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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, flattened 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
infinitely 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 field of which is so strong that light cannot es-
cape from its surface.

This is the original definition 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 first
outlined his idea of such cosmic objects [1], and also Pierre-
Simon Laplace, who in 1796, independently of Michell, in
Chapter 6 of his Exposition du Système du Monde gave a def-
inition of black holes [2, p. 305], and then in 1799 provided a
mathematical justification 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 defined from the general for-
mula of the Riemannian space (space-time) metric*

ds2 = gαβ dxαdxβ =

= g00 dx0dx0 + 2 g0i dx0dxi + gik dxidxk, (1)

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

Usually, the definition 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 tensor gαβ, based on the assertion
that the difference of g00 from 1 indicates the deviation of real

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

time intervals dτ from ideal (unperturbed and homogeneous)
time intervals dt, which is determined only by the potential of
the acting gravitational field w = c2 (1 − √g00

)
.

This definition of black holes says:

Definition 2: A black hole is a type of cosmic body, on the
surface of which g00 = 0 and, hence its physical radius
is equal to the gravitational radius rg = 2GM/c2, calcu-
lated for its mass M. 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 a gravitational collapsar.

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

ds2 =

(
1 −

rg
r

)
c2dt2 −

dr2

1 −
rg
r

− r2
(
dθ2 + sin2

θ dφ2
)

(3)

describes a spherically symmetric space filled with a gravita-
tional field created by a massive spherical island of substance,
which is approximated by a material point, where r is the ra-
dial distance from the barycentre of the massive island (which
is the coordinate origin), and rg = 2GM/c2 is the gravitational
radius of the island, calculated for its mass M. According
to this metric, the non-zero components of the fundamental
metric tensor gαβ of such a space are

g00 = 1 −
rg
r
, g11 = −

1

1 −
rg
r

g22 = −r2, g33 = −r2sin2
θ

 . (4)

According to the views commonly accepted in the 1920–
1930s among the scientists working in the field 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 intervals dτ are expressed through ideal
(unperturbed, homogeneous) time intervals dt as

dτ =
√
g00 dt , (5)

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

Since g00 = 1− rg
r = 0 on the surface of a gravitational col-

lapsar (r= rg), physically observable time stops (dτ= 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 a black 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 coordinates r, θ, φ), and not the physical radius of
the massive spherical island of substance creating the gravi-
tational field. 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 radius rg = 2GM/c2 from the barycentre of the massive
island (due to the breaking g00 = 0 in the space metric on this
surface). Of course, a spherical massive island that creates a
gravitational field described by the Schwarzschild mass-point
metric can have any radius R. But if its radius is equal to the
gravitational radius R= rg calculated for its mass M, then this
body is definitely 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 filled 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 the de 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 (dτ= 0)
on the surface of a black hole, which is usually determined
from the formula for real time intervals dτ=

√
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
dτ were assumed to be the square root of the first (time) term
g00 dx0dx0 = g00 c2dt2 of the square of the four-dimensional
(space-time) interval ds2, i.e., dτ=

√
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 field. 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 the theory of chronometric
invariants or the chronometrically 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 scientific 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 vector dxα (α = 0, 1, 2, 3),
projected onto the time line of an observer, represents the
physically observable (real) chr.inv.-time interval

dτ =
√
g00 dt −

1
c2 vi dxi, i = 1, 2, 3, (6)

and the projection of dxα onto the three-dimensional spatial
section associated with the observer is the physically observ-
able three-dimensional chr.inv.-displacement vector dxi.

Here g00 is expressed through the physically observable
chr.inv.-potential w of the gravitational field that fills the ob-
server’s space

w = c2 (
1 −
√
g00

)
,

√
g00 = 1 −

w
c2 , (7)

4 Rabounski D. Correct Solutions for Rotating Black Holes



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

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

vi = −
cg0i
√
g00
, vi = −cg0i√g00 , vi = hik v

k. (8)

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

dσ2 = hik dxidxk (9)

using the three-dimensional chr.inv.-metric tensor hik

hik = −gik +
1
c2 vi vk , hik = −gik, hi

k = δ
i
k , (10)

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

Thus, the square of the four-dimensional (space-time) in-
terval ds2 = gαβ dxαdxβ is expressed in terms of chronomet-
rically invariant (physically observable) quantities as

ds2 = c2dτ2 − dσ2. (11)

The above has aftermaths for the black hole solution. The
complete formula for physically observable (real) time inter-
vals dτ =

√
g00 dt− 1

c2 vi dxi (6) differs from dτ=
√
g00 dt (5)

given in §84 of The Classical Theory of Fields by 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 (dτ= 0) defines black holes in General Rel-
ativity (dτ= 0 on the surface of a body means that no signal
can leave this body), the condition

dτ =
√
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 field 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 φ, i.e., along the geographical longitudes of the body,
with the linear velocity v3=ωr2sin2

θ. In addition, it was as-
sumed that the rotation of space is stationary, i.e., the angular
velocity ω of this rotation is constant (ω= const). Since by
definition of vi (8) we have

v3 = ωr2sin2
θ = −

cg03
√
g00
, (13)

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

ds2 =

(
1 −

rg
r

)
c2dt2 − 2ωr2sin2

θ

√
1 −

rg
r

dtdφ −

−
dr2

1 −
rg
r

− r2
(
dθ2 + sin2

θ dφ2
)
, (14)

where, as is seen from the above formula,

g00 = 1 −
rg
r
, g03 = −

ωr2sin2
θ

c

√
1 −

rg
r

g11 = −
1

1 −
rg
r

, g22 = −r2, g33 = −r2sin2
θ


, (15)

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

h11 =
1

1 − rg
r

, h22 = r2

h33 = r2sin2
θ

(
1 +
ω2r2sin2

θ

c2

)

, (16)

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

To check the above rotating metric, we calculate v2= vi v
i

= hik v
iv k. Since v i= hikvk, we obtain the following

v2 = vi v
i =
ω2r2sin2

θ

1 + ω2r2sin2θ

c2

, v =
ωr sin θ√
1 + ω2r2sin2θ

c2

, (17)

therefore, the dimension of v is
[
cm/sec

]
as it should be. If

the space rotates slowly, then the above formula transforms
to v=ωr sin θ

[
cm/sec

]
as in Classical Mechanics.

In fact, the space metric (14) describes a spherically sym-
metric space, which is filled with the gravitational field 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 field does not rotate. Moreover,
this metric is the basic space metric in the Universe, char-
acterizing the physically observable field of any real cosmic
body, be it a planet, star, galaxy or something else (since all
real cosmic bodies rotate).

Consider the black hole condition dτ= 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 specific metric of space, the black
hole condition dτ= 0 (12) can be transformed to the form

dτ =
(
√
g00 −

1
c2 vi u

i
)

dt = 0 , ui =
dxi

dt
, (18)

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

√
g00 −

1
c2 vi u

i = 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 condition dτ= 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 condition dτ= 0 takes
the particular form characteristic of this space metric√

1 −
rg
r
−

1
c2 v3 u3 = 0 . (20)

From this form of the black hole condition dτ= 0, since
rg = 2GM/c2 is the gravitational radius of the body, calculated
for its mass M,* we then derive the black hole solution, which
is a distance r= 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 itself v3=ωr2sin2

θ 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 φ is u3 =

dφ
dt =ω, we obtain the black hole

solution for a rotating black hole

rc =
rg

1 − 1
c4 ω

4r4sin4
θ

≃ rg

(
1 +

1
c4 ω

4r4sin4
θ

)
⩾ rg . (21)

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

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

∆r = rg
ω4r4

c4 , (22)

which is greater the faster the black hole rotates.

*At the distance rg = 2GM/c2 from its barycentre the space has a break-
ing, which manifests itself in the form of the condition g00 = 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
the shape of an oblate spheroid, flattened 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
definition of black holes in General Relativity, which is based
on the gravitational collapse condition g00 = 0 (see Defini-
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 definition of black holes
with a more general one, according to which black holes are
defined 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 zero dτ= 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 charge q. In this case, the space of the mass-point
is filled with not only the gravitational field created by it,
but also a spherically symmetric electric (electromagnetic)
field, i.e., is filled with distributed matter. The space of an
electrically charged mass-point is described by the Reissner-
Nordström metric

ds2 =

1 −
rg
r
+

r2
q

r2

 c2dt2 −

−
dr2

1 −
rg
r +

r2
q

r2

− r2
(
dθ2 + sin2

θdφ2
)
, (23)

which is an extension of the Schwarzschild mass-point met-
ric, first 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 Nordström [23]. The Reissner-Nordström
metric uses the same denotations as the Schwarzschild mass-
point metric, with an addition of

r2
q =

Gq2

4πε0c4 , (24)

where q is the electric charge of the massive island (source of
the gravitational field and the electromagnetic field), G is the
gravitational constant, and 1

4πε0
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 ω= const and the linear velocity v3=ωr2sin2

θ along
the equatorial coordinate axis φ, 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 =

1 −
rg
r
+

r2
q

r2

 c2dt2 −

− 2ωr2sin2
θ

√
1 −

rg
r
+

r2
q

r2 dtdφ −

−
dr2

1 −
rg
r +

r2
q

r2

− r2
(
dθ2 + sin2

θ dφ2
)
, (25)

where, as follows from the above formula,

g00 = 1 −
rg
r
+

r2
q

r2

g03 = −
ωr2sin2

θ

c

√
1 −

rg
r
+

r2
q

r2

g11 = −
1

1 −
rg
r +

r2
q

r2

g22 = −r2, g33 = −r2sin2
θ



, (26)

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

h11 =
1

1 −
rg
r +

r2
q

r2

, h22 = r2

h33 = r2sin2
θ

(
1 +
ω2r2sin2

θ

c2

)

, (27)

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

The introduced space metric (25) describes a spherically
symmetric space, which is filled with the gravitational field

and the electromagnetic field, 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-Nordström metric (23).

This metric is proved using Einstein’s field 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 differs only by
one additional term in g00, which takes the electric charge
q into account. The only difference 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 field, and
the Riemannian conditions for the metric take the electromag-
netic field 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-Nordström metric
(25) that we just introduced, the detailed general formula (19)
of the black hole condition dτ= 0 takes the form√

1 −
rg
r
+

r2
q

r2 −
1
c2 v3 u3 = 0 . (28)

From here, assuming that the effect created by the electro-
magnetic field of an electrically charged black hole (the third
term under the square root) is much weaker than the effect of
its gravitational field (the second term), which is a natural as-
sumption for a gravitational collapsar due to its super-strong
gravitational field, 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 velocity v3=ωr2sin2

θ 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 =

dφ
dt =ω). Thus, we obtain the

formula of the black hole solution for an electrically charged
rotating black hole

rc =
rg

1 − 1
c4 ω

4r4sin4
θ +

r2
q

r2

≃

≃ rg

1 +
1
c4 ω

4r4sin4
θ −

r2
q

r2

 . (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 radius rg = 2GM/c2 calcu-
lated for its mass M, 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 field) of
an electrically charged rotating black hole makes its shape
more flattened from the poles and less thick at the equator
than a regular rotating black hole

rc (poles) =
rg

1 + r2
q

r2

≃ rg

1 −
r2
q

r2

 < rg , (30)

rc (equator) =
rg

1 − ω
4r4

c4 +
r2
q

r2

≃ rg

1 +
ω4r4

c4 −
r2
q

r2

 . (31)

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

sin θ =
c
√

rq

ωr3/2 , r2
q =

Gq2

4πε0c4 . (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 the shape of an oblate spheroid, flat-
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 effect of the collapsar’s rotation is com-
pletely compensated by the effect of its electric charge.

P.S. It should be noted that the significance 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 flat, 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 flat space.

The advantage of this mathematical formalism is that in
the tangential flat 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 field
of General Relativity. Quantities associated with objects and
the geometric structure of the Riemannian space can be pro-
jected onto a tangential flat space only in an infinitely small
vicinity of the projection point (because they are absent in the
tangential flat space). Therefore, all calculation results ob-
tained using the tetrad formalism or any modification of it
are valid only in an infinitely small vicinity of the projection
point in the tangential flat 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 modification
of the tetrad formalism) in the tangential flat 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 infinitely small vicinity of the surface of a rotating
black hole in the tangential flat 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 fields 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 field. 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 field sources, which attract or repel
each other by exchanging bosons. However, the origin of the
charges and particles, and thus also the fields and forces is
still poorly understood. So defining 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 scientific
mind in the long term.

Apropos, despite the appreciated success of the Standard
Model in describing subatomic processes, the gravitational
interaction defies this paradigm – already over more than 50
years. In my opinion, this circumstance indicates less the
specificity 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
field 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 fields both act instantaneously.

In fact, it is well known that if a charged source moves at
a constant velocity, the electric field 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 effect 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 that G is a fundamental constant
of physics is generally accepted, although it has not yet been
experimentally confirmed [6]. In fact, Newton’s law of grav-
itation cannot be verified 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 the G, 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-
figuration 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 infinitely many pairs of orbital
periods and distances that fulfill Kepler’s laws. Newer mod-
els of modified Newtonian dynamics have not changed this
situation. Einstein’s field 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 field 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 the avoidance of 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 fields 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 the natural
frequency of an oscillator involved, resonance amplification
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 different frequencies ex-
hibit a transition to equal period oscillations once the cou-
pling strength exceeds a critical value that is proportional to
the frequency difference. However, for frequency differences
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
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when the common oscillation frequency matches the natural
frequency of an oscillator involved. The natural frequency
can be defined 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 number e =
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 field of transcendental attractors – the Euler field, as
I have shown in [10]:

E = eF

The Euler field E is a k-dimentional projection of its funda-
mental fractal F that is given by finite canonical continued
fractions of integer attractors n0, n1, n2, . . . , nk:

F = ⟨n0; n1, n2, . . . , nk⟩ = n0 +
1

n1 +
1

n2 + · · · +
1
nk

Figure 1 shows the first and the second layer of F 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, . . . define 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 layers k= 1 (above) and k= 2 (below) of the fundamen-
tal fractal F in the range -1⩽F ⩽ 1.

These attractors are islands of stability in the sense that they
define 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 ωA and ωB can avoid
parametric resonance, if they obey the condition:

ln (ωA/ωB) = 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 field. In the case
of harmonic quantum oscillators [21], the same is valid for
the ratio of their natural wavelengths λ = c/ω, and energies
E = ℏω, where c is the speed of light in vacuum, and ℏ is the
Planck constant.

The spatial projection of the Euler field E of coupled har-
monic quantum oscillators is a fractal set of embedded spher-
ical equipotential surfaces. The logarithmic scalar potential
difference∆F of sequent equipotential surfaces:

∆F = ⟨n0; n1, . . . , nk⟩ − ⟨n0; n1, . . . , nk + 1⟩

defines a gradient [7] always directed to the center of the at-
tractor nk−1 of the next higher level that finally creates the
effect of an existing field source (charge) at the center of the
Euler field. However, the Euler field is of pure arithmetic ori-
gin, and there is no particular physical mechanism required
as field source.

Since the frequency ratio x = ωA/ωB is always a real
number, the first derivative of ln x equals the reciprocal of
its argument:

d
dx

ln x =
1
x

Therefore, the larger the frequency ratio x = ωA/ωB, the
slower the velocity of its change. Consequently, the veloc-
ity of change of the frequency ratio x increases always in the
direction to an attractor of the Euler field E. In this way, the
logarithmic symmetry of the Euler field causes an accelera-
tion of the frequency ratio x in the direction to the center of
the field. In fact, the 2nd derivative of ln x equals the negative
reciprocal square of its argument:

d2

dx2 ln x = −
1
x2

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

Now we can recapitulate the behavior of coupled har-
monic quantum oscillators caused by the Euler field: 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 field. Then,
by approximating an attractor, the quantum oscillators expe-
rience a frequency blueshift that allows them to gain energy
from the field. In this way, the numerical Euler field 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] verified 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 field E, every equipotential surface is an attractor
where potential differences decrease and processes can gain
stability. While integer logarithms F define main equipoten-
tial surfaces at k = 0, rational logarithms define equipotential
surfaces at deeper layers k > 0. Therefore, one can expect that
gravity does decrease parabolically fractal with the distance
to an attractor of the Euler field. The closer to an attractor,
the more evident this effect of fractal inhomogeneity of the
gravity field becomes. The strongest inhomogeneities are ex-
pected near the main attractor in the center of the field.

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% difference between
values at 10 cm and 1 km (depth); if confirmed, this observa-
tion will open up a new range of physics.”

In [26] was shown that the Euler field reproduces the 2D
profile of the Earth’s interior confirmed by seismic explo-
ration. Also the stratification layers in planetary atmospheres
correspond with equipotential surfaces of the Euler field [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
(
τe

τp

)
= ln

(
1.28809 · 10−21 s
7.01515 · 10−25 s

)
≃ 7 +

1
2
= E⟨7; 2⟩

τe = λe/c = 1.28809 · 10−21 s is the angular oscillation period
of the electron, λe is the Compton wavelength of the electron,
c is the speed of light in vacuum, and τp = 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 field. In [10] I have shown that Venus’ distance
from Sun approximates the main equipotential surface E⟨54⟩
of the Euler field of the electron that equals the 54th power of
Euler’s number multiplied by the Compton wavelength of the
electron λe. The aphelion 0.728213 AU = 1.08939 · 1011 m
delivers the upper approximation of E⟨54⟩:

ln
(

A(Venus)
λe

)
= 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)
λe

)
= ln

(
1.07477 · 1011 m
3.86159 · 10−13 m

)
= 53.98

This means that Venus’ orbit derives from the Euler field 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 surface E⟨56⟩
of the Euler field of the electron. The aphelion 5.45492 AU =
8.160444 · 1011 m delivers the upper approximation of E⟨56⟩:

ln
(

A(Jupiter)
λe

)
= 56.01

The perihelion 4.95029 AU = 7.405528 · 1011 m delivers the
lower approximation:

ln
(

P(Jupiter)
λe

)
= 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 verified, in
particular, the mass-independent irreducible quantumness of
harmonic oscillator systems.

Also Jupiter’s orbital period 4332.59 days derives from
the Euler field of the electron. In fact, it equals the 66th power
of Euler’s number multiplied by the oscillation period 2π · τe

of the electron:

ln
(

T (Jupiter)
2π · τe

)
= ln

(
4332.59 · 86400 s

2π · 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 the angular oscillation period τe of the
electron:

ln
(

T (Mars)
τe

)
= ln

(
686.98 · 86400 s
1.28809 · 10−21 s

)
= 66.00

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

T (Jupiter) = 2π · 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 different systems, but bound together
in the same conservative system (the solar system).

In [10] I introduced the Archimedes field A = πF 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 of e
or π. This circumstance drastically reduces the diversity of
preferred orbits, orbital periods, and speeds, increasing the
likelihood of matches in different 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
attractor E⟨60⟩ of the Euler field of the electron:

ln
(

T (Io)
τe

)
= ln

(
1.7691378 · 86400 s

1.28809 · 10−21 s

)
= 60.03

Simultaneously, it approximates also the attractor E⟨59⟩ of
the Archimedes field of the proton:

lp
(

T (Io)
τp

)
= lp

(
1.7691378 · 86400 s

7.01515 · 10−25 s

)
= 59.01

τp is the angular oscillation period of the proton. We use the
symbol “lp” for the logarithm to the base π = 3.14159 . . .

lp(x) =
ln(x)
ln(π)

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 avoids proton resonance by approximation of the
attractor E⟨68⟩ of the Euler field:

ln
(

T (Callisto)
2π · τp

)
= ln

(
16.689 · 86400 s

2π · 7.01515 · 10−25 s

)
= 67.96

and the attractor E⟨61⟩ of the Archimedes field of the proton:

lp
(

T (Callisto)
τp

)
= 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 number e = 2.71828 . . . and
Archimedes’ number π = 3.14159 . . . define fractal scalar
fields of their integer and rational powers, but in general,
every prime, irrational and transcendental number does it.
While the fundamental fractal F is always the same distribu-
tion of rational logarithms, the structure of the corresponding

Fig. 2: The 2D projection of the first layer (k = 1) of equipotential
surfaces of the Euler Field E = eF (left), and the Archimedes Field
A = πF (right). The fields are shown to the same scale.

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

Conclusion

According to our numeric-physical approach presented in this
paper, numeric fields like A,E are primary. When formed in
systems of coupled harmonic quantum oscillators, they define
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 fields.

Then, in order to gain more energy from the numeric field
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 field.

Since the fractal scalar fields 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 field, every equipotential surface is
an attractor, so that the closer to an attractor, the more evi-
dent the effect of fractal inhomogeneity of the numeric field
becomes. These inhomogeneities appear as local deviations
from the inverse-square law of free fall. In this way, no addi-
tional (fifth) force or physical field 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,
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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 effects 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 fields. 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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Gödel’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 first part of this paper we follow Gödel’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 fluid field equation. This term was wrongly inter-
preted by Gödel as the ad hoc cosmological constant he was forced to introduce in order
for his solution to satisfy Einstein’s field equations. The theory is now endowed with
a physical meaning and the dynamics no longer apply to the space but to a fluid which
can be acted upon. In the second part, we investigate the possibility of creating a time
machine materialized by a specific warp drive device travelling along a Gödel 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 fiction novel The Time Machine by 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 scientific controversy about the possibility of time travel
can be traced back to the ingenious logician Kurt Gödel. 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 first part of this paper we follow Gödel’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 fluid field equation. This
term was wrongly interpreted by Gödel as the ad hoc cosmo-
logical constant he was forced to introduce in order for his
solution to satisfy Einstein’s field equations. The theory is
now endowed with a physical meaning and the dynamics no
longer apply to the space but to a fluid which can be acted
upon. In the second part, we investigate the possibility of cre-
ating a time machine materialized by a specific warp drive
device traveling along a Gödel 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: µ, ν = 0, 1, 2, 3;
Spatial indices: a, b = 1, 2, 3;
Space-time signature: −2 (unless otherwise specified);
Newton’s constant of gravitation: G.

Part I

1 The Gödel universe

1.1 General considerations

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

The Gödel space-time has a five 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 five
dimensional Lie algebra of Killing vector fields generated by
a time translation ∂ct, two spatial translations ∂x,∂y plus two
further Killing vector fields

∂z − y∂y , 2ex∂c t + y∂z +

(
e2x −

1
2
y2∂y

)
.

The Weyl tensor of the standard Gödel solution has Petrov
type D

Cαβ
µν = Rαβ

µν +
1
3

Rδα[µδ
β
ν] + 2δ[α

[µRβ]
ν] .

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

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

The classical Gödel line element is given in Cartesian coordi-
nates by

ds2 = a2
(
c2dt2 +

1
2

e2xdy2 − 2excdt dy − dx2 − dz2
)
, (1.1)

where a > 0 is a constant. The components of the metric
tensor gµν and gµν are, respectively,

gµν =


a2 0 a2ex 0

0 −a2 0 0

a2ex 0 1
2

a2e2x 0

0 0 0 −a2



gµν =


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





. (1.2)

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

Γ0
01 = 1 , Γ0

12 = Γ
1
02 =

1
2

ex,

Γ1
22 =

1
2

e2x, Γ2
01 = −e−x.

The Ricci tensor is very simplified

Rβγ = ∂1Γ
1
βγ + Γ

1
βγ − Γ

δ
αβΓ

α
δγ , (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 vector u of matter has components

uµ =
(
a−1, 0, 0, 0

)
, uµ = (a, 0, aex, 0) , (1.4)

thus the Ricci tensor takes the formulation

Rµν = uµuν a−2 (1.5)

and the Ricci scalar takes the form

R = uµuµ = a−2. (1.6)

Since R is a constant, the field equations (with the x0-lines
as world lines of matter)

Rµν −
1
2
gµνR =

8πG
c4 ρc2uµuν + Λgµν (1.7)

are satisfied (for a given value of the density ρ), if we put

a−2 =
8πGρ

c2 , (1.8)

Λ = −
1
2

R =
1

2a2 = −
4πGρ

c2 . (1.9)

The sign of the cosmological constant Λ here is the op-
posite of that occurring in Einstein’s field equations. Bearing
in mind that a is a constant, fine 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 Gödel’s model

As primarily assumed by Gödel, the stationary space-time of
his model is homogeneous. For every point A 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 flow lines have
a vorticity magnitude ω orthogonal to u.

2.1 Vorticity vector

Let uα be a 4-unit vector everywhere tangent to the flow line
on (M, g). The covariant derivative uα;µ of this time-like vec-
tor may be expressed in a invariant manner in terms of ten-
sor fields which describe the kinematics of the congruence of
curves generated by the velocity vector field uα [3]

u(α;µ) = σαµ + ωσµ +
1
3
θhαµ + ∗u(αuµ) , (2.1)

where θ is the scalar expansion

θ = uα;α , (2.2)

and ∗uα is the 4-acceleration vector of the flow lines

∗uα = uα;µ uµ, (2.3)

while hµν is the projection tensor determined as

hµν = gµν − uµuν .

Besides ∗uα and θ, one can define the vorticity tensor

ωαµ = hσαhνµ
∗u[σ; ν] = u[α;µ] +

∗u[αuµ] , (2.4)

and also the quantity

σαµ = θµν −
1
3

hαµθ

which is the symmetric trace free shear tensor, where

θµν = hσαhνµu(σ; ν)

is the expansion tensor.
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Fig. 1: With increasing r > rG, the light cones continue to tip over and their opening angles increase until their
future parts reach negative values of t′. Thus ∂/∂ϕ becomes a timelike vector, and circles of constant r and t′

are closed time-like curves.

Thus the components of the 4-vorticity vector ω of the
flow lines tangent to uµ are expressed by

ωβ =
1
6
ηβγσρuγωσρ , (2.5)

where ηβγσρ is the Levi-Civita tensor indicator

ηβγσρ =
εβγσρ
√
g
.

The kinematic quantities ωσµ, ωµ and ∗uµ are completely
orthogonal to uµ, i.e.,

ωσµ uµ = ωµuµ = ∗uµuµ = hµνuµ = 0 .

In the Gödel model the shear tensor is zero, therefore

σαµ = u(α;µ) −
1
3
θhαµ − ωσµ − ∗u(αuµ) = 0 (2.5bis)

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

Knowing that
√
g = a4

√
1
2

e2x, we compute the contra-
variant components of the 4-vorticity vector ω

ωα =

0, 0, 0,

√
2

a2

 (2.6)

and we find

ω =
√
gαβ ωαωβ =

√
2

a
. (2.7)

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

ω =

√
1
2

(
8πG

c2

)
ρ . (2.8)

2.2 Closed time-like curves

Following Gödel we introduce cylindrical coordinates (t′, r, θ)

ex = cosh 2r + cosh ϕ sinh 2r ,

yex =
√

2 sinh ϕ sinh 2r ,

tan
1
2

[
ϕ +

(
ct −

2 t′

2
√

2

)]
= e−2r tan

ϕ

2

thus the Gödel metric reads now

ds2 = 4a2
[
dt′2 − dr2 +

(
sinh4r − sinh2r

)
dϕ2 +

+ 2
√

2 sinh2r dϕ dt′
] (2.9)

(with the inessential coordinate z suppressed).
In its original formulation, the Gödel 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 axis t′, and r = 0 since we clearly see that the compo-
nents of the metric tensor do not depend ϕ.

For r ⩾ 0, we have 0 ⩽ ϕ ⩽ 2π. If a curve rG is de-
fined by sinh r= 1 that is rG = log

(
1+
√

2
)
, then such a curve
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Fig. 2: The Gödel trajectory loops back in the past at p after crossing
a Cauchy-like “horizon”.

which materializes in the “plane” t′ = const is a closed light-
like curve. The radius rG referred to as the Gödel radius, thus
induces a closed null curve where the light cones are tangent
to the plane of constant t′.

With increasing r > rG, the light cones continue to tip
over and their opening angles increase until their future parts
reach negative values of t′. Thus ∂/∂ϕ becomes a timelike
vector, and circles of constant r and t′ are closed time-like
curves (see Fig. 1). Starting from the centre of the axis at q,
the Gödel trajectory loops back in the past at p after crossing
a Cauchy-like “horizon” (see Fig. 2).

3 The Gödel model as a homogeneous perfect fluid

3.1 Reformulation of the Gödel metric

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

a2 = e2U . (3.1)

The positive scalar U (x) will be explained below. The
Gödel metric thus becomes

ds2 = e2U ×

×

(
c2dt2 +

1
2

e2xdy2 − 2ex cdt dy − dx2 − dz2
)
.

(3.2)

We see that it is conformal to the Gödel metric with the
constant a = 1(

ds2)
G = c2dt2 +

1
2

e2x dy2 − 2ex cdt dy − dx2 − dz2. (3.3)

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

3.2 Differential geodesic system

Let us consider the manifold (M, g) on which is defined a
vector tangent to the curve C

∗xα =
dxα

dζ
,

where ζ is an affine parameter. In these local coordinates,
we consider the scalar function f (xα, ∗xα), which is homoge-
neous and of first degree with respect to ∗xα. To the curve
C joining the points x1 and x2 one can always associate the
integralA such that

A =

∫ ζ2

ζ1

f (xα, ∗xα)dζ =
∫ x2

x1

f (xα, ∗xα)dxα. (3.3)

We now want to evaluate the variation of A with respect
to the points ζ1 and ζ2

δA = f δζ2 − f δζ1 −

∫ ζ2

ζ1

δdζ .

Classically we know that∫ ζ2

ζ1

δdζ =
(
∂ f
∂ ∗xα

)
δxα −

∫ ζ2

ζ1

Eα δxα dζ ,

where Eα is the first member of the Euler equation associated
with the function f .

With Eα as the components of E, we infer the expression

δA = [w(δ)]x2 − [w(δ)]x1 −

∫ ζ2

ζ1

E δx dζ , (3.5)

where w(δ) has the form

w(δ) =
∂ f
∂ ∗xα

δxα −
xα∂ f

∂ ∗xα − f
δζ .

Due to the homogeneity of f it reduces to

w(δ) =
∂ f
∂ ∗xα

δxα.

Let us apply the above results to the function

f = eU ds
dζ
= eU

√
gαβ ∗xα ∗xβ , (3.6)

where eU is defined everywhere on (M, g).
We first differentiate f 2 = e2U(

gαβ
∗xα ∗xβ

)
with respect to

∗xα and xα
f ∂ f
∂ ∗xα

= e2Ugαβ
∗xβ, (3.7)

f ∂ f
∂xα

= eU
√
gβµ ∗xβ ∗xµ ×

×

[
∂αeU

√
gβµ ∗xβ ∗xµ +

1
2

eU ∂α
(
gβµ
∗xβ ∗xµ

)]
.

(3.8)

We now choose s as the affine parameter ζ on the curve
C, so the vector ∗xβ is here regarded as the 4-unit vector uβ

tangent to C whose curvilinear abscissa is noted s. Equations
(3.7) and (3.8) then reduce to the following

∂ f
∂ ∗xβ

= eUuβ , (3.9)
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∂ f
∂xβ
= ∂β eU +

1
2

eU ∂βgαµ uαuµ =

= ∂β eU + eU Γαβ, µuαuµ ,

(3.10)

where Γαβ, µ denote here the Christoffel symbols of the first
kind. Expliciting the Euler equations f (xα, duα)

Eβ =
d
ds

∂ f
∂uβ
−
∂ f
∂xβ

, (3.11)

we obtain

Eβ =
d
ds

eUuβ − eUΓαβ, µ uαuµ − ∂β eU =

= eU
(
uµ∂µ uβ −Γαβ, µ uαuµ

)
− ∂α eU

(
δαβ − uαuβ

)
= eU

[(
uµ∇µuβ

)
− ∂βU − ∂αU

(
δαβ − uαuβ

)]
.

(3.12)

Equation (3.5) becomes

δA = [w(δ)]x2 − [w(δ)]x1 −

∫ x2

x1

⟨Eδx⟩ ds , (3.13)

where locally we have w(δ) = eUuαdxα. When the curve C
varies between two fixed points x1 and x2, the local variations
[w(δ)]x2 and [w(δ)]x1 vanish.

Applying the variation principle to (3.13) simply leads to

δA = −

∫ x2

x1

⟨Eδx⟩ ds = 0 , (3.14)

i.e., E = 0, and since eU , 0, we obtain

uµ∇µuβ −
(
δαβ − uαuβ

)
∂αU = 0 . (3.15)

The equation (3.15) is formally identical to the differential
system obeyed by the flow lines of a perfect fluid of density ρ
and pressure P with an equation of state ρ = f (P) and where

U (xµ) =
∫ P2

P1

dP
ρc2 + P

accounts for the fluid indice [6]. Pressure P1 and P2 are re-
ferred to x1 and x2 [7, 8]; see Appendix. The resulting field
equation is [9]

Rµν −
1
2
gµνR =

8πG
c4

[(
ρc2 + P

)
uµuν − Pgµν

]
. (3.16)

Here, the 4-unit vector uµ of the fluid is the real 4-velocity
defined in Gödel’s metric (3.3):

uµ = (1, 0, 0, 0) , uµ = (1, 0, ex, 0) . (3.17)

3.3 Fluid rotation in the framework of the Gödel model

The wave vector k µ = dxµ/dλ determines the propagation
of ligh rays tangent to the light cone (λ is a given parameter
varying along those rays). The equation of propagation is
here

dk µ

dλ
+ Γ

µ
αν kαkν = 0 .

Substituting ∂µψ (here ψ is the eikonal) in this expression,
one finds the eikonal equation

gµν∂µψ∂νψ = 0 .

Let us now examine the case of the light cone for closed
lines, when the Gödel radius is reached. To this effect, we
revert to the metric (2.9) which reads now

ds2 = 4e2U
[
dt′2 − dr2 +

(
sinh4r − sinh2r

)
dϕ2 +

+ 2
√

2 sinh2r dϕ dt′
]
.

(3.18)

The wave vectors k µ tangent to the light cone follow les
closed lines located to the plane orthogonal to the time axis
t′ = const: the integral U performed over the closed path has
no endpoints

U (r) =
∫

dP
ρc2 + P

+ const. (3.19)

Beyond rG, the fluid 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 difference ∆P.It is now easy to
compute the vorticity tensor ωµν which is derived from uµ

ωµν = ∂µ uν − ∂ν uµ . (3.20)

The components of the 4-vorticity vector ω of the fluid
flow lines are

ωβ =
1
6
ηβγσρuγωσρ .

For calculating the Levi-Civita tensor ηβγσρ = εβγσρ/
√
g,

the gµν determinant is now g = 1
2

e2x. A simple calculation
leads to the Gödel rotation which remains constant

ω =
√
gαβ ωαωβ =

√
2 . (3.21)

We note that the Kretschmann scalar is still invariant

RµναβRµναβ = 12ω.

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 coordinate x0 [10]. This foliation dis-
plays a proper time element dτ between two nearby hypersur-
faces labeled

x0 = const, x0 + dx0 = const,

and the proper time element cdτ must be proportional to dx0,
thus we write

cdτ = 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
(
N adx0 + dxa)(N bdx0 + dxb) . (4.1)

In the ADM terminology, N is called the lapse function.
Let us now evaluate the 3-vector whose spatial coordinates
xa are lying in the hypersurface x0 = const, which is nor-
mal to it, on the second hypersurface x0 + dx0 = const, and
where these coordinates now become N adx0. The N a vector
is called the shift vector. The 4-metric tensor covariant and
contravariant components (gαβ)ADM and (gαβ)ADM are

(gαβ)ADM =

 −N 2 − Na Nb g
ab Nb

Na gab



(gαβ)ADM =


−N−2 N b

N 2

N a

N 2 gab −
N aN b

N2




. (4.2)

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

(ds2)ADM =

= −N 2 (dx0)2 + gab
(
N adx0 + dxa)(N bdx0 + dxb)

= −N 2 + Na N a (dx0)2 + 2Nb dx0dxb + gab dxadxb,

(4.3)

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

uα = N−1(1,−N a) . (4.4)

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

(ds2)ADM = −
(
N 2−Na N a) c2dt2+2N adxcdt+dxadxb, (4.5)

(ds2)ADM = −N 2dt2 +
(
dx + N acdt

)2
+ dy2 + dz2. (4.5bis)

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

S ADM =

∫
cdt

∫
N

(
(3)R − Ka

b Kb
a + K2

) √
(3)g d3x+

+ boundary terms,

where Ka
a Kb

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

x0 = const,√
(3)g =

√
det ∥gab∥ ←→

√
(4)−g = N

√
(3)g ,

while
Kab =

(
2N

)−1(
−Na; b − Nb; a + ∂0 gab

)
(4.6)

represents the extrinsic curvature, and as such describes the
manner in which the hypersurface x0 = const is embedded
in the surrounding space-time. The rate of change of the 3-
metric tensor gab 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 vector N a

LN gab = 2N(a; b) . (4.7)

With the choice of N a = 0, we have a particular coordi-
nate frame called normal coordinates according to which is
called an Eulerian gauge.

Inspection shows that

Kab = −ua;b , (4.8)

which is sometimes called the second fundamental form of
the 3-space. Six of the ten Einstein equations imply for Ka

b to
evolve according to

∂Ka
b

c∂t
LN Ka

b = ∇
a∇b N +

+N
[
Ra

b + Ka
a Ka

b + 4π (T −C) δa
b −

8πG
c4 T a

b

]
,

(4.9)

C = Tαβ uαuβ, (4.10)

where C is the matter energy density in the rest frame of nor-
mal congruence (time-like vector field) with T = T a

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 density Ia = −ucT c

a . Thus, the remaining
four equations finally form the so-called constraint equations

H =
1
2

(
(3)R − Ka

b K b
a + K2

)
−

8πG
c4 C = 0 , (4.11)
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Hb = ∇a

(
Ka

b − K δa
b

)
−

8πG
c4 Ib = 0 . (4.12)

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

C =
c4

16πG

(
(3)R − Kab Kab + 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 surfing mode: inside the bubble, the proper
time element dτ is the coordinate time element dt 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 suffer 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) =
√[

y − ys(t)
]2
+ x2 + z2

varies until Re, 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
,

where ys(t) is the coordinate of the bubble’s trajectory along
the y-direction. Within the ADM formalism in the signature
+2, the Alcubierre metric is defined on a flat space-time thus
the lapse vectors and shift vectors reduce to

N = 1

N1 = −vs(t) f (rs, t)

N2 = N3 = 0

 . (4.14)

The shape of the function f (rs, t) induces both a volume
contraction and expansion ahead and behind of the bubble.
This can be checked by using the scalar expansion θ = uα;α

θ = vs
d f

(dy)Al
. (4.15)

Alcubierre chooses the following step function f (rs, t)

f (rs, t) =
tanh σ

(
rs + Re

)
− tanh σ

(
rs − Re

)
2 tanh (σRe)

, (4.16)

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

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

lim
σ→∞

f (rs, t) = 1 for rs ∈
[
−Re,Re

]
and is 0 everywhere else.

Here the expansion scalar becomes

θ = ∂1 N1 = − trace Kab .

With (4.16) one finally gets

θ = vs
d f
drs

ys

rs
. (4.17)

The Natàrio warp drive evades the problem of contrac-
tion/expansion, by imposing the divergence free constraint to
the shift vector ∇

[
v2

s f 2(rs, t)
]
= 0 [14].

The distant observer is called Eulerian [15], and his 4-
velocity relative to the bubble has components

(uα)E =
[
c, vs c f (rs, t), 0, 0

]
, (4.18)

(uα)E = [−c, 0, 0, 0] . (4.18bis)

The Eulerian observer is a special type of observer which
refers to the Eulerian gauge defined above but with N1 , 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 first equator with zero initial velocity.

Once during his stay inside the bubble, this observer trav-
els along a time-like curve y = 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 unless rs = 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 =
[
(1 − v2

s f 2(rs, t)
]

c2dt2 +

+ 2vs f (rs, t)cdtdy − dx2 − dz2,
(4.20)

(g00)Al =
[
1 − v2

s f 2(rs, t)
]

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

(g11)Al = (g22)Al = (g33)Al = −1

 . (4.21)
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With the components (4.21) the Einstein-Alcubierre ten-
sor reads

(Gαβ)Al = (Rαβ)Al −
1
2

(gαβ)Al R , (4.22)

(T αβ)Al =
c4

8πG
(Gαβ)Al . (4.23)

The weak energy conditions stipulate

CAl = (T αβ)Al (uα)E (uβ)E ⩾ 0 . (4.24)

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

CAl =
c4

16πG

(
K2 − Kab Kab

)
, (4.25)

CAl =
c4

16πG
×

×
[
(∂1 N1)2 − (∂1 N1)2 − 2(∂2 N2)2 − 2(∂3 N1)2

]
,

(4.26)

(T 00)Al (u0)E (u0)E = (T 00)Al =

−
c4

32πG
v2

s

(∂ f
∂x

)2

+

(
∂ f
∂z

)2 < 0 .
(4.27)

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

(T 00)Al = −
c4

32πG
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, where Re

is the external radius while Ri is the inner radius. Re coincides
with the Alcubierre bubble which thus constitutes the whole
machine contour. The mass has a charge µ circulating within
the shell thus giving rise of a 4-current density jα = µuα.
This current is coupled to a co-moving electromagnetic field
with the 4-potential Aα, which yields the interacting energy-
momentum tensor

(T αβ)elec =
1

4π

(
1
4
gαβFγδ F γδ + FανF ·βν·

)
+ gαβ jν Aν − jαAβ,

and the extracted energy density is

(T 00)elec =
1

4π

(
1
4

Fγδ F γδ + F 0νF ·0ν·

)
+ jν Aν − j0A0. (4.29)

Since we chose an orthonormal basis, we have

(T 00)elec =
1

8π

(
E2 + B2

)
+

1
4π
∆ (ΦE) , (4.30)

where E and B are respectively the electric and magnetic field
strengths derived from the Maxwell tensor

Fγδ = ∂γAδ − ∂δAγ

(we assume that the field potential Aα (Φ, A) is given in the
Lorentz gauge). The charge density is derived from

∆E = 4πµ, (4.31)

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

∇αFαβ =
4π
c

jβ. (4.32))

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

(T 00)elec−int =
1

4π
E∆Φ + µΦ , (4.33)

(T 00)elec−int =
1

4π

[
− ∆Φ −

1
c
∂t A

]
∆Φ + µΦ (4.34)

since E = −∆Φ − 1
c ∂t A.

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

We now assume that the positive free radiative energy
density

(T 00)elec−rad =
1

8π
(
E2 + B2) (4.35)

is confined within the machine, i.e., right to the inner side of
the shell wall.

The interacting tensor (T 00)elec−int is set so as to exhibit
its energy density part on the external side of the shell. Now,
we see that negative energy production can be achieved with
such a configuration. The higher the charge density and the
higher the scalar potential, then the most effective negative
energy density. The local field equations read

Gµβ =
8πG

c4

[(
ρc2 + P

)
uµuβ − Pgµβ + (Tµβ)elec

]
. (4.36)

The energy density level (T 00)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 field interacting with the charges.

4.4 The energy required for the propulsion

The machine is externally charged surrounded by a comoving
electromagentic field. Thus, it follows the Finsler geodesic
[17] provided that the ratio µ/ρc2 remains constant along the
trajectory

(ds)shell = ds +
µ

ρc2 Aα dxα, ds =
√
ηαβ dxαdxβ . (4.37)
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Neglecting the non quadratic terms, the metric reads

(ds2)shell = ds2 +

(
µ

ρc2 Aα dxα
)2

. (4.38)

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

(
µ/ρc2)Aα dxα in (4.38) do not come into play. The

interaction term reduces to its time component

µ

ρc2 A0 dx0 =
Φµ

ρc2 cdt , (4.39)

where Φ is the scalar potential.
If gαβ is approximated to the Minkowski tensor ηαβ, the

metric (4.38) reads

ds2 =

(
1 +
Φµ

ρc2

)2

c2dt2 − dz2 − dx2 − dy2.

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

g00 =

(
1 +
Φµ

ρc2

)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 defined as

N =
Φµ

ρc2 . (4.43)

The Alcubierre metric (4.20) is now

(ds2)Al =
[
M2 − v2

s f 2(rs)
]

c2dt2 +

+ 2vs f (rs)cdtdy − dx2 − dz2.
(4.44)

The interaction term should be only function of rs, Re,
σ, 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 function N.

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

dτ

)2

+ 2vs f c
(

dt
dτ

)
uE − u2

E.

Travelling along a geodesic the observer “sees”

dt
dτ
= M−1, (4.45)

therefore

0 = u2
E 2vs f cM−1uE + v2

s f 2c2M−2. (4.46)

Hence we find the velocity

uE = vs f cM−1, (4.47)

the components of which are easy to compute

(uµ)E =
[
cM−1, vs f cM−1, 0, 0

]
, (4.48)

(uµ)E = [cM, 0, 0, 0] . (4.49)

By inserting M into (4.24), the expression

CAl = (u0)E (u0)E (T 00)Al (4.50)

leads to the new required energy density

(T 00)Al = −
c4

32πG
v2

s (x2 + z2)
M4r2

s

(
d f
drs

)2

. (4.51)

Therefore we may choose the factor N (thereby M) 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 flow of electrons according
to the constant ratios

µ

ρ
=

∑
V e∑
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[
∆Φ +

1
c
∂t A

]
∆Φ+ µΦ =

c4

8G
v2

s (x2 + z2)(
1 +

Φµ

ρ c2

)4
r2

s

(
d f
drs

)2

. (4.52)

Part III

5 The generalized Gödel metric

5.1 Dynamics of the fluid

The splitting shell/inner part of the spacecraft frame, is really
the hallmark of the theory here. It implies that the proper time
τ of the inner part of the machine is not affected by the term
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N. We now set the machine to follow the trajectory ys(t) tan-
gential to a CTC beyond the Gödel radius rG. Hence, we may
write down the Gödel-Alcubierre metric that was generalized
(3.3) in the following form

ds2 = e2U (1− f )


(1 + Φµρ

)2

− v2
s f 2

 c2dt2 −

−

[
f −

1
2

(1 − f ) e2x
]

dy2 −

− 2
[
vs f + (1 − f ) ex ] cdt dy − dx2 − dz2

 .
(5.1)

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

E = −
∫

V

c4

32πG
v2

s (x2 + z2)(
1 + Φµ

ρ c2

)4
r2

s

(
d f
drs

)2

. (5.2)

From the machine’s perspective, the space-time can be
regarded as globally hyperbolic since for f = 1, it is always
defined 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, beyond Re (i.e., where R>Re

and R→∞), we have f = 0 implying M = 1 outside of the
machine and we thus retrieve Gödel’s original modified met-
ric (3.3) in this case.

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

Let us revert to equation (2.1bis)

σαµ = u(α;µ) −
1
3
θhαµ − ωσµ − ∗u(αuµ) = 0 , (5.3)

∗u(αuµ) = −
(
u[α;µ] +

∗u[αuµ]

)
−

1
3
θhαµ + uα;µ . (5.4)

In our case, the scalar expansion is

θ = vs
d f
drs

ys

rs
,

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

∗uα = hαµ ∂µU,
therefore we have

∗uµhαµ∂µU = −
(
u[α;µ] +

∗u[αuµ]

)
−

−
1
3

hαµ vs
d f
drs

ys

rs
+ u(α;µ) .

(5.5)

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

5.2 A thermodynamic aspect

Consider a fluid that consists of n particles in motion within
a given region. The primary variables are:

— The particle current

I µ = nuµ ; (5.6)

— The energy-momentum T µν and the entropy flux S µ.
These quantities are conserved

T µν
; ν = 0 , I µ;µ = 0 .

In a relativistic case, the second law of thermodynamics
requires

S µ
;µ ⩾ 0 . (5.7)

For equilibrium states we have

S µ = nsuµ, (5.8)

where s 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 =
ρ + P

T
−

Qn
T
, (5.9)

where ρ and P are respectively the density and pressure of the
medium.

We also have the fundamental thermodynamic equation
of Gibbs

Tds = ds
ρ

n
+ Pd

(
1
n

)
(5.10)

or
T nds = dρ −

ρ + P
n
+ dn . (5.11)

From (5.9), we get

S µ = −
QI µ

T
+

(ρ + P)uµ

T
. (5.12)

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

uλT λµ = ρuµ (5.13)

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

S µ = −
QI µ

T
+

uλT λµ

T
+

Puµ

T
. (5.14)

Let us consider our machine moving along a Gödel 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 µ =
uλT λµ

T
. (5.15)

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

(S µ)E =
(uλ)E (T λµ)Al

T
. (5.16)
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Keeping in mind our definition of the Eulerian velocity

(uµ)E =
[
cM−1, vs f cM−1, 0, 0

]
, (5.17)

(uλ)E = [cM, 0, 0, 0] , (5.18)

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

(S 0)E =
(u0)E (T 00)Al

T
(5.19)

with

(T 00)Al = −
c4

32πG
v2

s (y2 + z2)
M4r2

s

(
d f
drs

)2

, (5.20)

(u0)E = cM . (5.21)

We clearly see that the entropy (S 0)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 Gödel. 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 verified by the Riemann tensor Rαβνγ.
A particular form of the latter is described by the Landau-
Lifchitz superpotential

Hαβνγ = −g
(
gανgβγ − gβνgγα

)
(5.22)

The second order tensor

Hαβνγ
, βγ = ∂β

{
∂γ

[
−g

(
gανgβγ − gβνgγα

)]}
(5.23)

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

Hαβνγ
, βγ =

16πG
c4

[
−g

(
T αν + tανL−L

)]
, (5.24)

where T αν is the energy-momentum tensor of matter with its
gravitational field described by the Landau-Lifchitz energy-
momentum pseudo-tensor tανL−L

(−g) tανL−L =
c4

16πG

{
gαν, λ g

λµ
, µ − g

αλ
, λ g

νµ
, µ +

1
2
gανgλµ g

λθ
, ρ g

ρµ
, θ −

−
(
gαλgµθ g

νθ
, ρ g

µρ
, λ + g

νλgµθ g
αθ
, ρ g

µρ
, λ

)
+ gµλg

θρgαλ, θ g
νµ
, ρ +

+
1
8

(
2gαλgνµ − gαλgλµ

) (
2gθρgδτ − gρδgθτ

)
gθτ, λ g

ρδ
, µ

}
,

where gαν =
√
−g gαν.

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

∂ν
[
− g

(
T αν + tανL−L

)]
= 0 .

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

Hαβνγ
, γα =

16πG
c4

[
− g

(
T βν + t βνL−L

)]
. (5.25)

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

ds2 = gµν dxµdxν, (5.26)

(−)ds2 = −gµλ dxµdxλ. (5.27)

In our case, the time coordinate x0 = ct′ is chosen to be
the cosmic time-axis of the expanding universe described by
the positive metric (5.26). It is then pertinent to identify x0

with the common index

ds2 = g0ν dx0dxν, (5.28)

(−)ds2 = −g0λ dx0dxλ. (5.29)

The Gödel solution (3.18) corresponding to (5.27) can be
expressed by

(−)ds2 = −4e2U
[
dt′ (2 sinh r − 1)2 − dr2+

+
(
sinh4r − sinh2r

)
dθ2 + 2

√
2 sinh2rdθdt′

]
.

(5.30)

One notices that t′ 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 point p (see Fig. 2 on page 19) the machine reaches
the Gödel radius rG for sinh r = 1, while it is still being gov-
erned by the equation (5.30). As soon as r = 0 after crossing
the plane containing rG, then ds2 becomes positive again and
reconnects to the cosmic time t′ at the departure point q. In
order to come back to its epoch, our machine can then legit-
imately exploit the second field equation whose solution is
given by (5.30).

Conclusions

When Gödel introduced his metric, he was led to introduce a
distinctive constant factor a in order to retranscript the field
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 the a term.

The Gödel space-time is no longer a cosmological model
but a limited domain wherein takes place the dynamics of
a physical fluid which retains all basic properties related to
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closed time-like curves. The modified Gödel 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 flat space-time
[21]. In this geometry, the bubble is referred to as a Travers-
able Achronal Retrograd Domain in Space-Time or TARDIS,
in short. The TARDIS is also an acronym for Time and Rel-
ative Dimensions in Space, a fictional hybrid of a time ma-
chine and spacecraft that appears in the British science fic-
tion television series Doctor Who and its various spin-offs.
See also [22].

Historically, it seems that the first 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 first proposed in
1974 by the American F. J. Tipler, Prof. of Physics at the Tu-
lane University, New Orleans [25]. It describes an infinitely
long massive cylinder spinning along its longitudinal axis
which gives rise to the frame dragging effect. If the rota-
tion rate is fast enough the light cones of objects in cylinder’s
vicinity becomes tilted. Tipler claimed that a finite cylinder
could also produce CTCs which was objected by S. Hawking
who argued that any finite region would require negative en-
ergy and at the same time, vacuum fluctuation 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 first place. In fact, you can not fix 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 first 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 confirmed by the famous Self 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-called writer’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 Gödel 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 vector uµ is normalized on (M, g)

gµν uµuν = gµνuµuν = 1.

By differentiating it we get

uν ∇µuν = 0 . (A1)

Let us define the vector Lν by the relation

∇µ Pδµν = r Lν (A2)

having set r = ρc2 + P.
The conservation law for Tµν = ruµuν−Pgµν is expressed

by ∇µT µ
ν = 0 or

∇µ (ruµuν) = r Lν , ∇µ (ruµ) uν + ruµ∇µ uν = r Lν . (A3)

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

uµ∇µuν =
(
gµν − uµuν

)
Lµ (A4)

or
∗uν = hµν Lµ. (A5)

Setting Lν = ∂νU, the equation (A5) takes the form ∗uν =
hµν∂µU and (A2) reads(

ρc2 + P
)

Lν = ∇µ Pδµν , Lν =
∂νP

ρc2 + P
.

As a result we find

U =
∫ P2

P1

dP
ρc2 + P

.

The flow lines of the fluid everywhere tangent to the vec-
tor uµ are determined by the differential system (3.15)

uµ∇µ uβ =
(
δαβ − uαuβ

)
∂αU .

These flow lines are time-like geodesics of the conformal
metric

A = s′ =
∫ S 2

S 1

eU ds . (A6)

The 4-vector
∗uν = hµν ∂µU (A7)

must be regarded as the 4-acceleration ∗uν of the flow 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 field, these results
are not yet recognized by the scientific 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 different angle and accelerate progress
in their study and understanding.

The author has solved this problem to some extent, and
this is proven by the definition 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, a closed contour is 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 the X-axis in our world)
and a vortex thread under the surface in depth (anal-
ogous to a boson, conventionally along the Y-axis in
an additional dimension), which, according to a well-
known physical analogy, spirally fills the current tube
with an electron radius re. 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 velocity v0, 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 introduces gravity 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 mass me and ra-
dius re 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 is mec; then the
electric and magnetic constants ε0 and µ0 in the Coulomb-
free form take the form:

ε0 =
me

re
= 3.233 × 10−16 kg/m, (1)

µ0 =
1

c2ε0
= 0.03441 1/N. (2)
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Thus, ε0 becomes the linear density of the vortex tube,
and µ0 becomes the value of the inverse centrifugal force,
and the formulas for electrical, magnetic, gravitational and
dynamic (inertial) forces are written as:

Fe =
1
µ0

(
re

r0

)2

ze1 ze2 , (3)

Fm =
1
µ0

l
2πr0

(
re

c × [sec]

)2

ze1 ze2 , (4)

Fg =
1
µ0

1
f

(
re

r0

)2

zg1 zg2 , (5)

Fi =
1
µ0

re

r0

(
v0
c

)2
zg , (6)

where v0, 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 to c2/ε0γ.

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 clarified 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 that were 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

The electron charge in 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-
plified 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 field 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 value kB 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 of kB is
completely different. However, if we consider the electron
charge as a momentum, then the dimension of kB 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 the charge magnitude e0, it is sufficient to
introduce a unit of potential (velocity v) in the Coulomb-free
system

1 [m/sec] =
mev

2

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 angle q. In the work [5] this
angle is determined, and it almost exactly coincides with the
Weinberg mixing angle in weak interaction qW = 28.7◦. As
a result, the observed electron charge magnitude, taking into
account (7) and (8), is equal to:

e0 = mec4/3
0 cos qW×[m/sec] = 1.602×10−19 kg×m/sec, (9)

where the dimensionless speed of light is c0 = c/[m/sec].
Since the charge (momentum) is by definition equal to

Mv, then in (9) the first factor is the contour mass M = 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” electron mec2

(i.e. at the point where the contour intersects our world sur-
face) can be called “standard”, for it n = 4.884; but here and
below the parameter n does not have any special quantum
properties, but simply determines the contour size.

The “hidden” mass of the standard contour approximately
corresponds to the W, 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 bosons W+, 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 photon mecv/z
with the energy of thermal motion kT (the average energy
of the radiation oscillator) for some characteristic conditions;
and it is also established the unit oscillator energy kBb/λC 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/π)2.

Thus, the identification 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 number n, 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, filling the contour
tube, in units of me, re and c have the form:

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

v =
c1/3

0

(an)2 , (11)

r =
c2/3

0

(an)4 , (12)

where a is the inverse fine 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 radius re), the vortex thread can
be extremely “compressed”, i.e. shortened by a multiple of
1/r. In this case, its mass-energy in units of mec2 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 number z is the ratio of the
“stretched” contour total length to the wavelength λ. In [5],
the number of photons in the contour is determined, and in
the standard contour z ≈ a = 137, and for the case of contour
decay (ionization) for the transition n → ∞ the number of
photons z ≈ 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 defined:

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 the Y-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 to l1/4y and, as shown in [6], as a
result, any i-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 difference
in values is due to simplifications in the formula for n) and,
when corrected by the cosine of the Weinberg angle, it al-
most exactly coincides with the relative mass of the proton
2092 cos qW = 1835.

Zitterbewegung, i.e. electron oscillations with amplitude
λC are revealed by a simple non-quantum method, without
recourse to solving the Schrödinger equation, since the pa-
rameter ne determines the electron contour length ly = (ane)2,
which envelops three inscribed circles with diameter dy,
which the vortex threads rotate inside; this also confirms the
three-zone structure of the electron, noted in [10]. From geo-
metric considerations it follows:

dy =
(ane)2 sin 60◦

2π
= 863.8 re or 2.43 × 10−12 m, (17)

which exactly corresponds to the Compton wavelength.
Three generations of elementary particles naturally 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
and n = 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, confinement, 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 flow crosses the
boundary between the regions X (fermions) and Y (bosons),
where, by analogy with liquid or gas flows, 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 sphere wx =

(rx)3, and the one-dimensional volume of the boson thread
to be a cylinder wy = 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 mass mqx = 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 flow and constancy of the charge in any critical section,
the general contour flow must split in the proton region into
three parts and reverse circulation currents must arise, i.e.
there, in the proton, must be zones with different 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. 4.3 me

and 8.6 me, which coincides with the masses of light quarks.
The phenomenon of confinement 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 find 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 different 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 ∼ 270 me). Here they all find their physical
representation [6, 7]. The proposed proton structure in the
form of a unique configuration of field lines does not require
the existence of a “sea” of virtual quarks and gluons.

The anomalous magnetic moment of the proton is also

explained in [6]. By definition, µp = (charge×velocity×path).
This product agrees well with the known value of µp if we
take the velocity to be v, the path to be πr, and calculate these
parameters using (11) and (12) with the proton parameter np.

The neutrino mass

The neutrino mass is determined by introducing gravity into
the microworld, whose rôle is erroneously denied in the SM.
Neutrinos are released in weak interaction processes, for ex-
ample, in the case of e-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 find 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 the gravimagnetic bal-
ance, when Fm = Fg, from which it follows in units of re:

Lx = l r =
zg1 zg2

ze1 ze2

(2πγρe) × [sec2], (18)

where the value L, 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, ρe is the electron specific density, equal to me/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 the Y-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 the Y-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 parameter nv.

As a result, in [8] it was obtained

nv =
c1/9

0 (2πγρe × [sec2])1/3

a
= 1.643, (19)

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

mν =
(

ne

nν

)14

=

(
0.5777
1.643

)14

= 4.39 × 10−7 (0.225 eV). (20)

Next, the quark mass mq = 8.84 me (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 the d-quark mass (4.8 MeV); and the
mass-energy of the X-contour Lx = 1.51 × 105 (77 GeV) was
calculated, which turns out to be close to the W-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 value zg1 = zg2 = zg, when
considering the contour consisting of a pair of closed vortex
threads having the Planck size rℏ = (ℏγ/c3)1/2 and each hav-
ing 1/4 of the electron charge

mν = zg =
c1/6

0 r1/4
ℏ

(32πγρe × [sec2])1/2 =

= 4.31 × 10−7 (0.220 eV). (21)

Thus, two different 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 final state in the closed
structure form having a gravitational mass. Such duality, as
shown in [8], possibly explains neutrino 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 difference 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 configura-
tions and, when the proton passes into the neutron, to become
axisymmetric at the intersection of the regions X and Y , see
Fig. 2. Then, with equal axes, its relative length and mass
are equal to c2/9

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

∆m = r

c2/7
0 −

m9/7
q

2

 cos qW = 2.53 me , (22)

here r is the electron vortex thread radius, determined by (16)
at ne.

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 π l/v0,
where v0 is determined from the magnetodynamic balance at
Fm = Fi and is a fundamental constant. For unidirectional
vortex threads, taking into account (4) and (6), at ze1 = ze2

and at zg = l/re:

v0 =
re

(2π)1/2 × [sec]
= 1.12 × 10−15 m/sec, (23)

then the time constant for π l = πc2/9
0 has the form:

τ = 21/2π3/2 c2/9
0 × [sec] = 603 sec. (24)

The obtained value agrees with the half-life of the neutron
τ1/2. By definition, τ1/2 = ln 2 × τn, where τn is the neutron
lifetime; its value is 878.5 sec [14], then τ1/2 = 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 energy Eβ, which by definition 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

Eβ (lim) =
c1/3

0 cos qW

18
= 32.6 mec2 (16.7MeV). (25)

Indeed, the highest value of Eβ 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 nucleus is 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 specific 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 v
2
0/re

γm2
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 velocity v0 and acting toward the
periphery to the gravitational forces acting between masses
of size me at a distance re can serve as an equivalent of the
coupling constant. In this case, coupling particles (π-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 proton Y-
axis and, accordingly, decreasing the distance between
quarks, it is perceived by an external observer as a nuclear
forces changing.

At low energies of interacting particles (small “depth”
along Y), 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” along Y),
the attractive forces hold the quarks within the nucleon, which
reduces the microparticles interaction efficiency 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 at as = 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, at m = me

and r = re we obtain

rp =
(8πγρe)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 forces as 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 occurs within their common quark bag be-
tween quarks with charges +1 and −1 at a distance equal to
the quark vortex tube size rq. Outside the quark bag, the
Coulomb interaction takes place between fractional charges
of different signs located on 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 the p+−e− contours decreases and their length
increases, formula (18); thus, layers or shells similar to elec-
tron ones are formed in the nucleus.

Since r cannot be less than the alpha particle size 1.42 re

(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 the fourth 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, if r ⩽ 2rp,
then nmax ⩾ 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 fission of heavy nuclei [20].

Also, in the work [15] the stable isotope of lead detailed
calculation was performed, which gave its exact mass A =
207. It turned out that for elements heavier than lead, protons
associated with electrons of the fifth and subsequent electron
shells no longer completely “fit” into the nucleus core, lim-
ited by the fourth filled 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 (for 82Pb207 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 condition is 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 observed elec-
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 fill the outer nuclear
shells, neutrons are usually insufficient, 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 protons Z and
neutrons N 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 fill the fifth shell, i.e. up to 2× 2× 25 = 100, then,
according to the homogeneity condition, it turns out that for
such an element Z = 112, N = 184. The latter just coincides
with the expected “magic” number N, which was proposed
by physicist Vitaly Goldansky in 1966.

The binding energies of nuclei in this model (in contrast
to the well-known semi-empirical Weizsäcker formula) are
calculated with no less accuracy, without resorting to empir-
ical coefficients. It is determined by the mass-energy of nu-
cleon quarks 4× 2.2, all proton quarks included in the p+−e−-
circulation contours 2.75 (m1+2m2+3m3+. . . ) and the energy
of the potential barrier (the energy of the first unfilled shell)
2.75 z. The final sum has the form:

En = 8.8 zp + 2.75 (m1 + 2m2 + 3m3 + . . . + z) MeV, (28)

where zp is the number of protons in the first 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.

The mass number is 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 first shell, which are split off 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

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

Circulation along R occurs under the action of gravita-
tional forces with acceleration v2/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 is c2re/γme, and it will be such when the el-
ements of the medium circulate along the contour with the
largest radius R with the lowest speed and spirally rotate with
the smallest radius r with the highest speed, which gives the
corresponding equality.

For the transverse component v = c, and the smallest di-
mension r is the diameter of the circumscribed circle around
three Planck dimensions rℏ. 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 number nm = 390, determined from (19)
under the condition that the entire proton mass mp/cos qW is
involved in the circulation contour. As a result, the following
formula is obtained:

γ =

(
1 +

2
31/2

) 2
13

a1/13c16/39
0

cos qW

2πmp

 12
13

we

(
c
re

) 2
13

×

× [sec−24/13] , (30)

where we is the specific volume of an electron, equal to r3
e/me.

The speed of light was 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 first term in the equation reflects the influence of gravity
on the wave speed (parameter g), the second — the influence
of surface tension (parameter σ)

v2 =
gλ

2π
+

2πσ
ρλ
. (31)

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

λ =
πre a6n6

c2/3
0

1 +
1 − 4c2/3

0

a2n2mp

1/2 . (32)

Within the parameters of the contour n = 1 . . . nm, the
wavelength is very large (here the parameter n determines the
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physical size of the radiating cell, in contrast to the proton-
electron system), and the wave becomes effectively 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 confirmed 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 Λ, its origin and nature remain
a subject of discussion to this day [27–29]. It defines 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 of m−2.

However, Λ 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 velocity v0,
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].
The balance of pressures from these forces is

Mε0γ

L3 =
Mv20
LΛ−1 , (33)

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

L =
2πc2

RB
× [sec2] = 1.06 × 1028 m. (34)

In the end

Λ =
ε0γ

(Lv0)2 = (2π)−1
(a

c

)4
ε0γ × [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 Λ 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 coefficients, 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 different angle and make them ac-
cessible to a wider range of researchers.

Submitted on December 12, 2024
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Krogh Quantum Gravity Explicitly Predicts Hubble Redshift Curve
and JWST Findings without Expansion

John Howard Drake
6179 N Channing Lane, Meridian, ID 83646. E-mail: howarddrake@comcast.net

JWST finds too many galaxies, too bright, and mature, while surface brightness and
angular diameter distance support Euclidean geometry without expansion. Redshift fits
an exponential time decay equation perfectly, inconsistent with expansion. We propose
a cosmology replacing GR with Krogh gravity theory, where gravity changes quantum
vacuum rather than geometry. Using cosmological principle and gravity dependency
of terms in governing differential equation, we solve for time variable potential since
matter creation. Redshift occurs at emission at earlier potential and light speed. The
exponential redshift equation is explicitly derived. It is not tired light. We predict wave-
length of past spectral lines, which when measured reveal emission time. Using solved
variable light speed, we integrate to calculate distance to present explicitly deriving
new Hubble curve. No other cosmology can make this claim remaining free of ad hoc
parameters. Gravity propagation begins after hot matter creation determining variable
light speed, particle mass, and physical constants. Cooling is achieved by increasing
mass with momentum conservation. Galaxies form over about 450 billion atomic years
or 49 billion present years after CMB recombination surface of last scattering. Krogh
gravity as updated remains consistent with successful GR tests and predicts testable
new dynamics not predicted by GR. These include observed acceleration anomalies for
Earth flybys, JUNO Jupiter orbiter, Pioneer Probe, superluminal galactic jet accelera-
tion, galaxy dynamics, and faster black hole accretion. Spiral star paths explain MOND
illusion and ring galaxy formation. JWST mature galaxies require older universe, while
galactic jets confirm predicted past higher light speed. Required mass density supports
prolific star formation. Many stars and galaxies are likely now dead or consumed by
black holes, so invisible baryon mass is expected to be greater than visible mass.

1 Introduction

We propose a new cosmology framework without expansion
based on revisions to General Relativity. For such a paradigm
change to be accepted we must recognize that existing Big
Bang cosmology based on General Relativity is not supported
by recent JWST (James Webb Space Telescope) observations.
Our new framework adopts Kris Krogh gravity theory remov-
ing inconsistencies without requiring any ad hoc parameters.
The new gravity theory satisfies tests previously thought to
confirm General Relativity. In addition, it makes new testable
dynamic predictions that General Relativity does not. Despite
the unquestionable success of General Relativity, it appears to
have flaws in approach resulting in failures especially impor-
tant as applied to the entire universe.

The cosmology we propose is not new to us. It was de-
veloped mostly about two decades ago, however until now re-
mained unpublished. Since it replaces General Relativity and
consensus Big Bang-based cosmology both accepted science
for about a century, it was clear that a very compelling case
was required for such a new paradigm to become accepted.
The change at some point will also affect particle physics.
Particle properties change with gravity potential, and accord-
ing to Krogh theory energy no longer gravitates, therefore
particle masses have no energy contribution to mass since

General Relativity no longer applies. Since the new grav-
ity theory is linked to quantum vacuum change rather than
curvature of space, it is consistent with a quantum approach
to gravity. Considering JWST findings, a new approach not
in tension with observations but instead predicting them is
due. We will show that our framework supports these obser-
vations. Compelling evidence justifies a new paradigm which
is the purpose of this work.

To understand what we propose it will be necessary to
have at least a working understanding of revisions to General
Relativity adopted here from the work of Kris Krogh [1, 2].
This new cosmology framework would not have been possi-
ble without the Krogh gravitational theory with his new ap-
proach and perspective. We will not try to repeat here any
complete discussion of the Krogh theory but will adopt im-
portant features and perspectives needed to develop a more
rigorous cosmology solution. In some respects, the Krogh
theory of gravity is presently incomplete in its published form
notably that the original presentation does not include frame
dragging predicted by GR and confirmed since by Gravity
Probe B. This will be corrected and updated later but fortu-
nately these changes will not affect our cosmology solution.
We will provide further conclusions not mentioned in Krogh’s
original papers but useful in this discussion to support the cos-
mology.
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In the Krogh approach, most physical constants including
the speed of light change with the intensity of the gravity po-
tential both locally and cosmologically for the entire universe
over time. Krogh does not presently include how every phys-
ical constant varies, so the theory needs some additions for
completeness. The most important addition we need is the
universal gravity constant G. It turns out that for us to have
a consistent cosmology solution including our new Hubble
constant counterpart for the redshift versus distance relation-
ship we require that the product GM be constant in an ab-
solute sense even though it is a dimensional quantity. Since
mass of bodies or particles are not constant with changing
gravity potential in his theory, we require that G varies in-
versely with mass. Krogh concurs with this though using dif-
ferent arguments, so this addition is a necessary assumption
we adopt here.

The Krogh gravity theory has outcomes consistent with
GR for past successful predictions. It however has an entirely
different perspective in its approach. GR was essentially de-
veloped with the view that all physics is local while the effect
of gravity is to curve the geometry of space. Its effects extend
everywhere in surrounding space time. Included in this per-
spective is the shrinking of measuring sticks and expansion of
geometric space. The Big Bang cosmology rests on solutions
to the entirety of space time essentially extending the locally
based perspective to infinity. The present Lambda Cold Dark
Matter consensus cosmology includes ad hoc gravity contri-
butions from non-existent dark matter and dark energy for no
other reason other than it would otherwise fail. We claim that
the GR perspective still has remaining serious flaws when ex-
tended to the entirety of the universe. The most notable flaw
is that it requires expansion of space at all where now we have
evidence this cannot be the case despite the observed redshift.

In the Krogh theory physical measuring sticks still change
as do emitted spectral wave lengths as the gravity potential
changes in space or time, but space itself does not change.
Space is defined only by mathematical coordinates which are
absolute. Geometry of space is always flat, consists of noth-
ing, and does not care what the gravity potential is. The vac-
uum as we know from quantum theory is not empty but team-
ing with virtual particles with fleeting existence. The vacuum
does care what gravity potential is and its particles reflect the
potential energy as does any real matter in space.

Applying a new viewpoint, the Krogh theory comes from
the perspective that all physics depends on the entire universe.
It is more Mach-like since inertia depends on the entirety of
all gravitational mass. We cannot extend the apparent local
constancy of speed of light to the entire universe over all time,
but instead the light speed depends on the increasing size and
location of the observable mass in the entire universe. The
gravitationally observable universe has a very large but finite
maximum size determined by the unknown extremely high
primordial light speed at the matter creation epoch. We can-
not observe radiation from anything further than the last scat-

tering surface of the CMB. This observable radiation sphere
is a small fraction of the volume of the gravitation observa-
tion horizon for all mass in the entire universe. The universe
can never collapse because any location in the universe can-
not be influenced beyond the symmetric finite gravity hori-
zon sphere. Gravity gradients can only be from more local
and nearby mass concentrations. All the above are automatic
consequences coming as a direct result of the exact solution
to the governing gravity equation. It is not based on specu-
lations. We see that this perspective is entirely different from
GR as applied to the whole universe.

With the Krogh perspective, gravity does not curve space
time, but the gravity potential changes vacuum properties in-
cluding particle energy and mass, speed of light and physical
constants. In effect the laws of physics though similar are dif-
ferent at different locations and times. The particle mass in-
creases while speed of light decreases in a manner such that
the rest energy of the particles reflects any loss of potential
energy. For this reason, energy not in the form of mass is not
a source of gravitation as in GR since energy conservation ar-
guments do not require it. We claim that photons are massless
and not a source of gravity. Light is still redshifted in transit
from mass sources because there is a light speed gradient as-
sociated with a gravity potential gradient.

All particles under the influence of a gravity potential, in-
cluding vacuum virtual ones, change not only by increasing
mass but also shrink in size as in GR theory. Similarly, there
is a slowing rate of atomic time with increasing potential. We
could say from this perspective that the vacuum particles are
the carriers of the gravity potential. A gradient in potential is
not a force, but apparently causes acceleration of masses due
to their interaction with a quantum vacuum gradient. Appar-
ently, the gravity potential field residing in space is a direct
result of this interaction of matter with the quantum vacuum.
The speed of light change results from changes in the vacuum
state and gravity propagates at the same speed.

We see further from the new perspective that since parti-
cles shrink with increasing gravity potential, measuring sticks
used to determine the distance between points in space also
shrink. This is consistent with GR, but in the revised view
we do not claim that space has shrunk with the sticks. If we
use sticks to measure distance between points in space, where
in our case potential is increasing negatively forever in time
cosmologically, we would conclude that space is expanding,
which is not the case.

If we use the wavelength of a spectral line in the current
time and gravity potential it does not have the same length as
a past much earlier emission. If we observe a distant spectral
line and falsely assume it had the same wavelength as a lo-
cal one, we would perceive that it has stretched in length, but
in reality it was longer when emitted. When we measure the
emitted length, it tells us the time of emission since we have
the solution for how potential varies with time, we also know
how light speed varies with time and can therefore calculate
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the distance from emission exactly by integration. This is a
tremendous advantage of this perspective, which is testable
and depends on only one free parameter, the average matter
density, or the equivalent Hubble constant. Distance versus
redshift is inherently non-linear without the need for dark en-
ergy. No competing cosmology can make this claim. We now
have a perfect explanation for how the universe exists in flat
Euclidean space while producing a redshift of spectral lines
from the past without requiring tired light in transit or expan-
sion.

Cosmologies based on GR Big Bang expansion have for
many decades been the only cosmologies that could come
close enough to satisfying observational tests, but only at the
expense of introduction of ad hoc assumptions, which them-
selves have no empirical basis for existence were it not for the
need for an acceptable cosmology outcome. These include
inflation, dark matter, and dark energy, No one knows what
these are or can verify their existence despite great expense
invested.

The ad hoc entities needed to sustain Big Bang-based cos-
mologies remain as consensus for the sole reason that all pre-
vious alternatives have not withstood observational require-
ments. To some extent, the situation can be justified because
we could not abandon the scientific need to understand the
nature and history of our universe and working models were
needed in order that research in this regard could continue.
Cosmology cannot legitimately claim to fulfill the normal sci-
entific process of adopting a hypothesis that is testable and
predicting outcomes of observations. Instead, we have for
the most part hypothesized things not proven but needed to
sustain a working theory of cosmology. The current Lambda
Cold Dark Matter consensus has so many ad hoc free param-
eters that it is little more than a curve fit of the observations
rather than a prediction from theory. Without introduction of
new unsupported parameters, the Big Bang model fails to ad-
equately match observations. Cosmology is a science which
does not support introduction of new experiments since we
have only one universe. All events occurred in the past and
we only observe the present location and time resulting in
limited ability to test any theory.

We claim that our proposed cosmology framework has
no ad hoc parameters. The only free parameters are primor-
dial speed of light and average matter density of the universe.
These are simply the initial boundary conditions necessary to
apply the general solution of the governing gravity differen-
tial equation to the real universe. As it turns out the cosmol-
ogy is only sensitive to average density if initial speed of light
is sufficiently high. Average density determines the effective
Hubble constant for the redshift versus distance but other ef-
fects on the dynamics of bodies in motion cause important
changes in long time frames and high velocities such as in
galaxy rotation. There is no longer any need for dark matter
or dark energy within our new framework.

The cosmology must withstand observational tests includ-

ing redshift versus distance and observed uniform smooth
black body radiation from the CMB. The proposed frame-
work has no ad hoc inflation like the Big Bang required to
explain smoothness of CMB since the initial order of magni-
tude higher light speed would automatically smooth the back-
ground observed. The matter epoch must be hot in either case
since particle creation can have no preferred inertial frame
and is limited only by the speed of light. With a very high
speed limit and no preferred direction, creation of particles
inevitably results in a very hot plasma. If nucleosynthesis is
involved extremely hot initial conditions are required. It can
be noted that the universal light speed with no preferred di-
rection establishes a universal rest frame based on the average
velocity of zero as for the observed CMB background radia-
tion.

Although matter is created hot it cannot remain so and
still produce stars and galaxies. Prior to that it must cool to
recombination temperature to produce a surface of last scat-
tering for the observed CMB. There is no expansion as in
the Big Bang to cool the universe rapidly, but instead all cre-
ated particles will slow by conservation of momentum as the
universal gravity potential increases. Mass of particles in-
creases which requires their velocity to decrease. The result
is cooling but it takes many Hubble times, far longer than the
Big Bang. Particles not only have decreasing rest energy, but
also decreasing kinetic energy. Eventually the last scatter-
ing surface becomes observable as the CMB after recombi-
nation temperature is reached and its spectrum is black body
radiation not spectral lines. The emitted wavelength is far
longer than expected because light speed is orders of magni-
tude higher. If we know the recombination temperature, we
know both the light speed and the time, so we can again in-
tegrate for the current distance at today’s light speed. It is
observed as 2.7 K black body radiation proportional to light
speed ratio at recombination temperature.

The solution is gravitationally stable but time dependent.
It requires a finite age after the matter epoch. Finite age with
a matter epoch is a condition also shared with any Big Bang-
based cosmology. It should be pointed out here that finite
age should be considered the only acceptable assumption for
any cosmology, since we still have stars burning today and
they have finite age. If matter were continually created to
provide newer stars, then infinite age would produce infinite
matter. Any notion of expanding space does not change the
proportional density of dead stars. Similarly, we exclude any
recycling star assumptions because the process could not be
reversible. Infinite age would also make the CMB observa-
tion problematic. We do expect in our case that most stars
are already dead or consumed by black holes because of the
extremely old universe we predict.

With these arguments, only cosmologies with finite age
can rationally be considered as candidates. This leaves us
with the proposed framework we introduce here, or some
variation of Big Bang-based concepts. The distinction be-
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tween the two is that the Big Bang and General Relativity
require that space is expanding and the cause of observed
cosmological redshift. Furthermore, it requires that the fi-
nite age must not be greater than the time going back to the
singularity where space vanishes. This limits the age to the
classical Hubble time on the order of 13.8 billion years. Our
new framework conversely requires that age is an order of
magnitude greater, several Hubble times long, just to set up
conditions we observe. It also has a cause for redshift vs dis-
tance relationships that are natural results of direct solutions
to the governing gravity theory and integration of light speed
since emission.

We claim especially from observations of the recently de-
ployed JWST that the Big Bang cosmologies are no longer
sustainable. We anticipated this would occur, since we have
known our solution for over two decades before the telescope
launch. It has long been unlikely that the Big Bang consensus
could be broken without sufficient evidence to exclude it. One
failure now clear is that massive mature galaxies have been
observed by JWST including older generation stars and these
structures did not have sufficient time to form since the Big
Bang as reported by Labbe et al [3]. See also Asencio et al [4]
showing that large galaxy clusters exist with mergers at exces-
sive velocity for consensus cosmology. Since universe age is
not severely limited in the proposed framework, these older
mature galaxies and clusters are expected, and it is likely that
others even older and more distant may be found depending
only on the limits of the sensitivity of the telescope.

Another finding of the telescope is an unexpectedly high
population of distant galaxies and the appearance that insuffi-
cient gas was available to produce the massive galaxies. The
cosmology we propose requires far more baryon mass density
providing more available mass for stars. Very distant black
holes are found with insufficient time in the Big Bang context
to form. In the proposed context there is adequate time and
new dynamics associated with the revised gravity theory are
in play for rapid accretion of matter into black holes. With
the Krogh gravity model these high concentrations of mass
still exist but are not totally black. Due to the cosmological
gravity potential change we will show that entire galaxies will
eventually be accreted into their center black hole.

While the above are features of age and available mass
that exclude the Big Bang, other observations are available
now which exclude expansion at all as a feature of the uni-
verse. Based on observed surface brightness with distance
shown by Lovyagin et al [5] the universe appears consistent
with normal Euclidean non-expanding space which is a fea-
ture of our cosmology. Similarly, the angular diameter dis-
tance appears to be Euclidean [5] which would exclude ex-
pansion. The unexpected massive galaxies appearing to be
too small as seen by JWST are not unexpected in our cosmol-
ogy with Euclidean geometry. These are just normal galax-
ies, not unlike the local ones we see nearby. Another feature
of the universe long known is spatial flatness. This is inher-

ent to the revisions to General Relativity adopted here from
Krogh [1] . Gravitational lensing still occurs due to changes
in refractive index from non-uniform mass distributions. It is
not space curvature with this gravity model but refraction as
in an optical lens due to light speed variation in space.

Finally, Marosi [6] extends the Hubble curve for higher
redshifts versus distance including distant gamma ray bursts
concluding that data perfectly fit an exponential equation with
time for redshift of spectral lines. While this is normally as-
sociated with rejected past tired light proposals, we show this
exact equation can be derived from time variation of gravity
potential with our cosmology solution. It is not tired light.
A further conclusion of Marosi is that the exponential form
of the equation cannot be consistent with expansion. Lavio-
lette [5] also performs several cosmology model tests show-
ing that a tired light model is best of those studied. Our cos-
mology would perform the same as the tired light model. This
becomes a strong confirmation of our proposed cosmology
and a rejection of Big Bang expansion.

We conclude a case for exclusion of Big Bang expan-
sion cosmologies creates a crisis in cosmology which requires
a new paradigm as proposed in this new framework. Con-
versely, we see at least in these early stages that the pro-
posed cosmology does not share any of the concerns identi-
fied with the Big Bang and makes promising testable predic-
tions. There is much work needed to flesh out further analysis
and perform extensive testing and modeling before this can
become the consensus working model. There remain some
details that need to be added before this can be considered a
complete theory of the history of the universe which is why
we choose to call it a new framework.

This requires the work of many others with necessary
modeling and observational assets which we do not have. We
strongly encourage others to participate within this frame-
work and to propose additions or modifications. This work
cannot move forward without the help of many experts hav-
ing capabilities and assets up to the task. The solution has
been developed with the knowledge of only a couple of now-
retired contributors that are advancing in age. We believe that
current cosmology has reached a crisis which cannot be fixed
within the space expansion paradigm and those invested in
that framework need to expand the scope of their efforts in
another direction. Similarly, if we find this framework be-
comes accepted it may be time to reconsider efforts directed
toward dark matter and dark energy.

2 Exact cosmology solution

To develop a more rigorous exact cosmology solution, we will
begin with the Krogh [1] original governing equation for the
gravitational potential. Although Krogh had a proposed so-
lution for the universal time dependent cosmological gravity
potential, it is only the asymptotic solution valid for late time
epochs near the present. This approximate solution does not
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satisfy the governing differential equation. In the end his so-
lution is fully adequate for most things we need, but it is use-
ful to show the proof of his approximate solution previously
not shown and fully understand its limitations and how it de-
rives from the exact solution. The governing equation for the
gravity potential given by Krogh is:

∇2Φ −
1
c2

∂2Φ

∂t2 = 4πGρ . (1)

Our new cosmology framework derives directly from the
application of this differential equation with appropriate as-
sumptions and boundary conditions. The gravity potential Φ
represents the resulting potential produced by the mass den-
sity ρ. Speed of light is c and gravity constant is G, but in ac-
cord with the Krogh gravity theory ρ, c, and G are all depen-
dent on the gravity potential such that the differential equation
is nonlinear. We first simplify the equation by assuming that
the cosmological principle applies to the universe on large
scales since it can be assumed for our purposes to have a uni-
form mass density everywhere in space at any given universal
time.

The existence of a universal time since the beginning of
matter creation is a necessary assumption to solve the equa-
tion with appropriate boundary conditions. Since we will end
up primarily using only the asymptotic solution it should not
make much difference if matter was created everywhere in-
stantaneously. It is presumed that the matter epoch had to
occur like a state change spreading almost instantaneously. It
could for instance be an event such as a change from a false
vacuum to a more stable present one.

Just as is the case for the Big Bang cosmologies, there is
no detailed explanation for how matter creation occurred or
what initiated it. In the context of this theory the primordial
light speed had to be so large that even if matter creation be-
gan at some local point triggering a state change, the new state
bubble would spread so fast that it would be nearly instanta-
neous. For our purpose then we assume matter was created
everywhere in an infinitely large space. Since we assume the
cosmological principle, spatial derivatives vanish, universal
time is the only remaining independent variable. This elimi-
nates the first term of the governing equation which results in
an ordinary differential equation:

d2Φ

dt2 = −4πGρc2 . (2)

The last three terms on the right are all dependent on the
gravity potential so we need to apply the other requirements
of the Krogh gravity theory to show the correct scaling rela-
tionships for these parameters before we can solve the equa-
tion. To simplify the equations further we will define the di-
mensionless gravity potential and what will be shown to be
the equivalent Hubble constant as:

ϕ =
Φ

c2
0

; H0 =
√

2πG0ρ0 .

We will generally use the subscript, 0, throughout to mean
the value existing initially when the matter epoch occurred,
where in the beginning there was no gravity potential before
gravity had propagated over time. Parameters without the
subscripts are the time dependent non-constant terms which
depend on the gravity potential in accord with the tenets of
the Krogh gravity theory. The newly defined equivalent Hub-
ble constant will generally be shown with the subscript, 0, in
equations primarily because we want it to be understood that
it is in fact a constant with dimensions of inverse time. The
solution of the governing differential equation will be depen-
dent on the product of the Hubble constant and time which in
effect is dimensionless time.

Atomic time itself depends on the gravity potential in ac-
cord with Krogh gravity theory so we must choose a fixed
universe time that ticks at a uniform rate for the differen-
tial equation to have meaning. When we find the solution,
we need to differentiate with respect to time to verify the
solution. It is this universal time and not atomic time that
is defined in the equation so when differentiating the solu-
tion to verify it satisfies the governing equation the prod-
uct of Hubble constant and time must treat the Hubble con-
stant as a true constant. The subscript definition reminds us
to do this. Technically this also implies that the universal
time is taken as the time clock rate that existed at matter
creation so that the dimensionless time product cancels out
the time units. The important thing is that the choice of lin-
ear universal time in differentiation or integration uses time
units that are at the same epoch assumed for the Hubble con-
stant.

When we address the problem of deriving the Hubble
curve for distance versus redshift, we use the present epoch
instead of the primordial one. This is convenient in that case
because we are looking back from the present to the past
emission time and will integrate the light speed forward to
the present to determine the distance. We prefer also in this
case to use a Hubble constant defined with the current defini-
tion of time units of measure. Note that our choice of how the
Hubble constant is defined ends up requiring that the matter
density of the universe is 4/3 of classical big bang expansion
critical density. There is nothing critical here, however, since
the choice simply uses the grouping of terms on the right-
hand side of the equation which will end up being compatible
with how the Hubble constant has been defined classically in
the Hubble curve equation shown later.

Listed below we show the scaling of the terms in our dif-
ferential equation with respect to the dimensionless gravity
potential to be substituted into the final form. The speed of
light and matter density are directly from the Krogh paper
while the gravity constant G is scaled inversely to the den-
sity which we have determined is required and in agreement
per discussions with Kris Krogh. Primarily what it means is
that the mass charge equivalent to electric charge is also to be
conserved and the Krogh theory is taken to be gauge invariant
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such that the laws of physics are the same at any epoch time:

c = c0e2ϕ ; G = G0e3ϕ ; ρ = ρ0e−3ϕ .

We can now substitute the defined scaling relationships
and definitions for terms in the simplified governing equation
to write an even simpler form below which includes only the
unknown time-dependent dimensionless potential and con-
stant linear universal time variables. The resulting equation
is nonlinear but fortunately has an exact solution:

d2ϕ

dt2 = −2H2
0e4ϕ .

The exact solution below can be verified directly by differ-
entiating the potential twice with respect to time and substi-
tuting the solved potential function into the right-hand side:

ϕ =
1
2

ln sech 2H0t .

We also can substitute our solution for the potential into
the scaling relationship for light speed to define the equation
for the history of light speed with respect to time obtaining:

c = c0 sech 2H0t . (3)

Figure 1 illustrates how the universal dimensionless po-
tential varies with respect to the dimensionless time Ht. It is
approximately −Ht as was assumed by Krogh [1]. Figure 2
shows how the dimensionless ratio of light speed c/c0 varies
with universe age in Hubble times.
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Fig. 1: History of Dimensionless Gravity Potential

Later when we develop the derivation of the Hubble curve
resulting from our cosmology framework, we will use a sim-
pler approximate asymptotic equation to integrate the light
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Fig. 2: History of Dimensionless Light Speed c/c0

speed from emission since the exact solution is unnecessarily
complex for late present epoch times. It is useful however to
integrate the exact light speed solution from the matter cre-
ation epoch to the current time to show the size of the matter
horizon from any point in the universe. This is in effect the
size of the universe having any effect on any location in the
universe. Understanding the enormous distance to the matter
horizon is useful to get an understanding for how the average
density of matter can be considered constant because it is av-
eraged over a scale far larger than any structural clumping of
matter can be. In effect the high light speed at the matter cre-
ation epoch was so high that it has a smoothing effect much
like the concept of inflation in Big Bang cosmology. This
distance is not observable by any means other than this ex-
panding matter horizon is the cause of the present cosmolog-
ical change in gravity potential. The distance R below from
integration of light speed over the history of the universe is:

R =
c0

2H0
arctan sinh 2H0t . (4)

Interestingly the matter horizon has a maximum radius
which cannot be exceeded in infinite time. In the limit as
time goes to infinity, the maximum distance light or gravity
can travel is:

Rmax =
π

4
c0

H0
. (5)

It is useful particularly since the primordial light speed
is unknown to write the result in non-dimensional form. A
plot of the dimensionless ratio of radius over the maximum
possible radius, given by (8), is shown in Figure 3. It illus-
trates how the matter horizon growth causes continual change
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in universal gravity potential:

R
Rmax

=
2
π

arctan sinh 2H0t . (6)

3 Cosmological redshift types

Now that we have an exact solution for the history of the
cosmological gravity potential which results from a matter
creation epoch in flat non-expanding space, we can further
explain cosmological redshifts which in the past have been
the core support for the Big Bang notion that space is ex-
panding in accord with General Relativity. We have adopted
the Krogh gravity theory replacing GR where now the effect
of gravity does not change the geometry of space but rather
the quantum vacuum itself which in turn is fully in charge of
the laws of physics, physical constants, light speed, particle
mass, etc. Krogh in his original paper [1] defines how atoms
residing in the cosmological potential of all the mass in the
universe change their atomic spectral emissions. The light
speed at emission is directly related to cosmological red shift
in accord with scaling of energy at emission along with the
associated light speed and gravitational potential. This de-
rives from the Krogh energy equation, which defines energy
of past emissions. This implies absolute frequency of emis-
sion is higher (blue shifted) at emission due to the lower grav-
itational potential and higher energy of atoms proportional to
the square root of light speed, but the wavelength at emission
is stretched in direct proportion to higher light speed. The net
result is a red shift in proportion to the square root of light
speed. Wavelengths are constant in transit over time at vari-
able light speed since leading and trailing waves move at the
same varying light speed. The resulting equation defining the
net red shift of atomic spectral emissions with the usual defi-

nition for red shift factor z is:√
ce

cn
=

eϕe

eϕn
= 1 + z . (7)

A second kind of redshift comes from the observed 2.7 K
blackbody temperature of the CMB. In Big Bang cosmol-
ogy, this is attributed to expansion of space since emission
of a blackbody spectral distribution from the surface of last
scattering began following recombination of electrons with
atomic nuclei causing the plasma to become transparent fol-
lowing cooling. In the context of the proposed cosmology
framework, there is no expansion of space and therefore no
rapid cooling of hot primordial plasma is possible. In this
case, we will show that cooling still occurs very slowly be-
cause all atomic particles are increasing in mass because of
the increasingly negative universal gravity potential. To con-
serve momentum all moving particles will slow down as their
mass increases. This is the cause of the observed Pioneer de-
celeration, so we have confirmation of such cosmological dy-
namics still occurring at the precent epoch. Since there was
no preferred reference frame for the universe at the matter
creation epoch, velocities of particles were universally dis-
tributed limited only by the speed of light. It is inevitable then
that the beginning would be hot with such high particle veloc-
ities. We will discuss the changes in dynamics predicted by
the Krogh theory of gravity in a later section, but for now we
claim that cooling of the primordial plasma continued over
many Hubble times before the recombination of atoms oc-
curred to form a surface of last scattering in Big Bang-like
fashion.

The blackbody emissions from the surface of last scat-
tering are not associated with any specific spectral lines of
atoms as was the case for the previous type of redshift of
spectral lines, but instead is an apparent observed tempera-
ture obtained from the wavelength peak of a perfect black-
body curve. We need a different model for interpreting what
is apparent redshift in the current cosmology framework. The
longer wavelengths still occur at emission, but the govern-
ing equation is different. Blackbody radiation is defined by a
distribution of wavelengths with a peak corresponding to the
maximum energy flux. The wavelength at peak intensity for
Planck blackbody radiation obeys Wien’s law which has the
known numerical solution:

λmax =
hc

xkT
. (8)

We know x is a numerical constant and h and k are be-
lieved to be independent of gravity potential in the Krogh the-
ory even though they are dimensional quantities. We see from
the blackbody law that the peak wavelength depends only on
the ratio c/T . Since the peak wavelength cannot change in
transit to the observed blackbody temperature of 2.7 K and it
was emitted at a presumed temperature of recombination nor-
mally taken as 3 000 K, we can write the relationship between
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light speed and temperature as:

ce

cn
=

Te

Tn
. (9)

Since we know how light speed varies with the universal
gravity potential, we can integrate for the distance to spec-
trally observed redshifted galaxies using (9) and the distance
to the CMB from (11)

3.1 Derivation of Hubble curve

Since the exact solution for light speed variation includes the
hyperbolic secant, it is unnecessarily complex for simple in-
tegration of the light speed to get distances from time of emis-
sion to the present observation of redshift based on observa-
tions when a much simpler exponential asymptotic solution
approximation to the hyperbolic secant is extremely accurate
for any emission later than a few Hubble times from the mat-
ter creation epoch. It takes many Hubble times to cool the
primordial plasma to the recombination temperature for neu-
tral atoms to allow a transparent interstellar space to observe
any redshift or for that matter the CMB surface of last scatter-
ing beyond which nothing is observable. Thus for purposes
of estimating distance versus redshift, we are justified in re-
placing the hyperbolic secant in the equation for light speed
with the exponential asymptotic approximation:

c = c0 sech 2H0t ≊ 2c0 e−2H0t . (10)

We can determine the theoretical distance to any obser-
vation as the integral of light speed from emission to obser-
vation. Using our approximation for the hyperbolic secant
above we determine the integral:

D =
∫ tn

te
2c0 e−2H0tdt . (11)

We will use subscripts e for emission and n for now the
present time of observation. Since we do not know the time
of emission directly, we need to change the result to some-
thing we observe or know for the two types of redshifts. The
integral of the exponential function just yields the same ex-
ponential function as the integrand again, which can then be
replaced with the light speed from (12) when evaluating the
integral upper and lower limits. The result expressed between
limits in terms of light speed ratios becomes:

D =
c0

2H0

(
ce

c0
−

cn

c0

)
=

cn

2H0

(
ce

cn
− 1

)
. (12)

We know current light speed and the emitted to present
light speed ratio for either type of redshift above. For spectral
redshifts of distant galaxies we use (9) to substitute for the
observed redshift factor z and obtain the relation for distance
versus redshift corresponding to the classic Hubble curve:

D =
cn

H

(
z +

z2

2

)
. (13)

This is like the historical Hubble relationship for distance
vs redshift except for the last quadratic term in z. We dis-
pense with using the subscript for H here because H is a di-
mensional constant with inverse time units, and we must use
the same time units for H and the current light speed in the
leading term. So, this is the Hubble constant expressed in
the units we are familiar with at the current time. We have
derived the Hubble curve directly from the new cosmology
solution for the time varying universal gravity potential. Note
that the extra quadratic term explains the non-linearity of the
curve previously thought to be caused by dark energy when
GR was used in consensus cosmologies. We do not need any
such ad hoc parameter here to get the exact solution deriv-
ing from the Krogh gravity theory. As a preliminary check
for our result, we show in Figure 4 a plot of distance modu-
lus versus redshift obtained using this equation with some old
observed distance estimates based on standard candle analy-
sis including supernovas and redshifts for gamma ray bursts.
It may be the case that standard candle energy fluxes need
to be corrected for evolution with respect to the variable uni-
versal gravity potential with time at emission. Nevertheless,
we are encouraged to find that we appear to have a credible
model for the cosmological redshift of spectral lines without
any expansion of space as a cause.
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Fig. 4: Distance vs Redshift Factor

3.2 Distance to CMB surface

Using integration of light speed from emission to the present
time given in (14) we can substitute the observation implied
by temperature of recombination assumed in (11) for appar-
ent redshift of blackbody radiation coming from the surface
of last scattering which yields the distance to the CMB. Us-
ing the general integration of light speed from emission to
the present given in (14) we can substitute the observation
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implied by temperature of recombination assumed in (11) for
the apparent redshift of the blackbody radiation coming from
the surface of last scattering which yields the distance to the
CMB surface:

D =
cn

2H

(
Te

Tn
− 1

)
. (14)

Assuming temperature of recombination unchanged, the
surface of last scattering has a temperature of 3 000 K and the
CMB is 2.7 K blackbody radiation. Using (16) we calculate
the distance to the CMB surface is about 555 Hubble time
light-years at todays speed of light. This is about 7.8 trillion
light-years with an assumption of Hubble time of 14 billion
years. Present consensus cosmology based on the Big Bang
would estimate this surface as about 40 billion light-years
away. Our much greater distance estimate occurs because the
light speed at emission from the surface of last scattering is
orders of magnitude higher than today. The higher light speed
is in fact the cause of the apparent redshift. Our use of light-
years distance here is just a convention for historical refer-
ence. The 7.8 trillion light-years is not the light travel time,
which is much shorter due to the earlier higher light speed.
We have now set the stage for how much time is available for
galaxy formation and distance to the CMB surface giving a
visual picture of what we are looking at.

3.3 CMB relationship to Hubble constant

Previous investigations of the angular power spectrum struc-
ture of the CMB, according to what we predict, must now
consider the surface is orders of magnitude more distant than
thought. The universe is not expanding with respect to CMB
observed structure. Past modeling of acoustic oscillations
would now have to consider far higher speed of sound caused
by lower mass of atoms in the plasma. The higher light speed
also allows causal contact for far greater distance. Because
of the great distance to the CMB surface, observed structures
are enormously larger than thought. It also restricts the ability
of instruments deployed to resolve smaller structural features
of the CMB.

Cosmologists currently in the consensus Big Bang con-
text have tried to estimate the Hubble constant by relating the
CMB structure to the expansion of the universe which has
resulted in a Hubble constant crisis due to disagreement be-
tween estimates based on the CMB versus more direct esti-
mates based on the nearby distance ladder studies. Our new
cosmology framework sets a stage which would invalidate
prior estimates of the Hubble constant based on the CMB. It
may be possible in the new context to estimate the distance to
the CMB based on comparison of structure in the present uni-
verse compared to the scale of the structure in the CMB. The
comparison would have to be made at a very large scale. Ac-
cording to (16), the distance to the CMB surface is inversely
proportional to the Hubble constant.

3.4 Cause of uniformity of CMB

The extreme uniformity of the CMB has previously been used
to support the concept of inflation as an addendum to the no-
tion of the Big Bang. The argument is that there is a hori-
zon problem due to lack of causal contact at required dis-
tances. We have no horizon problem here because the primor-
dial light speed was sufficiently high and there is gravitational
contact extending for many Hubble times distance from the
CMB surface. Cooling of the primordial plasma as we will
discuss later is a very slow process which results from the in-
creasing gravity potential as the gravitational matter horizon
grows. The resulting temperature cools very uniformly be-
cause it depends on the average density of gravitational matter
over enormous distances far away from the CMB. The great
length of time for equilibrium is also a benefit.

3.5 Age since CMB surface formation

We calculated the distance of the CMB surface using (16) but
our distance of trillions of light-years was not the light tran-
sit time which is normally the case with constant light speed.
The light transit time with the variable light speed can be cal-
culated from (11) along with the cosmology solution for light
speed versus time. Using simpler (12) for a sufficiently accu-
rate relationship for light speed as a function of time and the
known ratio of temperatures in (11) we get about 3.5 Hub-
ble times for the required light speed change since the CMB
surface formed which gives the light transit time of about 49
billion years. Interestingly this is not greatly different than
the 40 billion years expected distance at constant light speed
with consensus Big Bang cosmology but in that case the age
since the CMB formation is believed to be close to 14 bil-
lion years and the distance accounts for presumed expansion.
Here it was 49 billion years ago in today’s time units in ab-
solute years taken as constant over history. So this is our es-
timated age of the CMB surface formation time. This means
we had 49 billion present years for galaxies to form since
the universe cooled. It also means that JWST observed early
galaxies had an abundance of time to form and grow old in
some cases as well.

3.6 Early time dilation

We are a long way toward setting the stage for what we are
in the process of observing in the universe today, however
there is an important additional consideration which is signif-
icant. The teaching of the Krogh theory of gravity we have
adopted along with our cosmology solution says that not only
the speed of light and mass of particles was changing with our
universal time reference, but atomic clocks have also slowed
continuously since the matter creation epoch. This means that
processes in the distant past occurred at a much faster pace in
atomic time. If we observe an event such as a light curve of an
explosion it would appear to be slower because the light speed
change is faster than the rate of change speeding up the event
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in our universal time reality. So events that are actually hap-
pening more quickly are observed to be slower or time dilated
due to the stretching effect of higher light speed. If we are
looking at something caused by age, or which simply takes
time like the death of stars it in reality occurs more rapidly
in the past. We should not be surprised if things look too
old or don’t appear to have time to form. We also have seen
apparent time dilation in distant events formerly attributed to
general relativistic time dilation. Time dilation is a feature of
this cosmology as well coming instead from the Krogh grav-
ity theory.

To understand better what we are seeing when observing
the most distant galaxies, and therefore the youngest, it is in-
structive to calculate atomic ages of things we observe. We
can now do this by applying our cosmology framework and
the Krogh gravity theory teachings. According to the theory,
the rate of atomic clocks is greater in the past when the dimen-
sionless potential was a lower negative value. The difference
in the potential is positive if we are looking backward to ear-
lier times. Defining atomic time as τ, the relationship for the
instantaneous atomic clock differential time interval elapsed
in the past compared to the universal constant present time
intervals can be written using approximate late time gravity
potential as:

dτ = eHtdt . (15)
The Hubble constant is in current universal time. Time

in the exponent is the time as in years ago past. The total
elapsed atomic time can be found by integrating forward to
the present:

∆τ =

∫ t

0
eHtdt =

eHt − 1
H

=
z
H
. (16)

We obtain our result in terms of the spectral redshift orig-
inated from emission at the past time t by applying what we
know from (9). This simple result shows elapsed atomic time
is given by the product of redshift and the Hubble time. If
we apply this equation assuming a Hubble time of 14 billion
years, a galaxy observed by JWST at redshift 13 emitted its
light about 182 billion years ago in atomic time. In §3.5,
we found the distance to the CMB surface of last scattering
based on the assumed temperature of recombination is esti-
mated to be at a light travel time of about 49 billion years in
constant present years. If spectral emissions were possible at
the time of recombination when the CMB surface formed, we
can use (11) substituted into (9) to predict that such an emis-
sion would have a redshift of about 32. This is the maximum
redshift possible if the recombination temperature is 3 000 K.
Computing the atomic time elapsed since the recombination
time we get about 453 billion years. The difference in atomic
time from recombination to the time of a redshift 13 galaxy
gives us about 271 billion years available for the formation
of the galaxy since the universe cooled to allow formation of
stars. We would not be at all surprised if galaxies at this time
appeared to be matured in form with signs of age.

4 Impacts of universe age and rate of physical processes

Because we do not know the primordial light speed at zero
gravity potential before creation of matter initiated propaga-
tion of gravity throughout the universe, we cannot determine
its total age. We predict about 49 billion years of current
absolute length just since the CMB cooled to recombination
temperature. We do expect the matter creation to be very hot
if for no other reason that there cannot be a preferred refer-
ence frame for the velocity of mass particles created. The
cooling process occurs only from conservation of momentum
with increasing mass of particles. The cooling model applies
from creation through the history of the universe. The mecha-
nism in the absence of expansion is discussed further in §5 as
part of a larger narrative about interstellar dynamics resulting
from the Krogh gravity theory.

There are profound consequences of orders of magnitude
increase in universe age and the accelerated rate of all phys-
ical processes at earlier lower gravity potential. The most
significant effects occur in the 49 billion absolute years since
formation of the CMB surface. After some additional cooling
the formation of stars and galaxies begins, and these are the
only things we can observe today. Since the rate of physical
processes is much faster at early times, the effect of time dila-
tion causes everything we observe today to age more quickly
so we can expect evidence of more than 49 billion present
years available from our perspective. We determine the 49
billion absolute years by using dimensionless time Ht which
comes from the cosmology solution directly. We use units
of Hubble constant based on the present which means that
the number of Hubble times provides an estimate of age in
current years. The number of Hubble times since the begin-
ning is very close to the dimensionless gravity potential as
well. Due to nothing else but the coefficients on the right-
hand-side of (2) and the definition of the Hubble constant,
we know that the total matter density of the universe is 4/3
of the classical Big Bang critical density. There is nothing
critical here about the matter density since it is still an ar-
bitrary initial boundary condition for solution of the govern-
ing equation. Since we require much more matter than can
be accounted for as visible luminous stars, we require that
most matter is invisible, but we do not believe that dark mat-
ter not consisting of baryons is needed because the effects of
advanced age and rate of aging including new interstellar dy-
namics can be sufficient to produce the total matter density
required.

Attempts to find supposed dark matter not made from or-
dinary baryons have failed to succeed regardless of extensive
time and resources expended. So, while mysterious dark mat-
ter is not necessarily excluded in our new cosmology frame-
work, it is not required. We will show in §5 that we believe
new galaxy dynamics resulting from the Krogh gravity theory
can account for galaxy rotation dynamics without any exotic
type of matter.
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4.1 Real baryonic dark matter

We claim that formation of real baryonic dark matter is a nat-
ural process in our new framework caused by both greater ac-
tual age predicted, but also from accelerated aging from the
time dilation effect of lower gravity potential at earlier times
beginning just after formation of CMB surface of last scat-
tering and sufficient cooling to form stars and galaxies. Real
dark matter is made up of products of star and galaxy forma-
tion and aging along with interstellar gas and dust which has
so far not formed stars or been consumed in black holes. The
principal products are discussed in the next subsections.

4.2 Star death

We have long known a great deal about how stars form from
interstellar gas and dust. Depending on the makeup and mass,
stars have various finite ages. Those which become unsta-
ble explode producing interstellar dust and remnants. Those
which collapse or explode can exist in another state for ex-
tended times, but in any case, can remain luminous for only a
finite time. The most common stars such as our sun will end
up as very dense small white dwarfs which will ultimately
cool to dark dwarfs. In the context of current Big Bang age-
constrained cosmologies, it is thought that dark dwarfs do not
exist in the universe yet because the cooling of a white dwarf
star takes many billions of years. The age constraint of 14
billion years from the Big Bang is not sufficient. Dark dwarfs
are not likely to be detected if existing because they would no
longer be luminous and are only earth-sized very dense ob-
jects. With our new framework having 49 billion years avail-
able since CMB formation plus highly accelerated aging in
the earlier years with far faster atomic time, we would ex-
pect to produce prolific populations of dark dwarfs and other
types of dark remnants and dust. In fact, it is conceivable
that what is thought to be dust in some galaxy photos with
back lighting may actually contain large populations of dark
dwarfs and remnants as well. We also know that many stars
are formed which escape their galaxies and are adrift in inter-
stellar space. These would die of old age in the time available
during our 49 billion years and would remain undetectable
at present. They would contribute to what may now be per-
ceived as dark matter but there would be no need to claim
it is not baryonic. Dead stars are one of the contributors for
non-luminous matter we require. Due to accelerated atomic
time at ancient times early stars did not last long before they
died and became non-luminous. From further discussions we
will see that new interstellar dynamics provides mechanisms
to further dispose of ancient stars in black holes more quickly
than allowed with present dynamic models. These can never
be detected or seen again in any form.

4.3 Galaxy death

Astronomers have found galaxies which have stopped form-
ing stars are common. It normally happens whenever there

is insufficient interstellar gas remaining in the vicinity of a
galaxy to support star formation. Many of these failed galax-
ies also have supermassive black holes at their centers. In the
context of our new framework these galaxies will ultimately
die and with sufficient time will be consumed by their black
hole center in accord with what we will show. This will be
more apparent after we discuss interstellar dynamics changes
predicted by the Krogh theory. We have the same situation
brought on by advanced universe age and time accelerated
aging that we have with individual stars. Here we have en-
tire galaxies collapsing into massive black holes that become
undetectable except for gravitational effects such as affected
galaxy clusters. It should be noted that gravitational lensing
still occurs with Krogh gravity theory, so this is still consis-
tent with observations.

4.4 Black hole formation and growth

The Krogh gravity theory still predicts that highly compact
massive objects will form and for all intents and purposes
have the characteristics we attribute to black holes in Gen-
eral Relativity. The only difference here is that they are just
very gray and not black. They do not radiate sufficiently to
be detectable but there is no event horizon. The speed of light
can never quite be zero in Krogh gravity. The collapse of
massive stars can still result in such black (gray) holes, which
we, just for convenience and historical purposes, will refer to
as black holes. It is also the case that matter can escape such
holes forming galactic jets.

An inherent feature of the new gravity theory is that con-
servation of momentum will cause orbiting bodies to slow
as their mass increases in the intense gravity potential of a
black hole. This will cause matter to be accreted by black
holes more rapidly than is the case for conventional GR the-
ory. The new dynamics will be discussed in more detail in
§5. With the new dynamics predicted not only will black
holes accrete matter more quickly, but so also will the mo-
tion of stars in galaxies tend to spiral into the gravity well of
the galaxy itself. The formation of a black hole at galaxy cen-
ters is inevitable with this dynamic if the galaxy is sufficiently
large. Cosmological increase in potential also causes stars to
spiral into galaxies as a normal process contributing to feed-
ing center black holes. The fate of any galaxy not actively
continuing to create stars is to cause stars to spiral into the
center black hole. Our new cosmology framework predicts
multiple processes have continued throughout the history of
the universe which create prolific amounts of invisible bary-
onic matter. Since non-baryonic dark matter has not been
detected, and we require total matter density of 4/3 of classi-
cal Big Bang critical density determined by the Hubble con-
stant, it is believed that actual invisible baryonic matter exists
in the various invisible forms discussed. We do not believe
that any exotic non-baryonic matter is necessary to provide
the required total matter density, since the universe is so old
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that a great deal of matter today cannot be detected other than
through gravitational effects.

4.5 JWST findings

Our cosmology framework sets the stage for what we ex-
pect to observe with the recently deployed James Webb Space
Telescope. We see no findings since JWST went operational
that are considered unexpected. In the first year of opera-
tion a prolific number of galaxies were seen at great distance.
Many were unexpectedly massive or bright, small, old, ma-
ture in form, contained older stars, and appeared to have in-
sufficient time to form since the supposed Big Bang. Clearly
Big Bang consensus cosmology is not consistent with JWST
findings. There is a crisis in cosmology today which cannot
be resolved without replacing the GR paradigm which leads
to the Big Bang limitation on age of the universe since recom-
bination formed the CMB surface. An extensive discussion of
cosmological model tests using JWST findings was done by
Lovygin et al [5] and further by LaViolette [7]. The key find-
ings are that angular diameter distance and surface brightness
do not support an expanding universe paradigm. Euclidean
geometry and an alternative explanation for redshift are im-
plied. We provide a new cause for redshift here without tired
light.

We have shown here with our new framework that an ob-
served galaxy at redshift 13 has an estimated 271 billion years
of atomic time since recombination to form such a galaxy. It
seems likely that many galaxies would exist at this redshift
detectable by the telescope which are mature and massive,
having had more than sufficient time to mature and grow. Fur-
thermore, since we predict far more baryonic gas was avail-
able initially, there was no shortage as has been supposed in
consensus cosmology models. In fact, based on other consid-
erations of our new interstellar dynamics, black holes would
have formed as well. We would expect prolific star forma-
tion with plenty of available gas and many star deaths due
to both earlier formation and accelerated atomic age. Due to
availability of gas, galaxy deaths would be expected to be less
common at the earliest times compared to the present.

We predict that galaxies formed at times far more distant
than JWST can detect. A key mission of the telescope was to
explore the first galaxies formed in the universe. It appears
to us that this goal cannot be achieved. Galaxies continue to
form through the history of the universe so there will always
be some new ones, but we do not expect that the telescope can
see the first ones. It is likely that JWST will find fully mature
massive galaxies as far away as the limits of its sensitivity
allow. This is the inevitable consequence of the much older
universe we predict.

5 Interplanetary and interstellar dynamics

We have shown that solving the governing equation for Krogh
gravity theory results in a cosmology framework that solves

the current crisis between observations and consensus Big
Bang cosmology. General Relativity has been the consen-
sus gravity theory for about a century. While providing su-
perior cosmology, the Krogh gravity replacement still satis-
fies previous GR tests. We also predict new testable dynam-
ics not predicted by GR. Predicting new outcomes in addi-
tion to satisfaction of prior tests is necessary to gain accep-
tance. With that in mind we will discuss the modeling of
new dynamics in several examples to follow. The Mercury
orbit is included to show that our dynamics model obtains the
identical result as GR though it is based on an entirely new
paradigm.

There are different approaches that can be taken when fol-
lowing the teachings of the Krogh gravity theory to model the
dynamics of bodies in motion under the influence of gravity.
The one we will use here is based on strict conservation of
momentum while modeling the variation in mass under the
influence of a gravity potential as required by the Krogh the-
ory. The rest energy is not conserved because the combi-
nation of light speed change and mass results in rest energy
changing to reflect the change of potential energy from gravi-
tational potentials produced by either local masses or average
cosmological mass density. The fact that all masses in the
universe keep track of their potential energy is a key feature
of the Krogh gravity paradigm. Conservation of momentum
has always been a stronger mandate in physics. Using this
mandate results in a slightly different anomalous acceleration
math model than previously reported but observable anoma-
lous effects previously not predicted are still indicated. The
correct Mercury orbit supports our approach.

The continual growth of the gravitational matter horizon
causes a cosmological deceleration of any mass in motion in
the universe. This cosmological effect is one type of new
dynamics not predicted by GR but clearly required by the
Krogh theory. The second type of modified dynamics results
from the transport of any mass in motion through a gravity
gradient caused by local masses, which alters the universal
background time dependent potential satisfying our cosmol-
ogy solution. A mass in motion does not know the difference
between time rate of change of mass from incoming grav-
ity just arriving from the matter horizon since matter creation
began or from change due to motion in a local gravity gradi-
ent. In the latter case, the gravity potential can either increase
or decrease so it can cause either deceleration or accelera-
tion not predicted by GR. Fortunately these predicted mod-
ifications to dynamics are testable with sufficiently accurate
measurements and in fact have already produced observed
anomalous effects. Our choice of modeling new dynamics
from conservation of momentum alone works universally for
all types of anomalous accelerations which will be discussed
next. The approach for motion in local gravity gradients gen-
eralizes the fact that anomalous accelerations are caused by
the total time derivative of the dimensionless potential locally
causing masses to vary with the potential.
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5.1 Cosmological deceleration

Cosmological deceleration is an inherent consequence of our
cosmology solution from Krogh gravity theory along with its
required variation of mass under the influence of the universal
gravity potential. If momentum is to be conserved, the veloc-
ity must change inversely with the mass change at least in
the non-relativistic case. We will develop our dynamic model
with the requirement of conservation of momentum including
consideration for special relativistic momentum which still
applies. This leads to more generality and makes additional
predictions of interest.

Beginning with the Lagrangian applicable for the Krogh
gravity theory [1] and taking the partial derivative with re-
spect to velocity yields the equation for the relativistic mo-
mentum:

p =
vE00 e−3ϕ

c2
0

√
1 − (v2/c2

0) e−4ϕ
. (17)

In accord with the Krogh definition E00 is the rest energy
at zero gravity potential and c0 is light velocity at zero poten-
tial. We similarly have the dimensionless gravity potential ϕ
as defined. In the cosmology solution, masses are only free
of gravity instantaneously at the matter epoch which is an in-
structive starting point. We can later generalize to more arbi-
trary epochs. Writing the momentum in terms of mass rather
than energy originating from the Lagrangian, the momentum
becomes:

p =
vm00 e−3ϕ√

1 − (v2/c2
0) e−4ϕ

. (18)

From the cosmological solution for the dimensionless po-
tential, we found that it asymptotically became an effective
dimensionless time since it converged to −Ht. So, our ex-
pression for momentum looks like momentum as a function
of time for a free particle in straight line motion. But we
require that momentum is conserved because there is no ex-
ternal force or acceleration in play. If we take the epoch of
the motion as zero potential or time, we require that the mo-
mentum is constant. We require the equality:

v0√
1 − (v20/c

2
0)
=

v e−3ϕ√
1 − (v2/c2

0) e−4ϕ
. (19)

Terms with subscript zero can be considered as values at
an epoch corresponding to zero gravity potential. For now, we
will consider how changes affect the motion of all particles in
the universe following the matter epoch beginning with zero
dimensionless potential. To describe the motion, we can solve
for the time-dependent velocity at any arbitrary potential at a
time later than the epoch. The velocity at epoch is arbitrary
representing all possible velocities that may have existed. We
solve for velocity and obtain the function describing the tra-

jectories of particles:

v =
v0 e3ϕ√

1 − (v20/c
2
0) + (v20/c

2
0) e2ϕ

. (20)

Another useful form is obtained by dividing by the local
velocity of light on the left side and using the same light ve-
locity scaled from c0 with the dimensionless potential on the
right side to obtain the relationship for the dimensionless ve-
locity ratio:

v

c
=

(v0/c0) eϕ√
1 − (v20/c

2
0) + (v20/c

2
0) e2ϕ

. (21)

It is clear from (22) that all particles or bodies in motion
are forever slowing as the potential becomes increasing neg-
ative in accord with our cosmology solution. The dimension-
less potential plays the role of negative dimensionless univer-
sal time. Interestingly, (23) shows further that highly rela-
tivistic particle velocities near the speed of light tend to slow
in proportion to the slowing light speed such that the velocity
ratio v/c tends to be more constant. A particle moving at light
speed would slow with light speed over time behaving more
like a photon. Since there could be no preferred frame for
matter creation, some original particles would be highly rela-
tivistic and in principle, barring collisions, would still be rel-
ativistic at the present time. If it were possible for some parti-
cles to survive in the rarified low particle density for many bil-
lions of years it would result in a cosmic ray background. In
any case, any relativistic particles created later in the universe
tend to remain relativistic for as long as they can survive. We
will show that there exists a predicted means to create such
particles that is a part of our new gravity model.

5.1.1 Cosmological cooling

Our first example of cosmological deceleration is cosmolog-
ical cooling. We have discussed previously that cosmolog-
ical cooling plays an important role in our new cosmology
framework. Since we no longer have expansion to provide
the rapid cooling after matter was created as is the case for
the Big Bang, another means is required. Extremely hot mat-
ter creation seems to be an inevitable requirement as we have
claimed, and cooling is required to form the surface of last
scattering for the CMB in similar fashion as supposed in the
Big Bang cosmologies. We also require that the universe must
cool first to the recombination temperature of the last scat-
tering surface and then additional cooling to allow star and
galaxy formation at later times.

Temperature is assumed to be proportional to average ki-
netic energy of particles which is proportional to mv2. Both
mass and velocity depend on dimensionless potential given
by the cosmology solution and our dynamic model conserv-
ing momentum. Eq. (22) provides the full relativistic model
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for velocity dependence on the potential. Since most particles
are not at relativistic velocities, we will simplify our cooling
model to consider that the average velocities are not relativis-
tic. With this assumption, (22) simplifies to show variation of
velocity with the dimensionless potential to become:

v = v0 e3ϕ . (22)

So, while velocity decreases with increasing negative po-
tential, mass scales inversely in accord with the Krogh theory.
Since velocity is squared for kinetic energy, we can conclude
that the temperature of the universe can be expected to cool
over time in an otherwise adiabatic universe as the negative
gravity potential increases in accord with the cosmology so-
lution so that temperature will obey the scaling equation:

T = T0 e3ϕ . (23)

Since the dimensionless potential is basically measured
in Hubble times of approximately 14 billion years, after the
few Hubble time non-linear start when matter was created,
cooling would continue to reduce temperature by a factor of
1 000 over about every 30 billion years. We of course do not
know the temperature of the universe at creation except that
it had to be extremely high. We therefore can expect that the
universe may have taken hundreds of billions of years to cool
to the recombination temperature forming the surface of last
scattering for the CMB. Because of the high primordial light
speed, we can conclude that the matter horizon was already
trillions of light-years at present speed from the last scattering
surface. We conclude that the great length of time for the uni-
verse to reach equilibrium before this surface began and the
great distance to the matter horizon source of the gravity po-
tential would result in a very uniform smooth surface depen-
dent on the average density over trillions of light-years. We
propose that this rationale explains why the CMB is observed
to be remarkably uniform in structure. Neither inflation nor
expansion is necessary in the new cosmology framework.

5.1.2 Pioneer probe deceleration anomaly

Although it is unlikely we could observe cosmological cool-
ing to test our dynamic model arising from the Krogh gravity
theory and the cosmology solution, we have a surrogate for
the effect by virtue of the anomalous observed deceleration
of the Pioneer probes. The model applies equally to material
bodies, spacecraft, or interstellar particles in motion. Anal-
ysis of observed anomalous deceleration is discussed exten-
sively by Anderson [8]. Krogh [2] also has addressed the de-
celeration as a cosmological effect which we also claim here.
Unfortunately, the Pioneer spacecraft are less than perfect as
a test of the cosmological effect we predict. The deceleration
is very small and can be contaminated by other forces coming
from the spacecraft and as we will show there are opposing
accelerations which are also predicted to occur from motion

through gravity gradients existing in the solar system. Thor-
ough analysis of the Pioneer data is ongoing which will add
more than we can discuss here, but for now we want to show
from the conservation of momentum model we propose here
what the cosmological contribution would be.

We can use (24) which is what conservation of momen-
tum requires for velocity in the non-relativistic free body case
to derive the cosmological deceleration contribution for our
cosmology model. The acceleration implied by the velocity
(24) can be derived by differentiating velocity with respect to
time which gives:

dv
dt
= 3v0 e3ϕ dϕ

dt
. (24)

Using (24) we can effectively update the epoch for veloc-
ity to the local one by substitution:

dv
dt
= 3v

dϕ
dt
. (25)

Since it is sufficient to approximate the dimensionless po-
tential at the present epoch as −Ht according to the cosmol-
ogy solution, we can write this in terms of the Hubble con-
stant as:

dv
dt
= −3vH . (26)

This result is slightly different than the result given by
Krogh [1] since we now have an integer factor 3 as opposed
to 4 previously reported. It’s clear since we have conserved
momentum that the alternative derivation conserving energy
did not conserve momentum which is the preference here. We
will show modeling motion within the Sun’s gravity gradient
by planet Mercury that using the factor 3 duplicates the GR
result for the rotation of the orbit ellipse. A full treatment
of the anomalous acceleration of the Pioneer probes must in-
clude effects for motion within solar system gravity gradients.

5.2 Motion modified by gravity gradients

We have shown for the non-relativistic case in (27) that a cos-
mological deceleration results from the time rate of change of
the time dependent dimensionless potential predicted by our
cosmology solution. The cosmology solution applied the cos-
mological principle assuming a uniform average matter den-
sity throughout the universe. This of course implies there are
no spatial gravity gradients from local gravitational bodies.
A body in motion would experience a change in gravity po-
tential due to passage through a local gravity gradient. The
body would not know the difference between a change result-
ing from motion in a local gradient or a time rate of change
from the cosmology.

The cause of the anomalous accelerations predicted by the
Krogh gravity model arises from conservation of momentum
in the presence of changing mass of a moving body. When
massive bodies are immersed in a space subject to a spatial
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gradient of the gravity potential, they also experience gravita-
tional accelerations which are independent of mass since all
masses fall at the same acceleration. While the gravitational
acceleration can cause momentum to change such that it is
no longer conserved as we had assumed in previous deriva-
tions, we can still predict that the anomalous accelerations
predicted by momentum conservation in the absence of ex-
ternal accelerations will occur because the mass still changes
in accord with the Krogh gravity theory as a function of the
dimensionless potential regardless of the cause. This effect
of momentum conservation from changing mass occurs in-
stantaneously and would be superimposed on accelerations
arising from gravity gradients. It follows of course that cos-
mological deceleration predicted never goes away and is also
superimposed as a perturbing anomalous source affecting the
total acceleration of any body.

Before we go further, we should address an issue aris-
ing because we wish to superimpose dimensionless gravity
sources coming from different gauges of reference. We could
call this the near far and past present terms in the total grav-
itational potential. This problem results from the fact that
the cosmological time dependent term has a primordial light
speed which represents the light speed of an empty universe
with no gravity potential and the gravity potentials of local
bodies such as the sun or earth generally refer to a light speed
far from local gravity fields. It is important to separate the
definitions of the light speeds which are regarded to be free
of gravity in local settings from the cosmological one where
space was only free from gravity at the matter epoch long ago.
We need to add non-dimensional potentials which are nor-
mally calculated by dividing by the square of light speed from
different reference gauges. We do not even know the primor-
dial light speed used to form the non-dimensional cosmologi-
cal potential. Once potentials are made non-dimensional, the
time rate of change must be calculated in the local reference
time associated with the acceleration. Failure to make appro-
priate distinctions may result in exponential scaling terms in
the acceleration equation that do not belong.

We saw when calculating trajectories in local space from
cosmological changes, the dimensionless potential takes on
the role of dimensionless time. For purpose of calculating ac-
celerations locally it is a good practice to consider the instan-
taneous epoch of the trajectory in time and space should also
be the reference for zero gravitational potential. Since poten-
tials always have some normally arbitrary reference energy,
this is permissible. We are only interested in changes in di-
mensionless potential. Whenever the dimensionless potential
is differentiated, the zero base for the potential goes away, but
we always end up with a light speed squared in the denom-
inator to make potentials dimensionless. The local gravity
potential must be made non-dimensional by dividing by light
speed calculated locally with the same units of measure as
the local gauge. The time rate of change must similarly be
calculated for the local time reference for the trajectory.

For purposes of discussion and calculation it is useful to
define three distinct light speeds as follows:
c0 = Light speed of an empty primordial universe with zero

potential;
cn = Light speed now far from local gravitational bodies at

present cosmological time;
c = Light speed in local space and time of body in motion.

Regarding the cosmological deceleration we have already
discussed, it should be clear that there must be a universal
frame of reference established when mass was created in the
universe. The argument for this is clear. When particles con-
sisting mostly of protons were created at the beginning of the
universe, the particles had random velocities in all directions,
i.e. no preferred direction. None of the particles had speeds
greater than the then light speed of the previously empty uni-
verse. Since the random velocity distribution has uniform ve-
locity densities in all directions, the average velocity is zero
establishing a universal rest frame forever. The acceleration
equation derived for the Pioneer cosmological effect causing
deceleration proportional to velocity applies equally to either
the universal reference frame or the local solar system frame,
because the entire solar system or for that matter the galaxy
motion with respect to the universal frame is decelerating. We
can therefore focus on just the relative velocity with respect to
the solar local frame of reference when determining the cos-
mological deceleration with respect to that body of reference.

We now predict additional previously un-modeled accel-
erations caused by motion in a local gravity gradient. We
restrict for now our discussion to one local gravitational body
of interest using our definitions of the various light speeds.
We define the total non-dimensional gravitational potential to
be used in exponential scaling terms in the Krogh theory in-
cluding cosmological and local potentials as:

ϕ =
Φu

c2
0

+
Φg

c2
n
= ϕu + ϕg , (27)

where Φu is the potential of the observable universe, and Φg
is the potential of the local gravitational body in both cases
expressed in whatever units are used for the respective light
speeds. We of course do not know c0 but we know the time
rate of change of that dimensionless term from the cosmol-
ogy solution. To include the perturbing acceleration contribu-
tion of motion by transport through the gravity gradient, we
must use the total time derivative of the dimensionless poten-
tial by adding the dot product of the velocity and the gravity
gradient to the time derivative in (27). We can write the to-
tal perturbing anomalous acceleration from cosmological and
gravity gradient contributions as:

ap = 3v
dϕ
dt
= −3vH +

3v
c2

n
(v · ▽Φg) . (28)

It is understood that the velocity is a vector. The first term
on the right is the Pioneer anomaly cosmological acceleration
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term. The final term is added due to the requirement to use the
total time derivative of the potential. Both terms contribute to
anomalous accelerations for the Pioneer probes, but presum-
ably the second becomes small when far from the Sun. A full
treatment of the Pioneer anomaly needs to include this term
especially for movement in the early stages in the inner solar
system. The second term affects the orbits of planets or other
bodies moving within the solar system. The later portion of
the Pioneer trajectory far from the Sun would depend mostly
on the first term cosmological effect and has so far been the
only one considered.

5.2.1 Mercury orbit

We will now show that the second term on the right of (30)
predicts the motion of planet Mercury identical with previous
General Relativity predictions. If we restrict the discussions
to just the Sun’s gravity gradient for our purposes and ignore
the small cosmological contribution of the first term, the per-
turbing acceleration can be written:

ap =
3v
c2

n
(v · ▽Φs) . (29)

Defining µ as GMs for the Sun’s gravity we know its ra-
dial gravity gradient and terms forming the scalar dot product
with the velocity in (31). The perturbing acceleration in the
direction of the velocity vector becomes:

ap =
3v
c2

n

(
µ

r2

dr
dt

)
. (30)

This acceleration caused by passage through the gravity
gradient directed along the velocity vector is either positive
or negative depending on the radial velocity direction. It will
be immediately clear to those familiar with orbit maneuvers
used to change argument of perigee for earth satellite orbits
that pairs of accelerations in opposite directions before and
after perigee will rotate the orbit ellipse. We need only to
analyze the integrated effect of this perturbing acceleration
to show that it duplicates the change predicted by GR. Note
that no curvature of space is involved in the new gravity the-
ory. The effect here is caused only by the conservation of
instantaneous momentum in response to mass changes in the
variable gravity potential along the orbit path as predicted by
the new gravity theory.

A time-honored way to do this type of analysis is to use
the Gauss planetary equations to calculate the cumulative in-
tegrated effect of small acceleration perturbations departing
from normal Newtonian orbit mechanics. To use the Gauss
planetary equations, we need components of perturbing ac-
celerations in the radial and in plane tangential direction per-
pendicular to the radius. At this point we can dispense with
the subscripts for light velocity since we can just use the light

speed consistent with the location of the Mercury orbit. We
begin by writing the components as:

ar =
3
c2

µ

r2

(
dr
dt

)2

; (31)

aθ =
3
c2

µ

r
dθ
dt

dr
dt
. (32)

Before we can integrate the appropriate Gauss equation
with substitution of these acceleration components, we need
to express them only in terms of the orbit true anomaly θ be-
cause the integration will be over θ for one orbit revolution.
We want both components written in terms of functions of θ
times the time derivative of θ. We need the following orbit
mechanics identities to make substitutions in terms:

r =
a (1 − e2)
1 + e cos θ

; (33)

dr
dt
=

r2e sin θ
p

dθ
dt
=

√
µ

p
e sin θ ; (34)(

dr
dt

)2

=

√
µ

p3 e sin2 θ
dθ
dt
. (35)

Using these orbit identities substituted for the appropriate
terms for the perturbing accelerations to obtain the forms de-
pendent only on true anomaly θ, we now have the alternative
forms desired:

ar =
3
c2

√
µ3

p3 e sin2 θ
dθ
dt

; (36)

aθ =
3
c2

√
µ3

p3 e sin θ(1 + e cos θ)
dθ
dt
. (37)

The appropriate Gauss planetary equation expressing the
time rate of change of argument of perihelion with radial and
tangential perturbing accelerations is given as:

dω
dt
=

√
1 − e2

nea

[
−ar cos θ +

(
2 + e cos θ
1 + e cos θ

)
aθ sin θ

]
. (38)

Substituting perturbing accelerations from (38) and (39)
into (40) and replacing n and p with the relations:

n =
√
µ

a3 ; (39)

p = a(1 − e2) , (40)
dω
dt
=

3µ
c2a(1 − e2)

[
− sin2 cos θ + sin2(2 + e cos θ)

] dθ
dt
. (41)

Integrating over one revolution for the change in argu-
ment of perihelion we have the result:

∆ω =
6πµ

c2a(1 − e2)
. (42)
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This is identical to the prediction from General Relativ-
ity and consistent with observations of the Mercury orbit. We
show in this example testing our methodology of conservation
of instantaneous momentum with changing mass dependent
on gravitational potential along the path of the orbit, that our
dynamic model is confirmed. This prediction is made without
any need to require that space is curved. The motion is du-
plicated by accelerations along the velocity vector direction
only.

5.2.2 JUNO orbit anomaly

The JUNO spacecraft has been orbiting Jupiter in a highly ec-
centric orbit. Because Jupiter is so massive and the spacecraft
passes through strong gravity gradients near the planet with
substantial radial velocity, it experiences similar anomalous
accelerations as predicted in the previous section for Mer-
cury’s orbit around the Sun. We have already shown that our
new dynamics model works for the Mercury orbit by repli-
cating rotation of the orbit ellipse as observed and consis-
tent with prior GR predictions. In the case of JUNO, we
have an additional and unique opportunity to test our new the-
ory and show that it is superior to GR since it predicts more
than just the global observation that the ellipse rotates. The
opportunity arises because we have precision doppler track-
ing data for the spacecraft which was not available for the
planet. The perturbing accelerations produce velocity varia-
tions which should be directly observable with doppler track-
ing which are predicted by the new dynamics and not by GR.
Anomalous unpredicted velocity variations have already been
reported by Acedo et al [9].

Unfortunately, currently we have neither the data nor the
resources to confirm that our new dynamics correctly models
the JUNO discrepancies in observed trajectory. The fact that
anomalies are predicted, exist, and are currently unexplained
suggests that such test are clearly warranted. To do the work
correctly will require careful attention to all the gravity mod-
els in the Jupiter environment including moons and the non-
spherical planet models. We have provided a proposed model
for the anomaly source which would have to be added to ex-
isting models by the appropriate investigators. We encourage
that this effort take place.

5.2.3 Earth flyby anomalies

Several examples of Earth flyby velocity anomalies have been
reported. Earth flybys are common practice for giving space-
craft a gravity-assisted boost to higher velocity primarily to
reach the outer solar system or to exit the solar system such
as for the Pioneer probes. The observed anomaly is gener-
ally described as a difference between the asymptotic veloc-
ity solution from Earth approach and Earth exit as reported
by Acedo [10]. The effect causes an inability to fit the track-
ing data for the whole trajectory connecting both approach

and exit. The anomaly varies substantially depending on the
nature and geometry of the Earth gravity encounter.

The new dynamic model we have proposed here would
obviously produce discrepancies of the type observed in Earth
flybys. The effect is entirely based on the variation in mass of
the spacecraft as it is in transit through the gravity potentials
of all the bodies involved including Sun, Moon, and Earth.
Since we require momentum to be conserved the velocity in-
creases or decreases depending on whether gravity potential
decreases or increases with respect to all gravitational bodies
in play. We have shown how to model the perturbing un-
modeled accelerations, which could be added to the tracking
reduction fitting models in detail. We of course do not have
the data or assets to do this but suggest it would be appropri-
ate to make such a test.

Another simpler method is suggested as well just for pur-
poses of explaining the cause of the anomaly. Since the grav-
itational accelerations from the bodies are well modeled al-
ready, and they are the only thing that can change the momen-
tum along the trajectory of the spacecraft, we would have al-
ready accounted for momentum change from ordinary accel-
erations correctly. It would be instructive and perhaps suffi-
cient to simply determine the total dimensionless gravity po-
tential of all gravitational bodies at the positions of asymp-
totic Earth approach and the asymptotic Earth exit. From
this we can calculate the difference in dimensionless poten-
tial between the two points in space comparing approach to
exit points. Using the Krogh gravity theory, we can then cal-
culate the predicted ratio of spacecraft masses between ap-
proach and exit by evaluating the exponential function with
the difference in dimensionless potential in the exponent. The
ratio of velocity at exit observed to expected should be the in-
verse of the predicted mass ratio. The prediction could be
expressed by the relations:

Va

Ve
=

Me

Ma
= e3∆ϕ ; (43)

Va = Vee3∆ϕ , (44)

where Va is the actual exit velocity and Ve is the expected
exit velocity while ∆ϕ is the difference in gravity potential di-
vided by c2. It is important that the spatial positions at both
approach to Earth and exit asymptotes are actual best esti-
mates. The integrated gravity accelerations must be over the
actual trajectory between these points in space. This shortcut
approach is suggested only as a simpler approximate method
which has some possibility of success, but it does not replace
integrating the correct instantaneous perturbing accelerations
according to the dynamics model. To remove current errors
in spacecraft navigation it will be necessary to include the
corrections for the integrated accelerations to fit tracking data
correctly and minimize residuals.

54 J.H. Drake. Krogh Quantum Gravity Explicitly Predicts Hubble Redshift Curve and JWST Findings without Expansion



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

5.2.4 Pioneer outgoing transient

The Pioneer cosmological deceleration anomaly is discussed
in §5.1.2. When the probe was sufficiently far from the Sun
and solar system bodies, the continuous cosmological decel-
eration anomaly may be dominant, but it should be recog-
nized that other perturbing accelerations were present and
may at times be significant during the outgoing trajectory as
the probe left the solar system. The model for modified dy-
namics caused by passage of a body through gravity gradients
has been discussed in a prior section with the perturbing ac-
celeration given by (31) where we proved the validity of the
model for the orbit of planet Mercury. The Pioneer probes
would experience anomalous accelerations near Earth flybys,
passage near other planets, and particularly the entire escape
from the Sun’s gravity potential. During exit from the Sun’s
potential the effect will be an acceleration which would op-
pose the cosmological deceleration which is present continu-
ously. Since the anomalous acceleration is also proportional
to velocity, the effects would be more pronounced during pe-
riods of higher velocity, generally occurring in earlier phases
before the deceleration from Sun escape slowed the probe.
The acceleration would diminish with distance from the Sun
both as the velocity slowed and the Sun’s gravity gradient be-
came weaker. The cosmological deceleration is abated only
by the lower velocity far from the Sun so the presence of pro-
portionately higher perturbing acceleration closer to the Sun
would flatten the observed net perturbed deceleration. There
is no intent here to analyze the trajectories in detail but to
make the claim that these effects are predicted, and a model
has been provided. The effects were not predicted by Gen-
eral Relativity but are direct consequences of the new gravity
theory proposed by Krogh including the resulting cosmology
solution provided here.

5.2.5 Cosmological orbit decay

An additional prediction of the proposed cosmology and the
Krogh gravity theory is that all orbits will decay under the in-
fluence of the increasing cosmological potential and conser-
vation of momentum with changing mass of the orbiting bod-
ies. Cosmological deceleration occurs in any orbiting body
like what was observed for the Pioneer probes. We will for
simplicity consider circular orbits of a small mass around a
much larger central body as in planetary orbits. Because the
satellite body is in orbit, any small reduction in tangential
velocity from a cosmological deceleration will result in a de-
ficiency in the centripetal acceleration, causing the body to
accelerate radially toward the central gravitational body. The
resulting trajectory is a shallow nearly circular spiral contin-
ually reducing the orbit radius. In the process the angular
momentum must be conserved as the radius decreases and the
mass increases. Because there is a small radial velocity the in-
tensity of the negative gravity potential increases further due

to the reduction in radial distance to the central body. This
gravity potential change is in addition to the cosmological
change causing the orbit to decay an additional amount. For
weak gravity gradients the additional amount is small while
in the presence of very strong gravity gradients the orbit will
become unstable with a steep spiral.

Consider then a small body spiraling toward a much more
massive central body. We assume the orbit radius changes
only a very small amount per revolution so that the velocity
vector is considered perpendicular to the radius vector and
equal to circular orbit velocity. With this assumption we can
calculate the rate of decay of the orbit over a cosmological
time interval with our cosmology providing the measure of
the gravity potential change. We further include the potential
change resulting from reduction of orbit radius in the gravity
gradient, which provides a method of testing if a given exam-
ple can be considered as a stable near circular weak gravity
case. With our assumptions and the requirement that angular
momentum is conserved as the mass of the orbiting body in-
creases with changing potential, we can easily calculate the
elapsed cosmological time required for any given reduction
in orbit radius. Conservation of angular momentum requires:

m0v0r0 = mvr ; (45)

m
m0
=
v0r0

vr
=

√
r0

r
= e−3∆ϕ ; (46)

r0

r
= e−6∆ϕ , (47)

where we have substituted for circular velocity at both radii
and applied the Krogh gravity theory for scaling the change
in orbital mass. Since GM remains constant at the times for
both radii, it cancels out for the ratio of the starting and ending
radii. The product GM will remain in the equation for total
change in dimensionless potential ∆ϕ, which will affect our
test for the weak gravity assumption for orbit stability. We
can write the total change in dimensionless potential which
applies to the exponential scaling of mass ratio as:

∆ϕ = −Ht +
GM
r0c2

0

−
GM
rc2

0

, (48)

where the time t is the time from the starting radius to the end-
ing radius. Substituting this total potential change in the ex-
ponent of (49) and taking the natural logarithm of both sides:

ln
r0

r
= −6∆ϕ = 6

Ht −
GM
r0c2

0

+
GM
rc2

0

 . (49)

Solving for transit time to go from the initial radius to the
final one we have the result:

t =
1
H

1
6

ln
r0

r
−

GM
rc2

0

−
GM
r0c2

0

 . (50)
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For our assumption of near circular and stable orbits to be
valid the difference in potentials in parenthesis must be small
compared to the logarithmic term to its left in the brackets or
otherwise stable near circular orbits cannot be sustained and
the orbit will go into a steep spiral into the central body. This
would be an example of very strong gravity fields resulting
from either very large central mass or small orbit radius. For
strong gravity fields a more complex integration of the dy-
namic model would be required to describe the trajectory. In
the case of Earth orbit around the Sun at its present radius,
the term on the right is many orders of magnitude smaller
than the term on the left and can be neglected. An interesting
conclusion for weak gravity fields is that the orbit radius de-
cay is very similar to nuclear decay where it can be defined
as a half-life. This is a direct result of the exponential rela-
tionship and the linear change in universal potential with time
given by the applicable late term solution for our cosmology
framework.

It is also important to consider that the solution obtained
assumes that the central body GM is constant which is not
strictly true for example if it is a star like our Sun. The Sun is
losing mass from nuclear fusion and expulsion of solar wind
particles. If we try to measure the distance to the Sun with
the Earth diameter to measure parallax, we will have to un-
derstand that the Earth diameter is shrinking cosmologically
which would mask some of the change in orbit diameter. The
energy radiated by the Sun is also changing as well. Accord-
ing to the cosmology and the Krogh gravity theory the rest
mass energy of the Sun is falling as the universal gravity po-
tential is increasingly negative. Depending on what the net
effect is, it is conceivable that global warming could be af-
fected, but because changes occur so slowly it is unlikely to
be significant.

5.2.6 Galaxy rotation and decay

Galaxy dynamics has long been a complex N-body problem
difficult to model including unknown distribution of collec-
tive mass density from all the stars and other matter present.
The present consensus theory includes the supposed existence
of non-baryonic dark matter halos. It is not in the scope of
this paper to develop necessary new galaxy simulation mod-
els that will be needed in the context of the new cosmology
framework proposed. What is worthwhile is to point out how
models developed with prior cosmology and gravity models
are no longer valid in the new context. Prior observational
methodologies are incorrect without knowledge provided by
the new paradigm. The cosmological deceleration required
by our solution becomes the same order of magnitude as the
radial gravity gradient acceleration at large distances from
galactic center, so dynamics cannot be understood without
these terms.

We have just discussed in the prior section how orbits are
subject to cosmological decay as the universal potential be-

comes increasingly negative because of continuous arrival of
gravity from the most distant mass density just arriving since
matter was created. Entire galaxies are also subject to this
decay with the difference that galaxies rotate very slowly and
have enormous size. Because the time for even one rotation
is so large, the notion of circular orbits around the galaxy
center is inherently flawed since conservation of angular mo-
mentum of the galaxy contents will cause the entire content
of the galaxy to decay toward the center as the mass of these
contents is forever increasing with the cosmological potential
change. Since a black hole normally will exist at the cen-
ter, the dynamics of the new framework will continually feed
the galaxy contents into the black hole. Unless a galaxy con-
tinues to create new stars from infalling interstellar matter,
it will be destined with sufficient time to turn into a super-
massive black hole and no longer exist as visible matter. We
showed that as orbiting matter gets closer to a massive cen-
ter with very strong gravity gradients, it will become unstable
causing it to spiral more rapidly and become consumed by an
existing black hole.

Because of slow rotation and size, near circular orbits can-
not exist inside galaxies at all, because cosmological dynam-
ics will dominate the motion. Newtonian dynamics cannot
describe their motion correctly. It can be said that galaxies are
accretion disks around a black hole center. Since we already
know galaxies no longer producing stars are common, we can
expect that some galaxies may have already been consumed
by supermassive black holes or at least their stars have since
gone dead. These would contribute to dark baryonic matter
throughout the universe. Galaxy clusters may have more dead
galaxies than visible ones. Since atomic time moved more
rapidly in the past, we can expect that stars would not have
lived as long then.

Returning to live observable star producing galaxies we
know that such galaxies have infalling interstellar matter con-
tinually producing those stars. With our new dynamics, the
age of the visible stars says little about the age of the galaxy
because oldest stars would have spiraled into and been con-
sumed by the massive center black hole. A better indicator
of galaxy age is the mass of the central black hole which re-
quires time to produce and continually grows. Considering
what we now claim about galaxy dynamics, the notion that
galaxy rotation curves can be observed by assuming stars are
in circular orbit around galaxy centers and the redshifts of
stars can be used as a measure of orbital velocity is funda-
mentally flawed. The Hubble space telescope has had suffi-
cient time and resolution to track the actual motion of stars in
the Small Magellanic Cloud, a satellite galaxy of the Milky
Way. NASA [11] found a pronounced inward spiral flow of
stars towards the center which is consistent with what we pro-
pose to be the normal galaxy dynamics expected.

Expecting spiral motion is the norm, it is incorrect to as-
sume stars are in circular orbits about galaxy centers when
projecting line of sight doppler measurements. Since stars
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moving at higher velocity have higher cosmological deceler-
ation from changing mass, effects are pronounced. Velocities
near escape are expected for infalling interstellar gas suffi-
ciently far from galaxy centers. Even stars which are mea-
sured to have velocity higher than escape velocity after for-
mation will still be captured by the galaxy potential due to
cosmological deceleration. The diameter of galaxies is so
large that it takes considerable time just to pass by, so the cos-
mological effects are far more pronounced than for smaller
planetary orbits. Integration of a free coast trajectory of a
mass initially at escape velocity results in deceleration to cir-
cular velocity from cosmological increase of gravity poten-
tial predicted in about 1.6 billion years, a time comparable to
galaxy rotation period in the outer extremes of the galaxies.

Because of this new cosmological capture process, there
is a transition region which applies to galaxies in their outer-
most regions. These regions consist of infalling matter and
stars which remain initially near Newtonian escape velocity
or higher. The escape-like infalling outer region transitions
to a quasi-circular stable body of the galaxy in the mid re-
gions. It is never circular but will have a near circular tangen-
tial component of velocity, which has been misinterpreted by
incorrect doppler projection. Because the infalling matter has
inherent rotation with respect to the galaxy center, we know
that as infalling stars decrease their radius the tangential rota-
tion component of velocity will increase to conserve angular
momentum. The cosmological deceleration from the poten-
tial change will act to reduce the velocity vector magnitude
as it acts in the direction of the velocity vector. At the same
time, the tangential component of velocity affecting the line-
of-sight doppler measurements increases to conserve angular
momentum, so the combination results in a near constant tan-
gential component with radius observed in the doppler as in-
terpreted. The spiral motion winds up as the radius decreases
and the spiral flattens out. When the radius is small enough,
the path becomes quasi circular regarding the tangential com-
ponent like the inner galaxy region. The assumption of circu-
lar orbit has misled us to believe Newtonian dynamics is in
play in the interior while something else controls the outer
extremes of the galaxy. This led to either the MOND or dark
matter halo incorrect conjectures.

We claim that a transition capture process is the MOND
effect. There is no change in Newtonian gravity acceleration
as supposed in the MOND interpretation. The problem occurs
because doppler redshift distribution maps assume that line of
sight doppler shifts come from circular velocities tangent to
orbit rings centered on the galaxy center. Instead, what we
have are spiral arm-like paths which begin steep in the outer-
most regions and are wound up tighter and flatter as the spi-
rals approach the quasi-circular inner region. What it reflects
is a capture process where the infalling matter is slowed cos-
mologically and captured by the galaxy. We believe that sim-
ulations of the transition region with dynamics we propose
will result in apparent motion like MOND empirical interpre-

tations of galaxy rotation based on the incorrect circular or-
bit projection assumption. We now have direct observational
evidence of galaxy spiral star motion from NASA [11] prov-
ing this assumption incorrect. Since the speed of light is not
constant, additional care should also be taken in measuring
velocity from doppler redshifts.

5.2.7 Cosmological replacement for MOND

Based on the foregoing discussion we claim that the MOND
galaxy dynamics conjecture is explained in its entirety by
the dynamics and cosmology of our proposed framework. It
should be recognized that we do not require dark matter to ob-
tain the correct observed velocity rotation curves. This will
occur naturally by updating future dynamics models with the
perturbing accelerations required by Krogh gravity and our
cosmology solution. Our objective here is only to provide
the required framework, while we presently lack the com-
puter models required to fully implement necessary changes.
Instead, we apply conservation of angular momentum alone
as we did in §5.2.5 for near circular orbit decay to the dy-
namics of galaxy capture of infalling matter beginning near
escape velocity and spiraling into quasi circular orbit at cap-
ture. Quasi circular is defined here to mean that the tangen-
tial component of spiral motion equals circular orbit velocity
normally expected with Newtonian gravity. We show that this
occurs at what would formerly be interpreted as the MOND
radius where the centripetal acceleration became consistent
with Newtonian gravity potential of the galaxy. This is the re-
gion where flat galaxy rotation velocities are observed which
led to the MOND conjecture for modified gravity. We can
make significant conclusions and replace the MOND con-
jecture entirely by using conservation of angular momentum
in the new framework. We assume a flat tangential velocity
curve in the outer galaxy capture region and consider the tran-
sition to quasi circular tangential velocity. This is a special
but representative case of a capture scenario which enables a
simple solution consistent with observed rotation curves.

We must first correct the law of conservation of angular
momentum in the variable mass context of the cosmology.
We require conservation of angular momentum at different
times where mass depends on the changing cosmological po-
tential in accord with our solution. The angular momentum is
taken with respect to rotation with respect to the galaxy cen-
ter in question and applies to all interstellar mass engaged in
free fall into a single isolated galaxy. Since the galaxy is an
accretion disk, the size of the galaxy is all the mass inside the
radius of some arbitrary mass such as a star in motion just
outside of this radius. The effect of gravity is an acceleration
vector toward the galaxy center in the radial direction. The
tangential component of velocity provides an opposing cen-
tripetal acceleration in the radial direction, and we also have
deceleration along the negative radial velocity vector required
by the cosmology and confirmed by Pioneer probes. Cos-
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mological deceleration occurs for both radial and tangential
velocity components. There is a decay of angular momen-
tum with respect to unit mass caused by cosmological mass
change. Angular momentum of cosmological origin is the
source of galaxy rotation and radial motion changes the tan-
gential velocity component of any incoming mass. The radial
acceleration depends on gravity acceleration, centripetal ac-
celeration, and cosmological deceleration. Both mass change
and radial motion dictates the tangential component of veloc-
ity by conservation of angular momentum. Angular momen-
tum conservation for infalling masses requires:

vtrm = v0tr0m0 . (51)

Mass change from the cosmologically dependent grav-
ity potential depends only on the Hubble constant which re-
quires:

m0

m
= e−3Ht . (52)

Accounting for mass ratio dependence on cosmological
time and substituting above we have a new general theory of
angular momentum conservation that requires a time depen-
dency of angular momentum per unit mass in the form:

vtr = v0tr0e−3Ht . (53)

We can now show that our conservation of angular mo-
mentum equation can be used to define the conditions which
allow a flat tangential velocity to exist with respect to radius
in an infalling region just prior to transition to a quasi-circular
tangential velocity at radii below this transition. It is this re-
gion which previously has resulted in either the MOND inter-
pretation of dynamics or the dark matter conjectures. Based
on the actual observation of galaxies where this has been ob-
served by projection of line-of-sight doppler measurements,
we impose the existence of such a region at least as a poten-
tial scenario in such a transitional region. Differentiating (55)
angular momentum conservation requirement with respect to
time:

r
dvt
dt
+ vt

dr
dt
= −3Hv0t r0 e−3Ht . (54)

Substituting from (55) this becomes:

r
dvt
dt
+ vt

dr
dt
= −3Hvtr . (55)

Solving for the rate of change of tangential velocity we
have:

dvt
dt
= vt

(
−3H −

1
r

dr
dt

)
. (56)

To require a flat tangential velocity during some transition
region we require that this derivative vanishes. This can be
satisfied if:

dr
dt
= −3Hr . (57)

We also derive the radial acceleration required for acceler-
ation balancing which by differentiation and substitution can
be written:

d2r
dt2 = −3H

dr
dt
= 9H2r . (58)

We can also express the time dependence of the radius in
the transition region from the differential of the natural log
implied by (59) as:

r = r0 e−3Ht . (59)

We have thus determined by conservation of angular mo-
mentum alone in the context of the new cosmology frame-
work how the radial velocity component must vary in some
transition region at the exterior region of a galaxy where we
presume the tangential velocity is flat with respect to time
and therefore with radius as infalling matter is captured by
the galaxy from interstellar space. The matter is falling in
spiral motion with both radial and tangential velocity and we
need to find how it occurs that the tangential component be-
comes equal to the velocity of a Newtonian circular orbit. It
is this condition which has been erroneously interpreted to
mean that the motion is circular in the interior of the galaxy.
Due to the appearance of the Hubble constant, we see that
the motion in the transition region formerly thought to be the
MOND region has a cosmological origin which cannot be de-
termined without our cosmology solution.

To define how transition to quasi-circular tangential ve-
locity occurs where the dependence on radius is no longer flat,
we must investigate what the radial equation of motion re-
quires for the balance of centripetal acceleration with the neg-
ative gravitational acceleration. We no longer have the New-
tonian equation alone because the descending radial compo-
nent of velocity in the region is subject to the cosmological
deceleration, the same as we found for the Pioneer anomaly.
This deceleration is −3Hv which is the same as the result
given by (60). We require the sum of the cosmological de-
celeration of the radial velocity plus centripetal acceleration
minus gravitational acceleration must equal the net decelera-
tion given by (60). We can write the equation balancing radial
accelerations as:

−3H
dr
dt
+
v2t
r
−

GM
r2 = −3H

dr
dt
. (60)

The far-left term of this acceleration equation is the cos-
mological deceleration of the radial velocity. The right-hand
term is the total radial acceleration which must be the same
as we have just required for the flat tangential velocity curve
derived from conservation of angular momentum. The far left
and right terms are equal and cancel out of the radial acceler-
ation balance. The center two terms are apposing centripetal
acceleration and gravitational downward acceleration which
must also cancel each other because we require that the radius
chosen will be the one that satisfies this condition simultane-
ously with what we required for radial velocity just before
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the transition. We can substitute the radius in terms of radial
velocity from (59) as:

r = −
dr/dt
3H

. (61)

Since the center two terms must sum to zero for the cir-
cular tangential component velocity requirement, we require:

v2t =
GM

r
. (62)

Using the radius required by (63) in (64) we must have:

v2t =
3HGM
−dr/dt

. (63)

We can satisfy this requirement if we require the nega-
tive radial velocity is the same magnitude as the tangential
component so that the flat tangential transit velocity equals
to circular velocity at the transition point. The sum of the
two components results in a total velocity equal to Newto-
nian escape velocity. The flight path angle of the spiral path
would be 45 degrees at transition to quasi circular tangential
velocity. The tangential velocity required which satisfies the
requirement for our assumed flat velocity curve scenario is
given by the relationship between velocity and galaxy mass:

v∞ = (3HGM)
1
3 . (64)

We can also write the relationship for the radius where the
transition to quasi circular spiral motion occurs as:

rm =

(GM
9H2

) 1
3

. (65)

where we now use subscripts for the tangential flat velocity
value and the transition to quasi circular Newtonian velocity
to be consistent with the conventional terms used for the past
MOND conjecture. Note that the relations are similar but not
identical to those obtained for MOND. We do not require the
transition to a minimum acceleration constant of the universe
as required by MOND but instead have only the Hubble con-
stant because the effect can be explained in total by the cos-
mology proposed. The scenario we used in the derivation is
only strictly valid for a truly flat velocity curve in the exter-
nal transition zone formerly representing the onset of MOND
dynamics. We also do not have actual circular orbits any-
where in the entire galaxy. The galaxies have spiral flow ev-
erywhere and the motion cannot be understood without the
proposed cosmology. Motion is not defined by Newtonian or
GR dynamics, but only by the modified dynamics introduced
here. This conclusion is supported by evidence reported by
NASA [11] where actual tracking of stars in a small galaxy
by Hubble Space Telescope resolved the actual spiral path of
individual stars.

We found in our discussion of circular orbit decay that the
radial apparent orbit exponential decay with time is at twice

the rate prior to the MOND-like transition to quasi circular
behavior, so there is a higher negative radial velocity after the
transition occurs. The decay internal to the galaxy is only in-
fluenced by mass of the galaxy internal to the radius of the
tangential velocity in question, so the velocity curves act in
accord with Newtonian assumptions, but it is important to
recognize the radial component of the internal spiral motion
because it feeds the entire galaxy into its center. Another ob-
servation of the proposed dynamics is that we can explain the
existence of relatively rare observed ring galaxies. A ring will
occur if a galaxy experiences a prolonged period without be-
ing able to capture interstellar gas outside the galaxy. During
such a period the galaxy radius shrinks toward the center with
the spiral inflow. If interstellar gas capture inflow then re-
sumes much later, new star formation will occur at the former
radius dictated by the galaxy mass inside and a now isolated
ring can form well outside of the now much smaller disk of
the galaxy after star formation and gas capture had ceased.
Normally when galaxies are continually producing stars, the
galaxy will grow from the outside and accrete toward the cen-
ter.

5.2.8 Black hole formation accretion and growth

In §5.2.5, we found that circular orbits about massive bodies
in strong gravity gradients cannot exist since they are subject
to being triggered into a spiral inflow path by even the small
cosmological deceleration inherent to our new cosmology so-
lution. The resulting decay of the orbit causes a runaway mass
increase in a strong gravity gradient such that conservation of
angular momentum will not allow high enough velocity to
sustain the necessary centripetal acceleration for orbit. So,
we have a situation where cosmological decay of orbit radius
ensures that any orbit will ultimately reach a critical radius
ending in spiral inflow into a black hole. There is thus a dy-
namic mechanism that assures accretion and growth of center
black holes in galaxies with a supply of low radius stars or
gas. Furthermore, the cosmological decay of all orbits en-
sures that orbiting material is doomed to reach that critical
orbit radius with sufficient cosmological time. The age of
stars in a visible galaxy is limited because supermassive black
hole growth is a natural evolution of galaxies. Accretion of
material into a black hole is much more efficient than grav-
ity wave radiation to deplete angular momentum even though
this still occurs with the Krogh gravity theory. This explains
why supermassive black holes have more than adequate time
to form even in the earlier universe now seen by the James
Webb Space Telescope.

5.2.9 Superluminal galactic jet acceleration

Several galaxies have been observed to have Active Galac-
tic Nucleus (AGN) particle jets generally perpendicular to the
galaxy disks and apparently having a source near the
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center where a massive black hole is present. Many of the ob-
served jets extend to great distances from the galactic center
and appear to continue to accelerate far from the center while
achieving superluminal velocities more than light speed. Ex-
amples of such AGN galaxy jet observations are discussed
extensively by Meyer et al [12]. Present theory does not pro-
vide a cause for why a stream of particles would accelerate
in the process of escaping powerful gravity gradients associ-
ated with a concentrated massive black hole, much less that
they would reach velocities exceeding the speed of light we
know in the process. We will show here that this is a natural
result of our new dynamics and the Krogh gravity theory re-
sulting directly from conservation of relativistic momentum
with decreasing particle mass as the potential changes. It is
the most extreme example of the same cause we found for the
Earth flyby anomaly upgraded to relativistic momentum and
relativistic epoch velocity.

Krogh discusses how massive objects which, with GR
theory would be black holes, are never quite black regardless
of how massive they are, since a small amount of light and
even particles can escape from the mass. See for example his
paper, “Galactic Nuclei and Jets in Wave Gravity” [13]. With
the description, atomic particles like electrons and protons
still exist sustaining the mass of the object but as is required
by the theory, the particle size has shrunk to allow a highly
compact volume which is not a singularity. A small fraction
of charged particles with sufficiently high relativistic veloc-
ity can escape directly from the central mass along magnetic
field lines at poles north and south and generally perpendic-
ular to the spinning galactic disk. An accretion disk is not
required to supply the escaping particles.

We need now to extend our conservation of momentum
equations to relativistic speeds for this specific case to ex-
plain the observed acceleration that drives the jets. We return
now to (22) beginning by repeating it here only with a new
definition of how it applies at the local epoch. The equation
originally was written to show how velocity changes with uni-
versal potential for originally created particles at the matter
epoch of the cosmology solution. We write it again as:

v =
v0 e3ϕ√

1 − (v20/c
2
0) + (v20/c

2
0) e2ϕ

. (66)

This equation was derived by equating the relativistic mo-
mentum to different points in time where the potential had
changed from the epoch where velocity was v0 to a later time
where dimensionless potential ϕ resulted in a mass change in
accord with the exponential scaling law given by Krogh the-
ory. In effect it is a coast trajectory which would apply to
any time dependent potential change. The dimensionless po-
tential becomes the time variable describing the motion. We
want to apply this equation much like we did successfully for
the Mercury orbit in the non-relativistic case where conserva-
tion of momentum provides a contribution to acceleration in

addition to any other accelerations resulting from local grav-
itational bodies. We no longer have the luxury of selecting a
local speed of light which is close enough to consider a con-
stant for the trajectory as for the planet Mercury or an Earth
flyby. For a galactic jet escaping from a black hole, the speed
of light changes rapidly with motion in the strong gravity gra-
dient and we need to define the dimensionless potential by di-
viding by light speed squared to apply our gravity theory. For
this discussion, we only need to tease out the instantaneous
acceleration model for any location and time chosen as the
instantaneous epoch of the trajectory.

Consider then (68) as a means to account for how much
velocity would change if relativistic momentum is conserved
as mass increases for a particle escaping from a massive gal-
actic center. The total acceleration would need to include the
deceleration from the local gravity gradient toward the mass
center while the conservation of momentum from (68) would
account for the reduction in mass as the particle moves ra-
dially outward. In the equation, the dimensionless potential
is assumed to be made non-dimensional by dividing by c2

0
which is the light velocity at the instantaneous epoch where
velocity is v0. The dimensionless potential varies with radial
outward movement where we are only interested in the incre-
mental change in the gravity gradient from motion at radial
velocity v0. With this understanding, we differentiate (68)
with respect to time to obtain the acceleration from momen-
tum conservation only. The resulting complex equation can
now be simplified with the consideration that we can choose
the dimensionless potential to be zero at epoch where we are
evaluating the acceleration. If we do that, all the terms with
exponentials become unity and we tease out the instantaneous
acceleration resulting from conservation of momentum alone
which is given by the simple equation:

dv
dt
= v0

3 − v20
c2

0

 dϕ
dt
. (67)

We see that if the velocity ratio v20/c
2
0 is negligible, the re-

sult is the same as the previous perturbing accelerations used.
In the relativistic case the initial velocity becomes large so
that this cannot be considered a small effect any longer. If we
substitute for the derivative of the dimensionless potential the
appropriate dot product of velocity with the gravity gradient,
we have the result for momentum conservation with changing
mass only:

dv
dt
=
v20

c2
0

3 − v20
c2

0

 ▽Φg . (68)

It is immediately clear from this result that the leading
factors multiplied times the gravity gradient can result in an
acceleration radially outward due to decreasing mass greater
than unity with a sufficiently high relativistic initial velocity.
This means that highly relativistic particles will have a net ac-
celeration greater than the attractive acceleration toward the
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gravitational body. Particles moving at light speed have the
greatest factor of two times the gravity gradient so the par-
ticles accelerate at the same rate we would normally expect
them to fall towards the body with Newtonian gravity. When
the central body is a black hole, the gravity gradient is very
large, and the acceleration will be substantial.

We have explained why relativistic galactic jets acceler-
ate but the question of apparent superluminal speeds needs
further explanation. In accord with the Krogh gravity the-
ory, the speed of light is near zero at a sufficiently massive
body. Light speed increases as the radial distance from the
body increases. We can do the same differentiation of the re-
quired change in light speed with the dimensionless potential
with the result that light speed accelerates at the instantaneous
rate:

dc
dt
= 2c0

dϕ
dt
. (69)

Again, substituting for the derivative of the dimensionless
potential at some velocity v0 we have the result for accelera-
tion of light speed:

dc
dt
= 2

(
v0
c0

)
▽Φg . (70)

Comparing factors in (70) and (72), we conclude that light
speed accelerates faster than jet escaping particles for any
velocity. Eq. (70) is the perturbing acceleration not includ-
ing the gravity potential acceleration toward the black hole.
There is no scenario where the accelerating particle can ex-
ceed light speed, which is what we should expect from special
relativity. We thus have explained why the particles acceler-
ate, but the observation of superluminal velocity is an illusion
caused by the fact that the cosmology tells us that light speed
in the past is greater than present. By squaring both sides
of (9), we know from our cosmology solution that the light
speed ratio from emission in the past compared to the present
is given by:

ce

cn
= (1 + z)2 . (71)

We see for example that at a galaxy redshift of 1.5 the
light speed at time of emission from a distant galaxy is 6.25
times current light speed. We therefore predict that a galactic
particle jet that leaves the center at relativistic speeds and ac-
celerates can be expected to appear superluminal when we are
assuming the wrong light speed. This is a remarkable confir-
mation of our new cosmology framework. We saw previously
the redshift itself requires a light speed increase contribution.

5.2.10 Source of cosmic rays

Galactic jet acceleration provides a continuous supply of rel-
ativistic particles in the universe. We now have from Krogh
[13] that black holes are always capable of producing and

leaking relativistic particles in the form of jets following mag-
netic field poles north and south. From our discussion of su-
perluminal jet accelerations, which are observed from active
galactic nuclei, we further have explained how these jets ac-
celerate and remain relativistic through escape from the black
hole center and for that matter from the galaxy as well. We
also expect from our previous cosmology discussions that the
universe is so old that dead galaxies which have run out of
interstellar gas and in some cases may have been totally con-
sumed by the black hole center are likely to exist and may
even well exceed the number of active visible galaxies. Ac-
cording to arguments from Krogh [13], the jets are expected
even in the absence of any accretion disk, so the jets should
exist for isolated unobservable black holes throughout the
universe. We know from (23) that relativistic particles that
survive collisions will remain relativistic with conservation
of momentum as the speed of light slows cosmologically. We
can with these arguments claim a continuous source of cos-
mic ray particles is predicted in our cosmology framework.

6 Concluding discussions

We have shown a new cosmology framework which explains
why distant galaxies are redshifted without universe expan-
sion while not requiring tired light decay in transit. By direct
integration of variable light speed as known from our solution
of the gravity potential differential equation and Krogh grav-
ity theory, we derive a new Hubble curve equation consistent
with observed redshift versus distance. The exponential form
of the equation for the redshift factor derived directly from the
theory agrees exactly with the same equation derived empiri-
cally from observations and ruled inconsistent with consensus
universe expansion.

Solution of the governing equation for the time dependent
universal gravity potential implies a matter creation epoch
boundary condition with a gravitational matter observational
horizon expanding at the variable speed of light derived from
our solution. The matter creation was necessarily hot if for no
other reason that there could be no preferred reference frame.
We can speculate that matter creation occurred from a vac-
uum phase change, although just as for the Big Bang, there
can be no specific cause of origin which is common to any
theory of origins. Cooling occurred from conservation of mo-
mentum as particle masses increase with increasing time de-
pendent gravity potential. A CMB surface of last scattering
began after cooling to recombination temperature occurred.
The surface is uniform because the density to the matter grav-
itational horizon is averaged over distances in the trillions of
light-years at today’s speed. The primordial plasma was fully
thermalized and mixed over many Hubble times before re-
combination temperature was reached.

Assuming 3 000 K recombination temperature, time since
the CMB surface formed was approximately 49 billion cur-
rent length years, corresponding to about 453 billion years
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atomic time. There has been more than sufficient time for
massive mature galaxies and black holes to form as observed
by JWST. In fact, from the theory the relation between the
Hubble constant and average matter density requires that den-
sity is 4/3 of classical Big Bang critical density. The age
since CMB formation and higher matter density suggests pro-
lific star formation. It is likely that many stars and galaxies
are long since dead and unobservable except for their grav-
ity. There is no reason to require non-baryonic dark matter
which has never been found to exist. We believe that observed
galaxy rotation can be fully explained without non-baryonic
dark matter using the proposed dynamics here replacing the
MOND interpretation as well. Dark energy and associated
expansion are not relevant or necessary to have a valid Hub-
ble curve shape.

Primordial light speed remains an unknown order of mag-
nitude higher than present which would be necessary due to
the exponential scaling equation which it obeys according to
the Krogh theory. The dimensionless exponent is in num-
ber of Hubble times. Cooling of the plasma would require
many Hubble times to reach the assumed recombination tem-
perature of the CMB. There has been about 3.5 Hubble times
making up the 49 billion current years since recombination.
Primordial light speed is not particularly important to the cos-
mology if it is sufficiently high, because it only affects how
much time the universe existed only in the plasma state. It
also scales the distance to the matter horizon and is the cause
for smoothness of the CMB because of the enormous dis-
tances over which the matter density is averaged. It essen-
tially replaces inflation in consensus cosmology without ad
hoc assumptions.

The Hubble constant is the most important constant of
the cosmology. This constant essentially defines the dimen-
sionless Hubble times which are required as the independent
variable for the cosmology solution equations. We know ex-
actly from the theory how it can be determined from the av-
erage matter density of the universe, but that is not an observ-
able quantity especially since most of the matter is invisible.
Three methods come to mind as alternatives. The first is to
develop the conventional distance ladder as in the past and
try to find the Hubble constant that best fits the redshift ver-
sus distance. It would be necessary in this process to ensure
that any analysis involved with processing the various types
of data used such as standard candles removes any prior pos-
sibility of embedded assumptions of universe expansion with
redshift. We also need to look at each type of observation
that may be affected by the evolution of physical constants
and atomic time with cosmological dimensionless potential.
This could change the brightness of supposed standard can-
dles at different cosmological times. We showed in Figure 4
that data previously obtained by others can be fit reasonably
well with only a single Hubble constant as an unknown. We
cannot say that the assumptions embedded in the old data are
any longer correct in the new context. Development of the

distance ladder revisions as necessary would be beyond the
scope of our goal of providing only a new framework here.
We caution that this method would best be done by investi-
gators with custody of the raw data who would need to pro-
cess that data with knowledge of the new context and gravity
theory.

A second method which is entirely new is to measure the
Hubble constant directly from observed cosmological decel-
eration, such as observed for the Pioneer probes. Unfortu-
nately, the accelerations are small and can be contaminated
by other small acceleration causes. We have already pointed
out here that there are other small perturbing accelerations re-
sulting from transit through local gravity potentials from any
and all gravitational bodies. We do believe that the local po-
tentials are well known and the trajectories of the probes as
well so that it should be relatively easy to model these and
subtract them out. The remaining non-cosmological contrib-
utors would still need to be removed as effectively as possi-
ble. We would encourage investigators to make such and ef-
fort with the goal of teasing out a Hubble constant from data
that already exists. A better application of this new approach
would be to design and launch a new probe tailored for this
purpose alone. The probe should be launched at the high-
est velocity which can reasonably be obtained since the cos-
mological acceleration is proportional to velocity. It should
include the best possible tracking technology for detecting
the small anomalous acceleration and should be designed to
minimize any external causes of acceleration. This may pro-
vide an alternative allowing direct measurement of the Hub-
ble constant.

A third method might be to take another look at the CMB
radiation structure we already have and see if we can deduce
the Hubble constant from the CMB structure. We no longer
have expansion in play if comparing past structure to present
universe structure, and we need to know for sure what the re-
combination temperature was because it too could scale with
the past cosmological potential. The temperature determines
the redshift and redshift plus Hubble constant determines dis-
tance of the surface required to understand the scale of struc-
ture. Any modeling of acoustic oscillations would have to be
reworked because the speed of both light and sound is differ-
ent at CMB time. Speed of light is tied to the black body tem-
perature ratio and speed of sound is tied to both temperature
and scaled lower particle masses, so both speeds are much
higher than we have now. If this method has any credibility it
needs to be determined by experts in this area.

Since the entire cosmology framework proposed rests on
adopted new Krogh gravity theory which replaces General
Relativity, we have included discussions of numerous predic-
tions for gravitational dynamics changes implied by use of the
teachings of Krogh theory of gravity. Since the new theory
no longer involves curvature of space as with GR, but rather
is restricted to flat Euclidean space, it requires modeling of
any accelerations not a part of Newtonian gravity dynamics
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formerly replaced by GR. It still must replace GR dynamics
where previously successful, but we found other predictions
not predicted by GR which strongly support the Krogh theory.
Since the Krogh theory requires changes to physical constants
with the dimensionless gravity potential and these include rest
mass, rest energy, and light speed.

It is not a trivial matter to tease out what the accelera-
tions should be especially in relativistic dynamics. Krogh has
used a few different approaches with at least limited success.
Because mass and rest energy change, the usual conserva-
tion assumptions are risky. In this paper we have taken the
approach uniformly that the only reliably conserved entity is
momentum. We use this approach alone to tease out non-
Newtonian acceleration dynamics. We confirm the method-
ology by proving that resulting Mercury orbit dynamics are
consistent with confirmed General Relativity predictions.

Using conservation of momentum as our only assump-
tion, we develop predictions not predicted previously by GR,
but which have testable observational information. These
include Earth flybys, JUNO Jupiter orbiter, Pioneer Probe,
apparent superluminal galactic jet acceleration, galaxy rota-
tion and spiral flow, and more rapid formation of black holes
through faster accretion. All have been observed but those
in possession of the observational data and modeling tools
needed for adequate testing of our theory do not have the ben-
efit of our model changes required. Perhaps the most remark-
able is superluminal galactic jets, since the cosmology itself
predicts that this is possible for relativistic starting velocities
because the speed of light is far higher at distant galaxies.
We predict the mechanism of acceleration through momen-
tum conservation, while the changing light speed that the cos-
mology requires explains and enables apparent superluminal
velocities for distant galaxies.

We have further shown that galaxy dynamics cannot be
explained in the Newtonian or GR context where near cir-
cular orbits are presumed to describe the motion. Instead,
all masses in the galaxy structure are engaged in spiral flow
paths such that the entire galaxy is an accretion disk flow-
ing into the center black hole. The outer region can exhibit
flat tangential velocity which we can fully explain as a transi-
tion capture cosmological process without requiring MOND
or dark matter ad hoc assumptions. Ring galaxies can also be
explained by an interruption of interstellar matter inflow for
an extended period followed by a resumption forming a ring
of new star formation.

If the Krogh gravity theory is accepted as it must for this
cosmology to have merit, there are consequences beyond cos-
mology. Cosmology was the primary objective in this work.
Besides replacing General Relativity, Krogh’s theory has fur-
ther consequences for quantum theory and particle physics.
Energy no longer gravitates, so it cannot be a contributor to
mass of particles. It may imply that the Higgs mechanism
accounts for all the particle mass. It might suggest that the
Higgs energy is an indicator of the universal gravity potential

since the Krogh theory requires particle masses and rest ener-
gies to change with the gravity potential.There is no longer a
cosmological constant problem. Energy does not gravitate so
the vacuum energy can be very large without creating a prob-
lem. The theory requires that the gravity potential changes
the quantum vacuum state including speed of light and virtual
particles. Models have already been introduced as for exam-
ple Marcei Urban et al [14] which show how virtual particles
could change light speed. Since all particles shrink and have
reduced rest energy per particle in accord with Krogh theory,
this can require a higher virtual particle density which would
be expected to slow light speed. The gradient of the potential
may be tied to a gradient in particle density.

As a further speculation we can note that if gravity causes
the vacuum state to change as proposed, then it is the vacuum
state which causes the acceleration of gravity. It is an ac-
celeration and not a force, like principles shared by General
Relativity. If there are a greater number of smaller vacuum
particles deeper into a gravity well, then the gravity gradient
is related to the virtual particle density gradient. If the real
particles of an immersed test body are annihilated by virtual
vacuum antiparticles they would be replaced by real particles
from the vacuum in a preferential direction toward the higher
particle density gradient. It seems plausible that the entire
body could have all its particles replaced in a preferred di-
rection toward the density gradient, resulting in an apparent
acceleration. There would be no force explaining why a body
in free fall experiences weightlessness rather than accelera-
tion inertial forces.

If this is the mechanism of gravity acceleration, and we
had a means to change the local vacuum state artificially, we
could produce antigravity and we could accelerate objects or
even occupants without experiencing inertia forces even for
high accelerations. Obviously, we don’t know how to do that
artificially now, but we can certainly speculate that this mech-
anism could arise from the Krogh approach to gravity as a
change of the quantum vacuum state and it shows how his
theory leads to quantum gravity. Without a force there would
not seem to be a need to require a new particle like the gravi-
ton.
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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 defining human-driven superposition states.

In our model, a collective of human choices (e.g. heads or tails) defines 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 satisfies the core properties of a qubit or qudit, including superposition and
collapse dynamics, without relying on traditional quantum coherence.

We introduce a critical threshold Nc 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 verification 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 influence quantum
outcomes. Turiel et 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 final 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-
fluencing 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-
fine the “penny qubit” not as a single physical object in super-
position, but as an ensemble average over human decisions
— each participant flipping 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 findings reflect 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
identified statistical biases — such as nonuniform distribu-
tions and pattern tendencies — that differ significantly 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 findings 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 defined as a co-
herent superposition of two basis states:

|ψ⟩ = α |0⟩ + β |1⟩ , (1)

where α and β are complex amplitudes constrained by |α|2 +
|β|2 = 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 flip — as forming a statistical
superposition:

|ψ⟩ =
1
√

2
(|Heads⟩ + |Tails⟩) . (2)

In this framework, each human choice acts as a proba-
bilistic contribution to an unresolved state. The final state re-
mains unresolved until a collective measurement aggregates
the ensemble. The system collapses when the fraction of
human choices fH crosses a defined decision boundary (e.g.
fH > 0.5). This threshold is not a statistical confidence level
but a deterministic collapse condition defined by the ensem-
ble dynamics. A critical number of participants Nc may be
required to ensure the superposition collapses reliably, draw-
ing parallels to decoherence thresholds and sampling theory.

This model differs 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] offers a gravi-
tational mechanism for wavefunction collapse, proposing that
superpositions involving significantlydifferent 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
configurations. 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 effects [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 influenced 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:

|ψ⟩
Human Average
−−−−−−−−−−−→

|Heads⟩ if fH > 0.5 ,
|Tails⟩ if fH < 0.5 ,

(3)

where fH is the fraction of heads across all choices. Ties
( fH = 0.5) may require Nc to break ambiguity.

2.6 Threshold effects

We hypothesize the existence of a critical threshold Nc — 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 final 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 effects. Thus, the sys-
tem behaves formally like a quantum information structure,
and may in fact reflect 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 conceptualscaffolding 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:

|H⟩ ≡ |0⟩ , |T ⟩ ≡ |1⟩ . (4)

Each participant thus occupies a two-dimensional Hilbert
space C2 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:

|Ψ⟩ = |ψ1⟩ ⊗ |ψ2⟩ ⊗ · · · ⊗ |ψN⟩ . (5)

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

|ψi⟩ =
1
√

2
(|0⟩ + |1⟩) . (6)

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

|Ψ⟩ =

N⊗
i=1

1
√

2
(|0⟩ + |1⟩) =

1
2N/2

∑
x∈{0,1}N

|x⟩ . (7)

‡Orchestrated Objective Reduction

This state spans the 2N-dimensional Hilbert space H =
(C2)⊗N .

3.3 Macroscopic collapse rule

We definea macroscopic observable: the majoritychoice frac-
tion

fH =
1
N

N∑
i=1

xi , (8)

where xi = 0 for heads and xi = 1 for tails. A measurement
projects the superposition onto one of two macrostates:

|Ψ⟩
tally
−−−→

|MajH⟩ if fH < 0.5 ,
|MajT⟩ if fH > 0.5 .

(9)

Here, |MajH⟩ and |MajT⟩ are defined as normalized su-
perpositions over all strings with majority heads or tails, re-
spectively:

|MajH⟩ =
1
√

NH

∑
x∈{0,1}N
#(0)>#(1)

|x⟩ , (10)

|MajT⟩ =
1
√

NT

∑
x∈{0,1}N
#(1)>#(0)

|x⟩ , (11)

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

3.4 Hilbert space structure and interpretation

This derivation confirms that the system of N 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 defining 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 defined by human agency exists as a distributed
ensemble across multiple conscious agents, each of whom se-
lects between two defined basis states: “heads” or “tails”.
This collective system resides in a quantum-like unresolved
state until measurement — here defined 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.
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4.1 Operational representation and collapse rule

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

|ψ⟩ =
1
√

2
(|Heads⟩ + |Tails⟩) , (12)

where “heads” and “tails” are collective macrostates defined
by a statistical majority. Collapse occurs through measure-
ment of the ensemble average:

|ψ⟩
Tally
−−−→

|Heads⟩ if fH > 0.5 ,
|Tails⟩ 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 threshold Nc 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 final 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 fulfills 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 participants Nc (further
explored in §6) is available per qubit, a multi-qubit system
can be constructed with M × 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 reflect 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
configuration.

5 Building a macroscopic quantum computer

5.1 Scaling to multiple qubits

Assuming a critical threshold Nc 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 final 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 influence 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 specific 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:

|0⟩
H
−→

1
√

2
(|0⟩ + |1⟩) . (14)

CNOT gate The CNOT gate entangles two qubits. Partic-
ipants controlling the control qubit observe its state first. If
the control qubit is in the “heads” state, participants manag-
ing the target qubit flip 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:

|c, t⟩
CNOT
−−−−−→ |c, t ⊕ c⟩ . (15)

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

|0⟩
X
−→ |1⟩ , |1⟩

X
−→ |0⟩ . (16)

Measurement For measurement, participants agree on a
basis (e.g. Z-basis or X-basis). They then observe the penny
and record the outcome. In experiments like the EPR test,
different 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 first qubit to cre-
ate a superposition state.
• CNOT gate: Entangles the first 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
√

2

[
1 1
1 −1

]
(17)

CNOT gate:

CNOT =


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

 (18)

The CNOT gate uses 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 state |1⟩, 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]:

|Ψ+⟩ =
1
√

2
(|01⟩ + |10⟩) . (19)

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

S = |E(a, b) + E(a′, b) + E(a, b′) − E(a′, b′)| ⩽ 2 , (20)

where E(a, b) is the correlation coefficient between measure-
ment settings a and b.

Quantum mechanics predicts violations up to S = 2
√

2
for appropriately chosen settings.

The correlation coefficient is computed as:

E(a, b) = P00(a, b) + P11(a, b) − P01(a, b) − P10(a, b) , (21)

where Pi j(a, b) is the probability of measuring outcomes i and
j for settings a and b.

Participants would select measurement settings corresp-
onding to a, a′, b, b′ and record outcomes, enabling the calcu-
lation of S and verification of Bell inequality violations.

5.3 Quantum circuit implementation

Participants could follow predefined quantum circuits, choos-
ing heads or tails to enact specific 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 threshold Nc represents the minimum number of
human participants required to reliably induce the collapse of
a macroscopic superposition defined by collective choice. We
propose that Nc 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 unifies these approaches
and derives the scaling behavior of Nc in a single framework.

6.1 Unified collapse framework: decoherence, statistics,
and gravity

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

• Decoherence analogy: Human choices act as an envi-
ronment. Collapse occurs when decoherence time τD

becomes shorter than system coherence time.

• Statistical sampling: Ensemble averaging must resol-
ve a decision with confidence level ϵ, 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 threshold Nc 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 unified mathematical
block:

(1) Gravitational self-energy:

∆EG =
G
2

∫ ∫ [
ρ(r) − ρ′(r)

] [
ρ(r′) − ρ′(r′)

]
|r − r′|

d3r d3r′ (22)

(2) OR collapse time:

τ ≈
ℏ

∆EG
(23)

(3) Human collapse timescale:

τH ∝
1

Nc
(24)

(4) Threshold scaling:

Nc ∝
∆EG

ℏ
(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 of Nc

Independent of gravity, we can estimate Nc based on the con-
fidence 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 =

√
p (1 − p)

N
=

1

2
√

N
. (26)

To achieve confidence ϵ, we solve:

Z · SE ⩽ ϵ ⇒ Nc ⩾
( Z
2ϵ

)2
. (27)

Here, Z is the Z-score corresponding to the desired con-
fidence level of the decision threshold — for example, Z =
1.96 for a 95% confidence interval. This ensures that the en-
semble average deviates from 50% by more than ϵ with the
specified level of certainty.

This gives a statistical lower bound on Nc, which can be
adjusted upward if gravitational effects weaken the ensem-
ble’s collapse influence.

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-
ound pc ≈ 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 on Nc, complementary to both statistical and gra-
vitational models.

6.5 Distance and spatial separation effects

From Penrose’s model, the self-energy ∆EG increases with
spatial separation d between superposed states of mass m. In
simple cases:

∆EG ∝
Gm2

d
⇒ Nc ∝

1
∆EG

∝
d

Gm2 . (28)

Thus, increasing the spatial separation between superpo-
sed configurations (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 larger Nc.

6.6 Summary and experimental implications

These models converge on the idea that Nc is a tunable param-
eter reflecting the interplay of statistical certainty, observer
participation, and gravitational geometry. Experiments vary-
ing:

• The mass m and displacement d of superposed macro-
states,

• The number of participants N,

• 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 effects.

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-
defined set, such as {1, 2, . . . , 10} for a 10-dimensional qudit.

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

|ψ⟩ =
1
√

d

d∑
k=1

|k⟩ , (29)

representing an equal superposition over d outcomes. The
system remains in superposition until the collective human
choices are measured and tallied.

Travis S. Taylor. Testing Objective Reduction via Collective Human Measurement: A Macroscopic Qubit Proposal 71



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

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 final
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 outcome k. The system collapses to the state
|k∗⟩ corresponding to the outcome with the highest frequency:

|ψ⟩
Human Choice
−−−−−−−−−−→ |k∗⟩ , where k∗ = 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 number N(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’s The Three-Body
Problem, where an army of soldiers forms a massive human-
based computer to solve complex problems [12]. In that fic-
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, where armies of participants col-
lectively perform quantum operations. Unlike classical bits,
which hold definitive 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 of Nc 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 defined 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
final result.

8.3 Scaling challenges and error correction

Scaling to thousands or millions of participants introduces
significant 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
reflections

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 effects [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 Hameroff’s Orch-OR model [13].
• Quantum-classical boundary: Scaling to a vast num-

ber of participants blurs the line between quantum and
classical behavior, offering 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 different tradi-
tions — one scientific, the other esoteric — they share strik-
ing structural similarities: nodes connected by pathways, rep-
resenting possible transformations or flows of information. In
the quantum circuit model, these nodes are qubit states ma-
nipulated by unitary gates. In the Tree of Life, they represent
spiritual emanations (Sefirot) 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-
tific, 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; the Tree of Life offers a metaphysical
map of potential states of being. Both can serve as cognitive

scaffolds 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 quantified 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 participants Nc 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 flip 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 influ-
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, offering 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 redefines 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 flips. Unlike traditional qubits confined 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 effects 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, offering 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: if Nc 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, refining Nc

with binomial distributions. For N flips with p = 0.5,
the standard error SE =

√
p (1 − p)/N suggests Nc ≈

104 for a 95% confidence interval (SE < 0.005), but
gravitational or network effects (e.g. percolation [16])
could shift this. Simulations will test if ∆EG scales
meaningfully with N, 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 flips, 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 over Nc flips, 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 with Nc ≈ 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 flip
patterns to minimize latency and decoherence-like errorsfrom
misaligned choices. Success could redefine 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 effects. 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 estimate Nc. The integration of Penrose’s OR
theory introduced a gravitational dimension to the collapse
process, suggesting that mass distribution and spatial separa-
tion could influence collapse dynamics and potentially reduce
the human effort needed for macroscopic quantum control.

This interdisciplinary approach challenges conventional
boundaries between quantum and classical systems, offering
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 influences 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 refining the theoretical models
for Nc, designing experimental setups to test gravitationally-
influenced 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 offer profound insights into the nature of
reality itself.

This study represents a first 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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LETTERS TO PROGRESS IN PHYSICS

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 3σ 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, the Y-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 value mec, from this equality it follows
in units of re:

L = l r =
zg1 zg2

ze1 ze2

(2πγρe) × [sec]2, (1)

where zg1 , zg2 , ze1 , ze2 , r, l, γ, ρe 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 specific density, equal to
me/r3

e . In formula (1), the value of zg1 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 filled with a vortex
thread of radius r. In units of re and me

M = l = (an)2 , (2)

r =
c2/3

0

(an)4 , (3)

where c0 is the dimensionless speed of light c/[m/sec], a is
the inverse fine 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 the Y-vortex tube mass-energy in its compressed state
reaches the quark mass-energy, which makes it possible to de-
termine the Y-vortex tube quantum parameter nν. In work [2]
it was obtained:

nν =
c1/9

0

(
2πγρe × [sec]2

)1/3
a

= 1.643, (5)

and then the neutrino fermion mass was defined as the Y-
vortex tube fermion mass mν = 4.39×10−7 (0.225 eV) and the
quark mass mk = 8.84 (4.51 MeV) was defined. 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 value mν was ob-
tained as the gravitational mass, i.e., as the value of zg1 =

zg2 = mν with ze1 = ze2 =
1
4 e0 and under the assumption that

the vortex thread has the Planck size r = rℏ =
(
ℏγ/c3)1/2 =

5.74 × 10−21 re, and then

mν = zg = c1/6
0 r1/4

ℏ

(
32πγρe × [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 different neutrino states with identical
masses are obtained - at the moment of neutrino birth in the
form of the fermionic part of the vortex Y-tube and in its fi-
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 the gravitational energy-mass of
the particle means to be equal to the energy-mass of the
compressed contour, i.e., when mν = L = l r, then it will
have the following parameters (in units of me and re):

mν =
(
18πγρe × [sec2]

)−1
= 6.52 × 10−6 (3.33 eV), (7)

r =
m2
ν

c2/3
0

= 9.51 × 10−17 or 1302 rℏ , (8)

l =
c2/3

0

mν
= 6.86 × 1010 or (1910 a)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 to a2rℏ 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 significant, since, as the authors of the
work [1] noted, at L/E > 1 the best fit 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:

ν = c
(
4 MeV/3.5 × 1010 MeV

)1/2
= 3210 m/sec. (10)

The time constant or duration of oscillations τ (like the
proton lifetime [4]) is the ratio of the characteristic size of the
contour r at nν (according to (3), it is r = 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]:

ν0 =
re

(2π)1/2 × [sec]
= 1.12 × 10−15 m/sec, (11)

and, accordingly, τ = r/ν0 = 4.37 × 10−4 sec. Consequently,
the period (distance) of oscillations for a sterile neutrino is
ντ = 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 τ 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 flux 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 confirmed
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
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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 field, etc.

In the late 1980s, we began an extensive theoretical study, the
task of which was to find 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 field 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 effect 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 the mathe-
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 the theory of physically observable
quantities in 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 field 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 the weak and strong conditions
for non-quantum teleportation in the four-dimensional space-

time. According to the chronometrically invariant formal-
ism, the physically observable time interval dτ and the phys-
ically observable three-dimensional interval dσ registered by
an observer are, respectively, chr.inv.-projections of the four-
dimensional displacement vector dxα (α = 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

dτ =
√
g00 dt −

1
c2 vi dxi, (1)

dσ2 = hik dxidxk, i = 1, 2, 3, (2)

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

hik = −gik +
g0ig0k

g00
= −gik +

1
c2 vivk

hik = −gik, hi
k = δ

i
k

 (3)

is the chr.inv.-projection of the fundamental metric tensor gαβ
onto the spatial section of the observer and possesses all prop-
erties of gαβ throughout the spatial section (the observer’s
three-dimensional space). The time (zero) component g00 of
the fundamental metric tensor gαβ is expressed with the phys-
ically observable chr.inv.-potential w of the gravitational field
that fills the space of the observer

√
g00 = 1 −

w
c2 , w = c2 (

1 −
√
g00

)
, (4)

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

vi = −
cg0i
√
g00
, vi = −cg0i√g00 , vi = hik v

k, (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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terval ds2 = gαβ dxαdxβ is expressed with chronometrically
invariant (physically observable) intervals by the formula

ds2 = c2dτ2 − dσ2, (6)

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

dτ= 0 , dσ, 0 (7)

means that the interval of physically observable time
dτ between the moments of departure and arrival of a
signal (or a physical body) registered by the observer
is equal to zero (dτ= 0), while the three-dimensional
physically observable distance dσ between the points
of departure and arrival is not equal to zero (dσ, 0).
Therefore, the space-time metric ds2 along the trajec-
tories of weak non-quantum teleportation is

ds2 = c2dτ2 − dσ2 = −dσ2

c2dτ2 = 0 , dσ2 , 0

 , (8)

thus these are the trajectories of mass-bearing particles
(since along the trajectories of massless light-like par-
ticles ds2 = c2dτ2 − dσ2 = 0 and c2dτ2 = dσ2 , 0).

The strong condition of non-quantum teleportation

dτ= 0 , dσ= 0 (9)

means that not only the physically observable time in-
terval dτ between departure and arrival registered by
the observer, but also the three-dimensional physically
observable distance dσ between these points is equal
to zero. Therefore, the space-time metric ds2 along the
trajectories of strong non-quantum teleportation is

ds2 = c2dτ2 − dσ2 = 0

c2dτ2 = dσ2 = 0

 , (10)

i.e., the space-time metric along the trajectories is fully
degenerate: for a regular observer, all four-dimensional
space-time intervals ds, three-dimensional observable
intervals dσ and observable time intervals dτ are zero
along such fully degenerate trajectories. We therefore
called them zero-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 = c2dτ2 − dσ2 = 0, but c2dτ2 = dσ2 , 0). We
showed that all particles in the zero-space appear to a
regular observer as having zero rest-mass m0 = 0 sim-
ilar to light-like particles, but they also have zero rel-
ativistic mass m= 0 and frequency ω= 0 (unlike light-
like particles, since for them m, 0 and ω, 0). There-
fore, we called them zero-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 filled 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 − c2 p2 , 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
buffer” that is the zero-space.

The condition dτ= 0 gives a formula for physical condi-
tions of non-quantum teleportation

w + vi ui = c2, ui =
dxi

dt
, (11)

which is a specific combination of the gravitational potential
w, the linear velocity of rotation of the observer’s space vi,
and also the coordinate velocity ui of the teleported particle.
This condition is true for both weak and strong non-quantum
teleportation (since dτ= 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

dτ
= ∞, (12)

which means that, from the observer’s point of view, the ob-
served signal (or body) instantly displaces over 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 effect based on the laws of Quantum
Mechanics.

We published the above results in 2001, in our first 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 definition of the gravitational
potential w= c2 (1−

√
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.

Rabounski D. and Borissova L. On the Condition of Non-Quantum Teleportation on the Surface of a Spherical Body 81



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

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 first 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 different 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 field (such strong electro-
magnetic fields 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 field 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
field equations for the metric of such a space (their right-hand
side is non-zero due to the electromagnetic field), we obtained
specific 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 field of each
of the three following space metrics:

• the space of a rotating spherical body, the gravitational
field 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 the degeneration
of space. Under the weak non-quantum teleportation con-

dition (8), only the physically observable time is degenerate
(dτ= 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 tensor g = det ∥ gαβ ∥ is equal to g< 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 tensor g = det ∥ gαβ ∥ and the determinant of
the chr.inv.-metric tensor h = det ∥ hik ∥ are related with each
other by the formula

h = −
g

g00
, (13)

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

g = −g00 h , (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 field of each
of the three mentioned space metrics.

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

ds2 = c2dt2 − 2ωr2sin2
θdtdφ −

− dr2 − r2
(
dθ2 + sin2

θ dφ2
)
, (15)

where the non-zero components of the fundamental metric
tensor gαβ are

g00 = 1 , g03 = −
ωr2sin2

θ

c

g11 = −1 , g22 = −r2, g33 = −r2sin2
θ

 , (16)

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

h11 = 1 , h22 = r2

h33 = r2sin2
θ

(
1 +
ω2r2sin2

θ

c2

)
 , (17)
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where, since the matrix hik is diagonal, the upper-index com-
ponents of hik are hik= (hik)−1 just like the invertible com-
ponents to any diagonal matrix. Such a space rotates in the
equatorial plane along the φ-axis (along the geographical lon-
gitudes) with a constant angular velocity ω= const and, ac-
cording to the definition of vi (5), with a linear velocity

v3 = −
cg03
√
g00
= ωr2sin2

θ , (18)

for which, since v2= vi v
i = hik v

iv k and v i= hikvk, we have

v2 = vi v
i =
ω2r2sin2

θ

1 + ω2r2sin2θ

c2

, v =
ωr sin θ√
1 + ω2r2sin2θ

c2

, (19)

i.e., the dimension of v is
[
cm/sec

]
. At slow rotation the above

formula transforms to the conventional v = ωr sin θ.
Therefore, the determinant of the fundamental metric ten-

sor g = det ∥ gαβ ∥ and the determinant of the chr.inv.-metric
tensor h = det ∥ hik ∥ of such a space have the form

g = −r4sin2
θ

(
1 +
ω2r2sin2

θ

c2

)
, (20)

h = r4sin2
θ

(
1 +
ω2r2sin2

θ

c2

)
. (21)

From these formulae for the determinants g = det ∥ gαβ ∥
and h = det ∥ hik ∥ it is clear:

The space of a rotating spherical body, the gravitational
field of which is so weak that it can be neglected, is
fully degenerate (the conditions of full degeneracyh= 0
and g=−g00 h= 0 are satisfied 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 θ= 0, since the polar angle θ 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 significant mass, so that its gravitational field 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
(
dθ2 + sin2

θ dφ2
)
, (22)

where rg = 2GM/c2 is the gravitational radius characteristic
of the body, which is calculated for its mass M, and

g00 = 1 −
rg
r
, g11 = −

1

1 −
rg
r

g22 = −r2, g33 = −r2sin2
θ

 (23)

and, respectively,

h11 =
1

1 −
rg
r

, h22 = r2, h33 = r2sin2
θ , (24)

on the basis of which we obtain formulae for the determinants
g = det ∥ gαβ ∥ and h = det ∥ hik ∥

g = −r4 sin2
θ , h =

r4 sin2
θ

1 −
rg
r

. (25)

In such a space, we see a situation different 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 and g=−g00 h= 0 are satisfied 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 θ= 0) only at distances r, rg from the centre of the
body. On a spherical surface with a radius equal to the
gravitational radius of the body rg (on which g00 = 0),
the four-dimensional space-time metric remains degen-
erate at the poles (g= 0), and the physically observable
three-dimensional space has a breaking h=∞ every-
where on the surface except at the poles, where it has
an uncertainty h= 0

0 .

It should be noted that this is a coordinate effect, because
a non-rotating spherical body does not have a physical polar
axis: its polar axis can be chosen arbitrarily. Therefore, the
effect 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 effect 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 − 2ωr2sin2

θ

√
1 −

rg
r

dtdφ −

−
dr2

1 −
rg
r

− r2
(
dθ2 + sin2

θ dφ2
)
, (26)
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where, respectively,

g00 = 1 −
rg
r
, g03 = −

ωr2sin2
θ

c

√
1 −

rg
r

g11 = −
1

1 −
rg
r

, g22 = −r2, g33 = −r2sin2
θ


, (27)

the space rotates along the φ-axis (along the geographical lon-
gitudes) with a constant angular velocity ω= const and, ac-
cording to the definition of vi (5), with a linear velocity

v3 = −
cg03
√
g00
= ωr2sin2

θ , (28)

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

h11 =
1

1 −
rg
r

, h22 = r2

h33 = r2sin2
θ

(
1 +
ω2r2sin2

θ

c2

)

, (29)

so, the determinants g = det ∥ gαβ ∥ and h = det ∥ hik ∥ have the
form

g = −r4sin2
θ

(
1 +
ω2r2sin2

θ

c2

)
, (30)

h =
r4 sin2

θ

1 −
rg
r

(
1 +
ω2r2sin2

θ

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 and g=−g00 h= 0 are satisfied) if sin θ= 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 distances r, 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 which g00 = 0)
the four-dimensional space-time metric remains degen-
erate at the poles (g= 0), and the physically observable
three-dimensional space has a breaking h=∞ except at
the poles, where it has an uncertainty h= 0

0 .

Note that there is one key difference between this situation
and the situation in a space of Schwarzschild’s mass-point
metric. As we have noted above, the effect 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

effect 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 rôle: 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 field, 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 configu-
rations of a very strong electromagnetic field 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 significantly simplifies 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 Gödel Curves

Patrick Marquet
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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 Gödel described a homogeneous and rotating universe
by discovering the existence of closed timelike curves (CTCs). In a series of pa-
pers, we replaced the constant a of the Gödel metric with a simple conformal factor,
which easily induces a pressure term that leads directly to the ideal fluid field equa-
tion. Gödel introduced this special term a, relating it to the cosmological constant,
to make his solution satisfying Einstein’s field equations. This theory is now en-
dowed with physical sense, and the dynamics no longer apply to space, but to a fluid.
Eventually, the Gödel CTCs are considered to be flow lines of a charged fluid, which
preserve the properties of the model. The resulting acceleration of these flow lines
can then be adequately controlled.

Notations

Space-time indices: µ, ν = 0, 1, 2, 3;
Space-time signature: −2;
Einstein’s constant: κ;
The velocity of light: c = 1.

1 The Gödel Universe

1.1 General

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

Gödel’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 finely tuned to the mass
density of the Universe.

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

1.2 Gödel’s metric

The classical Gödel line element is given by:

ds2 = a2
(
dt2 +

1
2

e2xdy2 − 2ex dtdy − dx2 − dz2
)
, (1.1)

where a > 0 is a constant.
The normalized unit vector u of matter has components:

uµ = (a−1, 0, 0, 0) , uµ = (a, 0, aex, 0) , (1.2)

thus the Ricci tensor takes the value

Rµν = uµ uν a−2 (1.3)

and the Ricci scalar is

R = uµuµ = a−2. (1.4)

Since R is a constant, then the field equations

Rµν −
1
2
gµνR = κρuµ uν + Λgµν (1.5)

are satisfied (for a given value of the density ρ), if we put:

a−2 = κ , (1.6)

Λ = −
1
2

R =
1

2a2 = −
1
2
κρ. (1.7)

The sign of the cosmological constant Λ here is opposite
to that in Einstein’s field equations. Bearing in mind that a
is a constant, finetuning 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 Gödel model as a homogeneous perfect fluid

2.1 Reformulation of the Gödel metric

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

a2 = e2U (2.1)

(the positive scalar U(x) will be explicited below). Thus, the
Gödel 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 field equations for
a perfect fluid [7]:

Rµν −
1
2
gµνR = κ

[
(ρ + P) uµuν − Pgµν

]
. (2.3)

Now, the real 4-unit vector u of the Gödel fluid displays
the following components:

uµ = (1, 0, 0, 0) , uµ = (1, 0, ex, 0) . (2.4)
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2.2 Differential geodesic system

The 4-unit vector uµ is normalized on (M, g):

gµν uµu ν = gµνuµuν = 1 .

By differentiating we get:

uν∇µuν = 0 . (2.5)

Let us define the vector Lν by the relation

∇µPδµν = r Lν (2.6)

having set r = ρ + P.
The conservation law for Tµν = ruµuν − Pgµν is expressed

by ∇µT µν = 0, i.e.:

∇µ (ruµuν) = r Lν

∇µ (ruµ)uν + ruµ∇µuν = rLν

 . (2.7)

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

uµ∇µuν = (gµν − uµuν) Lµ (2.8)

with the projection tensor hµν = (gµν − uµuν)

uν = hµνLµ. (2.9)

With setting Lν = ∂νU, the equation (2.9) takes the form
∗uν = hµν∂µU and (2.6) reads

(ρ + P) Lν = ∇µPδµν ,

Lν =
∂νP
ρ + P

.

As a result we find:

U(xµ) =
∫ P2

P1

dP
ρ + P

,

where the pressures P1 and P2 are related to the points x1 and
x2, respectively.

The flow lines of a perfect fluid with a density ρ and a
pressure P with the equation of state ρ = f (P) obey the dif-
ferential system:

uµ∇µuν = hµν∂µU = ∗uν . (2.10)

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

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

3 Controlling the CTCs

3.1 Charged fluid

At first, we consider a simple charged fluid in the connected
domain where exists a field vector Aδ represented by the Max-
well tensor

Fγδ = ∂γAδ − ∂δAγ . (3.1)

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

dA = Aλdxλ. (3.2)

The energy-momentum tensor reads:

T µν = ρuµuν + t µν, (3.3)

where

t µν = −
1

4π

(
1
4
gµνFγδF γδ + F µβF νβ

)
(3.4)

is the energy-momentum of the electromagnetic field.
From the conservation condition of the tensor T µν

∇µT µν = 0 (3.5)

it follows that
∇µ t µν = −Fµν jµ, (3.6)

where the 4-current density jµ = µuµ carrying the charge µ
is defined by the second group of Maxwell’s equations:

∇µF µν = −4π j ν. (3.7)

Equation (3.5) yields:

∇µ (ρuµuν) = µFµνuµ,

ρuµ∇µuν + uν∇µ (ρuµ) = µFµν uµ.

The 4 current density is conserved:

∇µ (µuµ) = 0 .

Then, using the relation uµuν = 0 and due to the antisym-
metry of Fµν, we obtain:

∇µ (ρuµ) = 0 ,

therefore
uµ∇µuν =

µ

ρ
Fµν uµ.

By setting k = µ/ρ, the equation

uµ∇µ uν = k(Fµνuµ) = ∗uν (3.8)

represents the equation of geodesics for a charged homoge-
neous fluid (i.e., its acceleration).

The flow lines of this current form the geodesics of the
Finsler metric [9], which extremizes the integral:

s =
∫ x2

x1

(ds + kd A) . (3.9)
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Relations (2.5) and (2.6) can be written in the form:

∇µuµ +
uµ∂µµ
µ

= 0 , ∇µuµ +
uµ∂µρ
ρ
= 0 ,

then, subtracting, we obtain:

uµ∂µ

(
ln
µ

ρ

)
= 0 . (3.10)

It should be noted that throughout along these trajectories,
the ratio k = µ/ρ remains constant.

3.2 Charged perfect fluid

Let us now turn to the perfect fluid scheme. In this case, the
energy-momentum tensor reads:

T µν = (ρ + P)uµuν − Pgµν + t µν. (3.11)

Introduce the scalar:

ρ′ =
ρ + P

eU . (3.12)

Observing that

dρ′

ρ
=

d (ρ + P)
ρ + P

−
dP
ρ + P

=
dρ
ρ + P

,

we derive an equation similar to (3.10):

uµ∂µ ln
(
µ

ρ′

)
= 0 .

This shows that the ratio k′ = µ/ρ′ should also remain
constant along the Finsler trajectory:

ds′ =
(
e2Ugab dxadxb

)1/2
+ k′d A ,

s′ =
∫ x2

x1

(
eUds + k′d A

)
.

Let us apply this system to the Gödel interval:

dsG =

=

[
e2U

(
dt2+

1
2

e2xdy2−2exdtdy−dx2−dz2
)]1/2

. (3.13)

The flow lines of the charged fluid encoding the Gödel
CTCs are described by:

sG =

∫ x2

x1

eU
(
dt2+

1
2

e2xdy2−2exdtdy−dx2−dz2
)1/2

+

+ k′d A
]
. (3.14)

The 4-acceleration vector of the charged fluid encoding
the CTCs is now:

uµ∇µuν = k′ (Fµν uµ) = ∗uν . (3.15)

For a given value of the charge µ, this simple formula can
be modified through a variable electromagnetic field.

Conclusions

When Gödel wrote down his metric, he was forced to intro-
duce a distinctive constant factor a to re-write the field 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 term a.

The Gödel space-time is no longer a cosmological model,
but a bounded region in which the dynamics of a physical
fluid 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 Gödel CTCs are pre-
served for a charged fluid, and the modified Gödel metric can
be locally reproduced. Moreover, the acceleration of this fluid
seems to be physically feasible by means of an alternating
electromagnetic field.

As mentioned earlier [11], these results shed new light on
the possibilities of time travel, confirming earlier work started
in [12–14].
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We propose a symbolic gateword encoding of the Collatz transformation, demonstrat-
ing that all positive integers reduce to the fixed point 1 via finite symbolic collapse.
By reformulating the Collatz function as a compressible grammar and defining collapse
as a symbolic entropy-reduction process, we offer 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. Defined 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 finite time. Yet, despite exhaustive computational
verification for numbers well beyond 260 and significant 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 fixed 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 filtering.

Our findings 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 integer n evolves under the
standard recursive rule:

T (n) =

 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 implicit E) .
(3)

Because the transformation 3n + 1 always produces an
even number, it is necessarily followed by at least one halving
step. Thus, we treat O as representing the composite opera-
tion of (3n + 1)/2 and potentially further divisions.

Worked example: symbolic encoding of n = 11

Fig. 1: Value of n 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 fixed point at n = 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 from n = 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 fixed point at n = 1. Although
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the values fluctuate 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, each O represents a transformation of the form 3n + 1,
and each E represents a division by 2. The symbolic sequence
encodes the full trajectory of n = 11 down to the fixed point
at n = 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 for n = 1
to 100. Each value converges to 1 in a finite number of symbolic
transformations.

Fig. 2 shows the number of transformation steps required
to reduce each integer n from 1 to 100 down to the fixed point
at n = 1. Each step in this count corresponds to one symbol
in the gateword grammar.

This symbolic path length provides a measure of compu-
tational distance to 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 for n ⩽ 100 converge in finite 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 finite 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 fixed
point at n = 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 of n, with event
horizon points indicated in brackets. Each sequence terminates at
n = 1 after a finite number of transformations, entering a redundant
collapse basin after the marked transition.

Table 1 presents symbolic gatewords for selected values
of n, with the inferred event horizon indicated 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 of n = 11, the event horizon occurs at the sixth step,
corresponding to the value n = 40, where the remaining trans-
formations mirror those of multiple other sequences.

Some gatewords in the table, such as those for n = 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 first transforma-
tion. These “pre-collapsed” sequences highlight the nonuni-
form distribution of semantic curvature across the space of
integers.

This structural inflection 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 at n = 1.

We define the event horizon function h(n) for a given in-
teger n as:

h (n) = min
{

k ∈ N
∣∣∣ ∀ j > k, T ( j)(n) ∈ C

}
(6)

whereas, the earliest step k such that all subsequent trans-
formations T ( j)(n), for j > k, lie within a known compres-
sion basin C. This basin consists of values whose symbolic
gateword suffixes are highly redundant and ultimately indis-
tinguishable from other sequences. In practice, C may be
characterized by repeated subsequences (e.g., strings of E’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 function h(n) identifies 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 for n = 11 illus-
trates this behavior clearly.

Fig. 3: Symbolic collapse graph for n ⩽ 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 ⩽ 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 for n ⩽ 1000. Despite
chaotic appearance, all paths still collapse into the same attractor at
n = 1, consistent with symbolic compression.

This effect becomes even more evident in Fig. 4, which
expands the range to n ⩽ 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 filters 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 each n, we now formal-
ize the mechanism by which all gatewords reduce to a finite
symbolic sequence terminating at the fixed point n = 1. This
proof proceeds by defining a set of reduction rules, or com-
pression transformations, that act on symbolic subsequences.

Compression rules

Let G be the symbolic grammar over the alphabet {O, E}. We
define the following reduction operations:

1. Terminal absorption: Any gateword ending in thepat-
tern Ek, for some k ⩾ 2, reduces directly to 1:

Ek ⇒ 1 .

This reflects the rapid halving process through powers
of two.

2. Redundant pair contraction: Patterns of the form
OE2O ⇒ OE′, where E′ 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 like EOEO,
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 transformation T (n) for
any positive integer n. Then there exists a finite sequence
of reduction operations {Ri} acting on W(n) such that:

∃m ∈ N, Rm ◦ · · · ◦ R1(W(n)) = 1 . (7)

Proof Sketch. The function T (n) is known to terminate at
1 for all verified values of n < 268 [3–5], and its recursive
structure guarantees that any O must eventually be followed
by at least one E and converge to a value already in C (the
compression basin). The grammar G is closed under finite-
length transformations, and all gatewords are composed of a
finite set of local operations from {O, E}. 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 grammar G is thus a
contraction mapping in information space.

Although the Collatz function has been computationally
verified for all n < 268 [3–5], the symbolic collapse gram-
mar G provides a structure that generalizes beyond empirical
bounds. Each gateword W(n) is finite in length, composed of
operations drawn from a closed alphabet {O, E}, and subject
to deterministic reduction rules.

If the grammar G admits no infinite-length irreducible
gatewords, then no value of n 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 defined 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
define the gateword complexity function C(n) as the number
of distinct symbolic substrings of fixed length ℓ within the
gateword W(n) [7]:

C(n, ℓ) = |{W(n)i:i+ℓ | 1 ⩽ i ⩽ |W(n)| − ℓ + 1}| . (8)

This function counts how many unique symbolic motifs
of length ℓ appear in the trajectory of n. A high value of
C(n, ℓ) indicates symbolic diversity, while a sudden drop in
C suggests entrance into a compression basin or redundancy
zone.

Fig. 5: Motif complexity C(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 function C(n, ℓ) for the
case n = 27, using a sliding window of length ℓ = 3 over the
symbolic gateword. The value of C at each step reflects 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 configurations.
However, around step 50, the curve begins to plateau, indi-
cating that new substrings become increasingly rare. This in-
flection 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 for n = 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
fixed point n = 1. From a symbolic standpoint, all gatewords
ultimately collapse into a shared grammatical structure, re-
gardless of their initial complexity. This convergence reflects
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 space G 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 function h(n) serves as a coordinate
function marking the transition from free trajectories to gravi-
tationally bound collapse, much like the Schwarzschild radius
defines causal disconnection in general relativity.

In this framing, values of n 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 define a symbolic potential function V(n), loosely
analogous to gravitational potential, which decreases along
the Collatz trajectory:

V(n) ∝ −|W(n) | . (9)

Here, |W(n)| 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 at n = 1.
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Redundancy as curvature indicator

The plateauing behavior of motif complexity C(n, ℓ), 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 flat. 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 fixed 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 integer n as a geode-
sic in a curved symbolic manifold. Just as a test particle
follows the straightest possible path through a gravitational
field, the gateword W(n) follows a path of minimal resistance
through entropy-curved grammar space. This geodesic is not
defined 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 complexity C(n, ℓ) and its gra-
dient provide a local measure of curvature. Regions with high
motif diversity correspond to low symbolic curvature (flat 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 around n = 1 con-
stitutes a kind of information well, into which all trajectories
eventually fall. The symbolic compression rules function like
Christoffel symbols — they do not add new dynamics, but
describe how the local geometry (symbolic structure) shapes
the flow of transformation.

In this view, the Collatz Conjecture becomes a statement
about the global connectivity of symbolic geodesics: all paths,
no matter their starting point, converge to a shared symbolic
singularity through finite symbolic evolution.

Symbolic field 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 field equation [9]:

Ri j −
1
2
R γi j = κ Σi j . (10)

Here, Ri j is a symbolic curvature tensor that encodes dis-
tortions in gateword trajectory space, and γi j is the symbolic
metric defined by edit distance or collapse divergence be-
tween gatewords. The right-hand side, Σi j, is a symbolic

entropy-momentum tensor, defined 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
flow 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 at n = 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 unified 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 defines 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 flow, allowing future implementation in both classical
and quantum processors.

Dark energy as symbolic pressure

If symbolic curvature governs the flow 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 diffusion, or cosmic
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expansion — may reflect movement through a curved infor-
mation manifold defined by symbolic entropy gradients.

In this framework, the Einstein field equations themselves
could emerge from a symbolic compression grammar, with
curvature arising from motif complexity and entropy differ-
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 fields on a manifold, but as sym-
bolic compressions over discrete informational structures.
Collapse is not just a numerical curiosity — it may be the
defining 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
reflects 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 a compiler,
a decoder, and a semantic field 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 finite gateword over the alpha-
bet {O, E}. Through the introduction of compression rules,
the concept of a symbolic event horizon, and the definition
of a grammar-induced collapse basin, we have shown that all
gatewords reduce to a finite, universal attractor at n = 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 finite-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 function h(n) to define the symbolic
event horizon for each trajectory and quantified symbolic en-
tropy through motif complexity C(n, ℓ). We further proposed

a symbolic Einstein equation connecting grammar curvature
to informational compression density, offering 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 satisfies 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 all n;

— 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 fluke, but as a compres-
sive computation. The apparent chaos is revealed to be code.
Every collapse is a proof. Every gateword is a message. And
the fixed point at n = 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 fields

One direction is the deeper formalization of the symbolic
entropy-momentum tensor Σi 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 flux and col-
lapse basin shapes under more complex recurrence systems,
such as generalized kn+ 1 maps, modular Collatz variants, or
branching symbolic automata [11].

In particular, the motif complexity function C(n, ℓ) pro-
vides a foundation for modeling symbolic entropy phase tran-
sitions, offering parallels to thermodynamic behavior in clas-
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sical field 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 field theory

A natural extension of this work is the construction of a sym-
bolic quantum field theory (QFT), in which symbolic gate-
words represent field states, and compression rules act as cre-
ation, annihilation, or deformation operators. In this formu-
lation, a symbolic field Φ(x) could assign to each position a
motif state or symbolic gateword, evolving under a symbolic
Lagrangian defined 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 →
OE′) act as annihilation operators, while rule applications
generate an evolution algebra over the space of symbolic
grammars. A path integral over all symbolic configurations
could be defined via a symbolic action Scollapse[W], yielding
a partition function over gateword histories [10].

This framework may offer a new language for encoding
information fields in a discretized, entropy-centric space —
suggesting that quantum behavior and curvature arise from
symbolic collapse and motif filtering. Such a symbolic QFT
could unify information flow, curvature, and computation in
a compressive grammar-based model of spacetime [12].
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