightV0 =
1 eV, decay constant� = 109 m� 1, outer radiusR = 10� 9 m, and
chemical potential� = 0:5 eV for a fermion massm = 9:11 �
10� 31 kg (electron mass).

Fig. 5: Spectral comparison between fermionic tunneling emission
from the quantum well and the Hawking radiation pro�le. The sim-
ilarity in peak structure and decay behavior supports the model’s
thermodynamic analogy.

8.1 Fermionic tunneling in the quantum well

For fermions con�ned in the quantum well, the density of
states is given by [10]:

gFD(E) =
4� R3

2� 2

 
2m
~2

!3=2

E1=2: (40)

The corresponding energy spectrum for fermionic tunnel-
ing is:

IFD(E) = gFD(E)
T(E)

e(E� � )=(kBT) + 1
; (41)

where � is the chemical potential, andT(E) is the tunnel-
ing probability. The key di� erence from the bosonic case is
the presence of the Fermi-Dirac distribution, which prevents
multiple fermions from occupying the same state.

8.2 Hawking radiation for fermions

Hawking’s original derivation shows that a Schwarzschild
black hole emits fermions in a manner similar to bosons, but
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governed by the Fermi-Dirac distribution:

IHawking;FD(E) =
1

2� ~

1X

l = 0

(2l+1) � l(E)
E3

e(E� � )=(kBTH ) + 1
; (42)

where� l(E) are the greybody factors that account for the par-
tial transmission of fermions through the gravitational poten-
tial barrier of the black hole.

8.3 Comparison and key di� erences

Both the quantum well and black hole spectra for fermions
follow the same fundamental shape, but di� er in their scaling
factors:

1. Greybody Factors vs. Tunneling Probability: The
greybody factors� l(E) in Hawking radiation serve a
similar role to the tunneling probabilityT(E) in the
quantum well. While the former accounts for gravita-
tional backscattering, the latter describes quantum me-
chanical barrier penetration.

2. Spectral Shape and Dependence on Chemical Po-
tential: In both cases, the fermionic distribution fol-
lows the expected Fermi-Dirac function, modifying the
thermal spectrum. However, in the quantum well, the
chemical potential� can be tuned explicitly, whereas
for black holes, it is dictated by charge and angular mo-
mentum constraints.

3. Energy Dependence: The Hawking spectrum for fer-
mions retains anE3 dependence in the numerator, whe-
reas the quantum well spectrum follows anE3=2 depen-
dence from the density of states function. This di� er-
ence arises from the di� erent spatial con�nement con-
ditions in the quantum well compared to the gravita-
tional horizon.

Despite these di� erences seen in Fig. 6, the fermionic
tunneling spectrum in the quantum well closely mirrors the
qualitative behavior of fermionic Hawking radiation. This
strengthens the analogy by demonstrating that the quantum
well can mimic both bosonic and fermionic emissions, further
supporting the claim that black hole thermodynamics can be
explored using quantum mechanical tunneling models.

8.4 Scaling factor

To relate the fermionic quantum well spectrum to the Hawk-
ing radiation spectrum, we de�ne the scaling factor:

Cscale=
max(IFermi� Dirac)

max(IHawking)
: (43)

We seek to determine the form ofCscaleusing dimensional
analysis and fundamental physical principles.

Fig. 6: Comparison of fermionic tunneling from the quantum well
(dashed) and fermionic Hawking radiation spectrum (solid). Both
spectra exhibit similar functional forms, with di� erences arising
from the density of states and barrier characteristics.

Dimensional analysis of the spectra

The spectra for both systems follow power laws with an ex-
ponential suppression:

� Hawking Radiation Spectrum (neglecting greybody
factors):

IHawking(E) /
E3

eE=kBTH � 1
; (44)

where the Hawking temperature is given by:

TH =
~c3

8� GMkB
: (45)

� Fermionic Tunneling Spectrum from the Quantum
Well:

IFD(E) = gFD(E)
T(E)

e(E� � )=(kBT) + 1
; (46)

where the density of states for a con�ned fermion sys-
tem is:

gFD(E) � E3=2: (47)

Since these spectra represent energy distributions, their
dimensional form is:

[I (E)] =
Energy

Volume� Energy� Time
=

1
(Length)3 � Time

: (48)

We now analyze the relevant fundamental constants:

� Gravitational constantG: [G] = m3

kg � s2 .

� Speed of lightc: [c] = m
s .

� Reduced Planck constant~: [~] = kg � m2

s .

Scaling constant form

Since the Hawking temperature involves the gravitational
scaling:

TH �
~c3

GkBM
; (49)
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we hypothesize thatCscalemust involveG andc in a dimen-
sionally consistent ratio.

We seek a dimensionless form:

Cscale �
� G
cn

� m
: (50)

For energy �ux normalization, we anticipate a form pro-
portional to the Stefan-Boltzmann factor for black hole radi-
ation. A natural choice is:

Cscale �
8� G
c4 : (51)

Physical interpretation of Cscale

The presence ofG=c4 is consistent with the Einstein �eld
equations, where similar terms appear in general relativity.
The factor 8� also appears naturally in black hole thermody-
namics and entropy calculations.

Thus, we predict:

Cscale �
8� G
c4 : (52)

Next steps

To verify this scaling factor:

1. ComputeCscale numerically using physical constants
and compare with empirical �ts;

2. Investigate greybody factors for additional modi�ca-
tions;

3. Extend to di� erent quantum well potentials for possible
re�nements.

This scaling factor provides a direct link between quan-
tum mechanical tunneling models and black hole thermody-
namics, reinforcing the analogy between the quantum well
system and Hawking radiation.

9 Numerical matching of quantum well and black hole
spectra

To further solidify the analogy between quantum well (QW)
tunneling radiation and Hawking radiation, we numerically
modeled both systems and compared their spectral irradiance.
We found that the key to achieving a one-to-one correspon-
dence between the two emission spectra is the alignment of
their e� ective temperatures. The spectra were generated us-
ing Mathematica with a custom script aligning quantum well
Rs with a black hole mass satisfyingTQW = TBH.

9.1 Temperature matching and mass scaling

The Hawking temperature of a Schwarzschild black hole is
given by:

TBH =
~c3

8� GMkB
; (53)

whereM is the black hole mass. For the quantum well, we
de�ne an e� ective temperature based on the tunneling depth:

TQW =
V0

kB

1
Rs � 107 ; (54)

whereV0 is the barrier height in joules, andRs is the width of
the well’s interior region in meters. To compare both systems
at equal thermal scales, we solve for the black hole mass that
would yield the same temperature as a quantum well with
Rs = 10� 13 m:

M =
~c3

8� GkBTQW
: (55)

SubstitutingTQW from above leads to:

M =
~c3Rs � 107

8� GV0
: (56)

This mass, which we call thequantum-scale black hole,
emits thermal radiation with a spectral pro�le nearly identical
to the mixed photon-fermion quantum well.

9.2 Spectral comparison

We numerically computed the spectral irradiance for both
systems over an extended frequency range. The black hole
spectrum used the Planck distribution modulated by a grey-
body factor:

IBH(� ) /
0
BBBB@1 � e�

�
�

� 0

�21CCCCA
� 3

e
h�

kBT � 1
; (57)

with � 0 = 1015 Hz, while the QW emission incorporated a
photon-fermion mix factor� = 0:7, yielding:

IQW(� ) / �
� 3

e
h�

kBT � 1
+ (1 � � )

� 3

e
h�

kBT + 1
: (58)

After normalization, the spectra matched almost perfectly
across the frequency range 1016 � 5 � 1022 Hz as can be seen
in Fig. 7.

9.3 Interpretation and implications

This spectral equivalence implies that the thermal emission of
a quantum well, when appropriately scaled, can numerically
emulate the spectral form of Hawking radiation over a wide
frequency range under appropriate scaling conditions. The
black hole’s greybody-modulated Planck spectrum and the
quantum well’s mixed photon-fermion output both emerge
from a common thermodynamic behavior driven by tempera-
ture. The success of this match supports the hypothesis that
Hawking-like emission may be understood as a quantum tun-
neling phenomenon, arising from energy barriers shaped ei-
ther by curvature (as in gravity) or potential walls (as in con-
�ned systems).
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Fig. 7: Overlay of normalized spectral irradiance from a nano-scale
black hole (blue) and quantum well withRs = 10� 13 m (dashed red).
Spectra match across full range when temperatures are matched.

This result also validates the use of e� ective temperature
scaling as a bridge between gravitational and quantum sys-
tems, opening up the possibility for experimental analogs of
black hole radiation in laboratory-scale quantum systems.

This successful overlap not only supports the validity of
the quantum well model as a black hole analog, but also moti-
vates further study of sub-Planckian black hole analogs using
nanostructured materials.

10 Thermodynamic entropy of the quantum well

The tunneled energy is:

Etunneled=
Z 1

0
Itunneled(E) dE �

8� 5R3(kBT)4

15h3c3 ; (59)

assumingT(E) � 1 nearV0. Using the �rst law of thermo-
dynamicsS = E

T , and multiplying by the surface area of the
spherical horizon analog 4� R2

s, we de�ne the entropy of the
radiated quantum well system as:

SQW =
Etunneled

T
� 4� R2

s : (60)

SQW =
Etunneled

T
� 4� R2

s =
32� 6R3R2

s(kBT)3

15h3c3 : (61)

11 Bekenstein-Hawking entropy

The black hole entropy is [1]:

SBH =
kBc3 � 4� R2

s

4G~
: (62)

12 Comparing entropy scaling: QW vs. BH

EquatingSQW = � SSBH:

� S =
32� 6R3R2

s(kBT)3

15h3c3 �
4G~

kBc3 � 4� R2
s

=
8� 5G~R3(kBT)3

15h3c6 : (63)

This re�ects di� ering dependencies onT and geometry.

13 Conclusion

This study presents a novel framework for modeling black
hole thermodynamics using a �nite spherical quantum well.
By carefully engineering the potential pro�le and invoking
quantum tunneling and statistical mechanics, we have shown
that the quantum well’s radiation spectrum can be numeri-
cally tuned to resemble the Hawking radiation spectrum of a
Schwarzschild black hole. Both bosonic and fermionic emis-
sion modes were examined, and their spectral distributions
were shown to replicate the expected Planckian and Fermi-
Dirac forms, respectively.

A key result of this work is the identi�cation of a universal
scaling relation,Cscale � 8� G=c4, which links the emission
strength of the quantum well model to gravitational systems.
This scaling is consistent with dimensional analysis and re-
�ects core features of Einstein’s �eld equations, suggesting
a deep mathematical similarity between quantum mechanical
and gravitational barrier processes.

Furthermore, we showed that by aligning the e� ective
temperature of the quantum well with the Hawking temper-
ature of a black hole of appropriately scaled mass, their nor-
malized spectra become nearly indistinguishable across a
broad frequency range. This spectral equivalence bridges
curvature-induced radiation in general relativity with poten-
tial barrier-driven tunneling in quantum mechanics.

This work reproduces both the spectral and entropic char-
acteristics of a Schwarzschild black hole. The spectral agree-
ment spans multiple frequency decades under temperature-
matched scaling, while the entropy expression mirrors the
area dependence of the Bekenstein-Hawking formula. These
results suggest that quantum con�nement systems � when
engineered with appropriate barriers � can serve as labora-
tory analogs for exploring black hole thermodynamics and
emergent gravity phenomena.

The entropy comparison further strengthens this analogy.
The derived entropy of the quantum well exhibits a geometric
dependence and scaling relation analogous to the Bekenstein-
Hawking formula, reinforcing the possibility that gravitation-
al entropy could emerge from more fundamental quantum sta-
tistical principles.

These results invite further exploration into whether quan-
tum wells and similar con�ned systems can be used to in-
vestigate other aspects of black hole physics, including infor-
mation loss, near-horizon quantum behavior, or even entan-
glement entropy. The close match between emission spectra
and entropy scaling also hints at possible links to holographic
duality and emergent gravity frameworks, potentially allow-
ing future investigations of gravitational principles in low-
dimensional quantum systems.

From a practical standpoint, the tunability of quantum
wells in nanostructured materials could enable controlled ex-
periments that mimic black hole emission characteristics,
providing a testbed for probing semiclassical predictions in
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table-top settings.
Future research directions include:
� Extending the model to relativistic quantum wells and

incorporating spinor �elds via the Dirac equation.
� Investigating the emergence of greybody-like correc-

tions in more complex potential geometries.
� Exploring entanglement and scrambling in these sys-

tems to simulate aspects of the black hole information
paradox.

� Embedding this framework into quantum simulation
platforms, such as cold atoms or photonic crystals.

Analog gravity systems have been used to study Hawking
radiation in �uids, optics, and Bose-Einstein condensates [3],
but few have demonstrated entropy scaling or fermionic spec-
tra as in our quantum well model. These �ndings open the
door to an exciting interdisciplinary bridge � where insights
from quantum mechanics, thermodynamics, and general rel-
ativity can be uni�ed through experimentally accessible ana-
log systems. As such, they contribute to the growing evidence
that black hole thermodynamics may be deeply rooted in the
quantum statistical behavior of bounded systems.

Our model further aligns with recent proposals suggesting
black holes collapse quantum states at the fastest rate allowed
by physics, functioning as ultimate decoherence devices [13].
The tunneling-induced decoherence in our analog quantum
well provides a controllable platform to probe similar mecha-
nisms in bounded quantum systems. Future extensions of the
model may investigate time-reversed or dual potential pro-
�les, potentially providing a conceptual analog to black hole-
to-white hole transitions as proposed in recent quantum grav-
ity scenarios [14,15].
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Interpretation of Quantum Mechanics in Terms of Discrete Time III

Young Joo Noh
E-mail: yjnoh777@gmail.com, Seongnam, Korea

This paper approaches several fundamental problems in standard quantum me-
chanics, such as wave-particle duality and the measurement problem, through a
new perspective of non-local waves [2]. I argue that these issues stem primarily
from incomplete assumptions about physical reality in standard quantum me-
chanics and an exaggerated understanding of the superposition principle. There-
fore, I am trying to solve the problems by extending quantum mechanics by newly
establishing these concepts.

1 Introduction

Current quantum mechanics, despite its great success, has
many problems in its understanding � wave-particle dual-
ity, measurement problems and the relationship between mea-
surement and interaction, etc. One might consider these is-
sues unimportant. But a theory lacking precise understanding
naturally becomes harder to advance and should not be over-
looked. Moreover, misunderstandings can hinder progress al-
together.

In this paper, I will argue that many problems in current
quantum mechanics are largely caused by two things: onto-
logical assumptions about reality and an exaggerated under-
standing of the superposition principle. By addressing these,
the paper aims to resolve inherent contradictions and show
that the problems themselves may not persist under a new
framework.

2 Assumptions about quantum mechanical reality

Wikipedia de�nes the quantum concept as follows: A quan-
tum is the minimum amount of any physical entity (physical
property) involved in an interaction.

This de�nition is quite appropriate. However, in this def-
inition, the existing standard quantum mechanics seems to
focus mainly on the meaning of �minimum amount of phys-
ical property�. The truly important point that should not be
overlooked in the de�nition of quantum is the part �involved
in an interaction�. If we pay attention to this point, we can
naturally raise the following questions: If physical properties
during interaction can only be measured in quantum, what is
the physical reality before interaction? Since we cannot know
the nature of matter except through interaction, we can only
infer the reality of matter before interaction. But how is that
inference being made now?

For light, the energy is quantized when interacting and
exists in a local area, so its reality is inferred to be a lump like
particle. However, since they also have a phase, the reality of
photons is not clear. What is certain is that standard quantum
mechanics de�nes the reality of photons by the characteristics
that appear when they interact. Although this has some valid-

ity, it is still just a hypothesis, and reality may be di� erent.
There is no way to know the reality of matter before ob-

servation. It is a kind of ontological assumption. However,
no physical theory can proceed without assuming such a con-
cept. Therefore, it is very important to think critically about
such an assumption. I argue that many of the contradictory or
di� cult to understand concepts in standard quantum mechan-
ics stem signi�cantly from these assumptions about reality.
To demonstrate this, I propose that adopting a new set of as-
sumptions � based on non-local waves and discrete time [2]
� eliminates these contradictions. By comparing phenomena
explained under this new framework with those under stan-
dard quantum mechanics, I aim to validate this approach.

3 The meaning of the superposition principle from the
perspective of discrete time

The superposition principle is one of the most important prin-
ciples that form the basis of quantum mechanics. There are
various interpretations of quantum mechanics, but they all
have in common that they are based on the superposition prin-
ciple.

The Schr¤odinger equation is linear, and the linear combi-
nations of its solutions are also solutions. The solutions of
the Schr¤odinger equation form a Hilbert space. Any arbitrary
state of a physical system can be expressed as a linear combi-
nation of basis states in the Hilbert space. In other words, it is
in a superposition state. In standard quantum mechanics, the
macroscopic world is considered to be an extension of quan-
tum mechanics, the superposition principle is considered a
universal principle that applies regardless of the macroscopic
world and the microscopic world.

However, the meaning of the superposition principle is
quite di� erent in the discrete-time perspective. In the dis-
crete time perspective, the equations of electromagnetically
interacting particles are determined by the following modi-
�ed Dirac equation [4]. In (1),� p� represents the change in
energy momentum vector due to interaction during discrete
time � t

Dm	 =
�
i 
 � @� � f1r 
 � p� � f2r 
 � � p�

�
	 = 0; (1)
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where

f1r = Ref1 =
1
3

Re
e� ix � p�

e� ix � p� + 2
�
e� ix � � p� � 1

�

f2r = Ref2 =
1
3

Re
2e� ix � � p�

e� ix � p� + 2
�
e� ix � � p� � 1

�

9>>>>>>>=
>>>>>>>;

: (2)

The Hamiltonian is [4]

H = ~� �
�
~p � q0~A

�
+ � m0 + q0� ; (3)

m0 = f1r m; q0 = (1 � f2r ) q: (4)

In (4), m andq represent the actual mass and charge of
the matter, whilem0 and q0 are the apparent values result-
ing from causal delay in discrete time. The reason apparent
values di� er from actual values is that the e� ect of causal de-
lay is viewed from a dynamical perspective, as in (3). Let
us explore the physical signi�cance of the changes in mass
and charge due to causal delay in more detail. For example,
consider an electron in a hydrogen atom. The electron is sub-
ject to the Coulomb force. In continuous time, the electron’s
mass and charge arem and � e, respectively, i.e., the actual
mass and charge. When discrete time is applied to the elec-
tron’s motion under the same electric �eld, the change in the
electron’s velocity per unit time is smaller compared to the
continuous time case. This implies an increase in mass for the
mass term and a decrease in charge for the charge term. Since
the e� ect of charge is much greater than that of mass in the
motion of an electron within an atom, the energy of the elec-
tron in a hydrogen atom, when considering causal delay, will
be smaller than the Coulomb energy. However, at the scale
of the Bohr radius, this di� erence is extremely small, and as
calculated in the previous paper, it is about 10� 9 smaller than
the Coulomb energy [3].

The modi�ed Dirac equation (1) is also a linear equation
of the �rst order. However, sincem0 andq0 are quantities that
depend on the interaction energy, (3) is a kind of recurrence
equation. If the interactions are� p1

� , � p2
� , � p3

� , . . . with a
causal delay time� t interval, and the Hamiltonians at each
interaction are H0, H1, H2, . . . , the following diagram can be
expressed as

m0
0 ;q0

0 (H0)
� p1! m0

1 ;q0
1 (H1)

� p2! m0
2 ;q0

2 (H2)
� p3! : : : (5)

H0 = ~� �
�
~p � q0

0
~A

�
+ � m0

0 + q0
0 �

H1 = ~� �
�
~p � q0

1
~A

�
+ � m0

1 + q0
1 �

H2 = ~� �
�
~p � q0

2
~A

�
+ � m0

2 + q0
2 �

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

9>>>>>>>>>>=
>>>>>>>>>>;

: (6)

In (6), all Hi have their own Hilbert space. Since the
Hilbert spaces of fHig are generally di� erent, there is no
unique Hilbert space that satis�es the entire system. This
means that any arbitrary state cannot be expressed as a linear

combination of basis vectors. Therefore, the superposition
principle does not hold in general.

However, when the interaction is very small, (3) can be
approximated as an eigenvalue problem in standard quantum
mechanics, i.e., Hilbert space analysis is possible.

If � p� � p� , then

m0 ’
1
3

m; q0 ’
 
1 �

2
3

cos� x� p�

!
q: (7)

For example, in the case of the electrons of a hydrogen atom,
hTi = � hVi =2 � O

�
m� 2�

and� t = 1=m [4], so

� x� p� = � t
 
E �

~p2

m

!
= � t (V � T) � O

�
� 2�

: (8)

Therefore, cos� x� p� � cos� 2 ’ 1. Also, since the co-
sine function is constant near 0, we can say that the mass and
charge are constant in (7). This fact means that in the case
where the interaction is very small, (3) can be said to have a
unique Hilbert space. In other words, (3) can be interpreted as
an eigenvalue problem of the standard quantum mechanics.

To summarize, the superposition principle of the standard
quantum mechanics is established only when the interaction
is very small, and in this case, the system can be analyzed us-
ing the Hilbert space. However, in general cases, the Hilbert
space cannot be applied, and Equation (1) merely carries the
meaning of the wave equation.

4 Double slit experiment

The double-slit experiment is a simple yet practical experi-
ment that clearly reveals the strangeness of quantum mechan-
ical reality. Since there are various theories for interpreting
quantum mechanics, there may be various perspectives on the
interpretation of the double-slit experiment, but here we will
compare the standard quantum mechanical interpretation and
the perspective of non-local waves in the perspective of dis-
crete time.

When a single photon is �red toward a double slit, it pass-
es through the slits and is detected at a single point on the
screen. However, if photons are �red sequentially, an inter-
ference pattern forms on the screen. From the perspective
of the standard quantum mechanical view of reality, this re-
quires the existence of a state in which a single photon passes
through both slits simultaneously. In other words, the super-
position principle is necessary. If the states passing through
each slit are 1 and  2, the interference state on the screen
is  1 +  2, and its probability is given by the Born rule as
j 1 +  2j2. The view of reality underlying this explanation
assumes that a photon is a localized particle-like entity with a
phase.

Now, let us explain this in terms of non-local waves de-
�ned in discrete time. Non-local waves propagate and pro-
duce interference phenomena similarly to local waves, but
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their wavefront collapses simultaneously at a single point on
the screen. The wave passing through the double slits inter-
feres on the screen, which is consistent with the behavior of
local waves up to this point. However, a non-local wave be-
haves as if it causes the photoelectric e� ect as a single photon
due to wave collapse from inelastic collisions with electrons
of the atoms constituting the screen. The location of this reac-
tion is determined by a probability proportional to the square
of the interference amplitude. In other words, the Born rule
still holds for non-local waves. In standard quantum mechan-
ics, the square of the amplitude represents the probability of
detecting a particle, whereas, in the non-local wave perspec-
tive, it represents the probability of wave collapse occurring
at that point.

If the measuring device is placed at one of the double slits,
the interference pattern disappears. From the conventional
viewpoint, it is explained that interference does not occur be-
cause there is no state of passing through both slits at the same
time. From the non-local wave viewpoint, the wave collapses
due to an inelastic collision at the measuring device, and the
wave proceeds again from that collapsed state, so it will have
the same e� ect as a single slit.

The above discussion brie�y examines the explanations of
the double slit experiment from the two perspectives. While
there is a clear di� erence in their views of reality, both per-
spectives explain the experimental results without signi�cant
issues.

5 Delayed choice experiment � wave-particle duality

The problem of wave-particle duality is a somewhat old prob-
lem in quantum mechanics, but it needs to be discussed be-
cause it raises doubts about physical reality. When discussing
wave-particle duality, the concepts of wave and particle are
somewhat traditional. It is somewhat di� erent from the con-
cept of reality used in the double-slit experiment.

There are various versions of the delayed choice experi-
ment, but here we will �rst discuss the double-slit experiment
proposed by Wheeler [6]. In this experiment, the light mea-
suring device is a plate and photodetectors. The plate mea-
sures the interference pattern caused by the interference of
light passing through both slits, and the photodetectors are
placed facing the two slits to measure which slit the photon
passes through. In other words, the former measures the wave
nature of light, and the latter measures the particle nature of
light. The point of this experiment is to �gure out when light
decides whether it behaves as a wave or a particle. It is as-
sumed that its reality will be determined after passing through
the double slits, but this thought experiment shows that this
is contradictory. To see this, you have to choose the mea-
suring device after the light passes through the double slits.
Even then, if you choose the plate, you will still observe the
interference pattern on the plate, and if you choose the pho-
todetector, you will observe the particle impact.

As a simpler and more meaningful thought experiment,
consider the split beam experiment introduced by Wheeler.

Fig. 1: Mach�Zehnder interferometer.

The experimental description of Fig. 1 is as follows
1. A single photon is emitted from a pulsating source of

light S;
2. This photon reaches a semitransparent mirror BS1 and

splits into two paths;
3. The �rst path goes to a perfectly re�ective mirror M1,

and the second path goes to a perfectly re�ective mirror
M2;

4. M1 and M2 re�ect their respective beams so that they
merge back together;

5. The two beams meet at a semitransparent mirror BS2,
and photodetectors D1 and D2 are arranged to record
the interference pattern between the two beams.

However, if the semitransparent mirror BS2 is removed
during the experiment, the situation changes. Without BS2,
the two beams do not merge, but proceed separately, and are
directed to photodetectors D1 and D2, respectively. At this
time, D1 detects the photon coming from the path through A,
and D2 detects the photon coming from the path through B.
In this case, the interference pattern disappears, and it is clear
which path the photon took.

The key to this experiment is that after the photon passes
through the semitransparent mirror BS1, the observer can
choose whether to remove BS2 or leave it. If BS2 is left,
an interference pattern is observed, and if it is removed, the
path information is revealed.

The above thought experiments summarize that the reality
of light is not determined while it is in motion, but is deter-
mined at the last moment of measurement. Wheeler says,
� No phenomenon is a phenomenon until it is an observed
phenomenon�. Physical reality is not determined until it is
observed, and the past is determined by observation. Reality
is formed by the interaction with the observer.

Now, let us interpret these thought experiments from the
perspective of non-local wave. In the discrete time perspec-
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tive, it is assumed that the physical reality before measure-
ment exists in the form of a non-local wave, and the simulta-
neous wave collapse caused by interaction possesses quantum
properties.

First, in the double-slit experiment, choosing a plate or
photodetectors as the measurement device, even if the choice
is made after the light passes through the double slits, has no
e� ect on the reality of the light as a non-local wave. A non-
local wave simply causes wave collapse at the plate if a plate
is present, or at the photodetector if a photodetector is present.
As previously explained, wave collapse at the plate occurs
with a probability proportional to the square of the interfer-
ence wave’s amplitude, resulting in an interference pattern. A
non-local wave entering the photodetectors has an equal prob-
ability of wave collapse at each photodetector, but if wave
collapse occurs at one photodetector, the collapse property
of the non-local wave ensures that no observation occurs at
the other detector. However, observing a wave collapse at
one photodetector does not mean the light passed through a
speci�c slit. The non-local wave always passes through both
slits. Even if the photodetectors are su� ciently far from the
double slits to neglect interference e� ects, if no collapse oc-
curs in between, a measurement will occur at one of the pho-
todetectors.

Next, let us consider the beam-splitter experiment. The
non-local wave emitted from the light source is equally split
into two paths at the partially transparent mirror BS1. The
non-local waves traveling along each path meet at the par-
tially transparent mirror BS2, where they interfere, causing a
wave collapse at D1 due to constructive interference, result-
ing in observation. If BS2 is removed, the split light from
each path reaches D1 and D2. In this case, the probability of
wave collapse at each detector is 50%, so a photon is observed
at either D1 or D2. Observing a photon at D1 or D2 does not
mean the light traveled through a speci�c single path. The
non-local wave passes through both paths. The fact that it is
observed at only one detector is due to the collapse property
of the non-local wave. The delayed choice of the measure-
ment device made while the non-local wave travels through
both paths has no e� ect on the physical reality of the non-
local wave. The non-local wave simply undergoes wave col-
lapse due to interaction at the measurement device.

It is indeed di� cult to explain the delayed-choice exper-
iment using the conventional concepts of waves or particles.
These concepts cannot de�ne the physical reality before ob-
servation. However, as pointed out in the previous paper, the
conventional concepts of waves and particles are physical re-
alities inferred from the macroscopic world [1]. The logic
of the delayed-choice experiment, which suggests that these
concepts cannot de�ne the microscopic world before obser-
vation, is valid. However, interpreting this to mean that no
determined physical reality independent of observation exists
in the microscopic world is an excessive leap in logic. It is
merely that the conventional concepts of waves and particles

cannot de�ne it. This paper proposes non-local waves as an
alternative.

Local conservation of energy

The concept of local conservation of energy is one of the most
important concepts in physics, encompassing both classical
mechanics and quantum mechanics. However, this concept
requires a rigorous de�nition when applied to the microscopic
world. The wave-particle duality in the microscopic world
and the concept of local conservation of energy can lead to
contradictory situations.

The de�nitions of energy and momentum are established
through interactions. These concepts may apply prior to in-
teractions, but they can also be seen as emerging during in-
teractions. In classical mechanics, they are always de�ned
regardless of interactions, and the law of local conservation
holds. However, in quantum mechanics, there is an issue.

Quantum mechanical reality possesses both wave and par-
ticle properties. Let us �rst consider the wave. Can a wave
possess energy? Naturally, the energy of a photon is de�ned
asE = h� . However, this is a concept associated with a parti-
cle. A wave spreads and propagates through space. If energy
were de�ned for a wave, the energy of its local parts would
need to be de�ned, which cannot explain the quantization of
energy during interactions.* Furthermore, if momentum were
de�ned for a wave, the concept of accelerated motion would
need to be de�ned for the wave. A wave is a physical reality
that propagates and interferes, not a concept that accelerates
like a particle. Consequently, the concept of mass cannot be
de�ned for a wave. Next, let us consider particle properties.
A particle can naturally have mass de�ned. However, de�n-
ing frequency or wavelength for a particle is not reasonable.

Synthesizing the above, energy and momentum cannot be
de�ned for a wave, and frequency and wavelength cannot be
de�ned for a particle. However, all these concepts are nec-
essary to describe the microscopic world. The microscopic
world exhibits wave-like properties at times and particle-like
properties at others. However, these two properties never
manifest simultaneously. This suggests that some form of
transition occurs between wave-like and particle-like prop-
erties. Thus, the equationE = h� can be interpreted as indi-
cating that light, as a wave with frequency� , transitions into
a particle-like photon with energyh� . Here, the Planck con-
stant can be understood as representing a kind of exchange
ratio during this transition. Since this exchange ratio is con-
stant, energy is consequently conserved. However, its mean-
ing di� ers from the local energy conservation in classical me-
chanics.

The concept of transition between wave and particle dis-
cussed above is merely an inference derived from quantum

* In the quantum �eld theory, this issue is addressed by introducing the
mathematical assumption of second quantization, but this is an entirely dif-
ferent approach.

Young Joo Noh. Interpretation of Quantum Mechanics in Terms of Discrete Time III 127



Volume 21 (2025) PROGRESS IN PHYSICS Issue 2 (December)

mechanical phenomena and the de�nitions of wave and par-
ticle concepts. A model that aligns with this inference is the
non-local wave. If the concept of energy conservation in the
microscopic world is de�ned as above, the issue of local en-
ergy conservation arising from the instantaneous collapse of a
local wave does not occur in the collapse of a non-local wave.

6 Interaction free measurement

Interaction-free measurements were �rst proposed in the Ren-
ninger negative-result experiment and developed into the
Elitzur-Vaidman Bomb Tester [8]. This thought experiment
vividly illustrates how our notions of physical reality signi�-
cantly in�uence the understanding of phenomena. The com-
ponents of this experiment are as follows. It uses the Mach-
Zehnder Interferometer shown in Fig. 1 and applies the con-
cept of physical reality from standard quantum mechanics.
The bomb is placed in path B and explodes upon interaction
with a photon. The bomb can be in a �live� (functional) or
�dummy� (non-functional) state.

How the interferometer works:

1. The photon splits into two paths (A and B) at BS1;
2. Along each path, it passes through mirrors (M1, M2)

and is recombined at BS2;
3. At BS2, the photon is designed to reach only a speci�c

detector (D1 or D2) due to interference e� ects. For
example, if the interferometer is well tuned, the photon
will always reach D1 and never reach D2.

The key to this experiment is to obtain information about
whether a bomb is on path B without having the bomb di-
rectly interact with the photons (i.e. explode).

(1) In the absence of a bomb

When a photon reaches BS1, the wave function splits into
two paths, A and B. The photon travels along the two paths
and rejoins at BS2. Due to the interference e� ect, the photon
always reaches D1 and never reaches D2. This is because
constructive interference occurs at D1.

(2) If there is a bomb (live bomb)

Let us assume that there is a functional bomb in path B. This
bomb explodes with 100% probability if it absorbs a photon.
When a photon passes through BS1, the wave function still
splits into two paths. However, if the photon interacts with the
bomb in path B, an explosion occurs, and it is not observed
at the detectors. This case occurs with a 50% probability (the
probability that the photon chooses path B).

Conversely, if the photon chooses path A (50% probabil-
ity), it does not interact with the bomb. In this case, the wave
function collapses to path A. The photon then travels along
path A and reaches BS2. BS2 splits the photon again with
a 50:50 probability, sending it to either D1 or D2. Thus, the

photon reaches D1 with a 25% probability and D2 with a 25%
probability.

(3) In the case of a bomb (dummy bomb)

The dummy bomb has no sensors in the path of the photon.
Therefore, it does not interact with the photon and behaves
the same as in the case without the bomb. The photon always
reaches D1 and never goes to D2 due to interference e� ects.

The critical aspect of this experiment is the detection re-
sult at D2. If D2 clicks, it de�nitively indicates that the bomb
is in a live state, yet the photon did not interact with the bomb
at all during this process. This is because the photon took path
A, so it had no opportunity to encounter the bomb. However,
the presence of the bomb (in its live state) eliminates the wave
function component in path B, disrupting the interference and
creating the possibility for D2 to click. In other words, the
mere existence of the bomb induces the collapse of the wave
function, altering the interference pattern. This conclusion
demonstrates that measurement does not necessarily require
a physical interaction between the particle and the detector.

The above is the conventional interpretation of the Eli-
tzur-Vaidman Bomb Tester. However, before reaching such a
conclusion, we must consider the quantum mechanical reality
assumed in this interpretation. The non-local wave hypothe-
sis o� ers a completely di� erent interpretation of this experi-
ment. In conclusion, all measurements originate from inter-
actions.

The non-local wave incident on BS1 is divided into two
paths:

(1) If there is no bomb, the waves passing through each
path interfere at BS2, and due to constructive interfer-
ence, wave collapse occurs at D1, where the photon is
observed;

(2) If there is a bomb, the probability that wave collapse
will occur by reacting with the bomb in path B is 50%
because the wave is divided into two paths. When wave
collapse occurs, the wave traveling along path A disap-
pears simultaneously and acts as a single photon in the
bomb. In this case, photon cannot be observed in either
D1 or D2.

So, what happens in the remaining 50% probability where
collapse does not occur? The collapse of a non-local wave
occurs when an energy change is induced by an inelastic col-
lision [2]. If the wave incident on the bomb undergoes elastic
collision, there is no energy change, and thus, the photoelec-
tric e� ect caused by light does not occur at the bomb’s sen-
sor. Naturally, this case does not result in an explosion. If
only path B existed without path A, the bomb’s sensitivity is
assumed to be 100%, meaning it would de�nitely explode.
However, with path A present, only 50% of the wave passes
through path B, so the probability of the bomb exploding is
also 50%. This eliminates the need to rede�ne a new prob-
ability for the bomb’s sensor to trigger an explosion. There-
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fore, in the 50% probability where an explosion does not oc-
cur, 50% of the wave travels along path A, and the remaining
50% undergoes elastic scattering at the bomb. The 50% that
travels along path A reaches BS2, where it is split into D1
and D2 with a 25% probability each, and wave collapse oc-
curs at one of the detectors with a 25% probability. The 25%
probability of wave collapse occurs because only 25% of the
original wave reaches the detector. When a non-local wave
collapses, all wavefronts collapse simultaneously at a single
point. The location of the remaining 75% of the wave is ir-
relevant. Consequently, interactions always occur in quantum
units.

(3) In the case of a dummy bomb, as discussed above, pho-
tons will be observed at D1 by constructive interfer-
ence, just as in the case of no bomb.

The crucial point in the above discussion is that the pho-
ton observed at D2 with a 25% probability is not devoid of
interaction with the bomb. The light that splits at BS1 and
travels along path B undergoes an interaction with the bomb
through elastic scattering. According to the conventional
view of reality in standard quantum mechanics, it is inter-
preted as having no interaction, but from the perspective of
non-local waves, an interaction is considered to have oc-
curred.

7 Measurement problem

According to standard quantum mechanics, the state of any
physical system de�ned in a Hilbert space can be represented
as a superposition of basis states, and this state evolves deter-
ministically according to the Schr¤odinger equation. However,
measurement causes the system’s state to collapse into a sin-
gle basis state. This process occurs probabilistically accord-
ing to the Born rule and is a non-unitary process that is not
predicted by the Schr¤odinger equation. Yet, this measurement
principle is empirically based, and its foundation remains un-
clear. Currently, various interpretations, from objective col-
lapse theories to epistemological interpretations, attempt to
explain it, but none are de�nitive.

In contrast, from the new perspective of non-local waves
in discrete time, the superposition principle does not gen-
erally hold. The system’s state cannot be represented as a
linear combination of basis states in a unique Hilbert space.
The state of a single-particle system, before interaction, is a
uniquely determined non-local wave. When the wave col-
lapses due to an interaction accompanied by an energy chan-
ge, it becomes a Compton sphere with a determined mass and
size. Therefore, from this perspective, the measurement prob-
lem itself does not arise.

As suggested in the previous paper, quantum waves do not
exist in systems above the Planck mass [1]. Thus, discussing
superposition for physical objects in the macroscopic world is
meaningless. That is, Schr¤odinger’s cat is not a controversial
issue at all.

8 Conclusions

The title of this series of papers, �Interpretation of Quantum
Mechanics�, may seem somewhat inappropriate. While the
various existing interpretations of quantum mechanics dif-
fer signi�cantly in their perspectives, they share a common
foundation: the superposition principle, one of the most fun-
damental axioms of standard quantum mechanics. However,
in the discrete time perspective, the superposition principle
generally does not hold, making many claims in these papers
appear to fall outside the scope of quantum mechanics. Nev-
ertheless, even though the superposition principle does not
generally apply, it is approximately satis�ed in systems with
very small interactions, so this can be seen as an extension of
standard quantum mechanics.

This paper argues that many problems in standard quan-
tum mechanics stem from two main aspects. The �rst is the
ontological assumption about physical reality. The way phys-
ical reality is perceived fundamentally alters the physical in-
terpretation of phenomena and the direction of research.

The second issue is the superposition principle. This prin-
ciple is the most important in quantum mechanics but also
causes several problems. However, in the discrete time per-
spective, this principle is considered to hold only in speci�c
cases in the microscopic world, so the measurement problem,
as seen in standard quantum mechanics, does not exist.

Let us consider another example where these two aspects
are prominently revealed. Recall the double-slit experiment
discussed earlier. According to the conventional view of real-
ity, a state exists where a particle passes through both slits si-
multaneously, necessitating consideration of a superposition
state of gravity caused by the particle. This leads to the need
for a theory of quantum gravity. The assumptions underlying
this logic are the ontological assumption about matter before
interaction � namely, that matter is a localized entity with
particle-like properties � and the superposition principle. In
other words, the notion is that matter before observation can
exist in �this place� and �that place� simultaneously. How-
ever, as argued in this paper, if these two assumptions are
incorrect, this notion does not hold, and consequently, the ne-
cessity for a quantum gravity theory is signi�cantly reduced.

On the other hand, what about the non-local wave per-
spective? When a non-local wave passes through the double
slits, it is a determined wave, and the concept of a superposi-
tion state is unnecessary. In the case of matter, when the non-
local wave collapses to form a Compton sphere, the collapse
position is probabilistically determined by the Born rule, and
this sphere has a determined mass and size. Therefore, from
this perspective, the concept of a superposition state of grav-
ity does not apply.
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To �nd evidence for electric currents in cosmic plasmas requires both that the cur-
rents be looked for, and that data be available to indicate their presence. This paper
focuses on the second requirement, the available data, and how the �ow of electric
current in plasmas naturally will be di� cult to observe from a distance. Coaxial cur-
rent �ow predicted and observed in plasmas is examined in some detail showing that
even very large total current �ows can give, when seen from a distance, very little
signal. Examples are given from active galactic nuclei, planetary magnetospheres,
and plasma ejections from moons. Suggestions are given for how to analyze exist-
ing astrophysical data and also for new measurements to be made that will show the
presence of cosmic electric currents.

1 Introduction

In 1977, Hannes Alfven [1] wrote that at the galactic scale,
electric currents of 1017-1019 amperes would be natural. Forty
years later measured estimates are of 1018 amperes in jets
from active galactic nuclei [2, 3]. The accuracy of the 1977
prediction, so far in advance of observation, is a strong tes-
tament to Alfven and his colleagues, and an indication that
more attention should be given to their work.

Kristian Birkeland is often credited with �rst describing
cosmic electric currents in his 1908 model of electric currents
�owing from the Sun to the Earth causing the aurora borealis
[4]. For 60 years, Birkeland’s theory of large-scale electrical
connection was ignored in favor of the mathematical models
of Sydney Chapman, where planets are electrically insulated
from the Sun and solar wind.

The �rst in-situ measurements of cosmic-scaled electric
currents were provided by Zmudaet al [5] with a single axis
magnetometer on board the navigation satellite 1963�1938C.
Today the presence of cosmic electric currents is acknowl-
edged, but the debate remains if the electric �elds and cur-
rents can be causal, or are merely a consequence of thermo-
dynamic and ponderomotive processes.

Electric current �ow in a coaxial con�guration was �rst
described in Oliver Heaviside’s 1880 patent [6]. Attempted
telegraph cables that sent current in only one direction re-
quired more energy and incurred substantial information loss
compared to cables with a built-in design to accommodate a
return current.

Coaxial current �ow, now commonplace to the electrical
engineer, is a new idea to many in the astronomical commu-
nity. This paper will elaborate the morphology of electric cur-
rent �ow in low density plasmas, and present several exam-
ples observed in cosmic plasmas. The argument is advanced
that coaxial current �ow is to be expected in cosmic plasmas,
though its presence will be di� cult to observe remotely. The
paper will conclude with suggested observations needed to
advance this topic.

2 The magnitude of cosmic electric currents

When electric current �ows through astronomical plasmas
there must be an electric �eld that is causing the electric char-
ges to move. The movement of charge will create a circular
magnetic �eld which will constrict the �ow of charges into a
narrow line. Gravitational attraction will condense the mass
of the plasma. The mass of the plasma will be dissipated and
expanded by random thermal motions and by the total energy
stored in the magnetic �eld. When all these forces are in a
stable state, we set the energies that condense equal to the
energies that expand.

Consider an electric current �owing along a tube through
a cosmic plasma, the width of the tube isR0 [7, see eq 2.52].
These expressions are in units of energy per unit length:

� 0

8�
I2(R0) +

1
2

Gm2N2(R0) = � WBz + � Wk : (1)

The integrated linear current density out to radiusR0 is given
by I ; m is the mean particle mass averaged over electrons,
ions, and neutral particles;N is the integrated linear particle
number out to radiusR0; � WBz is the di� erence of magnetic
�eld energy between the total energy inside the tube and that
at the boundary of the tube;� Wk is the di� erence of kinetic
energy between the total inside the tube and that at the bound-
ary of the tube.

This formulation was proposed by Carlqvist in 1988 [8],
showing the relative importance of the electromagnetic force,
gravitational force, and thermal motions for any given cosmic
plasma setting. Using this relation, Alfven and Carlqvist ar-
gue we should expect above the Earth currents on the order of
1.0�10.0 million amperes, which the Iridium satellite network
has veri�ed [9]. The relation (1) implies that sunspots and
coronal loops should have currents on the order of 1011 amps.

Since no satellites yet �y through coronal loops, the mag-
nitude of electric currents are inferred from magnetic �elds
which are inferred from the polarization of light coming from
the regions. Such modelling shows electric currents on the
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Fig. 1: Geometry for viewing an idealized current �ow. Filament
runs along thez-axis. Viewer is far away along they-axis. Thex � z
plane is the plane of the sky.

order of 1011 amperes. For the magnitude of electric current
�owing through an entire star � which can be de�ned as the
gravitating mass and the larger magnetic body of the helio-
sphere � the Carlqvist relation predicts currents on the order
of 109 amps. This number has been con�rmed for the electric
current �owing into the Sun along the heliospheric current
sheet [10]. The magnitude of the heliospheric current sheet
is not directly measured, our existing satellite sensors can-
not identify such a low current density, but is inferred from
the magnetic �elds that exist above and below the plane of
the solar system. During the course of the 22-year solar cy-
cle, electric current �ows alternately inward/outward radially
along the equator, and outward/inward from each pole, clos-
ing at the heliosphere, or in some models continuing to the
interstellar medium.

Within the interstellar medium, the Carlqvist relation pre-
dicts electric currents on the order of 1014 amperes. The
Planck, Herschel, and SOFIA telescopes have greatly increa-
sed the available data for the interstellar medium. Verschuur
recently calculated currents of 1014 amperes in the A0 molec-
ular cloud through neutral hydrogen emission measurements
[11]. Stars form along �laments, the �laments extend for
hundreds of light-years without broadening, �laments have a
trunk-and-branch morphology, the �laments abruptly change
direction at bright points, and di� erent molecular species and
energy states are segregated within the �laments. These are
all features to be expected from electric currents in a plasma.
The cause of these features is not primarily due to gravity.

At the galactic scale, Alfven proposed electric currents
should be on the order of 1018 amps, from a balance of mag-
netic pressure, thermal expansion, gravity, and helical mag-
netic �elds. Works by Kronberg and Lovelace [2] and Gabuz-
da [3] have deduced 1018 amperes of current �owing into and
out of galaxies in a columnar form. The technique relies on
measuring the polarization of light coming from the regions
of these jets.

3 Measuring cosmic currents

3.1 Model

In 1950, Lundqvist proposed a force-free current �ow in a
plasma, meaning that the electric current �owing through the
plasma feels no Lorentz force from ambient magnetic �elds
[12, 13]. This is a very special case, maybe never actually
realized in nature, but if there is any truth in the model, it
will give predictive power and new insights. In such a lowest
energy con�guration, the current and magnetic �eld must be
�owing in the same direction. This arrangement of current
and magnetic �eld seen in the force-free �ow is much more
complicated than a single wire carrying a current with the
azimuthal magnetic �eld curling around.

In equation form, we write for the force-free condition

� ~J = � ~B ; (2)

where� and� are scalars which possibly depend upon posi-
tion and plasma characteristics.~J is the electric current den-
sity vector. ~B is the magnetic �eld vector. Scott [14] ex-
tended Lundqvist’s model to values of radius large enough to
see reversals of both magnetic and current directions. In the
simplest case of current �ow in cylindrical symmetry, the so-
lutions to a force-free state are given by Bessel functionsJ0
andJ1:

Bz(r) = Bz(0) J0(� r) ; (3)

B� (r) = Bz(0) J1(� r) ; (4)

jz(r) =
� Bz(0)

�
J0(� r) ; (5)

j � (r) =
� Bz(0)

�
J1(� r) ; (6)

where (Bz; B� ) and (jz; j � ) are the (z; � ) directions of the mag-
netic �eld and electric current density.

If the electric current is to be in a lowest energy con�gu-
ration, the electric current and magnetic �eld �owin the same
direction, and form a series of concentric shells, like multiple
coaxial cables. With increasingR, the current and magnetic
�eld, both pointing in the same direction, twist and eventu-
ally �ow back in the opposite direction (see Fig 2). That a
return current will be present in a lowest energy con�gura-
tion harkens back to Heaviside’s telegraph equation showing
that a unidirectional current requires more energy and loses
information.

With increasing total current, the direction of �ow will
again reverse itself, �owing in the direction of the center core.
The exact physical conditions that dictate the number of re-
versals is not yet known. Some magnetic clouds at 1 AU
show single reversals with 109 ampere currents [15]. Sin-
gle reversals � simple coaxial � are seen in 1018 ampere
galactic jets, while multiple reversals are seen in 1010 am-
pere polar currents on Earth. Hence magnitude of current is
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Fig. 2: Coaxial current �ow in plasma with multiple reversals. Ar-
rows represent the direction of the magnetic �eld and the electric
current. The magnitudes are given by Eqs. (3)�(6).

not the only factor determining if current is unidirectional or
if there is also a return current. The reverse current is also
seen in particle-in-cell simulations, where a current injected
into a plasma can only continue if a return current is created
[7, p. 75].

3.2 Applying the model

Filaments are ubiquitous in the interstellar medium, see Fig. 3
for an example. The Herschel and Planck telescope projects
are repositories for hundreds of such images. If electric cur-
rents were �owing through the �lament, and were doing so
according to the coaxial model, how would such a morphol-
ogy be detected? We will look at several detection tech-
niques: polarization changes due to magnetic �elds, Doppler
shifts due to relative motion, and segregation of atoms and
molecules by ionization potential.

Consider a coaxial �lament, with current �ow along the
z-direction, as shown in Fig 1. The viewer stands far away
on they-axis. Thex � z plane is the plane of the sky. We are
looking �side-on� towards the �lament. Interesting measure-
ments such as changes in light polarization or Doppler shift
will depend upon the integrated magnetic �eld along our line
of sight.

We �rst consider a �lament that has current �owing only
in one direction, with no return current. Fig. 4 shows the
numerically integrated projection of the components of the
magnetic �eld along they-axis, that is, the line of sight while
looking through the �lament. For any given point in the �la-
ment, the horizontal component of the magnetic �eldBx will
have a mirror point in front or behind the center which has the
opposite horizontal component. Hence allBx �elds will tend
to cancel. TheBy values have a di� erent symmetry: �elds
pointing away on one side of the center will point towards
us on the other side of the �lament. This is shown in Fig. 4
where theBy component changes sign on either side of the
center. TheBz component will always �ow in the positive di-
rection, but drops o� to zero at the outer boundary as the �ow
rotates to a purely azimuthal direction.

Next consider a current �ow with a coaxial return �ow,

Fig. 3: Gas cloud G82.65-2.00 as seen by the Herschel telescope.
RGB image, the colours correspond to Herschel channels at 160 nm
(red), 250 nm (green), and 350 nm (blue). Credit ESA/Herschel/M.
Juvela [16].

Fig. 5. The central current �ow in the positivez-direction is
surrounded by a return �ow in the negativez-direction. The
projection of the magnetic �eld components is shown. The
same symmetries apply as in the previous case, but with more
reversals. Figures 4 and 5 were solved on the same scale.

Applying this to telescope observations, low intensity cur-
rent �ow, Fig. 4, will have magnetic �elds close to the �la-
ment that are parallel to the �lament. Those parallel �elds
will decrease in intensity at the boundary of the �lament.
More intense current �ow, Fig. 5, will show �elds along the
�lament to reverse direction. Observations highlighting the
By component will appear in Doppler shifts, since �owing
charged particles will drag neutral particles. From the ob-
server’s point of view, the azimuthal �ow around the �lament
axis will be moving away from the observer on one side of the
�lament and moving towards the observer on the other side.
Look for opposite Doppler shifts on either side of the �lament
center.

Additional observations should focus on spatial segrega-
tion of atoms and molecules. The current �ow in the force-
free model is also very e� cient at collecting ions into shells
segregated by ionization potential, see [17]. Spectrographic
data can be examined to look for atoms and molecules with
low ionization potential collecting near the center of the �l-
ament and high ionization potential species concentrated on
the periphery.

The ongoing debate as to whether magnetic �elds are
aligned with or perpendicular to interstellar molecular �la-
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Fig. 4: Thex; y;z-components of the integrated magnetic �eld seen
from standing on they-axis. There is no return current.

ments is rooted in the fact that both are true. The general form
of cosmic currents and their associated magnetic �elds will
be coaxial, with directions constantly shifting from parallel,
perpendicular, to anti-parallel, with the number of reversals
dependent upon the setting.

As an example on a smaller scale, the polar electric cur-
rents on Earth form concentric shells, with the number of
shells increasing with the current, see Fig. 6. Imagine try-
ing to estimate the electric current �ow in the Earth’s aurora,
but doing so by observing shifts in the polarization of light
passing through the aurora.

When viewed from outside the Earth, the net change in
polarization due to magnetic �elds will be close to zero. Hen-
ce a current �ow of billions of amperes can result in very
little net change of polarization, and lead to the conclusion
that no appreciable electric current exists in the Earth’s au-
rora. It is arguable that planetary polar currents have underly-
ing physics di� erent from the model presented in this paper.
If that is so, they still provide a clear example of how in-
creased current causes additional counter-�owing shells and
how remote sensing will greatly underestimate the actual cur-
rent �owing.

The Cassini probe provides another example of how a
large current �ow can be seen as very small when viewed
from a distance. When the Cassini probe �ew through the
plumes of Enceladus, the Langmuir probe, while �ying
through the plumes, measured charge densities indicating 107

amps of current �owing from the moon towards Saturn. But
the magnetometer aboard, measuring from a distance, only
measured a magnetic �eld that would be produced by 105

amps. Farrellet al. [18] suggest that an ion dust sheath forms
around the central �ow of electrons, which serves to shield
the bulk of current �ow. But is is unlikely that these ions are
stationary, and more likely that they form a return current of
a force-free Birkeland current.

Fig. 5: Same as Fig. 4 but with a return current, that is, a simple
coaxial current �ow.

Regardless, this represents a clear case where the electric
current inferred from a distance is 1/100th that found through
direct measurement. When viewed from the outside, mag-
netic �elds produced by the main central �ow will be partly
cancelled by the outer sheath �owing in the opposite direc-
tion. Remote sensing tends to show only the net current,
which in many cases will be much smaller than the number
of charges �owing.

The methods described in this paper provide clear qual-
itative criteria for identifying force-free currents in cosmic
plasmas. The more quantitative Carlqvist relation (1) can be
used in a wide variety of cosmic settings. We suggest that the
voluminous data of �laments in the interstellar medium avail-
able in Herschel, Planck, VLA, HI4PI, and other surveys be
examined using the Carlqvist relation to map the morphology
of electric currents in the galaxy. The method for such analy-
sis, assuming unidirectional current �ow, is presented clearly
in [11]. Extending that method to the more general case of
coaxial current �ow will be the subject of a future paper.

The primaryobservational requirement, to applythe meth-
ods in this paper, is high resolution polarization and hyper-
spectral data cube with beam width easily resolving 0.1 pc
distance, which is the average ISM �lament width. Inter-
stellar �laments in regions of high star formation are likely
candidates, such as protostars in �laments in the Orion A
molecular clouds: RA [42:00.00 to 34:00.00] Dec [-9:00:00
to -5:00:00].

4 Conclusions
Electric currents are ubiquitous in cosmic plasmas, having
been observed at the planetary, solar, interstellar, and galactic
levels. Considerations from basic plasma physics lead us to
expect that in cosmic settings, electric current will �ow in
a coaxial form: a primary current �ow will be matched by
a surrounding return current. There may even be multiple
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Fig. 6: Earth’s polar electric currents. Left, from the �St Patrick’s Day Storm� of 2015. Right, from one month later during quiet solar
wind. Red/Blue represents current �owing away/towards the planet. During active solar wind there are multiple concentric reversals. From
http://ampere.jhuapl.edu/ for the speci�ed dates.

reversals of current, as in planetary polar currents.
When light passes through a coaxial current, the polariza-

tion changes will tend to cancel out, making it very di� cult
to determine the actual amount of current �owing. Likewise,
any magnetic �eld measurements taken from outside such a
coaxial current tube will greatly underestimate the current,
since the reversing directions of current �ow will cause a can-
cellation of magnetic �eld strength as seen from the outside.
The ongoing debate as to whether magnetic �elds are aligned
with or perpendicular to interstellar molecular �laments is
rooted in the fact that both are true.

Force-free current �ow can also be identi�ed from Dop-
pler shift morphology and the segregation of atoms and mole-
cules by ionization potential. The wealth of recent high reso-
lution data in infrared, millimeter, and radio frequencies can
be examined to distinguish di� erent models for the �ow of
electric currents in cosmic plasmas.
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This paper reviews the new four-element theory of nature, developed by the author for
classically unifying all fundamental interactions of nature. Based on this theory, nature
consists of only four fundamental elements, which are radiation (
 ), mass (M), elec-
tric charge (Q), and color charge (C). Any known matter or particle observed in the
universe and discovered in labs is a combination of one or more of the four fundamen-
tal elements, such as light is radiation only, neutron has mass only, Weyl fermion has
electric charge only, gluon has color charge only, proton is a combination of mass and
electric charge, and quark � a combination of mass, electric charge, and color charge.
Fundamental interactions in nature are interactions among these fundamental elements.
Radiation and mass are two forms of real energy as Einstein formulated. Electric and
color charges are considered as two forms of imaginary energy. All the fundamental
interactions are uni�ed into a single interaction between complex energies. Interaction
between real energies is the gravitational �eld force with three categories: mass-mass,
mass-radiation, and radiation-radiation interactions. Interaction between imaginary en-
ergies is the gauge �eld force with also three categories: the electromagnetic force
between electric charges, the strong force between color charges, and the weak force
between electric and color charges. Interactions between real and imaginary energies
are imaginary force, which have no observational support but may explain why charges
are usually adhered on mass. As the weak force is an interaction between electric and
color charges, it occurs e� ectively inside quark and causes quark excitation and decay.
This leads the author to develop a new two-�avor multi-excitation quark model. This
review gives details in various aspects and implications of the new four-element theory.

1 Introduction

Traditional four-element theory of nature, which was origi-
nated from Greek philosophy, posited that earth, air, �re, and
water are the fundamental building blocks of all matter in na-
ture. From the view of modern sciences, what are the fun-
damental elements of nature? It is well known that scientists
have discovered one hundred and eighteen chemical elements
in nature and from laboratory experiments, and listed them
in the Mendeleev periodic table according to their chemical
properties [1]. All the chemical elements can be also cate-
gorized into four groups: metals, nonmetals, metalloids, and
noble gases or more speci�cally into eight groups by classi-
fying metals into three types and separating the 113th though
118th elements as unknowns and the 7th, 17th, 35th, 63rd, and
85th elements as halogens. Elements, compounds, and mix-
tures are three typical types of matter in chemistry. Solids,
liquids, and gases are three fundamental states of matter in
physics. Ionized gases are usually called plasmas, the fourth
state of matter. Almost all the normal or ordinary matter in
the universe is in the plasma state.

Particle physicists have discovered over three hundred
particle in nature and from laboratory experiments, and usu-
ally categorized them into hadrons and leptons according to
whether they participate in the strong interaction or not, or
into fermions and bosons according to whether theyhave half-

integer spins or not [2, 3]. Hadrons are composed of quarks
with six �avors, usually being grouped into three generations
or families along with the six leptons [4,5]. The six quarks are
up (u), down (d), charm (c), strange (s), top (t), and bottom
(b). The six leptons are electron (e), muon (� ), and tau (� )
and their corresponding neutrinos (� e, � � , � � ). In the standard
model of particle physics, the twelve spin-1/2 fermions (i.e.,
six quarks and six leptons) are building blocks of matter, the
four spin-1 bosons (
 , g, W andZ) are gauge force carriers,
and the spin-0 Higgs boson is the particle mass giver. In-
cluding gravitons (the carriers of gravitational force) and all
antiparticles, physicists have found or predicted �fty-seven
fundamental particles and listed them in the particle table [6].

Both chemical elements and physical elementary parti-
cles are not fundamental elements of nature because they still
have common properties. Nuclei of di� erent chemical ele-
ments consist of di� erent numbers of nucleons (protons and
neutrons). Nucleons are combinations of quarks. Quarks
are combinations of mass, electric charge, and color charge.
Leptons and weak bosons have mass and/or electric charge.
Gamma bosons are massless radiation, and gluon bosons are
color charges. Considering these facts, the author proposed
and developed a new four-element theory of nature [7, 8].
From the fundamental elements of nature to reveal a new
quantum world of quarks, the author has recently proposed
and developed a new quark model called two-�avor multi-
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Fig. 1: Four fundamental elements of nature [7, 8]. They are radi-
ation (
 ), mass (M), electric charge (Q), and color charge (C). Ra-
diation and mass are two forms of real energies. Electric and color
charges are two forms of imaginary energies.

Table 1: Fundamental elements of nature. A particle is a combina-
tion of one or more of the four fundamental elements: mass (M),
radiation (
 ), electric charge (Q), and color charge (C).

Particles 
 M Q C
Photon X
Neutron X
Weyl Fermion X
Gluon X
Proton X X
Massless Meson X X
Quark X X X

excitation quark model [9, 10], which has potential to solve
both mysteries of why the present universe is signi�cantly
missing antimatter but fully �lling with dark matter. This pa-
per gives a su� cient review on this author’s newly developed
four-element theory of nature.

2 Fundamental elements of nature

The new four-element theory of nature suggests that nature
consists of only four fundamental elements [7, 8], which are
radiation (
 ), mass (M), electric charge (Q), and color charges
(C) as shown in Fig. 1. Any known matter or particle ob-
served in nature or generated in labs is a combination of one
or more of the four fundamental elements. For instances, as
shown in Table 1, photon is radiation only; neutron has mass
only; Weyl fermion has electric charge only; gluon has color
charge only; proton is a combination of mass and electric
charge; massless meson is a combination of electric and color
charges; and quark is a combination of mass, electric charge,
and color charge.

The author further categorized the four fundamental el-
ements into two types of energies. Radiation and mass are
two forms of real energy as Einstein formulated to be pro-
portional to radiation frequency and mass, respectively, while
electric and color charges are two forms of imaginary energy

as the author formulated to be proportional to electric and
color charges, respectively. Radiation energy is the energy
of electromagnetic waves, propagating at the speed of light.
Mass energy is the nuclear energy of an object or particle
at rest or in motion. Real energy can do work in the real
world and is measurable. A pure electric charge such as a
Weyl fermion [11], as it is a form of imaginary energy, can-
not be directly observed in nature, but its �ow or current in
semimetals has been detected [12]. A pure color charge such
as a gluon [13], as it is a form of imaginary energy, cannot be
directly observed in nature, but its behavior or existence has
been detected in quark-gluon plasmas or jet events [14].

2.1 Mass � a form of real energy

Mass is a fundamental property of matter, which directly de-
termines the gravitational interaction via Newton’s law of gra-
vitation [15]. Mass of an object is the quantity or amount of
matter that the object contains. It is a measure of its inertia of
motion in accordance with Newton’s laws of motion. A body
experiences an inertial force when it accelerates relative to
the center of mass of the entire universe as Mach’s principle
indicates. In short, mass there a� ects inertia here. From Ein-
stein’s energy-mass expression (or Einstein’s �rst law), mass
is also understood as a form of real energy. A particle at rest
with massM has real energy given by [16]

EM = Mc2 ; (1)

wherec is the speed of light in the free space. A particle
in motion, has mass to be the Lorentz factor of the rest mass,

 LM, where
 L = (1� v2=c2)1=2 andv the speed of the particle.
This real energy is always positive and directly measurable.
It cannot be destroyed or created but can be converted from
one form to another. In nuclear �ssion and fusion processes,
a small amount of missing mass converts into a huge amount
of nuclear energy. Newton’s second law of motion states that
acceleration of an object is proportional to the net force on the
object and inversely proportional to the mass of the object.

2.2 Radiation � a form of real energy

Radiation
 refers to the electromagnetic radiation (or light),
consisting of varying electric and magnetic �elds, and can
travel through vacuum by itself at the speed of light, about
300 million meters per second. Light looks like a ray as it
travels straightly. Isaac Newton believed light to be particle
because of its re�ection and refraction. Thomas Young sug-
gested light to be wave because of its interference and di� rac-
tion. James Clerk Maxwell recognized light to be electromag-
netic waves because they travel at the same speed. In quantum
physics, radiation is described as photons, which are massless
quanta of real energy. The energy of a photon is given by [17]

E
 = h� ; (2)

138 Tianxi Zhang. New Four-Element Theory of Nature



Issue 2 (December) PROGRESS IN PHYSICS Volume 21 (2025)

where h is the Planck constant and� is the radiation fre-
quency. Radiation quanta or photons of light explain black-
body radiation spectra [18], atomic emission and absorption
spectra [19], Compton photon-electron scattering [20], and
photoelectric e� ects [17]. Therefore, we can say in general
that radiation is also a form of real energy and always pos-
itive. An atom, when it changes its state from energyE2 to
energyE1, emits a photon with frequency or energy given or
determined by the energy di� erence,h� = E2 � E1.

According to the increasing order of frequency or the de-
creasing order of wavelength, physicists usually categorize
electromagnetic waves into radio wave, microwave, infrared,
visible light, ultraviolet, X-ray, and gamma ray. Oscillations
of electrons and nuclei including protons produce radio waves
and microwaves; thermal motions of electrons and ions pro-
duce infrared light; Orbital or energy changes of electrons
in atoms emit visible light and ultraviolet. Sudden stops of
high-speed electrons on targets produce X-rays; and nuclear
reactions and decays produce gamma rays.

Annihilations between particles and antiparticles includ-
ing quarks and antiquarks produce pairs of gamma rays. In a
pair production process, a gamma ray materializes into a pair
of particle and antiparticle with non-zero masses. Annihila-
tion and pair production indicate that the two forms of real
energies (i.e. mass and radiation) can convert from one to an-
other, so that they are not independent. If we de�ne an equiv-
alent mass for radiation to bem
 = h�=c2, we may consider
nature to be composed of three fundamental elements: mass,
electric charge, and color charge, rather than fours, so that
reduce the four-element theory of nature to a three-element
theory of nature.

2.3 Electric charge � a form of imaginary energy

Electric charge is another fundamental or intrinsic property of
matter or some particles, which directly determines the elec-
tromagnetic interaction via Coulomb’s law of electric force
[27]. Electric charge has two varieties of either positive or
negative. It appears or is observed always in association with
mass to form positive or negative electrically charged parti-
cles with di� erent masses such as electron and proton. The
interaction between electric charges, however, is completely
independent of their masses. Positive and negative charges
can annihilate or cancel out each other and produce in pair
with total electric charges conserved. Weyl fermion is a mass-
less electron, which was predicted a century ago and recently
measured in semimetals but not individually [11,12].

A pure or individual electric charge should have its own
meaning of physics. Zhang [7] �rst hypothesized or consid-
ered electric chargeQ to be a form of imaginary energy. The
amount of imaginary energy is de�ned to be proportional to
the charge as

EQ =
Q

p
G

c2 ; (3)

whereG is the gravitational constant. This allows us to unify
Newton’s law of gravitation with Coulomb’s law of electric
force into a single expression between complex energy of
electrically charged particles [7]. The imaginary energy has
the same sign as the electric charge. Then, for an electrically
charged particle, the total energy is

E = EM + iEQ = (1 + i� )Mc2 ; (4)

where i is the imaginary number and� is the charge-mass
ratio of the particle, de�ned by

� =
EQ

EM
=

Q
p

GM
; (5)

in the cgs electrostatic unit system. The complex conjugate
of the energy of a charged particle such as an electron gives
the energy of its corresponding antiparticle such as a positron
[21,22].

Including electric charge, Zhang [7] has modi�ed Ein-
stein’s �rst law (1) into (4), in which electric charge is ex-
pressed as imaginary mass or energy. For an electrically char-
ged particle, the absolute value of� is a big number. This
implies that an electrically charged particle contains much
more imaginary energy than its real energy (e.g.,� = 1018

for proton and� = � 2 � 1021 for electron). A neutral particle
such as a neutron, photon, or neutrino has only real energy.
Weinberg [23] suggested that electric charges come from the
�fth-dimensional space, which is a small and compact cir-
cle space in the Kaluza-Klein (KK) theory [24�26]. Zhang
has developed a �ve-dimensional fully covariant KK-theory
with a scalar �eld [28] and shown that electric charge can af-
fect light (i.e., electric redshift) and gravity (i.e., gravitational
shielding) [29,30].

As the energy of an antiparticle is simply obtained by
conjugating the energy of the corresponding particle, a par-
ticle and its antiparticle have same real energy but imaginary
energy with opposite sign. In a particle-antiparticle annihila-
tion process, their real energies completely convert into radi-
ation photon energies and their imaginary energies annihilate
or cancel out. Since there are no masses to adhere with, the
electric charges come together due to the electric attraction
and cancel out, or form a positive-negative electric charge
pair (+; � ). In a particle-antiparticle pair production process,
the radiation photon energies transfer to rest energies with a
pair of imaginary energies, which combine with the rest en-
ergies to form a particle and an antiparticle.

Real energy is continuous, while imaginary energy is
quantized. Each electric charge quantume (which is also pro-
ton’s charge) has imaginary energy aboutiEe = iec2=

p
G �

i1027 eV about 1018 times greater than proton’s real energy
(� 931 MeV). This ratio is about the ratio between the ra-
dius of proton and the radius of the circular �fth dimensional
space.
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Table 2: Properties of six quarks: name, symbol, and electric charge.

Name Symbol Mass Electric Charges
up u 2.4 MeV 2e=3
down d 4.8 MeV � e=3
charm c 1.27 GeV 2e=3
strange s 104 MeV � e=3
top t 171.2 GeV 2e=3
bottom b 4.2 GeV � e=3

2.4 Color charge � a form of imaginary energy

Color chargeC is a fundamental property of quarks and glu-
ons [36], which has analogies with the notion of electric char-
ge of particles. The basic properties (mass and electric char-
ge) of the six quarks are shown in Table 2. There are three va-
rieties of color charges: red, blue, and green. An antiquark’s
color is anti-red, anti-blue, or anti-green. Quarks and anti-
quarks also hold electric charges but the numbers of electric
charges to be fractional such as� e=3 or � 2e=3. An elemen-
tary particle is usually composed of two or more quarks or
antiquarks and colorless with electric charge to be a multiple
of eor neutral. For instances, a proton is composed of two up
quarks and one down quark (uud); a neutron is composed of
one up quark and two down quarks (udd); a pion meson� +

is composed of one up quark and one down antiquark (u fld);
a charmed sigma� ++ is composed by two up quarks and one
charm quark (uuc); and so on.

Similar to electric chargeQ, the author has hypothesized
or considered the color chargeC to be another form of imag-
inary energy. The amount of imaginary energy in a color
charge can be de�ned by

EC =
C
p

G
c2 ; (6)

in analogy to the electric charge for the grand uni�cation of
all fundamental interactions into a single interaction between
complex energies [8]. Then, for a quark with massM, electric
chargeQ, and color chargeC, the total energy of the quark is

E = EM + iEQ + iEC = (1 + i� + i� )Mc2 ; (7)

where� is de�ned by

� =
EC

EM
=

C
p

GM
: (8)

The total energy of an antiquark is obtained by conjugating
the total energy of its corresponding quark. A quark and
its antiquark have the same real energy and equal amount of
imaginary energy, but their signs are opposite. The opposites
of red, blue, and green charges are anti-red, anti-blue, and
anti-green charges.

Table 3: Color combinations between red, blue, green and their anti-
colors.

Color r b g flr flb flg
r 2r flg flb 0 r flb r flg

b flg 2b flr bflr 0 bflg

g flb flr 2g gflr gflb 0
flr 0 flrb flrg 2flr g b
flb flbr 0 flbg g 2flb r
flg flgr flgb 0 b r 2flg

2.5 Color neutrality and quark con�nement

In particle physics, color is a fundamental property of quarks
and gluons, related to the strong forces. It is not the visi-
ble color but a type of charge. A neutral or white color (i.e.,
zero color charge) is formed when (1) a color and its anti-
color combineC + flC = 0), (2) red, blue, and green colors
combine (r + b + g = 0), and (3) anti-red, anti-blue, and anti-
green colors combine (flr + flb + flg = 0). Table 3 lists the colors
formed when any two colors combine, such as red and red
colors combine to form double red color, red and blue com-
bine to form anti-green color, red and green colors combine
to form anti-blue color, red and anti-red colors combine to
form white color, red and anti-blue colors combine to form
red-anti-blue color, and red and anti-green colors combine to
form red-anti-green color, and so on. Color neutrality refers
to that only color-neutral particles can exist in isolation or in-
dependently. Color con�nement refers to that particles with
colors or anticolors cannot be observed alone.

2.6 Energy space of particles

Both real and imaginary energies are conserved, respectively.
Being only positive, a real energy cannot be created or de-
stroyed but can be converted from one to another. In electron-
positron annihilation process, mass is converted into radia-
tion. In the pair production of a gamma ray, radiation is con-
verted or materialized into mass. Being both negative and
positive for electric charges and both color and anti-color for
color charges, an imaginary energy can be canceled out or
neutralized. Net charges in an isolated system remain the
same. As mentioned in subsection 2.1 above, the two forms of
real energies (mass and radiation) can be converted from one
to another and thus not independent. Here, we believe, the
two forms of imaginary energies (electric charge and color
charge) are independent, but they can interact via the weak
force.

Fig. 2 constructs a three-dimensional (3D) energy space
for particles based on the three independent fundamental ele-
ments or energy components (mass, electric charge, and color
charge). Any particle has a position or can be located in this
3D energy space with coordinates (M; Q;C) with M > 0. For
instances, a neutral particle such as neutron and neutrino, in-
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Fig. 2: 3D particle energy space. A neutral particle such as neu-
tron or neutrino including radiation is found on theM-axis, a Weyl
fermion is found on theQ-axis, a gluon is found on theC-axis, an
electrically charged particle such as proton or electron is found in
theM � Q plane, and a quark is found in the 3D space with non-zero
coordinates.

cluding radiation when it is equivalent to mass, has a coordi-
nate (M;0;0), located on theM-axis; an electrically charged
particle such as proton and electron, located in theM-Q plane
with a coordinate (M; Q;0); and a quark has a position in the
3D space with non-zero coordinates. Weyl fermions are on
theQ-axis and gluons are on the C-axis. And so on for many
other particles, including antiparticles, we can locate each of
them with a unique set of coordinates in this 3D energy space
of particles.

3 Fundamental interactions and uni�cation

3.1 Fundamental interactions in nature

Fundamental interactions in nature are interactions among
fundamental elements of nature. Among the four fundamen-
tal elements, there are ten fundamental interactions (Table 4).
The three real forces (~FMM, ~F

 , and ~FM
 ) are interactions
between two forms of real energies (
 and M) and belong
to the gravitational forces. Another three real forces (~FQQ,
~FQC, and ~FCC) are interactions between two forms of imagi-
nary energies (Q andC) and belong to the gauge �eld forces,
named, respectively, the electromagnetic, weak, and strong
forces. The four imaginary forces (i ~F
 Q, i ~F
 C, i ~FMQ, and
i ~FMC) are interactions between real and imaginary energies
and have no direct measurements. Although these imaginary
forces are not directly observational, they may play key roles
in explaining why charges are always attached along with
masses and absorb/emit radiation photons, and why gluons
are adhesive. In physics, the fundamental interactions found
in nature conventionally refer to the following fours: gravita-
tional, electromagnetic, weak, and strong forces.

Table 4: Fundamental interactions among the four fundamental ele-
ments.

Name 
 M iQ iC


 ~F

 ~F
 M i ~F
 Q i ~F
 C

M ~FMM i ~FMQ i ~FMC

iQ ~FQQ ~FQC

iC ~FCC

3.2 Uni�cation of all fundamental interactions

All the ten fundamental interactions among the four funda-
mental elements (two real energies and two imaginary en-
ergies) can be uni�ed as a single interaction between com-
plex energies as given by the following equation or shown by
Fig. 3 [8]

~FE1E2 = � G
E1E2

c4r2 �r ; (9)

whereG is the gravitational constant,E1 and E2 are com-
plex energies of the two objects or particles, andr is the
distance between the two objects or particles. This expres-
sion (9) may be called a generalized Newtonian gravitational
law. Considering the complex energy of a general object or
particle that has two real parts and two imaginary parts (i.e.,
E1 = E1
 +E1M+iE1Q+iE1C andE2 = E2
 +E2M+iE2Q+iE2C),
we can expand the single complex force into six real and four
imaginary forces,

~FE1E2 = � G
M1M2

r2 �r � G
M1h� 2 + M2h� 1

c2r2 �r � G
h� 1h� 2

c4r2 �r

+
Q1Q2

r2 �r +
Q1C2 + Q2C1

r2 �r +
C1C2

r2 �r

� i
p

G
h� 1Q2 + h� 2Q1

c2r2 �r � i
p

G
h� 1C2 + h� 2C1

c2r2 �r

� i
p

G
M1Q2 + M2Q1

r2 �r � i
p

G
M1C2 + M2C1

r2 �r

= ~FMM + ~F
 M + ~F

 + ~FQQ + ~FQC + ~FCC

+ i ~F
 Q + i ~F
 C + i ~FMQ + i ~FMC

= ~FRR+ ~FII + i ~FRI : (10)

Here, we have used (1�3) and (6) for the two real and two
imaginary energy expressions. The symbol �r is the unit vector
along the direction of radial distance.

3.3 Gravitational force � interaction between real en-
ergy

The force~FMM represents Newton’s law for the gravitational
interaction between two masses. This force governs the or-
bital motion of astrophysical objects including the solar sys-
tem. The force~F
 M is the gravitational interaction between
mass and radiation and the force~F

 is the gravitational in-
teraction between radiation and radiation. These three types
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Fig. 3: Fundamental interactions among the four fundamental ele-
ments of nature: radiation, mass, electric charge and color charge.
Mass and radiation are real energies, while electric and color charges
are imaginary energies. Nature is a system of complex energy, and
all the fundamental interactions of nature are classically uni�ed into
a single interaction between complex energies. There are six real and
four imaginary interactions among the four fundamental elements.

of gravitational interactions are categorized as the interac-
tion between real energies (Fig. 4a). De�ning the radiation
equivalent mass, we have a single gravitational force between
masses.

When a photon of light travels relative to an object (e.g.
the Sun) from~r to ~r + d~r, it changes its frequency from� to
� +d� . Calculating the work done by this mass-radiation force
on a photon to be the energy change of the photon,

hd� = ~F
 M � d~r = � G
h� M
c2r2 dr ; (11)

the author derived Einstein’s gravitational redshift without
using the Schwarzschild solution of Einstein’s general rela-
tivity [8, 37, 38]. First, dividing (11) by the photon energy
h� for variable separation and then integrating the radial dis-
tance from the object radiusR to in�nity 1 and the photon
frequency from the emission frequency� e to the observation
frequency� o, we have

Z � o

� e

d�
�

= �
Z 1

R

GM
c2r2 dr : (12)

Completing this de�nite integration, we obtain

ln
� o

� e
= �

GM
c2R

; or
� e

� o
= exp

� GM
c2R

�
: (13)

Then, the gravitational redshift can be derived as

ZG =
� o � � e

� e
=

� e � � o

� o
= exp

� GM
c2R

�
� 1 : (14)

Fig. 4: (a) Top left panel shows the three types of gravitational
interaction between real energies. They are the mass-mass, mass-
radiation, and radiation-radiation interactions. (b) Top right panel
shows the three types of electromagnetic force between electric
charges. They are the positive-positive, positive-negative, and
negative-negative interactions. (c) Bottom left panel shows the six
types of strong interactions between color charges. They are the red-
red, red-blue, red-green, blue-blue, blue-green, and green-green in-
teractions. (d) Bottom right panel shows the six types of weak inter-
actions between electric and color charges. They red-positive, red-
negative, blue-positive, blue-negative, green-positive, and green-
negative interactions.

In the weak �eld approximation, it reduces to

ZG =
GM
c2R

: (15)

Similarly, calculating the work done on a photon from an
object by the radiation-radiation gravitation, the author fur-
ther obtained a radiation redshift, which is proportional to the
fourth power of temperature of the radiation. For the light
from the Sun, the radiation redshift is about 10� 13, around
seventh order lower in magnitude than the gravitational red-
shift [8], and hence negligible. For an extremely hot ob-
ject, the radiation redshift will be signi�cant and may be de-
tectable.

3.4 Electromagnetic force � interaction between elec-
tric charges

The force~FQQ represents Coulomb’s law for the electromag-
netic interaction between two electric charges. This force
governs the orbital motion of atomic electrons around nuclei.
Electric charges have two varieties and thus three types of in-
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Table 5: Gauge �eld interactions between di� erent types of charges.
These include the six strong �eld interactions between three types of
color charges (coded as red), the six weak �eld interactions between
three types of color charges and two types of electric charges (coded
as blue), and the three types of electromagnetic �eld interactions
between two types of electric charges (coded as green).

Charge r b g + �

r ~Frr ~Frb ~Frg ~Fr+ ~Fr �

b ~Fbb ~Fbg ~Fb+ ~Fb�

g ~Fgg ~Fg+ ~Fg�

+ ~F++ ~F+�

� ~F��

teractions (Fig. 4b, see also Table 5):
1) repelling between positive electric charges~F++ ,
2) repelling between negative electric charges~F�� , and
3) attracting between positive and negative electric char-

ges~F+� .
Like charges repel one another and unlike charges attract one
another. In the standard model of particle physics, the elec-
tromagnetic force between electric charges is described by
the groupU(1).

3.5 Strong Force � interaction between color charges

The force~FCC is the strong interaction between color charges.
Color charges have three varieties: red, blue, and green and
thus have six types of interactions (Fig. 4c, see also Table 5):

1) the red-red interaction~Frr ,
2) the blue-blue interaction~Fbb,
3) the green-green interaction~Fgg,

4) the red-blue interaction~Frb,
5) the red-green interaction~Frg, and

6) the blue-green interaction~Fbg.
Fig. 4c shows these six types of color interactions or strong
forces. With anticolors, there are 21 types of strong force
between color charges. In the standard model of particle
physics, the strong forces between color charges are describ-
ed by the group SU(3).

The strong interaction is the only one that can change
color of quarks in a hadron particle. A typical strong inter-
action is the proton-neutron scattering. This is an interaction
between the color charge of one up quark in proton and the
color charge of one down quark in neutron via exchanging a
� +-meson between the proton and neutron. In other words,
during this proton-neutron scattering an up quark in the pro-
ton changes into a down quark by emitting a� + , meanwhile
a down quark in the neutron changes into an up quark by ab-
sorbing the� + . Another typical strong interaction is delta
decay,� 0 ! p + � � . This is an interaction between the color
charge of one down quark and the color charges of the other

two quarks. In this interaction, a down quark emits a� � and
then becomes an up quark,d ! u + � � .

It should be noted here that the strong force carriers be-
tween nucleons (not quarks) are the pion mesons (� � , � 0),
which are the lightest hadrons, composed of one �rst-genera-
tion quark and one �rst-generation antiquark, and bind nucle-
ons to form nuclei [33]. Gluons are the particles that mediate
the strong forces that bind quarks together to form hadrons in-
cluding nucleons [34]. Including antiparticles and gravitons
(or gravitational force carriers), we have more fundamental
particles [35]. We may categorize the strong force into two
categories: (1) the nuclear force between nucleons to bind
nucleons to form a nucleus and (2) the color charge interac-
tion or force between quarks to bind quarks into hadrons.

3.6 Weak force � interaction between electric charge
and color charge

The force ~FQC is the weak interaction between electric and
color charges. Considering electric charges with two varieties
and color charges with three varieties, we have also six types
of weak interactions (Fig. 4d, see also Table 5):

1) the positive-red interaction~F+r ,
2) the positive-blue interaction~F+b,
3) the positive-green interaction~F+g,

4) the negative-red interaction~F� r ,
5) the negative-blue interaction~F� b, and
6) the negative-green interaction~F� g.

With anticolors, there are 12 types of weak between electric
and color charges. In the standard model of particle physics,
the weak forces are described by the group SU(2) and carried
by theW andZ bosons. The weak interaction is the only one
that can change �avors of quarks in a hadron particle, which
causes atoms to change from one element to another. A typi-
cal weak interaction occurs when neutron decays into proton
with emissions of an electron and an electron-type antineu-
trino. In this process, a down quark in the neutron changes
into an up quark by emitting aW-boson, which lives about
10� 25 seconds and then breaks into a high-energy electron and
an electron-type antineutrino.

3.7 Interaction between two electrically charged parti-
cles

The interaction between two electrically charged particles
such as the interaction between two protons in a nucleus or
the interaction between proton and electron in a hydrogen
atom is given by

~FE1E2 = � G
(E1M + iE1Q)(E2M + iE2Q)

c4r2 �r

= � G
M1M2

r2 �r +
Q1Q2

r2 �r � i
p

G
M1Q2 + M2Q1

r2 �r

= ~FMM + ~FQQ + i ~FMQ ; (16)
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Fig. 5: (a) Top panel shows interaction between two electrically
charged particles. It splits into three fundamental interactions:
(1) a real force between masses~FMM, the gravitational force gov-
erned by Newton’s gravitational law, (2) a real force between electric
charges~FQQ, the electromagnetic force governed by Coulomb’s law,
and (3) an imaginary force between mass and electric chargesi ~FMQ,
which plays the role in sticking and adhering the electric charge on
the mass to form electrically charged particles. (b) Bottom panel
shows interaction between two quarks. It splits into six fundamental
forces: (1) a real force between masses (gravitational)~FMM, (2) a
real force between electric charges (electromagnetic)~FQQ, (3) a real
force between color charges (strong)~FCC, (4) a real force between
electric and color charges (weak)~FQC, (5) an imaginary force be-
tween mass and electric chargei ~FMQ, and (6) an imaginary force
between mass and color chargei ~FMC.

or shown in Fig. 5a. It is split into two real forces and one
imaginary force. The two real forces are~FMM and ~FQQ, gov-
erned by Newton’s law of gravitation and Coulomb’s law of
electromagnetism, respectively. The one imaginary force is
i ~FQC, which can occur inside of a particle to glue its electric
charge on its mass or between two particles.

3.8 Interaction between two quarks

The interaction between two quarks in a hadron or in a quark-
gluon plasma is given by

~FE1E2 = � G
(E1M + iE1Q + iE1C)(E2M + iE2Q + iE2C)

c4r2 �r

= � G
M1M2

r2 �r +
Q1Q2

r2 �r +
Q1C2 + Q2C1

r2 �r +
C1C2

r2 �r

� i
p

G
M1Q2 + M2Q1

r2 �r � � i
p

G
M1C2 + M2C1

r2 �r

= ~FMM + ~FQQ + ~FQC + ~FCC + i ~FMQ + i ~FMC : (17)

or shown in Fig. 5b. It is split into four real and two imaginary
forces. The four real forces are~FMM, ~FQQ, ~FQC and ~FCC,
called by the gravitational, electromagnetic, weak and strong
interactions, respectively. The two imaginary forces arei ~FMQ

andi ~FMC, gluing electric and color charges on mass.
Considering the strong interaction to be asymptotically

free within a typical hadron [39], we can replace the color
charge by

C �!
r
r0

C ; (18)

wherer is the radial distance andr0 � 10� 15 m is the ra-
dius of the typical hadron. This assumption represents that
color charge becomes less colorful if it is closer to each other,
i.e., asymptotically colorless. Then, the strong interaction be-
tween color charges of two quarks can be rewritten by

~FC1C2 =
C1C2

r2
0

�r ; (19)

which is independent of the radial distance and consistent
with measurements, and the weak forcebetween electric char-
ge of one quark and color charge of another quark becomes

~FQ1C2 =
Q1C2

r0r
�r ; (20)

which is inversely proportional to the distance and consistent
with measurements. The electromagnetic force between elec-
tric charges of two quarks is given by

~FQ1Q2 =
Q1Q2

r2 �r : (21)

Within a typical hadron (i.e.,r � r0) such as a proton or a neu-
tron, the strong force can be 100 times stronger than the elec-
tromagnetic force in strength. This leads to the color-electric
charge ratio of a quark to beC=Q � 10. The ratio between
strong force and weak force will be about� rC=(r0Q). Since
the weak force between electric charge and color charge has
a shorter range of interaction (r � 10� 18 m or r=r0 � 10� 3)
such as within a typical quark, we have that the weak force be-
tween electric and color charge within a typical quark can be
100 times greater than the strong force between color charges
of two quarks within a typical hadron. Therefore, the weak
force that occurs inside a quark and causes the quark decay is
not actually weak.
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4 Discussions and conclusions

The new four-element theory suggests the weak force to be an
interaction between electric and color charges, in analogy to
the electromagnetic force to be an interaction between elec-
tric charges and the strong force to be an interaction between
color charges. It occurs e� ectively inside a quark between
its electric and color charges, so that is responsible for the
excitation and decay of quarks. Considering an atom to be
composed of a nucleus and electrons, a nucleus to be com-
posed of nucleons, and a nucleon to be composed of quarks,
we see radioactive decay of atoms to result from the decay of
quarks that are triggered by the weak interaction between the
quark’s electric and color charges. This new scenario of weak
interaction beyond the standard model of particle physics has
important implications to the quark model, particle physics,
and cosmology. Based on the new four-element theory of na-
ture, we have developed a new quark model called two-�avor
multi-excitation quark model [9,40].

The new four-element theory of nature addresses only the
ordinary matter of the universe. Based on the big bang stan-
dard model of cosmology, our universe dominates by dark
matter and dark energy over 95%. The ordinary matter only
takes 5%. The possible candidates of dark matter are weakly
interacting massive particles (WIMPs), axions, sterile neutri-
nos, and primordial black holes. For the dark energy, the most
favored explanation is the cosmological constant. The author
proposed and developed a black hole model of the universe,
which does not need dark energy [41�44]. On the other hand,
the reason why distant supernovae appear dimmer than ex-
pected may be due to the redshift-luminosity relation that is
conventionally applied is only an approximate expression for
nearby objects [45]. If the spacetime is dynamic, our universe
does not need to be accelerating and even expanding [46,47].

As consequences of this review work, we have compre-
hensively reviewed the new four-element theory of nature,
that was proposed and developed previously by the author to
classically unify all fundamental interactions into a single in-
teraction between complex energies. The new four-element
theory of nature suggests that nature consists of four funda-
mental elements, which are radiation, mass, electric charge,
and color charge. Any known matter or particle observed
in nature or discovered in labs is a combination of one or
more of the four fundamental elements. Fundamental inter-
actions in nature are interactions among these fundamental
elements. Radiation and mass are two forms of real energy.
Electric and color charges are two forms of imaginary energy.
All fundamental interactions are uni�ed into a single inter-
action between complex energies. Interactions between real
energies are gravitational �eld forces with three categories:
mass-mass, mass-radiation, and radiation-radiation interac-
tions. Interactions between imaginaryenergies are gauge �eld
forces with also three categories: electric-electric charge (or
electromagnetic), electric-color charge (or weak), and color-

color charge (or strong) interactions. Interactions between
real and imaginary energies are imaginary forces, which do
not have observational support but may explain why electric
and color charges are usually adhered on mass, rather than
independently exist. The signi�cant result obtained from the
new four-element theory of nature such that the weak force is
an interaction between electric and color charges would have
essential implications to the quark and particle theories be-
yond the standard model as well as cosmology.
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Ultrafaint Dwarf Galaxies and the Baryonic Tully-Fisher Relation (BTFR)
Derived by Quantum Celestial Mechanics (QCM)

Franklin Potter
Huntington Beach, CA USA. E-mail: frank11hb@yahoo.com

All rotationally supported galaxies such as Andromeda and the Milky Way obey the
baryonic Tully-Fisher relation (BTFR) ofV4

f / Mb for rotational velocityVf and de-
tected amount of baryonic massMb, as do all the pressure supported dwarf galaxies.
However, the ultrafaint dwarf galaxies in the Local Group do not obey BTFR. Including
dark matter does not resolve the issue. We investigate whether Quantum Celestial Me-
chanics (QCM) with its detailed derivation of the BTFR o� ers a reasonable resolution.

1 Introduction

At least three general types of galaxies are known: rotation-
ally supported galaxies such as Andromeda and the Milky
Way, pressure supported dwarf galaxies, and ultrafaint dwarf
galaxies. The rotationally supported galaxies obey the origi-
nal 1977 Tully-Fisher relation connecting their luminosityL
to their outer circular velocityV [1]

L = V� ; (1)

where� is a constant that is dependent upon the speci�c phys-
ical properties of each galaxy and the physics model.

When more data became available in the 1990s, the bary-
onic Tully-Fisher relation (BTFR) determined by MOdi�ed
Newtonian Dynamics (MOND) revealed that the �at rotation
velocity Vf of a rotationally supported galaxy such as An-
dromeda or the Milky Way depends upon its baryonic mass
Mb exactly to the 4th power, i.e.V4

f / Mb. This relation-
ship even holds true for dwarf galaxies that are pressure sup-
ported [2]. Or, as it is more commonly expressed [3],

Vf / M
1
4
b : (2)

However, for the numerous ultrafaint dwarf galaxies of
low mass with no gas component that surround the Milky
Way and are gravitationally bound collections of stars only,
the BTFR appears to fail [4]. The rotation velocities are too
great for the amount of detected baryonic mass. Hence the
possibilty exists for a signi�cant amount of dark matter in ad-
dition to baryonic mass in their location.

In Fig. 1 are shown some of the many rotationally sup-
ported galaxies (circles), some of the numerous pressure sup-
ported galaxies including some dwarf galaxies (diamonds),
and a representative sample of the ultrafaint dwarf galaxies
(squares) with their very large uncertainties because of di� -
culties in their measurement [5]. These ultrafaints are usually
too faint to be detected beyond the nearby Universe, so the
sample is largely limited to the Local Group.

The straight line in Fig. 1 is the BTFR �t of the rotation-
ally supported galaxies and the pressure supported galaxies,
both of which contain a signi�cant amount of baryonic gas

Fig. 1: logVf vs. logMb for rotationally supported galaxies (cir-
cles), pressure supported dwarf galaxies (diamonds), and ultrafaint
dwarf galaxies (squares) in relation to the MOND predicted BTFR
(straight line) at exactlyV4

f vs. Mb, plus an example of a� CDM
prediction (dashed line). The top two circles are Andromeda and the
Milky Way. Uncertainties not shown are approximately symbol size.

among the stars, as determined [2,6] by MOdi�ed Newtonian
Dynamics (MOND) to be

Vf =
�
0:379 km s� 1 M� 1

4
S un

�
M

1
4
b : (3)

But the ultrafaint dwarf galaxies (black squares) do not
obey this BTFR relationship. Both MOND researchers and
traditional lambda cold dark matter (� CDM) research groups
have not been able to resolve this issue except by proposing
that perhaps the Milky Way itself is possibly interfering with
the stability of the ultrafaint systems., i.e. tidal disruptions
from external gravitational �eld e� ects could be in�uencing
a dispersion of the stars.

Moreover, the� CDM approach also has the fundamen-
tal problem that one cannot predict the 4th power relationship
between theVf and the baryonic massMb because the in-
cluded dark matter in their galaxy models suggests the power
relationship to be smaller than 4 as shown by the dashed line
in Fig. 1.
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However, the BTFR derived in quantum celestial mechan-
ics (QCM) [7] o� ers a possible solution that explicitly in-
cludes more fundamental physical properties of the ultrafaint
dwarf galaxies, including their baryon densities, radial sizes,
and total angular momentum.

The successful application of QCM to galaxy clusters [8]
explained how the dynamic baryon mass of a galaxy clus-
ter, without requiring any dark matter, depends upon both the
total angular momentum and the observed baryonic mass val-
ues. Therefore, we investigate the QCM expression for the
BTFR to better understand the ultrafaint dwarf galaxies.

2 QCM derivation of the BTFR

QCM is derived from the general relativistic Hamilton-Jacobi
equation [7]

g�� @S
@x�

@S
@x� � � 2c2 = 0 (4)

via the transformation that de�nes the wave function

	 = eS0=H (5)

to obtain a scalar gravitational wave equation (GWE)

g�� @2	
@x� @x� +

	
H2 = 0 : (6)

In these equations,S0 is the classical actionS divided by� c
for a test particle of mass� , with c being light speed in vac-
uum.

The characteristic distance H for a gravitationally bound
system is de�ned to be

H =
LT

MTc
(7)

whereLT is the total angular momentum for the system of
total massMT .

In a gravitationally bound system in coordinates (t; r; �; � )
obeying the Schwarzschild metric, as expected for planetary
systems and galaxies, from the angular coordinates one de-
rives the angular momentumper unit massquantization con-
dition

L
�

= m
LT

MT
(8)

for a mass� in orbit with angular momentumL and form
an integer. All con�rmed multi-planetary systems obey this
relationship [9].

From the radial equation one obtains the energyper unit
massquantization

E = � � c2 r2
s

8n2H2 ; (9)

with rs the Schwarzschild radius and integern.

Application of the virial theorem for gravitation leads di-
rectly to the tangential rotation velocity for the test particle

v =
rsc

2nH
(10)

from which the QCM predicted BTFR can be derived.
If we assume that the galaxy is approximately a disc with

a total baryonic massMb = � hR2� 0 for average density� 0,
thicknessh, and radiusR, then its total angular momentum
LT = � MbR2! with moment of inertia factor� and rota-
tional velocity ! . With gravitational constant G, this BTFR
becomes

Vf = M
1
4
b

r
G
n�

p
� h� 0 : (11)

As one example, supposeh is 8 times greater than esti-
mated, and the� and � 0 parameters can each vary by about
a factor of 2. By combining them optimally, QCM predicts
a maximum gain of about

p
8 times the previous value ofVf

for the same baryonic mass value.

3 Conclusion

QCM predicts a BTFR relation depending upon the average
density, thickness, and total angular momentum of a galaxy.
Whether these three parameters in the BTFR expression de-
rived by QCM will resolve the issue of the ultrafaint dwarf
galaxy positions on theV4

f / Mb graph remains to be deter-
mined when better data becomes available.
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The Model of the Sun, Based on Wheeler's Geometrodynamics, is Con�rmed
by Recent Astronomical Observations

Anatoly V. Belyakov
Tver, Russia. E-mail: belyakov.lih@gmail.com

The detailed physical parameters of the gravitomagnetohydrodynamic model of the
Sun, calculated earlier on the basis of Wheeler's geometrodynamics, are con�rmed by
recent astronomical observations.

In [1] and other studies, a mechanistic interpretation of Whee-
ler's geometrodynamics is used, which makes it possible to
draw analogies between objects of di� erent scales (in the
widest range from elementary particles to planets and stars),
regardless of the nature of their constituent environment, sole-
ly on the basis of the balance between gravitational, magnetic,
electrical, and dynamic forces. This method, when applied
to stellar objects, has showed that the Sun has a complex
dynamic internal structure, and some of its model parame-
ters are in good agreement with recent astronomical observa-
tions [2–4].

The balances of the aforementioned forces lead to the
structuring of any medium, if these forces are present, into
local vortex zones (vortex tubes) [1, 5], consisting of single
vortex �laments.

Recall that the formulae for electric and magnetic forces
are written in a “non-Coulomb” form, in which the electric
charge is replaced by the electron's maximum momentum. In
this case, the electric and magnetic constants" 0 and� 0 are as
follows

" 0 =
me

re
= 3:33� 10� 16 kg/m; (1)

� 0 =
1

" 0c2
= 0:0344 1/N; (2)

so " 0 is e� ectively the linear density of the vortex tube, and
� 0 is the reciprocal of the centrifugal force generated by the
rotation of a vortex tube element of massme at the speed of
light c along a radiusre.

In particular, the work [1] established that as an initially
structureless medium becomes more complex, local vortex
zones arise, where:

— the numberzof the local zones for an arbitrary massM
is

z =
1

M1=4
; (3)

— their radiusr and lengthl, respectively, are

r = M3=4Rc ; (4)

l = M1=4Rc ; (5)

— the circumferential velocity of individual vortex �la-
ments rotating around the longitudinal axis of the vor-

tex tubes is
v0 = M1=4c; (6)

— the number of the vortical �laments in the zone

n = f M ; (7)

where f is the ratio of the electric forces to the gravi-
tational ones, andM is a dimensionless mass measured
in fractions of the characteristic mass

Mm =
Rcc2



= 1:012� 1036 kg; (8)

where the characteristic radiusRc is

Rc = (2� )1=2c � [sec]= 7:52� 108 m; (9)

so that for the Sun's mass is we haveM = 2 � 10� 6.
It is obvious that as its own mass decreases, the object
simultaneously becomes more complex, structuring it-
self into local zones in an increasingly �ner manner.

Stars, forming from primordial matter, undergo a long
evolutionary process, and at some point their structure con-
forms to the above relationships (for detail, see [1]). It is
assumed that our Sun is also at this equilibrium stage of its
existence, and therefore some parameters of the solar struc-
ture should correspond to them.

According to [1], the initial state of a stellar object is as-
sumed to be a rotating disk, in which, as it becomes more
complex, local radial-spiral zones form, which are pulled
toward the centre by the radial components of gravitational
forces.

Since magnetic forces also act in the solar plasma, the so-
lar structure as a whole may consist of local zones in the form
of closed contours-toroids (balance of magnetic and gravita-
tional forces), whose conductive elements (vortex �laments)
rotate around the closed axis of the torus (balance of magnetic
and inertial forces), while the toroids themselves are located
in the plane of the rotating disk (balance of gravitational and
inertial forces). The core rotates faster than the periphery, and
the toroids twist, converting their kinetic energy into other
forms (and then, obviously, the reverse process). It would
be a gross oversimpli�cation to liken this system to a multi-
winding, �at-spiral mechanical pendulum; nevertheless, an
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oscillatory process of the object's gravimagneticodynamic
structure must take place.

Indeed, paired dark spots predominantly in the Sun's
equatorial zone appear to be the outcrops of local structures
that undergo magnetization reversals and change their inten-
sity and polarity with a period of 11 years. Their observed
number (from a few to hundreds) is consistent with the cal-
culated average, according to formula (3),z = 26:6. In [1]
other models corresponding to the real parameters of the Sun
are also given.

This structure turned out not to be speculative; on the con-
trary, it has received new direct con�rmation in the recent
studies mentioned below.

1. The Daniel K. Inouye Solar Telescope registered tiny
structures in the Sun's corona — ultra-thin coronal loops that
extend along the Sun's magnetic �eld lines. On average, their
width was approximately 48 kilometers across, with individ-
ual loops measuring approximately 20 km [2]. It is assumed
that these �ne structures may be isolated elements of the solar
structure.

But this is precisely the size of the vortex local zones pre-
dicted by the proposed model; according to the formulae (4)
and (5),r = 40:4 km andl = 28;200 km. The latter is also
consistent with observations, since the height of coronal loops
can reach 10,000 km.

2. Furthermore, Prof. Richard Morton directly observed
a small twisted type of wave (Alfv́en waves), which can sup-
ply energy to the corona [3]. These waves cause rotational
motion, which was detected by spectroscopic analysis, as the
plasma's erruption toward and away from the Earth creates
characteristic red and blue shifts on opposite sides of mag-
netic structures. This e� ect was observed in the movement of
iron atoms heated to 1:6 � 106 � C in the corona.

But it is precisely this vortex motion that the individual
�laments that make up the toroids exhibit; their circumferen-
tial velocity, according to (6), isv0 = 11:3 � 106 m/sec. Dur-
ing solar �ares, the �laments are broken, causing the charged
particles that comprise them to split o� and rush into space
at a velocityv0i , which then decreases in the Sun's gravita-
tional �eld to the speed in the range of 1,000–3,000 km/sec
recorded at Earth.

3. Astronomers using the European Southern Observa-
tory's (ESO) Very Large Telescope (VLT) observed the initial
phase of the supernova explosion SN 2024ggi in the galaxy
NGC 3621 [4]. It was discovered that the initial mass ejection
was not spherical, but rather elongated and �attened. This
fact also con�rms the correctness of theinitial structure as-
sumed for the star as a �at disk.

It should also be noted that the proposed model makes it
possible to directly calculate the atomic number of the ele-
ment at which nuclear reactions in stars cease at the end of
their evolution, namely, the atomic number of iron.

In [1], when determining the parameters of a spirally
structured disk, its radius in a compressed state was deter-

mined, i.e., the radius of the star's core

R0 = M1=3Rc ; (10)

and, subsequently, the core density.
In the atoms of stellar matter (mainly hydrogen), the sub-

stance, according to the electron model [6], circulates along
p+-e� contours having a mass" 0 r0, and the circulation speed
cannot be greater than the speed of light. At the same time,
the magnitude of the chargee0 is constant for any quantum
number and is equal to the momentum of the mass of the cir-
cuit " 0 r0v0. Whenv0 ! c, thenr0 ! r0min, therefore

r0min =
e0

" 0c
: (11)

The density of extremely compressed hydrogen atoms is
(for a spherical volume)

� max =
3mH

4� r3
0min

= 8:82� 107 kg/m3; (12)

wheremH is the mass of a hydrogen atom.
Assuming that all matter is concentrated in the nucleus,

its density is the ratio of the mass of the nucleus to the cube
of its radius and, according to the formulae (8) and (10),

� 0 =
M Mm

R3
0

=
Mm

R3
c

=

=
1

2�
 � [sec2]
= 2:38� 109 kg/m3: (13)

That is, the core density depends only on the gravita-
tional constant. From the� 0=�max ratio, it follows that a vol-
ume equal to the volume of one compressed hydrogen atom
should contain 27 atoms of the star's original material, which,
in terms of proton number, corresponds to iron-group atoms.
This density is typical of white dwarfs.

Thus, the highly simpli�ed model of solar structure pre-
sented in [1] is consistent with the external manifestations of
solar activity. As for the commonly used spherically sym-
metric quasi-static model of stellar structure, which analyzes
the state of matter and pressure, temperature and luminosity
as functions of radius, it is clearly insu� cient, and an analy-
sis of the Sun's gravitomagnetodynamic structure should be
included.

And �nally: the more complex than expected structure of
stellar objects, where the dynamics of magnetic forces play
a huge r̂ole, suggests the following idea: are enormous pres-
sures and temperatures alone enough to trigger a controlled
thermonuclear reaction?
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