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LETTERS TO PROGRESS IN PHYSICS

Progress in Physics: Twentieth Year of Publication

Florentin Smarandache1, Andreas Ries2, Pierre Millette3, and Ebenezer Chifu4

Progress in Physics Editorial Team
1fsmarandache@gmail.com, 2ries@ptep-online.com, 3millette@ptep-online.com, 4ebenechifu@yahoo.com

“All scientists shall have the right to present their scientific research results, in whole or
in part, at relevant scientific conferences, and to publish the same in printed scientific
journals, electronic archives, and any other media.”

Declaration of Academic Freedom, Article 8 [1]

With this inauguration of Volume 20 of Progress in Physics,
the journal starts its twentieth year of publication, offering a
much-needed avenue for the dissemination of truly scientific
submissions that are written as proper scientific papers that
are free of logical, mathematical and physical errors.

The journal Progress in Physics was created in January
2005 on behalf of many influential scientists with whom we
were in correspondence. The main reason was that publica-
tions in other journals were allowed only if the submitter was
affiliated with a scientific institution or research organization.
Given this situation, many working scientists finding them-
selves partially employed or unemployed, such as in between
research grants, find themselves unable to publish their re-
search results. Even e-print archives such as Cornell’s arXiv
required scientific affiliation and still follow this policy. This
is why the Declaration of Academic Freedom was written and
published in ten languages in Progress in Physics [1], and
why the journal was started.

Since commencing in 2005, we have published 967 arti-
cles till now, which are accessed free of charge online. We
have also distributed printed copies of the journal to major li-
braries of science throughout the world and offer open access
online based on library preferences. The journal has a sta-
ble position among other scientific journals published by sci-
entific institutions, and at the same time remains absolutely
independent from any bureaucratic influence on the part of
scientific organizations.

Our aim is to publish a professional journal by keeping a
high professional level of operation. Therefore, we always re-
view submitted papers accepting those that meet the require-
ments stated above, and rejecting those that are not written
as proper scientific papers or that contain formal errors. We
follow our major principle according to which we consider
submissions on the basis of what has been written in the sub-
missions, without any connection with the submitter’s affilia-
tion, personality and other considerations.

This has allowed us to make our journal a repository for
high quality scientific research over the last two decades. We
still do everything to keep the high level of the journal, which
is a great advantage for our authors. Our Editorial Team as-

sures our readers and authors that we will continue to adhere
to this independent editorial policy in the future, thereby fol-
lowing the Declaration of Academic Freedom.

In conclusion, we have done, and will continue to do, ev-
erything to support the principles of open and free dissem-
ination of scientific information in the future. We open this
20th anniversary volume of our journal with faith in the future
and invite all researchers who want to publish their scientific
results to submit their manuscripts to our journal.

Submitted on January 2, 2024
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LETTERS TO PROGRESS IN PHYSICS

On the Lambda Term in Einstein’s Equations and Its Influence
on the Cosmological Redshift

Dmitri Rabounski and Larissa Borissova
Puschino, Moscow Region, Russia

E-mail: rabounski@yahoo.com, lborissova@yahoo.com

Here we analyze our theory of the physical vacuum (λ-field filling de Sitter spaces), in
which we calculated its physically observable properties (2001) and the parabolic (non-
linear) cosmological redshift specific to de Sitter spaces (2013). To explain the recently
discovered non-linear cosmological redshift, we consider the following options: 1) our
Universe is a de Sitter world with λ> 0 and, therefore, with a parabolic cosmological
redshift (because with λ> 0 the non-Newtonian gravitational forces acting in a de Sitter
world are forces of repulsion, which decelerate photons), but in this case the physi-
cal vacuum has a negative density ρ̆ < 0, and the observable curvature radius of space
is imaginary (the space geometry is hyperbolic); 2) our Universe is a de Sitter world
with λ< 0, where the physical vacuum has a positive density ρ̆ > 0, and the observable
curvature radius is real (the space geometry is spherical), but with a parabolic cosmo-
logical blueshift (and not a redshift) because with λ< 0 the non-Newtonian forces are
forces of attraction (they accelerate photons); 3) our Universe is a de Sitter world with
λ> 0 and, hence, a parabolic cosmological redshift, but the λgαβ term in Einstein’s field
equations has the opposite (negative) sign. We vote for the 3rd option, because in this
case a) the physical vacuum has a positive density ρ̆ > 0, which satisfies the physical
requirement that any kind of observable matter must have a positive mass and density,
b) the observable curvature radius of space is real (and not imaginary) and, hence, the
space geometry is spherical (and not hyperbolic), c) the non-Newtonian gravitational
forces are forces of repulsion (they decelerate photons, thereby producing a redshift),
d) the event horizon in such a universe is outlined by the gravitational radius of the de
Sitter sphere. All this confirms the supposition that our Universe is a huge de Sitter
gravitational collapsar with λ> 0 and a non-linear (parabolic) cosmological redshift.

In the late 1980s and 1990s, we undertook a massive theoret-
ical research on the motion of particles in the space-time of
General Relativity, which we published in 2001 in our two
monographs [1, 2]. In particular, we created a theory of the
physical vacuum (λ-field filling de Sitter spaces), in which we
calculated its physically observable properties such as den-
sity, pressure, etc. [2, Chapter 5]. In 2010, using the mention-
ed theory of the physical vacuum, Larissa created a theory of
the de Sitter gravitational collapsar (de Sitter bubble), which
she suggested as a model of the observable Universe [3]. In
our third monograph [4], published in 2013, we predicted
a parabolic (non-linear) cosmological redshift in a de Sitter
space [4, §6.4–§6.5]. In 2018, we also published a short pa-
per on the mentioned parabolic redshift [5].

Meanwhile there was a serious problem with determining
the cosmological shift in the frequency of photons travelling
in a de Sitter world. This problem arose due to the sign of the
λ-term, because it is not specified in de Sitter’s metric. So,
our closest colleagues drew our attention to some confusion
in our sequential publications on this subject.

First, in our theory of the physical vacuum, where we did
not consider the cosmological redshift, we assumed λ< 0 and,

therefore, a positive vacuum density ρ̆ > 0 in our Universe [2,
§5.3]. In this case, the non-Newtonian gravitational forces
acting in any de Sitter space are forces of attraction, and the
physically observable three-dimensional curvature is positive
C > 0. Since C = 1

R2 , the latter means that such a universe has
a real observable curvature radius R, and, therefore, the space
geometry is spherical (this is what the geometry of a de Sitter
space should be). But a few years later, when Larissa suggest-
ed a collapsed de Sitter sphere as a model of the observable
Universe [3], and then, in our monograph on the internal con-
stitution of stars, where we considered de Sitter collapsars [4,
Chapter 6], and also in our subsequent paper on the cosmo-
logical redshift [5], it was assumed that λ> 0. This is because
forces of attraction (λ< 0) accelerate photons, thereby pro-
ducing a photon blueshift (gain of the photon energy), and
forces of repulsion (λ> 0) decelerate photons, thereby pro-
ducing a photon redshift (loss of the photon energy). But in
the case of λ> 0 we should expect a negative vacuum density
ρ̆ < 0, a negative physically observable curvature C < 0 and,
hence, an imaginary numerical value of the observable cur-
vature radius R of such a universe (this means that the space
geometry is hyperbolic).

4 Rabounski D. and Borissova L. On the Lambda Term in Einstein’s Equations and Its Influence on the Cosmological Redshift
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To resolve this contradiction, a solution was proposed in
§6.5 of our book [4] (§5.1 in the 1st edition, 2013). But this
solution was not well recognized by the readers, because it
was “lost” among many other new results presented in that
book. As a result, the above confusion has created a problem
in understanding the parabolic cosmological redshift that we
had predicted for a de Sitter universe.

Note that the cosmological redshift problem was never
our task or field of interest. The parabolic redshift in a de
Sitter universe was just one of the spin-off theoretical results
that we obtained in the course of our long-term work on other,
much more important mathematical and applied problems in
the General Theory of Relativity.* On the other hand, we
must respond to our colleagues regarding the parabolic cos-
mological redshift in a de Sitter universe, which we had pre-
dicted “at the tip of the pen”. It looks like it is time to dot all
the i’s in this problem.

Let us begin. The λ-term was introduced in 1917 by Al-
bert Einstein [6]. He added it multiplied by the fundamental
metric tensor gαβ to the right-hand side of the field equations
(known also as Einstein’s equations), which thus acquired
their final well-known form†

Rαβ −
1
2
gαβR = −κTαβ + λgαβ .

He did this, because the metric of a static finite spherically
symmetric space filled with a homogeneous and isotropic dis-
tribution of substance — Einstein’s metric, which he initially
considered as the basic cosmological model of our Universe,
— does not satisfy the original field equations (which do not
contain the λ-term). Mathematically, this means that substi-
tuting the components of the fundamental metric tensor gαβ,
taken from Einstein’s metric, into the original field equations
(without the λ-term), the left-hand side of the field equations
does not equalize the right-hand side. But with the λ-term

*“As you know, our success depends on the fact that nearly all major
scientific advances have been made while looking for something else, or fol-
lowing up curious observations.” — David Jones, Editor of New Scientist,
May 1981. Cited from: Jones D. The Inventions of Daedalus. W. H. Freeman
& Co., Oxford, 1982, page 3.

†Here Rασ =R ··· βαβσ · [cm−2] is Ricci’s tensor (obtained as the contraction
of the Riemann-Christoffel curvature tensor Rαβγδ by one index in each pair
of its four indices), R= gαβRαβ is the scalar curvature, κ= 8πG/c2 = 1.862×
10−27 [cm/gram] is Einstein’s constant, G = 6.672 × 10−8 [cm3/gram sec2] is
Gauss’ gravitational constant, and Tαβ [gram/cm3] is the energy-momentum
tensor of a distributed matter that fills the space.

Einstein’s field equations show how in a Riemannian space the field of
its four-dimensional curvature depends on the field of a distributed matter
(substance or, say, electromagnetic field) that fills this space. Note that Ein-
stein’s field equations are not some kind of physical hypothesis. They follow
mathematically from the geometric structure characteristic of any Rieman-
nian space (as well as the Riemannian quadratic metric and its invariance
throughout the entire space). For example, let us have a space determined
by a metric. In order for this space to be Riemannian, it is necessary that
its metric has the Riemannian quadratic form ds2 = gαβ dxαdx β, be invariant
throughout the entire space, and satisfy the field equations.

added to the right-hand side of the field equations, the fun-
damental metric tensor gαβ of a spherically symmetric static
homogeneous and isotropic universe (Einstein’s cosmological
model) makes both sides of the equations equal to each other,
so the equations vanish. For detail, see Einstein’s 1917 pa-
per [6] and the comprehensive review on this subject [7].

A year later, in 1918, Willem de Sitter [8] mathematically
deduced that, in addition to Einstein’s metric (which deter-
mines a space filled with a static finite spherically homoge-
neous and isotropic distribution of substance), there is also
another space metric satisfying the field equations containing
the λ-term. De Sitter’s space metric has the form

ds2 =

(
1 −
λr2

3

)
c2dt2 −

dr2

1 − λ r2

3

− r2
(
dθ2 + sin2

θ dφ2
)

and describes a static finite spherically symmetric space filled
with a homogeneous and isotropic distribution of the λ-field
(determined by the λ-term) without any islands of mass or
distributed substance. The above metric then became known
as de Sitter’s cosmological model.

Since the zero component T00 of the energy-momentum
tensor of a distributed matter is associated with the density of
the matter [6], then, according to the right-hand side of the
field equations, the λ-term divided by Einstein’s constant κ
should be associated with the density of the λ-field. Over the
last century many astronomers tried to measure the numeri-
cal value of the λ-term, using various measurement methods;
see the 2001 review on this subject [9]. However, all that
they achieved does not differ from the result known in already
the 1950s, according to which even the sign of the λ-term is
under question, and the upper limit of its numerical value is
|λ |⩽ 10−56 [cm−2]. Even now the astronomers can only say
that the λ-field is an extremely rarefied medium, the density
of which cannot be surely detected within the current accu-
racy of astronomical measurements.

There was no theory of the λ-field until the mid-1990s,
when we began our own research on this subject. As a re-
sult of our research, in Chapter 5 of our monograph [2], first
published in 2001, we presented a mathematical theory of the
λ-field. In the framework of this theory, we theoretically de-
termined the physically observable properties of the λ-field
and much more. As always in our studies, we used the mathe-
matical apparatus of physically observable quantities in Gen-
eral Relativity, known also as the Zelmanov chronometric in-
variants [10–12]; see the most comprehensive review of this
mathematical technique in our survey [13].

In [2] we called the λ-field the physical vacuum, because
it has vacuum-like properties. We relied on the works of Erast
Gliner [14,15], announced in 1966 by Andrew Sakharov [16].
Gliner selected and then studied a special state of distributed
matter for which the energy-momentum tensor is Tαβ = µgαβ,
where µ is a constant number‡. He called this state of matter

‡Gliner used the space signature (−+++), resulting in Tαβ =−µgαβ.
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Volume 20 (2024) PROGRESS IN PHYSICS Issue 1 (June)

the µ-vacuum, because it is related to vacuum-like states of
substance (Tαβ ∼ gαβ, which means Rαβ = kgαβ, k= const), but
is not the vacuum (because Tαβ = 0 in the vacuum). Following
this way, we introduced a new geometric classification of the
states of distributed matter (and of space-time itself) accord-
ing to the form of the energy-momentum tensor. We called
this new classification the T-classification of matter:

I. The emptiness is the state of space-time, for which the
Ricci tensor is zero Rαβ = 0, which means the absence
of both distributed substance (Tαβ = 0) and the physical
vacuum (λ= 0).* So, the emptiness is the state of a
space-time without any kind of distributed matter;

II. The physical vacuum or, simply, the vacuum is the state
of distributed matter (space-time), which is determined
by only the λ-field (λ= const, 0);

III. The µ-vacuum is the state of distributed matter (space-
time), which is determined by the energy-momentum
tensor of the form Tαβ = µgαβ (where µ= const). This
is a vacuum-like state of matter, because Tαβ ∼ gαβ;

IV. Substance is the state of distributed matter (space-time)
for which Tαβ , 0, but Tαβ / gαβ. This state comprises
both ordinary substance and electromagnetic fields.

For the above reasons, we called the mathematical theory
of the λ-term, which we presented in Chapter 5 of our mono-
graph [2], the theory of the physical vacuum.

The energy-momentum tensor and physical properties of
the physical vacuum (λ-field) were derived as follows. We
presented the field equations in the form

Rαβ −
1
2
gαβR = −κ T̃αβ ,

where T̃αβ =Tαβ + T̆αβ is the joint energy-momentum tensor
that describes both distributed substance and the physical vac-
uum, and

T̆αβ = −
λ

κ
gαβ

is the energy-momentum tensor of the physical vacuum. The
physically observable properties of a medium are expressed
with the projections of its energy-momentum tensor Tαβ onto
the time line and the three-dimensional spatial section of the
observer [10–13]: the observable density ρ, the observable
momentum density J i and the observable stress tensor U ik

ρ =
T00

g00
, J i =

cT i
0

√
g00
, U ik = c2T ik,

Since the observable density of matter is positive, ρ= T00
g00
=−µ> 0, he ob-

tained negative numerical values of µ. We always use the space signature
(+−−−), because in this case the three-dimensional observable interval is
positive [10–13]. Therefore, we have µ> 0 and Tαβ = µgαβ.

*In an empty space, we have the field equations Rαβ − 1
2 gαβ R= 0 or, in

the mixed form, R βα − 1
2 g
β
α R= 0. After their contraction Rαα −

1
2 g
α
αR= 0, we

obtain R− 1
2 4R= 0. Hence, the scalar curvature of any empty space is R= 0,

and the field equations in an empty space have the form Rαβ = 0.

which, when calculated for the energy-momentum tensor of
the physical vacuum T̆αβ =− λκ gαβ, have the form

ρ̆ =
T̆00

g00
= −
λ

κ
,

J̆ i =
c T̆ i

0
√
g00
= 0 ,

Ŭ ik = c2 T̆ ik =
λ

κ
c2hik = − ρ̆c2hik,

where hik is the upper-index form of the physically observable
three-dimensional metric tensor hik =−gik +

1
c2 vivk.†

From here we see that the physical vacuum (λ-field) is
a uniformly distributed matter (since it has a constant density
ρ̆= const), and also is a non-emitting medium (the energy flux
in the physical vacuum is zero c2 J̆ i = 0).

The equation of state of the physical vacuum‡ follows
from the general formula of the stress tensor

Uik = p0 hik − αik = phik − βik ,

which is applicable to any medium [12]. Here p0 is the equi-
librium pressure of the medium, p is the true pressure, αik

is the viscosity of the 2nd kind, and βik =αik −
1
3 αhik is the

anisotropic part of αik (α=αi
i is its trace), called the viscosity

of the 1st kind and manifested in anisotropic deformations of
the medium. Since the physical vacuum (λ-field) is the only
filler of any de Sitter space, and de Sitter’s metric means a
spherically symmetrical, homogeneous, isotropic and static
(non-deforming) space, then in the physical vacuum ᾰik = 0
and β̆ik = 0 (it is a non-viscous medium). Hence, the energy-
momentum tensor of the physical vacuum has the form

Ŭik = p̆hik = − ρ̆c2hik ,

and the equation of state of the physical vacuum is

p̆ = − ρ̆c2,

which means the state of inflation: if the density of a medium
is positive, then the pressure inside it is negative (the medium
expands).

So, we have obtained that the physical vacuum has the
following physical properties:

†The physically observable three-dimensional spatial interval is deter-
mined as dσ2 = hik dx idxk , where hik =−gik +

1
c2 vi vk for which hik =−gik

and hi
k =−g

i
k = δ

i
k . Here vi =−c g0i√

g00
is the linear velocity with which the

reference space of the observer rotates (in the case, if it rotates), for which
v i =−cg0i√g00 , vi = hik v

k , v2 = vk vk = hik v
ivk . See the mathematical appa-

rarus of chronometric invariants [10–13] for detail.
‡The equation of state of a distributed matter is the relationship between

the pressure and density in the medium. For instance, p= 0 is the equation
of state of a dust medium, p= ρc2 is the equation of state of a matter inside
atomic nuclei, p= 1

3 ρc2 is the equation of state of an ultra-relativistic gas.

6 Rabounski D. and Borissova L. On the Lambda Term in Einstein’s Equations and Its Influence on the Cosmological Redshift
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The physical vacuum, i.e., the λ-field, is a homogene-
ous ( ρ̆= const), non-viscous (ᾰik = 0, β̆ik = 0) and non-
emitting (J̆ i = 0) medium, which is in the state of infla-
tion (p̆=− ρ̆c2).

We are able to calculate the numerical value of the phys-
ically observable density of the physical vacuum ρ̆=− λ

κ
and,

therefore, the numerical value of the λ-term, if the physi-
cally observable three-dimensional curvature of the observ-
able space will once be somehow measured in astronomical
observations. How to do this is explained below.

In constant curvature spaces such as de Sitter spaces the
Riemann-Christoffel curvature tensor is [17, Chapter VII]

Rαβγδ = K
(
gαγ gβδ − gαδ gβγ

)
, K = const ,

where K is a constant number proportional to the constant
scalar curvature R. Contracting it step-by-step we obtain the
Ricci tensor Rαβ =−3K gαβ, the scalar curvature R=−12 K
(because gαβ gαβ = 4) and, as a result, the field equations in a
constant curvature space

3K gαβ = −κTαβ + λgαβ ,

which mean (λ− 3K) gαβ = κTαβ. Because Tαβ = 0 in any de
Sitter space (its only filler is the λ-field), then the observable
density of the physical vacuum in a de Sitter space is

ρ̆ = −
λ

κ
= −

3K
κ
= −

3Kc2

8πG
,

and, since the physically observable three-dimensional curva-
ture C of a de Sitter space is C =−6K,* we obtain the physi-
cally observable density of the physical vacuum ρ̆, the λ-term
and the pressure p̆ inside the vacuum (the latter follows from
the equation of state of the physical vacuum, p̆=− ρ̆c2), ex-
pressed with the physically observable space curvature C

ρ̆ =
C
2κ
, λ = −

C
2
, p̆ = −

c2C
2κ
,

or, since C is known to be related to the physically observable
curvature radius R of a three-dimensional constant curvature
space as follows C = 1

R2 ,

ρ̆ =
1

2κR2 , λ = −
1

2R2 , p̆ = −
c2

2κR2 .

Astronomical observations performed over the last cen-
tury indicate that the physically observable event horizon in
our Universe is approximately 1028 cm (within one order of
magnitude). Therefore, if we assume that our Universe is a
de Sitter sphere with the observable curvature radius 1028 cm,

*It was obtained by projecting the Riemann-Christoffel curvature ten-
sor Rαβγδ onto the time line and the three-dimensional spatial section of the
observer; see [2, §5.3] for detail.

then we should expect (all within one order of magnitude):

ρ̆ ≈ 3 × 10−30 gram/cm3,

p̆ ≈ −2 × 10−9 gram/cm sec2,

|λ | ≈ 5 × 10−57 cm−2.

Gravitational forces act in any de Sitter space, but they are
non-Newtonian gravitational forces because they arise due
to the non-Newtonian gravitational potential created by the
physical vacuum (λ-field). Below explains why.

In general, gravitational forces are forces caused by the
non-uniform distribution of the gravitational potential w de-
termined by the zero component g00 of the fundamental met-
ric tensor gαβ. As is known, in a general case [18],

g00 =

(
1 −

w
c2

)2
, hence w = c2 (

1 −
√
g00

)
,

and the physically observable vector of the gravitational iner-
tial force, determined in the framework of the the mathemat-
ical apparatus of chronometric invariants [10–13], is

Fi =
1
√
g00

(
∂w
∂xi −

∂vi
∂t

)
.

In a space of de Sitter’s metric (see the metric in the be-
ginning of this article) we have

g00 = 1 −
λr2

3
, hence w = c2

1 −
√

1−
λr2

3


is the non-Newtonian gravitational potential specific to de
Sitter metric spaces. The mixed components g0i are zero in
de Sitter’s metric, hence vi =−c g0i√

g00
= 0 (which means that

de Sitter spaces do not rotate). Using the above, we obtain
that the physically observable gravitational inertial force in a
de Sitter space has the following non-zero components

F1 =
λc2

3
r

1 − λ r2

3

, F1 =
λc2

3
r ,

or, when expressed with the physically observable density of
the physical vacuum ρ̆ and the observable curvature radius of
space R,

F1 = −
κρ̆c2

3
r

1 + κρ̆r2

3

= −
c2

6R2

r

1 + r2

6R2

,

F1 = −
κρ̆c2

3
r = −

c2

6R2 r .

This is a non-Newtonian gravitational force, because it
arises due to the non-Newtonian gravitational potential spe-
cific to de Sitter spaces, and also increases with the distance
over which it acts (the force is proportional to r).

Based on the results presented above, we arrive at the fol-
lowing conclusions:
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1. If the λ-term is negative λ< 0, then the density of the
physical vacuum is positive ρ̆ > 0, the pressure inside
it is negative p̆< 0 (which means that the vacuum ex-
pands), the non-Newtonian gravitational forces acting
in the space are negative F i < 0 (this means that they
are forces of attraction), and the three-dimensional ob-
servable curvature is positive C > 0;

2. On the contrary, if the λ-term is positive λ> 0, then
the density of the physical vacuum is negative ρ̆ < 0,
the pressure inside it is positive p̆> 0 (the vacuum con-
tracts), and the non-Newtonian gravitational forces act-
ing in the space are positive F i > 0 (therefore, they are
forces of repulsion). But in this case, the physically ob-
servable three-dimensional curvature is negative C < 0
and, therefore, the observable curvature radius of space
R has an imaginary numerical value R= 1

√
C
= 1
√
−2λ

,
which means that the three-dimensional space geom-
etry is hyperbolic (but not spherical, how the geometry
of a de Sitter space should be).

Let us now study how the sign of the λ-term affects the
frequency shift gained by a photon travelling in a de Sitter
universe. It is called the cosmological frequency shift, be-
cause it is calculated for a photon fled a “cosmological” dis-
tance comparable to the radius of the Universe.

As we have shown and applied in our previous studies
since 2009 [3–5], the physically observable cosmological fre-
quency shift in photons is deduced by integrating the scalar
equation of isotropic geodesic lines (trajectories of free light-
like particles, e.g., free photons), which is the equation of the
physically observable photon energy. This equation follows
from the theory of chronometric invariants [10–13] (physi-
cal observables in the space-time of General Relativity), and
is the chronometrically invariant (physically observable) pro-
jection of the four-dimensional equations of isotropic geo-
desics (the four-dimensional equations of motion of free pho-
tons) onto the time line of the observer, while the chronomet-
rically invariant projection of the four-dimensional equations
of isotropic geodesics onto the three-dimensional spatial sec-
tion associated with the observer gives the three-dimensional
physically observable equations of motion of free photons.

In particular, in 2011, following this calculation method
applied to the equations of motion of mass-bearing particles,
the cosmological mass defect of mass-bearing particles had
been predicted [19]. The cosmological mass-defect is a new
effect predicted according to General Relativity.

In short, the aforementioned calculation method applied
to photons is as follows.

The four-dimensional (general covariant) equations of an
isotropic geodesic line, which is the four-dimensional trajec-
tory of a free photon*, when projected onto the time line and

*This is a photon, the motion of which is non-deviated by another force
than the forces caused by the space itself (gravitation, rotation and deforma-
tion), so it travels along a shortest (geodesic) trajectory. If a photon is also

the three-dimensional spatial section associated with an ob-
server, have two physically observable (chronometrically in-
variant) projections, which are†

dω
dτ
−
ω

c2 Fi ci +
ω

c2 Dik cick = 0 ,

d
(
ωci)
dτ

− ωF i + 2ω
(
Di

k + A·ik·
)

ck + ω∆i
nk cnck = 0 ,

whereω is the photon’s frequency, ci is the physically observ-
able chr.inv.-vector of the light velocity (hik cick = c2), and

dτ =
√
g00 dt −

1
c2 vi dxi

is the physically observable time interval. The factors under
which photons move freely, aside of the chr.inv.-gravitational
inertial force Fi (explained above), are the chr.inv.-angular ve-
locity tensor of the space rotation Aik, the chr.inv.-tensor of
the space deformation Dik and the chr.inv.-Christoffel sym-
bols ∆i

jk (they mean the non-uniformity of space)‡

Aik =
1
2

(
∂vk
∂xi −

∂vi

∂xk

)
+

1
2c2 (Fi vk − Fk vi) ,

Dik =
1
2

∗∂hik

∂t
, Dik = −

1
2

∗∂hik

∂t
,

∆i
jk = him∆ jk,m =

1
2

him
(
∗∂h jm

∂xk +
∗∂hkm

∂x j −

∗∂h jk

∂xm

)
.

We call the time projection (first equation) the chr.inv.-
energy equation, because it gives the physically observable
energy E = ℏω of the photon as it travels. The spatial (second)
projection represents the chr.inv.-equations of the photon’s
motion in the three-dimensional space.

We calculate the cosmological frequency shift of a photon
by integrating the chr.inv.-energy equation. De Sitter met-
ric spaces do not rotate or deform§, therefore the only acting

under the action of another additional force, that force deviates it from the
geodesic (shortest) path thereby making the photon’s motion non-geodesic.
Such a deviating non-geodesic force or forces appear in the right-hand side
of the equations of motion thereby making the right-hand side of the equa-
tions nonzero and, thus, transforming them into the non-geodesic equations
of motion. See our monograph [2] for detail.

†For details on how these projections are deduced, see our first mono-
graph [1], in which we considered geodesic particle motion in terms of
chronomeric invariants (physically observable quantities in General Relativ-
ity), and also our second monograph [2] focused on non-geodesic motion.

‡The chr.inv.-derivation operators with respect to time and the spatial
coordinates have the form:

∗∂
∂t
= 1√

g00
∂
∂t

and
∗∂
∂x i =

∂
∂x i +

1
c2 vi

∗∂
∂t

.
§In de Sitter’s metric (see it in the beginning of this article), we have

g0i = 0. This means that the linear rotational velocity of such a space is zero
vi =−c g0i√

g00
= 0 and also the angular velocity tensor Aik = 0. Hence, de Sit-

ter metric spaces do not rotate. In addition, the chr.inv.-metric tensor in a
de Sitter space has the form hik =−gik +

1
c2 vivk =−gik . It does not depend

on time because the non-zero gik components of de Sitter’s metric, which
are g11 =−

(
1− λr2

3
)−1, g22 =− r2, g33 =− r2 sin2θ, do not depend on time.

Hence, the space deformation tensor is zero Dik = 0. This means that de Sit-
ter metric spaces do not deform, i.e., they are a kind of static spaces.
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factor in the chr.inv.-energy equation is the non-Newtonian
gravitational force Fi. Because the force and the physically
observable time interval in a de Sitter space are

F1 =
λc2

3
r

1 − λ r2

3

, dτ =
√
g00 dt =

√
1 −
λr2

3
dt ,

we obtain the chr.inv.-energy equation of a photon travelling
along the radial direction x1 = r in a de Sitter space

dω
dτ
−
ω

c2 F1 c1 = 0

in the form
d lnω =

λr
3

dr

1 − λ r2

3

or, since d ln
(
1− λ r2

3

)
=− 2λr

3
dr

1− λ r2
3

,

d lnω = −
1
2

d ln
(
1 −
λr2

3

)
,

integrating which we obtain the photon’s frequency ω and its
cosmological shift z (without specifying the sign of λ)*

ω =
ω0√

1 − λr2

3

≃ ω0

(
1 +
λr2

6

)
,

z =
ω − ω0

ω0
=

1√
1 − λr2

3

− 1 ≃
λr2

6
.

As you can see from the above formula, we have obtained
that in any de Sitter universe there is a parabolic (non-linear)
cosmological shift in the frequency of photons. Two options
of the cosmological frequency shift are conceivable, depend-
ing on the sign of λ:

1. In a de Sitter universe with λ> 0, we have z> 0 that
means a parabolic cosmological redshift — the fre-
quency of a photon decreases as it travels, because with
λ> 0 the non-Newtonian gravitational forces acting in
a de Sitter world are forces of repulsion, which decel-
erate photons travelling towards the observer. In this
case, the physical vacuum has a negative density ρ̆ < 0,

*The above z is not a kind of the Doppler frequency shift and is therefore
calculated using a different formula. The Doppler redshift z is a decrease in
the frequency of the signal emitted by a source moving away from the ob-
server, and the Doppler blueshift is an increase in the signal’s frequency when
its source moves towards the observer. In contrast, in the case of a de Sitter
space under consideration, the source of photons neither moves away nor ap-
proaches the observer (the distance r between them remains unchanged). In
this case, the photon frequency shift is due only to the non-Newtonian grav-
itational field attributed to such a space (see the chr.inv.-energy equation that
above). In the formula for z, which we have obtained, ω0 is the frequency of
the photon in the case, where its source coincides with the observer (r= 0),
and ω is the photon’s frequency in the case, where the source of the photon
is located at a distance r from him.

the pressure inside it is positive p̆=− ρ̆c2 > 0 (which
means that the physical vacuum contracts), the three-
dimensional physically observable curvature C = 1

R2 is
negative C < 0 and, therefore, the observable curvature
radius of space R has an imaginary numerical value.
The latter means that the space geometry is hyperbolic
(what the geometry of a de Sitter space should not be).
In addition, ρ̆ < 0 contradicts the physical requirement
that any kind of observable matter must have a positive
mass and density;

2. In a de Sitter universe with λ< 0, we have z< 0 that
means a parabolic cosmological blueshift — the fre-
quency of a photon increases as it travels, since with
λ< 0 the non-Newtonian gravitational forces acting in
a de Sitter world are forces of attraction (they accelerate
photons travelling towards the observer). In this case,
the physical vacuum has a positive density ρ̆ > 0, its
pressure is negative p̆=− ρ̆c2 < 0 (which means that the
physical vacuum is an expanding medium), the three-
dimensional physically observable curvature is positive
C = 1

R2 > 0 and, therefore, the observable curvature ra-
dius of space R has a real numerical value (this means
that the space geometry is spherical as it should be in a
de Sitter space).

In other words, in a de Sitter world with λ> 0 there is a
non-linear (parabolic) cosmological redshift, and this our the-
oretical finding corresponds to the non-linearity of the cos-
mological redshift in the spectra of distant galaxies, which
was recently discovered by astronomers†. But the λ> 0 case
considered above does not satisfy such obvious physical re-
quirements as a positive density of distributed matter and the
real radius of the Universe. On the other hand, despite the fact
that in a de Sitter world with λ< 0 there are no violations of
the above physical requirements, in such a universe we have
a parabolic cosmological blueshift.

We were looking for a solution that would resolve this
dilemma. As a result, we have arrived at a conclusion that
the above contradiction is resolved if we take Einstein’s field
equations in the following form

Rαβ −
1
2
gαβR = −κTαβ − λgαβ ,

where the last term λgαβ is taken with the opposite (negative)
sign unlike Einstein’s original equations, in which this term
is positive. In this case,

Rαβ −
1
2
gαβR = −κ

(
Tαβ +

λ

κ
gαβ

)
,

where the right-hand side contains the sum Tαβ + λκ gαβ (as it
should be according to the logic of things) and the energy-

†See, for example, the surveys [20–22] and the original research results
referred therein.
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momentum tensor of the physical vacuum is*

T̆αβ =
λ

κ
gαβ .

In this case, in a de Sitter world with λ> 0 and, therefore,
with a parabolic cosmological redshift, we have

ρ̆ =
λ

κ
> 0 , p̆ = − ρ̆c2 < 0 ,

and, therefore (following the same deduction as on page 7),

ρ̆ =
C
2κ
=

1
2κR2 , λ =

C
2
=

1
2R2 ,

p̆ = −
c2C
2κ
= −

c2

2κR2 ,

from which we obtain positive numerical values of the three-
dimensional physically observable curvature C = 1

R2 and the
observable curvature radius of space R

C = 2λ > 0 , R =
1
√

C
> 0 .

In addition, there is one more property of de Sitter worlds
with λ> 0. As follows from de Sitter’s metric (see it in the
beginning of this article) that the state of gravitational col-
lapse (it is characterized by the condition g00 = 0) arises in a
de Sitter space with λ> 0 under the obvious condition λr2

3 = 1.
As Larissa obtained in 2010 [3], “. . . since Schwarzschild’s
metric of the space inside a sphere of incompressible liquid
transforms into de Sitter’s metric by the collapse condition
and the condition λ= 3

a2 , we arrive at the conclusion: space
inside a sphere of incompressible liquid, which is in the state
of gravitational collapse, is described by de Sitter’s metric,
where the λ-term is λ= 3

a2 . All these can be applied to the
Universe as a whole, because it has mass, density, and radius
such as those of a collapsar. Therefore, the Universe is a col-
lapsar, whose internal space, being assumed to be a sphere of
incompressible liquid, is a de Sitter space with λ= 3

a2 (here a
is the radius of the Universe).” Larissa called this model the
de Sitter bubble.

Let us calculate the physically observable curvature ra-
dius R of such a de Sitter space (it does not coincide with the
metric radius a of the de Sitter sphere). Since the collapse
condition in a de Sitter world arises under λr2

3 = 1, where the
radial coordinate r meets the metric radius a of the de Sitter
sphere (r= a), we have λ= 3

a2 . On the other hand, the λ-term
expressed with the three-dimensional physically observable
curvature radius C = 1

R2 has the form λ= C
2 =

1
2R2 (see the de-

duction above). As a result, we obtain that the observable

*And not T̆αβ =− λκ gαβ as in the original version of Einstein’s equations
Rαβ − 1

2 gαβR=−κTαβ + λgαβ that means Rαβ − 1
2 gαβR=−κ

(
Tαβ − λκ gαβ

)
,

where on the right-hand side is the energy-momentum tensor of distributed
matter Tαβ, from which λκ gαβ is subtracted.

curvature radius of a de Sitter space with λ> 0, expressed
with the metric radius a of the de Sitter sphere in the state
of gravitational collapse, is

R =
a
√

6
≃ 0.41 a ,

which means that from the point of view of an observer lo-
cated inside such a de Sitter bubble, the curvature radius of
the bubble R is less than its metric radius a (which is the
greatest metric distance in the space).† As is seen from the
above deduction, this is an observable effect of General Rel-
ativity due to the physically observable distortion of space
caused by the gravitational field (λ-field, in this case).

Let us provide astronomers with a formula of physically
observable cosmological distances inside a de Sitter universe
with λ> 0. The theory of chronometric invariants (physical
observables in the space-time of General Relativity) deter-
mines the square of the three-dimensional physically observ-
able interval as dσ2 = hik dxidxk, where hik =−gik +

1
c2 vivk is

the chr.inv.-metric tensor, and vi =−c g0i√
g00

is the linear rota-
tional velocity of space. Since g0i = 0 in de Sitter’s metric (see
the metric in the beginning of this article), de Sitter metric
spaces do not rotate (vi = 0). Therefore, hik =−gik in any de
Sitter space and, hence, dσ2 = hik dxidxk =−g11 dr2 along the
radial direction x1 = r in it. As a result, the three-dimensional
physically observable interval along the radial direction in a
de Sitter space has the form

dσ =
dr√

1 − λ r2

3

,

the integration of which together with the collapse condition
λa2

3 = 1 gives the formula of physically observable cosmolog-
ical distances inside the de Sitter bubble

σ = a arcsin
r
a
.

At small metric distances r≪ a between cosmic objects
and an observer (compared to the metric radius of the de Sit-
ter sphere a, which is the metric radius of the Universe), we
have arcsin r

a ≃
r
a . Therefore, at small metric distances r≪ a,

the physically observable distances σ to the cosmic objects
are σ≃ r. The farther a cosmic object is located from the ob-
server, the greater the physically observed distance σ to this
object is than the metric distance r to it. For the ultimately
distant cosmic objects that are located at the distance equal to
the metric radius of the Universe r= a (the radius of the de
Sitter bubble), the physically observable distance to them is

σ = a arcsin 1 =
π

2
a ≃ 1.57 a .

†Note that the observable curvature radius is constantR= const through-
out a de Sitter space, because de Sitter metric spaces are a kind of constant
curvature spaces by definition.
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Finally, assuming the corrected version of Einstein’s field
equations (see above), we arrive at the third option to repre-
sent the observable Universe as a de Sitter world:

3. Our Universe is a de Sitter world with λ> 0, but the
λgαβ term in Einstein’s field equations has the oppo-
site (negative) sign unlike Einstein’s original equations
(in which this term is positive). In this case, the phys-
ical vacuum has a positive density ρ̆ > 0, the pressure
inside it is negative p̆=− ρ̆c2 < 0 (the physical vacuum
expands), the three-dimensional physically observable
curvature is positive C = 1

R2 > 0 and, therefore, the ob-
servable curvature radius of space R has a real numeri-
cal value (this means that the space geometry is spheri-
cal as it should be in a de Sitter space). Since λ> 0 the
non-Newtonian gravitational forces acting in the space
are forces of repulsion. They decelerate photons trav-
elling towards the observer (the frequency of the pho-
tons decreases as they travel). As a result, the observer
should register a parabolic (non-linear) cosmological
redshift in the frequency of the photons arriving at him
from the far cosmos.

We vote for the above 3rd option as a model of the ob-
servable Universe, because in this case:

a) the physical vacuum has a positive density ρ̆ > 0, which
satisfies the obvious physical requirement that any kind
of observable matter in the Universe must have a posi-
tive mass and density,

b) the observable curvature radius of space R is real (and
not imaginary) and, hence, the space geometry is spher-
ical (and not hyperbolic),

c) the forces acting in such a space are the non-Newtonian
gravitational forces of repulsion: they decelerate pho-
tons travelling towards the observer, thereby causing a
non-linear (parabolic) redshift in the frequency of the
photons,

d) the entire observable Universe is located inside a huge
de Sitter gravitational collapsar (its gravitational radius
outlines the observable event horizon).

Let us apply this model to calculate the metric distance
r to the galaxy JADES-GS-z13-0 that is the highest redshift
galaxy known to date. It was discovered by astronomers in
2022, and its redshift is z= 13.2 [23]. Therefore, applying
our parabolic redshift formula for this galaxy, we have

z =
1√

1 − λr2

3

− 1 = 13.2 ,

which with λ= 3
a2 taken into account (where a is the metric

radius of the collapsed de Sitter sphere, i.e., the metric radius
of the Universe) gives

r = a

√
1 −

1
(z + 1)2 = 0.998 a ,

i.e., this galaxy is located on the very edge of the Universe.
This fact is consistent with the observed non-linearity of the
cosmological redshift discovered by astronomers [20–22] in
the spectra of distant galaxies.

Even if galaxies with redshifts higher than z= 13.2 are
discovered in the future, we will find that they are not much
farther away from us than the aforementioned galaxy. This is
thanks to our redshift formula, according to which the para-
bolic redshift curve z rises very strongly upward at large dis-
tances r even for very small increments of r. For example, a
galaxy, the redshift of which is z= 25, according to our red-
shift formula is located at the distance r= 0.999a from us,
and the distance to a galaxy with z> 100 is r= 0.99(9)a.

For more or less nearby galaxies, the redshift of which is
z≃ 0.1, our formula that above gives r≃ 0.4 a.

All this confirms Larissa’s suggestion, made in 2010 [3],
according to which the observable Universe is a huge de Sitter
gravitational collapsar (de Sitter bubble) with λ> 0, the gravi-
tational radius of which outlines the observable event horizon.

We thank Pierre A. Millette for discussion and comments.

Submitted on January 7, 2024
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Here we list three options that General Relativity has proposed over the past decade to
explain the non-linear cosmological redshift, observed by astronomers. 1) If the redshift
law is linear for nearby galaxies, then turns into exponential for distant galaxies, and
triangulation of galaxies reveals non-zero curvature of space, then our Universe is an
expanding Friedmann world. 2) If the linear redshift law turns into parabolic for distant
galaxies, then our Universe is a static de Sitter world with λ> 0, in which the physical
vacuum has a positive density, the observable curvature of space is positive, and the non-
Newtonian gravitational forces acting there are repulsive forces increasing with distance
(which cause photons to lose energy as they move). 3) If for distant galaxies the linear
redshift law turns into exponential, but triangulation of galaxies does not reveal even
the slightest curvature of space, then our Universe has a flat space, where the redshift in
the spectra of distant objects is due only to the fact that the light-like sub-space (home
of photons) of any metric space-time rotates with the speed of light, thereby creating a
repulsive centrifugal force (which causes photons to lose energy as they move). In this
case, any particular space metric creates only an addition to the exponential redshift
law, which must take place even in a flat unperturbed space.

Cosmological redshift was discovered by Vesto Slipher (Flag-
staff Observatory, Arizona), who first registered it on Septem-
ber 17, 1912 in the spectrum of Andromeda Nebula M31 [1],
then over subsequent years in the spectra of other galaxies
[2, 3]. Slipher’s discovery of the cosmological redshift and
the key contribution of his measurements into the discovery
of the redshift law are explained in detail in the comprehen-
sive 2013 surveys [4–6].

Slipher explained this result by the Doppler effect, saying
that most galaxies move away from the observer with high
velocities (therefore their spectra become redshifted). A few
years after the discovery in the early 1920s, a number of sci-
entists came up with the idea of explaining the cosmological
redshift in the framework of one of the cosmological mod-
els proposed by the General Theory of Relativity. They all
tried to deduce the dependence of the redshift and the corre-
sponding radial velocity of galaxies on their distance from the
observer as the Doppler effect in the framework of de Sitter’s
cosmological model. These were researchers such as Lud-
wik Silberstein, Knut Lundmark, Carl Wirtz, Edwin Hubble,
Willem de Sitter. Their work is discussed in detail in recent
historical studies by Michael Way, Harry Nussbaumer, Cor-
mac O’Raifeartaigh and their co-authors (if any), which are
referred here in context of the discovery of the redshift law
(see References).

Abbé Georges Lemaı̂tre was one of the researchers. After
his “Docteur en Sciences” graduation from Université catho-
lique de Louvain à Bruxelles and being ordained as a diocesan
(secular) priest, he spent 1923–1925 outside Belgium. During

1923 he was a research associate in astronomy with Arthur
Eddington at the Cambridge Observatory in England, then
during 1924 — with Harlow Shapley at the Harvard Observa-
tory (Massachusetts). Eddington introduced Lemaı̂tre to the
General Theory of Relativity and relativistic cosmology, and
with Shapley he studied the spectra of galaxies.

Returning to Belgium in 1925, Lemaı̂tre, like his afore-
mentioned predecessors, tried to explain the observed cosmo-
logical redshift in the framework of de Sitter’s cosmological
model. This is a spherical universe of constant curvature filled
with the physical vacuum called the λ-field, which is given by
the λ-term in de Sitter’s space metrics. Such a universe is usu-
ally static (λ= const), but can also be expanding if the λ-term
and the space curvature (it is proportional to λ), having the
same numerical value at any point in space, are proportional
to the expansion rate, i.e., they depend on time (the case con-
sidered by Lemaı̂tre and his predecessors). Galaxies in an
expanding universe are scattering away from the observer, so
their observed spectra must be redshifted due to the Doppler
effect. But, following his predecessors, Lemaı̂tre had come to
an unsatisfactory result. He had deduced the same linear red-
shift law as Silberstein before him. But the obtained solution
becomes invalid at the coordinate origin and even at a small
distance from it, and also there the light source and the ob-
server cannot be swapped (the solution depends on the coor-
dinates). This means that, if the λ-term and the space curva-
ture depend on time (the universe is expanding or compress-
ing), then they can have the same numerical values at any
point in space only if the space is either inhomogeneous or
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anisotropic (or both) thereby contradicting the conditions of
spherical symmetry and isotropy, which are assumed in de
Sitter’s metric. In other words, Lemaı̂tre had proved that the
studies of his predecessors, in which they tried to deduce the
Doppler redshift in an expanding de Sitter universe, lead to
nonsense. Lemaı̂tre explained all of the above in his 1925
paper [7], which was then reprinted in 1926 [8].

The mentioned defeat does not mean that de Sitter’s met-
ric itself is bad, but is due to the fact that this metric can only
be static. Whereas the Doppler redshift, which Lemaı̂tre and
his predecessors tried to deduce, is specific to such a space
metric that initially depends on time.

Therefore in 1926, Lemaı̂tre immediately turned to Fried-
mann’s cosmological model of an expanding (or compress-
ing) universe [9, 10], since the Doppler redshift naturally ac-
companies the expansion of space. This model describes an
approximately empty spherical universe (with no islands of
mass or distributed substance), which is expanding or con-
tracting on its own. Success awaited Lemaı̂tre on this path.
He assumed that the Friedmann universe is expanding with a
constant radial velocity, then easily expressed the expansion
velocity from Friedmann’s space metric and substituted it into
the Doppler law known from classical physics. As a result,
Lemaı̂tre had obtained a linear relationship between the cos-
mological redshift in the spectra of galaxies and the distance
from them to the observer, which means a linear redshift law
according to which the redshift for distant galaxies is greater
than for nearby ones and increases proportionally to the dis-
tance. Then, using Slipher’s measurements, he had estimated
the numerical value of the constant coefficient in this linear
relationship, which is now known as the Hubble constant.
Lemaı̂tre reported these results, including the discovery of
the redshift law and the estimation of the redshift law con-
stant, in his fundamental 1927 paper published in Annales de
la Societe Scientifique de Bruxelles [11]. But this publication
in the obscure French-language journal was not noticed in the
scientific community.

Two years later, Edwin Hubble published his 1929 paper
[12] that brought him worldwide fame. In this paper, with a
number of omissions because he was never fluent in General
Relativity, Hubble repeated the results obtained by Lemaı̂tre,
including the linear redshift law and the redshift law constant
estimated using Slipher’s measurement data. Hubble did not
refer to his use of Slipher’s measurements and Lemaı̂tre’s
1927 paper in which Lemaı̂tre reported his discovery of the
redshift law. Therefore, the redshift law later became known
as Hubble’s law or the Hubble redshift.

When in 1931 an English translation of Lemaı̂tre’s 1927
paper was submitted through Eddington to the Monthly No-
tices of the Royal Astronomical Society, the passages about
his discovery of the redshift law and his estimate of the red-
shift law constant were removed by the editor because these
results had already been attributed to Hubble. Finally, the En-
glish translation of Lemaı̂tre’s 1927 paper was published [13],

but with significant censorship. In the same issue of the jour-
nal, Lemaı̂tre also published another paper [14], in which he
outlined the details of his theory of the expanding Universe;
a short version of the second article was then reprinted in
French [15]. Lemaı̂tre did not discuss the above editorial de-
cision: as a truly good Catholic, he always believed that “God
hath commanded so” and never tried to defend his authorship
of the redshift law and the redshift constant.

This story was known to a narrow circle of scientists back
in the 1980s [16]. Then in the early 2000s, Hubble’s author-
ship of the redshift law was publicly questioned in favour of
Lemaı̂tre in the 2003 article [17] and the detailed 2009 book
[18] on this subject. This drama was revealed in full power
in 2011 by two historians of science [19, 20], which caused
widespread resonance in the scientific community in the same
2011 thanks to the science news reports on this subject, which
were first published in Forbes [21], then — in Nature News
[22, 23] and Nature [24]. All this in 2011–2013 led to a revi-
sion of Hubble’s rôle in this discovery and the recognition of
Lemaı̂tre’s authorship of the redshift law with the key contri-
bution of Slipher’s measurements; see [25–29] for example.

In the century passed since Slipher’s measurements, ob-
servational astronomy techniques and observational equip-
ment have made significant progress. Astronomers now have
a vast amount of data on the redshifts and radial velocities of
galaxies (instead of only a few dozens known in the 1920s).
As a result, in the last two decades, astronomers claim about
the possible existence of a deviation from the linear redshift
law, which needs a theoretical explanation: see, for example,
the surveys [30–32] on this subject and the original research
results referred therein.

However, if following the same way of theoretical expla-
nation as Lemaı̂tre and his predecessors did, we arrive at a
problem. The essence of the problem is that neither Lemaı̂tre
nor his predecessors deduced the cosmological redshift law
directly from the specific space metric that they chose. In
essence, they merely postulated that the redshift occurs in
the spectra of galaxies due to their scattering away from the
observer, i.e., due to the Doppler effect. They followed the
“two-step path” of mathematical deduction. At the first stage
of their deduction, they somehow extracted the expansion rate
of the Universe from the specific space metric that they chose
(as the change rate of the curvature radius of space). Then
they merely substituted this speed into the Doppler effect for-
mula known from classical physics, and thus obtained the
cosmological redshift law. This is what Lemaı̂tre did, and
this is what his predecessors did. It cannot be said that such a
method is very consistent with theoretical physics, since the
origin of the cosmological redshift is initially postulated as
a result of the Doppler effect in scattering galaxies in an ex-
panding universe, and also a “mixture” of classical physics
and General Relativity is used in the derivation.
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If, in solving a physics problem, we decide to solve, say,
the forced oscillation equation, we are essentially postulating
that the cause of this effect lies in forced oscillations, and then
we obtain a solution that automatically “confirms” the ini-
tially postulated forced oscillations. In other words, if we ini-
tially postulate the origin of the cosmological redshift effect,
say, as a result of the Doppler effect or something else, then
no matter what mathematical operations we perform next, we
get the same effect that we postulated at the beginning, but
only expressed in a mathematically more extended and ele-
gant form.

Therefore, if we like to find the truly origin of the cosmo-
logical redshift effect, we should newer postulate its origin.
In addition, in order to be honest, if we like to deduce the
cosmological redshift law as a space-time effect, i.e., as an
effect in the framework of a cosmological model provided by
General Relativity, we should follow only with the equations
of General Relativity, and never use the equations and laws
of classical physics (such as the Doppler effect formula). In
other words, the cosmological redshift law should be obtained
from the equations of General Relativity, and without any pre-
liminary assumptions about its origin. This is the solely right
way how to do things in theoretical physics.

In this letter, we list the newest solutions that are most fit
for explaining the observed cosmological redshift, including
its non-linearity. These solutions have been obtained since
2009 using the same original derivation method that has never
been used for this purpose before — solving the scalar geo-
desic equation (energy equation) for a photon travelling from
a source to an observer in the space-time of General Relativ-
ity. These solutions were obtained using only the equations of
General Relativity, and without any prior assumptions about
the nature of the cosmological redshift.

The solutions are different only because of the geometric
structure of space, which is different for different space met-
rics (cosmological models). In other words, the mathemati-
cal derivation merely follows the geometric structure of the
space in which it is performed. Thus, the resulting redshift
law merely shows how the frequency of a travelling photon
changes according to the geometric structure of the particular
space (cosmological model) in which the photon travels.

The mentioned new method used to derive the cosmo-
logical redshift law dates back to our research studies of the
1990s, which we summarized in 2001 in our two monographs
[33, 34]. The first monograph focuses on the geodesic (free)
motion of mass-bearing and massless (light-like) particles in
the space-time of General Relativity, and the second mono-
graph examines their non-geodesic (non-free) motion.

As always in our studies we used the mathematical appa-
ratus of chronometric invariants, which are physically observ-
able quantities in the space-time of General Relativity. Such
quantities are obtained as the projections of four-dimensional

(general covariant) quantities onto the three-dimensional spa-
tial section and the time line associated with a particular ob-
server and his laboratory. Such quantities depend on the ge-
ometric and physical properties of the real physical space of
the observer, as well as the laboratory standards to which he
compares his measurement results. Therefore, if we have all
quantities and equations of General Relativity expressed in
the chronometrically invariant form, then we do not need to
think about which of the obtained solutions are physically ob-
servable (that was a common problem in General Relativity
in the past), since all the obtained solutions are, by defini-
tion, measurable on practice. The mathematical apparatus
of chronometric invariants is also known as the Zelmanov
chronometric invariants in honor of Abraham Zelmanov, who
developed it in 1944; see our detailed survey of chronometric
invariants [35] and references therein.

As for the mentioned new method used to derive the cos-
mological redshift law, it is simple.

The four-dimensional equations of motion of a particle in
space-time have two physically observable projections. The
projection onto the time line of the observer is a scalar equa-
tion showing how the particle’s energy changes in time, de-
pending on the properties of the observer’s space. In other
words, this is the energy equation of the particle. The pro-
jection onto the spatial section associated with the observer
(his three-dimensional space) is the three-dimensional vector
equation of motion of the particle, which also depends on the
properties of the observer’s space.

Integrating the scalar equation of motion (energy equa-
tion) of mass-bearing particles, Dmitri in 2009–2011 derived
that the observable masses of cosmic bodies depend on their
distance from the observer. He had called this the cosmo-
logical mass-defect [36], which is a new effect predicted ac-
cording to General Relativity. The cosmological mass-defect
depends on the specific metric of space, i.e., on the geomet-
ric structure of the specific space (particular cosmological
model). Dmitri had calculated the cosmological mass-defect
in the space of the most commonly used space metrics (cos-
mological models), such as Schwarzschild’s mass-point met-
ric, Reissner-Nordström’s metric of the space of an electri-
cally charged mass-point, Gödel’s metric of the rotating space
with self-closed time-like geodesics, Schwarzschild’s metric
inside a sphere filled with an incompressible liquid, de Sit-
ter’s metric inside a sphere filled with the physical vacuum,
Einstein’s metric inside a sphere filled with an ideal liquid
and the physical vacuum, and also Friedmann’s metric of a
deforming (expanding or compressing) space.

Accordingly, by integrating the scalar equation of motion
(energy equation) of a massless light-like particle, such as a
photon, we obtain its physically observable frequency as a
function of the travelled distance. This is the way to derive the
cosmological redshift law in the space of any specific metric
(particular cosmological model), without any prior assump-
tions about the nature of the cosmological redshift. This is
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how Dmitri in 2011 derived the cosmological redshift law in
the space of each of the aforementioned cosmological mod-
els [37] (see also his 2012 short paper [38]), by analogy with
the cosmological mass-defect.

The above work [37] has its own background and contin-
uation. A year earlier, in 2010, Larissa considered a Sitter
sphere in the state of gravitational collapse (its radius coin-
cides with its gravitational radius). She showed that a de Sit-
ter collapsar (de Sitter bubble) is fit to the observed Universe
[39]. Integrating the scalar equation of motion (energy equa-
tion) of photons, based on her de Sitter bubble model, showed
a parabolic redshift law [37, §6], which remains valid outside
the state of gravitational collapse. Then in 2013, in our mono-
graph on astrophysics [40, §6.4–6.5] (§5.1 in the 1st edition),
we proved that the parabolic redshift law takes place a de Sit-
ter space, in which λ> 0, the physical vacuum has a positive
density, and the observable curvature radius of space is posi-
tive (otherwise it is a blueshift). Our redshift studies in a de
Sitter universe were summarized in a short paper in 2018 [41]
and then in an extended paper in 2023 [42].

The same method as above for deriving the cosmological
redshift law was used in the 2009 papers [43–45], in which
Dmitri had derived an exponential cosmological redshift due
to the global non-holonomity of space.

The term holonomity dates back to Schouten’s theory of
non-holonomic manifolds and was first used in General Rela-
tivity in 1944 by Zelmanov [35]. If the time lines that “pierce”
a three-dimensional spatial section are everywhere orthogo-
nal to it, then the space (space-time) is holonomic. Otherwise
it is non-holonomic. Zelmanov had proved that g0i , 0 in non-
holonomic spaces, which manifests itself in the form of a ro-
tation of the spatial section (three-dimensional space) with a
speed depending on g0i, and this rotation cannot be removed
by coordinate transformations. See [35] for detail.

Dmitri had showed in the third paper [45] that although
each particular space (space-time) has its own specific metric
and does not necessarily have a three-dimensional rotation,
its light-like sub-space (home of photons) always rotates with
the speed of light (varying depending on the gravitational po-
tential). The light-speed rotation of the light-like space can-
not be removed by coordinate transformations and is due to
the sign-alternating structure of any space-time metric (which
distinguishes the time axis from the spatial coordinate axes).
In other words, the light-like space (in which photons travel)
is always strictly non-holonomic. This rotation creates a cen-
trifugal force that affects only particles in the light-like space
(such as photons). By assuming the mentioned rotation when
integrating the scalar equation of motion (energy equation)
of photons, Dmitri had derived the exponential redshift law.
This law should take place even in a flat unperturbed space
(space-time), while each particular space metric creates only
an addition to the exponent.

As for the origin of the cosmological redshift and the cos-
mological mass-defect, it can be understood from the scalar

equation of motion (energy equation), which for photons and
mass-bearing particles has the form, respectively,

dω
dτ
−
ω

c2 Fi ci +
ω

c2 Dik cick = 0 ,

dm
dτ
−

m
c2 Fi vi +

m
c2 Dik vivk = 0 ,

in which m is the relativistic mass of a mass-bearing particle,
travelling with the velocity vi = dx i

dτ , and ω is the frequency of
a photon (photons travel with the velocity of light ci = dx i

dτ , for
which ci ci = c2 = const).

If the space is static (the tensor of the space deformation
rate is Dik = 0), then dτ is reduced in the equations, which
then are integrated with respect to the radial coordinate x1 = r.
As a result, we obtain the mass-bearing particle’s mass m and
the photon’s frequency ω as a function of the distance r from
the observer (for whom r = r0 = 0).

If the gravitational inertial force is Fi = 0 (there is no grav-
itational field and rotation of space), but the space is deform-
ing (expanding or compressing), then when multiplying the
equations by the metric tensor hik, the multiplier hik cick = c2

is reduced and the equations are integrated with respect to the
travel time τ. In this case, we obtain the mass-bearing parti-
cle’s mass m and the photon’s frequency ω as a function of
the time t travelled from the source (where t = t0 = 0) to the
observer (which is the reverse path of integration, changing
the sign of the integration result).

Therefore, the origin of the cosmological redshift and the
cosmological mass-defect is clearly seen from the equations.
If the gravitational inertial force, consisting of a term given by
the gravitational potential and a term given by the centrifugal
force, is a force of repulsion (F1 > 0) or the space is expanding
(D11 > 0), then the repulsive force decelerates photons travel-
ling to the observer, thereby producing a loss of the photon
energy E = ~ω (photon redshift). In the case of mass-bearing
particles such as cosmic bodies, their masses (and energies
E = mc2) registered by the observer are less than their actual
masses (and energies) at their distant locations.

Otherwise, if the gravitational inertial force is a force of
attraction (F1 < 0) or the space is compressing (D11 < 0), then
the force accelerates photons travelling to the observer, there-
by producing a gain of their energy (photon blueshift), and the
masses of distant cosmic bodies registered by the observer are
greater than their actual masses at their distant locations.

This means that both the cosmological mass-defect and
the cosmological redshift arise from the specific geometric
structure of each particular space.

Below we list three different solutions for the cosmologi-
cal redshift law, which can be considered to fit to the observed
Universe. The first two were derived in 2011 [37], while the
third solution — in 2009 [43–45], all using the above method
of integrating the scalar equation of motion (energy equation)
for photons.
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Cosmological redshift in an expanding Friedmann uni-
verse. In such a universe, the frequency ω of a photon regis-
tered by an observer away from the emitted photon is

ω = ω0 e
− Ṙ

R
t
,

where R is the curvature radius of space (the Universe’s radius
in this case), and Ṙ is the rate of its expansion. This exponent-
ial law transforms into the linear

ω ' ω0

(
1 −

Ṙ
R

t
)

at short duration of the photon’s travel (and, respectively, at
small distances from the photon’s emitter to the observer).

We see from the above formulae that the photon’s fre-
quencyω registered by the observer is lower that its frequency
ω0 at the initial moment of time t = t0 = 0, when it was emitted
by a source in the far cosmos. The farther the photon’s emitter
is located from the observer, the lower the photon’s frequen-
cy ω registered by him: the photon’s frequency is redshifted
upon arrival at the observer.

The above formulae for the photon’s frequency result in
the exponential redshift law

z =
ω0 − ω

ω
= e

Ṙ
R

t
− 1 , z > 0 ,

which transforms into the linear redshift law at short duration
(and small distances) of the photon’s travel

z '
Ṙ
R

t .

As was shown in [37], the above formulae for the photon’s
frequency and redshift are the same in both a constant-speed
expanding Friedmann universe (Ṙ = const) and a constant-
deformation Friedmann universe (where Ṙ

R = const).
So, the cosmological redshift in an expanding Friedmann

universe increases with distance to cosmic bodies according
to the exponential redshift law, which transforms into the lin-
ear redshift law at short duration (and small distances) of pho-
tons’ travel.

Here we should make a short remark about Lemaı̂tre’s lin-
ear redshift law. With all our respect to Georges Lemaı̂tre, he
did not solve any equations. His 1927 paper focused on how
to find the expansion rate of the Universe from Friedmann’s
metric. Then he substituted this rate into the Doppler redshift
formula taken from classical physics. In fact, he merely re-
named the emitter’s velocity in Doppler’s formula as the ex-
pansion rate of the Universe (and justified this renaming by
showing how the expansion rate is found from Friedmann’s
metric). But by doing this, Lemaı̂tre could not obtain any-
thing other than the linear redshift law, because it initially
follows from Doppler’s formula at the velocity of the emitter,
much lower than the velocity of light.

In contrast to what Lemaı̂tre did, the exponential redshift
law formula that above is a mathematical solution obtain-
ed directly by solving the scalar equation of motion (energy
equation) for photons travelling in an expanding Friedmann
universe. It was derived without any prior assumptions about
the form of the redshift law. This is the solely right way how
to do things in theoretical physics.

The said does not affect the memory about Abbé Lemaı̂tre
as an outstanding scientist and good Catholic, an exemplar of
human decency and honesty, and does not diminish his fun-
damental contribution to relativistic cosmology.

Cosmological redshift in a static de Sitter universe. In a de
Sitter universe, the frequency ω0 of a photon registered by an
observer (for whom r = r0 = 0) upon its arrival is also lower
than its frequency ω at the location of its distant source, from
which it was emitted. This dependence is expressed with the
parabolic (square) law

ω =
ω0√

1 − λr2

3

,

which at small distances r between the photon’s source and
the observer transforms into the simplified law

ω ' ω0

(
1 +

λr2

6

)
.

The farther the emitter is located from the observer, the
lower the photon’s frequency ω0 registered by him. Thus, the
photon’s frequency is redshifted upon arrival at the observer
in a de Sitter universe.

These formulae for the photon’s frequency result in the
parabolic (square) redshift law

z =
ω − ω0

ω0
=

1√
1 − λr2

3

− 1 , z > 0 ,

which at small distances r takes the simplified form

z '
λr2

6
.

At the ultimately large distance in space (event horizon,
where r = a), which is determined in a de Sitter universe by
the condition λr2

3 = λa2

3 =1, the photon’s frequency and red-
shift are maximum: ωmax =∞ and zmax =∞.

So, the cosmological redshift in a static de Sitter uni-
verse increases with distance to cosmic bodies according to
the parabolic (square) redshift law.

This redshift law depends on the sign of the λ-term and,
accordingly, the sign of the density of the physical vacuum
(which is the filler of de Sitter space) and the sign of the phys-
ically observable curvature of space (since these quantities
are connected with λ). It was proved in [40, §6.4–6.5] (§5.1 in
the 2013 edition) and then summarized in [41, 42] that the
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cosmological redshift (z> 0) takes place in a de Sitter uni-
verse, where λ> 0, the physical vacuum has a positive den-
sity (like substance, and not a negative density like field), the
curvature radius of space is positive (the geometry of space is
spherical, and not hyperbolic), and the non-Newtonian gravi-
tational forces that act in any de Sitter space and increase with
distance from the observer are repulsive forces. These repul-
sive forces cause photons to lose energy as they travel to the
observer, thereby producing a redshift in the frequency of the
photons. Otherwise (if λ< 0), there is not a cosmological red-
shift, but a blueshift (z< 0) and the curvature radius of space
takes an imaginary numerical value (the geometry of space is
hyperbolic).

Cosmological redshift due to the global non-holonomity of
the light-like space. The term non-holonomity dates back to
Schouten’s theory of non-holonomic manifolds and was first
used in General Relativity in 1944 by Zelmanov. If the time
lines that “pierce” a three-dimensional spatial section are ev-
erywhere orthogonal to it, then the space (space-time) is holo-
nomic. Otherwise it is non-holonomic. Zelmanov had proved
that g0i = 0 in holonomic spaces and g0i , 0 in non-holonomic
spaces. The latter manifests itself as a rotation of the spatial
section (three-dimensional space) with a speed depending on
g0i, which cannot be removed by coordinate transformations.
For detail, see our survey [35] and references therein.

It was proved [45] that the light-like sub-space of any
space-time metric rotates with the speed of light, thereby cre-
ating a repulsive centrifugal force. This repulsive force only
acts on particles in the light-like space (i.e., photons) in the
direction away from the observer (coordinate origin), thereby
causing photons to lose energy and frequency as they travel
to him

ω = ω0 e−Ω t
, Ω ≡ H0 ,

resulting in the exponential redshift law

z =
ω0 − ω

ω
= eΩ t

− 1 , z > 0 ,

where ω0 is the photon’s frequency at the initial moment of
time t = t0 = 0, when it was emitted by a distant source in the
cosmos, ω is its frequency upon arrival at the observer, and Ω

is the angular rotational velocity of the light-like space due
to its global non-holonomity (light-speed rotation), which is
equal to the Lemaı̂tre-Hubble constant H0 = 2.3±0.3× 10−18

sec−1 (as measured in the framework of the Hubble Space Te-
lescope Key Project for 2001 [46]).

We see that the repulsive centrifugal force, which is al-
ways present in the light-like space (home of photons) due to
its light-speed rotation, causes a redshift (loss of energy) in
the frequency of a photon arrived from a distant source at the
observer. The farther the photon’s emitter (and longer is its
travel time t), the lower the photon’s frequency ω registered
by the observer upon its arrival.

At short duration (and small distances) of the photon’s
travel we have the linear approximation for the photon’s fre-
quency

ω ' ω0 (1 − H0 t)

and the linear redshift law

z ' H0 t .

So, the cosmological redshift due to the light-speed rota-
tion of the light-like space (its global non-holonomity) increa-
ses with distance to cosmic bodies according to the exponen-
tial redshift law, which at short duration (and small distances)
of photons’ travel transforms into the linear redshift law.

Since the light-like space rotates with the speed of light
due to only the sign-alternating structure of any space-time
metric (which distinguishes the time axis from the spatial co-
ordinate axes), and this rotation cannot be removed by coordi-
nate transformations, the above exponential redshift law and
its linear approximation at small distances should take place
even in a flat unperturbed space. Any particular space met-
ric should create only an addition to the above exponential
redshift law, straightening this exponential curve or making it
more curved.

Thus, the following three versions have been proposed
according to General Relativity to explain the observed non-
linear cosmological redshift law.

1. If the redshift in the spectra of nearby galaxies in-
creases linearly with distance to them, then it turns into expo-
nential for distant galaxies, and triangulation of galaxies re-
veals non-zero curvature of space, then our Universe is an
expanding Friedmann world. In this case, photons lose en-
ergy as they travel to the observer due to the fact that they are
decelerated by the expansion of space.

2. If the linear redshift law turns into parabolic for distant
galaxies, then our Universe is a static de Sitter world with
λ> 0, in which the physical vacuum has a positive density,
the observable curvature is positive, and the non-Newtonian
gravitational forces acting there are repulsive forces increas-
ing with distance from the observer (which cause photons to
lose energy as they travel to the observer).

3. If for distant galaxies the linear redshift law turns into
exponential, but triangulation of galaxies does not reveal even
the slightest curvature of space, then our Universe has a flat
space, where the redshift in the spectra of distant objects is
due only to the light-speed rotation of the light-like sub-space
(home of photons) in any metric space-time, which creates a
repulsive centrifugal force causing photons to lose energy as
they travel to the observer. But in this case we should assume
that the device with which the observer measures the redshift
is connected with a light-like reference frame, which creates a
problem for an ordinary observer, since he and his laboratory
reference frame are related to ordinary substance.
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Which of the above three options best explains the cosmo-
logical redshift in our Universe will be decided in accordance
with astronomical observations.

Submitted on February 5, 2024
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9. Friedmann A. Über die Krümmung des Raumes. Zeitschrift für Physik,
1922, Band 10, No. 1, 377–386 (published in English as: Friedman A.
On the curvature of space. General Relativity and Gravitation, 1999,
vol. 31, no. 12, 1991–2000).
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Interpretation of Quantum Mechanics in Terms of Discrete Time II
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From the perspective of discrete time, the macroscopic world and the microscopic world
are divided using the Planck mass as a reference point. The microscopic world is a world
where the nature of time is discrete and non-locality dominates, and the macroscopic
world is a world where the nature of time is continuous and locality dominates. The
macroscopic world is not reduced to the result of the order of the microscopic world,
and the physical laws of both worlds are real. The differences between the two worlds
lead to limitations in applying physical intuition formed in the macroscopic world to
the microscopic world. As an alternative to this, a new model of the physical reality of
matter in the microscopic world was proposed.

1 Boundary between the macroscopic world and the
microscopic world

From a discrete time perspective, quantum waves are formed
by the contributions of ∆t future and past spinors, and can be
expressed as follows [1]:

(xµ + ∆xµ)Ψ (xµ) − xµΨ (xµ + ∆xµ)

= ∆xµ exp
(
−

i
ℏ
∆xαPα

)
Ψ (xµ) .

(1)

In (1), the time component of ∆xµ is c∆t.
In order for (1) to be established, the following two as-

sumptions are necessary:

1. Ψ (xµ) is an analytic function.
2. [xµ, Pν] = −iℏδµν , where Pν = iℏ ∂

∂xν .

Mathematically, there is no limit to the lower limit of ∆xµ,
or ∆t, in the Taylor expansion of Ψ (xµ + ∆xµ). However,
there is a physical constraint on the lower limit of ∆t. ∆t is
defined as the time taken for light to pass through the reduced
Compton wavelength oc [2]:

∆t =
oc

c
=
ℏ

mc2 . (2)

As mass increases, oc decreases. However, physically,
this process cannot proceed without limitations, because a
black hole is formed when oc becomes the Schwarzschild ra-
dius rs. Therefore, oc must satisfy the following conditions:(

oc =
ℏ

mc

)
>

(
rs =

2Gm
c2

)
. (3)

Since the mass at oc,p, the lower limit of oc, is the Planck
mass mp, the lower limit of ∆t is the Planck time tp.

oc.p =
ℏ

mpc
=

2Gmp

c2

∆tlower limit =
ℏ

mpc2 =

√
2ℏG
c5 = tp .

(4)

If ∆t ≤ tp, the analytic expansion ofΨ (xµ + ∆xµ) is math-
ematically possible, but physically not possible. This means
that (1) is not possible, so it can be said that plane waves as
harmonic oscillations are not formed. In other words, ∆t = tp

becomes the boundary point of whether a quantum wave is
formed or not. Since ∆t is inversely proportional to mass, this
boundary is determined only by mass. That is, the Planck
mass. Using this as a reference point, the quantum world and
the non-quantum world are divided.

The Planck mass is the boundary, but there is one more
thing to consider. Eq. (1) is for a plane wave of a single wave-
length. If the mass is close to the Planck mass (1.5×10−8 kg),
it is of course not an elementary particle but a composite. In
this case as well, for (1) to hold, the waves of all components
must be in a coherent state. Therefore, the Planck mass is
theoretically the maximum value of a quantum system where
quantum waves can be formed. However, for actual com-
posites in thermal equilibrium, even if the mass is less than
the Planck mass, quantum waves may be canceled out and
quantum phenomena may not appear. This tendency will be
greater as the mass of the system or the number of compo-
nents increases.

In fact, it can be inferred from existing quantum mechan-
ics that the Planck mass is the boundary between the quantum
world and the non-quantum world. The Compton wavelength
of matter is defined as the wavelength of a photon with energy
equal to its rest energy. However, when the wavelength of the
photon becomes the Schwarzschild radius, the photon is con-
fined by its own gravitational field. Therefore, the Compton
wavelength is limited by the Planck length, and the mass at
this point is the Planck mass. This means that the Planck
mass represents the limit to which the Compton wavelength,
which refers to the quantum characteristics of matters, can be
achieved.

Now, I will discuss the properties of time when m ≥ mp.
In (1) and the physical constraints of ∆t, it was discussed
that if m < mp

(
∆t > tp

)
, a quantum wave is formed, and if

m ≥ mp

(
∆t ≤ tp

)
, a quantum wave is not formed. In the latter
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case, ∆t is not defined by physical constraints. In other words,
the concept of discrete time does not apply to the physical
system. If the concept of discrete time is not applied, there
is only one possibility. That is continuous time. This means
that if the mass of a physical system is greater than the Planck
mass, the time applied to the system must be continuous. As
a result of this discussion, the following conclusions can be
drawn. With the Planck mass as the reference point, elemen-
tary particles in the microscopic world have their own dis-
crete time, while the macroscopic world has continuous time.
Since the characteristics of continuous time are independent
of the mass of the object, all macroscopic objects have the
same continuous time in their stationary inertial frames. This
is why the time we experience feels as if it is universal.

The above contents are summarized and shown in the fig-
ure below. In Fig. 1, ∆t = 0 in the m ≥ mp range does not
mean that (1) is applied, but simply represents continuous
time.

       

       

                           ∝



    
     

                                                                           

Fig. 1: ∆t − m graph

As you can see from Fig. 1, the macroscopic world is not
on a continuous line with the microscopic world. In other
words, the limit of any variable in the microscopic world can-
not become the macroscopic world. Since the properties of
time are completely different in the two worlds, the dynam-
ical principles based on them are also bound to be different.
Both the macroscopic world and the microscopic world are
real worlds with their own unique characteristics. This per-
spective is very different from existing quantum mechanical
interpretations. Most existing quantum mechanical interpre-
tations (Copenhagen, many worlds, decoherence, etc.) view
the macroscopic world as the limit of the continuum of the
microscopic world.

In the microscopic world, the nature of time is discrete,
and as discussed in the previous paper [4], matter in this dis-
crete time repeats the process of wave collapse and propa-
gation as a non-local wave. Thus, the characteristic of the
microscopic world is non-locality. Meanwhile, in the macro-
scopic world, the nature of time is continuous. Since local
principles naturally apply to fields defined in continuous time,
the characteristic of the macroscopic world is locality. Nat-
urally, the physical intuition of the world where locality ap-

plies and the world where non-locality applies is bound to
be different. The physical intuition of the macroscopic world
dominated by classical mechanics is clear. Things like par-
ticles, waves, and determined trajectories are concepts based
on local principles. However, according to the discussion so
far, the microscopic world is non-local, so intuition with con-
cepts based on local principles is bound to have limitations.
In the next section, I will present a model for a new physical
intuition based on the non-locality of the microscopic world.

2 The new quantum mechanical reality of matter

As mentioned in the previous section, concepts such as par-
ticles, waves, and trajectories are concepts established in the
macroscopic world where local principles are applied. They
are concepts of physical reality that humans, as beings in the
macroscopic world, infer from their experiences. However,
there are bound to be limitations in describing the micro-
scopic world with these concepts. One solution to this dif-
ficulty is Heisenberg’s method as follows [5]:

We can no longer speak of the behaviour of the parti-
cle independently of the process of observation. As a
final consequence, the natural laws formulated math-
ematically in quantum theory no longer deal with the
elementary particles themselves but with our knowl-
edge of them.

But I think more can be said about reality. We may think
of the microscopic world as something that cannot be directly
experienced. However, in reality, all parts of our body act
according to the order of the microscopic world, and the basic
parts of living things experience quantum phenomena. I think
that what can be experienced can be drawn.

As can be seen in Fig. 2, the quantum mechanical real-
ity presented here is composed of Compton sphere, spinor,
and matter wave (i.e. de Broglie wave). The Compton sphere
is a sphere with the reduced Compton wavelength as its ra-
dius, and as presented in the previous paper [4], it is a sphere
formed by points contributing to the past and future of ∆t at
the center point. All points on the hemisphere are simulta-
neous events in discrete time ∆t. Spinors contributing from
the future hemisphere and spinors contributing from the past
hemisphere combine at the center to form spinors at the cen-
tral point. The spinors at this central point have phases ac-
cording to (1), and a collection of identical phases forms a
matter wave.

                          Compton sphere

                                                                                                            matter wave

                                                                                                          

Fig. 2: The new quantum mechanical reality of matter
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The wavefront of the same phase as a matter wave has
the characteristics of a non-local wave. Due to their inher-
ent characteristics, these non-local waves cause simultane-
ous wave collapse when they interact. (Please refer to the
previous paper [4] for the process of non-local wave forma-
tion and propagation from the Compton sphere.) The start of
wave propagation is the Compton sphere. While the wave is
propagating, the Compton sphere no longer exists, but only
a matter wave as a non-local wave. The interaction (inelas-
tic scattering) causes an instantaneous collapse of the matter
wave, and the resulting collapsed state is assumed to become
a Compton sphere again. This is because the Compton sphere
is the beginning of a non-local wave and can be viewed as
an indecomposable elementary particle. Absorption of en-
ergy through interaction increases the frequency of the spinor
phase within the Compton sphere. As a result, a matter wave
as a new non-local wave with a shorter wavelength is formed
and propagated. Meanwhile, electromagnetic waves are also
non-local waves, but since they have no rest mass, the Comp-
ton sphere does not exist. It is assumed that the contraction
of the wave due to interaction will result in only a localized
electromagnetic field, the size of which will be determined
by the size of the interacting matter. If there is a change in
energy after interaction, it propagates as a wave with a new
wavelength.

3 Conclusions

The distinction between the macroscopic world and the mi-
croscopic world has been interpreted from various perspec-
tives since the beginning of quantum mechanics, and most
perspectives have attempted to understand the macroscopic
world as a continuation of the microscopic world. However,
from the perspective of discrete time, the two worlds are not
on a continuous line and take on completely different appear-
ances with the Planck mass as the reference point. In the
macroscopic world, the nature of time is continuous, and the
principle of locality governs. In the microscopic world, the
nature of time is discrete, and non-locality becomes the ba-
sic principle of existence. The macroscopic world cannot be
reduced to the result of the order of the microscopic world,
and the two worlds form a kind of hierarchical relationship of
existence.

From the above perspective, it can be said that it is nat-
ural that concepts such as particles, waves, and trajectories,
which are concepts of physical reality in the macroscopic
world, that is, classical mechanics, will be difficult to apply
to the microscopic world. The concept of physical reality in
the microscopic world, inferred from a discrete time perspec-
tive, is quite different from that in the macroscopic world. As
presented in the previous paper [4], the wave concept of the
microscopic world is not a wave concept based on local prin-
ciples of the macroscopic world, but a non-local wave. There
are also many differences in the concept of particles. The

concept of a particle in the macroscopic world is a particle
without an internal structure of finite size or a point particle
with no size. These particle concepts are abstracted on the
basis of continuous space and time. The concept of a parti-
cle of a finite size without an internal structure still has the
meaning of an internal area, and a point particle without size
is premised on the meaning of an infinite division of contin-
uous space. From a discrete time perspective, an elementary
particle in the microscopic world, in the case of matter, is
a Compton sphere. The size of the Compton sphere is de-
termined by the rest mass, and although it is an elementary
particle that cannot be resolved, it has an internal structure.
The internal structure mentioned here does not mean a com-
posite such as an atom. The Compton sphere consists of two
hemispheres with time differences, and has an internal struc-
ture in the sense that a spinor field is formed at the center.
Since the spinor formed at the center has a phase, the Comp-
ton sphere as a particle is not maintained and propagates as a
matter wave over time. Due to interaction (this corresponds
to the case of inelastic scattering; during elastic scattering,
it maintains its wave properties without wave collapse), the
matter wave collapses into a Compton sphere again. And this
process repeats. This is a new physical intuition from a dis-
crete time perspective on the microscopic world.

Received on January 26, 2024
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We answer several questions of the referees and readers that arose after publication of
the commented article [1]. Moreover, we see that it is impossible to consider correct
relativistic quantum mechanics without negative energies, tachyons, and without appro-
priate forms of discrete symmetries.

Why did we consider four field functions in the propaga-
tor for spin-1 in [1, 2]?* Let us make some observations for
spin-1/2 and spin 1.

We have 4 solutions in the original Dirac equation for u−
and 4 solutions for v = γ5u (remember we have p0 = ±Ep =

±
√

p2 + m2). See, for example, [3]. In the S = 1 Wein-
berg equation [4], we have 12 solutions†. Apart from p0 =

±Ep, we have tachyonic solutions p0 = ±E′p = ±
√

p2 − m2,
i.e. m → im. This is easily checked on using the algebraic
equations and solving them with respect to p0:

Det
[
γµpµ ± m

]
= 0 , (1)

and
Det
[
γµνpµpν ± m2

]
= 0 . (2)

In the construction of the field operator [3], we generally
need u(−p) = u(−p0,−p,m) which should be transformed to
v(p) = γ5u(p) = γ5u(+p0,+p,m). On the other hand, when
we calculate the parity properties we need p → −p. The
u(p0,−p,m) satisfies[

γ̃µνpµpν + m2
]

u(p0,−p,m) = 0 . (3)

The u(−p0,p,m) “spinor” satisfies:[
γ̃µνpµpν + m2

]
u(−p0,+p,m) = 0 , (4)

that is the same as above. The tilde signifies γ̃µν = γ00γ
µνγ00

that is analogous to the S = 1/2 case γ̃µ = γ0γ
µγ0. The

u(−p0,−p,m) satisfies:[
γµνpµpν + m2

]
u(−p0,−p,m) = 0 . (5)

This case is opposite to the spin-1/2 case where the spinor
u(−p0,p,m) satisfies[

γ̃µpµ + m
]

u(−p0,+p,m) = 0 , (6)

and u(p0,−p,m),[
γ̃µpµ − m

]
u(p0,−p,m) = 0 , (7)

*See also references therein.
†In [5], we have causal solutions only for the S=1 Tucker-Hammer equa-

tion.

and [
γµpµ + m

]
u(−p0,−p,m) = 0 . (8)

In general, we can use u(−p0,+p,m) or u(p0,−p,m) to
construct the causal propagator in the spin-1/2 case. How-
ever, we need not use both because a) u(−p0,+p,m) satisfies
a similar equation as u(+p0,−p,m) and b) we have the in-
tegration over p. This integration is invariant with respect
p→ −p:

S F(x2, x1) =
∑
σ

∫
d3p

(2π)3

m
Ep
×[

θ(t2 − t1) a uσ(p)uσ(p)e−ip·(x2−x1) +

+ θ(t1 − t2) b vσ(p)vσ(p)e+ip·(x2−x1)
]
.

(9)

So the result for the causal propagator

S F(x) =
∫

d4 p
(2π)4 e−ip·x p̂ + m

p2 − m2 + iϵ
(10)

seems to not change.
The situation is different for spin 1. The tachyonic solu-

tions of the original Weinberg equation[
γµνpµpν + m2

]
u(p0,+p,m) = 0 (11)

are just the solutions of the equation with the opposite square
of mass (m→ im):[

γµνpµpν − m2
]

u(p0,p, im) = 0 . (12)

We cannot transform the propagator of the original equation
(11) to that of (12) just by the change of the variables p as in
the spin-1/2 case. The mass square changed the sign, just as in
the case of v− “spinors”. When we construct the propagator
we have to take into account this solution and, possibly, the
superposition u(p,m) and u(p, im), and corresponding equa-
tions.

The conclusion is paradoxical: in order to construct the
causal propagator for the spin 1 we have to take acausal (tach-
yonic) solutions of homogeneous equations into account. It is
not surprising that the propagator is not causal for the Tucker-
Hammer equation because the latter does not contain the tach-
yonic solutions. Probably, this statement is valid for all higher
spins.
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We study the recent series of papers by the Italian-American physicist, Ruggero Maria
Santilli based on the Lie-isotopic branch of hadronic mechanics, which imply that a
system of extended protons and neutrons in conditions of partial mutual penetration
in a nuclear structure verifies the following properties: 1) Admits, for the first time,
explicit and concrete realizations of Bohm’s hidden variables. 2) Violates Bell’s in-
equalities by therefore admitting classical counterparts. 3) Verifies the broadening of
Heisenberg’s indeterminacy principle for electromagnetic interactions of point-like par-
ticles in vacuum into the isouncertainty principle of hadronic mechanics, also called
Einstein’s isodeterminism, for extended hadrons in conditions of partial mutual pene-
tration, which new principle allows a progressive recovering of Einstein’s determinism
in the transition from hadrons to nuclei and stars and its full recovering at the limit
of Schwartzschild’s horizon. We then indicate some of the far reaching advances that
are possible for hadronic mechanics and Einstein’s isodeterminism but impossible for
quantum mechanics and Heisenberg’s indeterminacy principle.

1 Hadronic mechanism

Experimental foundations. This paper is based on the ex-
perimental evidence that protons [1] and neutrons [2] (collec-
tively called nucleons) have an extended charge distribution
with the radius RN = 0.87 fm in conditions of partial mu-
tual penetration when they are members of a nuclear structure
[3–5] (e.g., the charge radius of the Helium [4] RHe = 1.67 fm
is 0.07 fm smaller then the nucleon diameter DN = 1.74 fm),
resulting in the expectation that strong nuclear interactions
have a conventional potential, thus Hamiltonian component
and a new, contact, thus zero-range and non-Hamiltonian
component.
Origination of hadronic mechanics. The Italian-American
physicist, R. M. Santilli initiated his studies on extended par-
ticles under potential/Hamiltonian and contact/non-Hamilto-
nian interactions during his graduate studies at the University
of Torino, Italy. By recalling that quantum mechanics is re-
versible over time while nuclear fusions are known to be ir-
reversible and inspired by the 1935 Einstein-Podolsky-Rosen
(EPR) argument that Quantum mechanics is not a complete
theory, [6] (see the recent studies [7–9]), Santilli dedicated
his 1965 Ph.D. thesis to the EPR irreversible “completion” of
quantum mechanics via the Lie-admissible generalization of
Lie’s theory and Heisenberg’s equation [10–12]).

After joining Harvard University under DOE support in
September 1977 for the study of irreversible processes, San-
tilli resumed his research on the Lie-admissible formulation
of irreversibility as one can see from his 1978 papers [13,14],
his Springer-Verlag monographs [15, 16] and his axiomatic
formulation of irreversibility in the 1981 paper [17] released
under his affiliation at Harvard’s Department of Mathematics
and proposed the continuation of the studies under the name
of hadronic mechanics which is intended to denote a mechan-
ics for strong interactions (see p. 112 of [16] for the first ap-

pearance of the name “hadronic mechanics”).
Hamiltonian interactions, which are collectively referred to
interactions that are linear, local and derivable from a poten-
tial, thus being fully representable by the conventional Hamil-
tonian of quantum mechanics.
Non-Hamiltonian interactions, which are collectively re-
ferred to interactions that are: Nonlinear (in the wave func-
tion) as pioneering by Werner Heisenberg [18]; Nonlocal (di-
stributed in a volume not reducible to points) as pioneered
by Louis de Broglie and David Bohm [19]; Nonpotential (of
contact zero-range type) as pioneered by R. M. Santilli in the
1978 monograph [15] via the conditions of variational self-
adjointness according to which Hamiltonian interactions are
variationally selfadjoint (SA), while non-Hamiltonian inter-
actions are variationally nonselfadjoint (NSA).
Lie-isotopic branch of hadronic mechanics. In this pa-
per, we use the axiom-preserving, time reversible Lie-isotopic
branch of hadronic mechanics introduced in Charts 5.2, 53
and 5.4, p. 165 on of [16] for the representation of stable
(thus, time-reversal invariant) systems of extended collections
of particles at short mutual distances under Hamiltonian/SA
and non-Hamiltonian/NSA interactions.

Santilli’s Lie-isotopic methods are based on the general-
ization of the conventional universal enveloping associative
algebra ξ with generic product AB = A × B and related unit
1, 1 × A = A × 1 ≡ A into the associativity-preserving isoen-
veloping algebra ξ̂ with isoproduct and related isounit (first
presented in Eq. (5), p. 71 of [16] and Chart. 5.2 p. 154 for
treatment)

A×̂B = AŜ B, Ŝ > 0 ,

1̂ = 1/Ŝ , 1̂ × A = A × 1̂ ≡ A ,
(1)

where S , called the isotopic element (or the Santillian) is
positive-definite but possesses otherwise an unrestricted func-
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tional dependence on all needed local variables.
The lifting ξ → ξ̂ was proposed for the consequential

generalization of all branches of Lie’s theory into the axiom-
preserving Lie-Santilli isotheory (presented in Charts 5.3, 5.4
from p.114 on of [16]) (see also [20, 21]) with particular ref-
erence to the lifting of n-dimensional Lie algebras with (Her-
mitean) generators Xk, k = 1, 2, . . . , n and conventional brack-
ets into the form

[Xi ,̂X j] = Xi×̂X j − X j×̂Xi =

= XiŜ X j − X jŜ Xi = Ck
i jXk .

(2)

The fundamental dynamical equation of the isotopic me-
thods are given by the Lie-isotopic generalization of Heisen-
berg equation (Eq. (18a), p. 153 of [16])

idA/dt = A×̂H − H×̂A = AŜH − HŜA , (3)

where the Hamiltonian H represents all SA interactions while
the Santillian Ŝ represents the extended character of particles
and their new class of NSA interactions.
Subsequent studies. For advances on hadronic mechanics
that occurred in the decades following the 1978 proposal [13–
16], the interested reader can inspect: the overview [8] with
applications in various fields; the classification of hadronic
mechanics [22] (including, in addition to the Lie-isotopic
branch, the Lie-admissible branch for the representation of
irreversible processes; hyperstructural branch for biological
structures and the isodual branch for antiparticles); the in-
troductory reviews [23–25]; the AO collection of recent pa-
pers [26]; the list of early workshops and conferences [27];
independent monographs [28–36]; and the general presenta-
tion [37–39].
Realization of the isotopic element. To render this paper
minimally self-sufficient, let us recall the generally used real-
ization of the Santillian [8]

Ŝ = Ŝ 4×4 = Πα=1,2,3,4 Diag,

 1
n2

1,α

,
1

n2
2,α

,
1

n2
3,α

,
1

n2
4,α

 ×
× e−Γ(r,p,a,E,d,τ,π,ψ,... ) > 0 , (4)

nµ,α > 0, Γ > 0,

where:

1) The representation of the dimension and shape of the
individual nucleons is done via semi-axes n2

k,α, k =
1, 2, 3 (with n3 parallel to the spin) and normalization
for the vacuum n2

k,α = 1.
2) The representation of the density is done via the charac-

teristic quantity n2
4,α per individual nucleons with nor-

malization for the vacuum n2
4,α = 1.

3) The representation of the nonlinear, nonlocal and non-
potential interactions between extended nucleons is
done via the positive-definite exponential term Γ with

an arbitrary dependence on relative coordinates r, mo-
menta p, accelerations a, energy E, density d, temper-
ature τ, pressure, π, wave functions ψ or any needed
local variable.

When representing nucleons and their NSA interactions,
the space dimension of the issotopic element is restricted not
to surpass the range of strong interactions R = 1 fm = 10−13

cm. However, the space dimension of the isotopic element
can be, in general, infinite.
Elementary construction of hadronic mechanics. Despite
their apparent mathematical complexity, all isotopic formu-
lations can be constructed via the following simple quan-
tum mechanical nonunitary transformation unit 1 = ℏ, and
therefore, of all related formulations according to the simple
rules [40]

1 → U1U† = 1̂ , 1,

AB → U(AB)U† =

= (UAU†)(UU†)−1(UBU†) = ÂŜ B̂,

[Xi, X j]→ U[Xi, X j]U† = [X̂i ,̂X̂ j] ,

(5)

which transformations essentially complete a quantum me-
chanical model for point-like particles into a hadronic model
for extended particles under new interactions.
Invariance of isotopic formulations. All quantum mechan-
ical nonunitary models, thus including models (5), are af-
fected by serious inconsistency problems, such as the gen-
eral lack of conservation of Hermiticity/observability, causal-
ity, etc. These problems were resolved by Santilli in the 1998
Ref. [40] via the completion of unitary law (4) into the isouni-
tary law

Ŵ×̂Ŵ† = Ŵ†×̂Ŵ = 1̂, (6)

completed by the identical reformulation of transformations
(5) into the isounitary form

U = ŴŜ 1/2,

UU† = 1̂→ Ŵ×̂Ŵ† = Ŵ†×̂Ŵ = 1̂,

1̂→ Ŵ×̂1̂×̂Ŵ† = 1̂′ ≡ 1̂,

Â×̂B̂→ Ŵ×̂(Â×̂B̂)×̂Ŵ† = Â′×̂′B̂′ = Â′Ŝ ′B̂′,

Ŝ ′ ≡ Ŝ = (W†×̂Ŵ)−1,

(7)

with consequential resolution of the problematic aspects of
quantum nonunitary models (5), as well as the prediction by
isotopic formulations, in view of properties (7), of the same
numerical values under the same conditions at different times.
Experimental verifications. Santilli hadronic mechanics has
been verified in virtually all physics fields by the exact and
invariant representation of experimental data generally not
representable via quantum mechanics, such as: direct exper-
imental verifications of the EPR argument [41–43]; electro-
dynamics [44–47]; large ion physics [48]; particle physics
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[49, 50]; Bose-Einstein correlation [51, 52]; propagation of
light within physical media [53]; cosmology [54, 55]; neu-
tron synthesis from the Hydrogen [56]; Deuteron magnetic
moment [57]; Deuteron spin and rest energy [58]; and other
fields.

2 Einstein’s isodeterminism

EPR entanglement. Experimental evidence well known sin-
ce Einstein’s times establishes that particles, which are ini-
tially bounded together and then separated, can influence each
other continuously and instantaneously at arbitrary distances
[59]. Albert Einstein strongly objected against the very terms
“quantum entanglement” on grounds that the sole possible
representation of particle entanglements via the Copenhagen
interpretation of quantum mechanics would require superlu-
minal communications that violate special relativity.

For the intent of honoring the generally forgotten Ein-
steins view, Santilli [62] proved that the sole possible repre-
sentation of particle entanglement by the Copenhagen inter-
pretation of quantum mechanics is that for which the parti-
cles are free, evidently because the sole possible interactions
admitted by said interpretation are those derivable from a po-
tential which is identically null for particles at large mutual
distances.

By recalling that the wave packet of particles is identi-
cally null solely at infinite distance, Ref. [62] then pointed out
that the sole interactions that are continuous, instantaneous
and at arbitrary distances are given by the mutual penetration
of wave packets of particles which, being nonlinear, nonlo-
cal and nonpotential, thus NSA [15], are beyond any hope of
treatment via quantum mechanics.

Thanks to the prior development of isomathematics for
the representation of NSA interactions [33, 36, 37], Santilli
[62] proposed the axiom-preserving completion of quantum
into hadronic entanglement under the suggested name of EPR
entanglements which does indeed represent particle entangle-
ments with non-zero, yet non-Hamiltonian-NSA interactions.

Note that the EPR entanglement of particles requires a
conceptual and and technical revision of the notion of interac-
tions, e.g., because nuclear constituents admit nontrivial NSA
interactions even when they are at a mutual distance bigger
than that of strong interactions.

More recently, the EPR entanglement has been experi-
mentally proved to hold at arbitrary classical distances [60].
This important feature appears to support Santilli’s sugges-
tion [15] that contact forces dating back to Newton, when
turned into an operator form, are plausible candidates for the
fifth interactions intended as nonlinear, nonlocal, continuous
and instantaneous interactions at arbitrary distances due to
the overlapping of the weave packets of particles (see Sect.
1.5.C of [80]). Their lack of identification to date is easily
explained by their lack of existence in quantum mechanics.
Therefore, in the event such a view is accepted, Santilli’s

1978 monograph [15] can be considered the birth of the fifth
interactions.

Note also that paper [62] confirms Einstein’s additional
view that “The wave function of quantum mechanics does
not provide a complete description of the entire physical re-
ality” [6].
Bohm’s hidden variables. As it is well known, in an attempt
of reconciling Einstein’s determinism with quantum mechan-
ics, D. Bohm [63, 64] submitted in 1952 the hypothesis that
quantum mechanics admits hidden variables λ, that is, vari-
ables which are hidden in its formalism. Following half a cen-
tury of failure to achieve explicit realizations, a rather general
consensus (confirmed by Bell’s inequalities outlined next) is
that Bohm’s hidden variables do not exist within the formal-
ism of quantum mechanics.

In 1995, R. M. Santilli [38] proved that hidden variables
do exist within the context of hadronic mechanics, they are
hidden in the axiom of associativity of quantum mechanics
and are quantitatively represented by the isotopic element
(Sect. 4.C.3, p. 170 on and Sect. 6.8, p. 254 on of [38], e.g.,

λ = Ŝ ,

A×̂B = AλB, A×̂(B×̂C) = (A×̂B)×̂C.
(8)

It should be noted that, despite its apparent elementary
character of the isotopic product (1), the quantitative study of
the indicated realization of Bohm’s hidden variables required
collegial efforts in the nonlocal lifting of the entire 20th cen-
tury applied mathematics, including the Newton-Leibnitz dif-
ferential calculus [65] (see also studies [36]). Nowadays,
there exists a number of explicit and concrete realization of
hidden variables, among which we mention the realization
used for the first numerically exact and time invariant repre-
sentation of the Deuteron magnetic moment [66, 67] which
achievement resulted to be impossible for quantum mechan-
ics in one century.
Bell’s inequalities. In the 1964, J. S. Bell [68] proved a num-
ber of quantum mechanical inequalities, the first one of which
essentially states that systems of point like particles with spin
1/2 represented via quantum mechanics do not admit clas-
sical counterparts. This view was assumed by mainstream
physicists for over half a century to be the final disproof of
the EPR argument and of Bohm’s hidden variables.

Again thanks to the prior development of isomathemat-
ics as well as of explicit and concrete realizations of hidden
variables, Santilli [71] proved in 1998 a number of hadronic
inequalities essentially stating that systems of extended parti-
cles with spin 1/2 represented via the Lie-isotopic branch of
hadronic mechanics do indeed admit classical counterparts,
while providing explicit examples.

Santilli’s hadronic inequalities are confirmed by the direct
experimental verifications of the EPR-argument [41–43] es-
tablishing the existence in nature of particle conditions which
violate Bell’s inequalities.
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Note that the above theoretical and experimental works
imply the expectation that Heisenberg’s uncertainties prin-
ciple is correspondingly violated by strong interactions
between extended nucleons in conditions of mutual penetra-
tion.
Einstein’s isodeterminism. Soon after joining Harvard Uni-
versity in late 1977, R. M. Santilli expressed doubts on the ex-
act validity for strong interactions of Heisenberg’s uncertainty
principle (also called indeterminacy principle) and other qu-
antum mechanical laws, as one can see from the titles of
the 1978 memoir [14] (see also the subsequent papers [69,
70]). Santilli’s argument underlying such a conviction is that
Heisenberg’s standard deviations for coordinates ∆r, momen-
ta ∆p and their product are certainly valid for the conditions
of their original conception, i.e., for point-like charged parti-
cles under electromagnetic interactions, because a point-like
particle can move within a star by solely sensing action-at-a-
distance interactions due to its dimensionless character.

The situation is conceptually, mathematically, theoreti-
cally and experimentally different when considering extended
nucleons in conditions of mutual penetration because, in view
of their “strength”, strong interactions imply the creation of
a pressure on a given nucleon by its surrounding nucleons,
according to a view pioneered by L. de Broglie and D. Bohm
with their nonlocal theory [19]. It is then evident that the stan-
dard deviations for the indicated nucleon ∆r and ∆p cannot
be the same as the corresponding deviations for an electron in
vacuum, thus implying the need for a suitable completion of
Heisenberg’s uncertainty principle for strong interactions.

Thanks to the original works [14, 69, 70] and the recent
works [62, 71], Santilli [72] finally achieved in 2019 the
axiom-preserving EPR completion of Heisenberg’s uncer-
tainty principle into the isouncertainty principle of hadronic
mechanics, also called Einstein’s isouncertainies, for extend-
ed nucleons under electromagnetic, weak and strong interac-
tions whose derivation can be outlined as follows.

LetH be the Hilbert-Myung-Santilli isospace [73] of iso-
mechanics with isostates |ψ̂⟩ and isoinner product ⟨ψ|×̂|ψ̂⟩ (for
a review, see Sect. 4 of [23]). Assume the isonormalization
which is necessary for a constant Santillian

⟨ψ̂|×̂|ψ̂⟩ = ⟨ψ̂|Ŝ |ψ̂⟩ = Ŝ , (9)

the Schrödinger-Santilli isoequation [16, 38]

Ĥ×̂|ψ̂⟩ =

= [Σk=1,2,...n
1

2mk
p̂k×̂ p̂k + V̂(r)] Ŝ (r, p, ψ, . . . ) |ψ̂⟩ =

E × |ψ̂⟩,

(10)

the isolinear momentum [65]

p̂×̂|ψ̂⟩ = −i 1̂∂r̂ψ̂, (11)

and the isocommutation rules

[r̂i ,̂ p̂ j]×̂|ψ̂⟩ = −i 1̂δi. j|ψ̂⟩,

[r̂i ,̂r̂ j]|ψ̂⟩ = [ p̂i ,̂ p̂ j]|ψ̂⟩ = 0.
(12)

Then the isounitary transformation (7) of Heisenberg’s
uncertainty principle

∆r∆p =
1
2
|⟨ψ|
[
r,̂p
]
|ψ⟩| ⩾

1
2
ℏ, (13)

uniquely and unambiguously yields the isouncertainty princi-
ple of hadronic mechanics, also called Einstein’s isodetermin-
ism, whose projection on our spacetime (as needed for exper-
iments) is given by [72] (see [23] for an extended derivation)

∆̂r∆̂p =
1
2
|⟨ψ̂|×̂

[
r̂,̂ p̂
]
×̂|ψ̂⟩| =

=
1
2
|⟨ψ̂|Ŝ

[
r̂,̂ p̂
]
Ŝ |ψ̂⟩| ≈

1
2
ℏŜ =

1
2
ℏe−Γ(r,p,a,E,d,τ,π,ψ,... ) ≈

≈
1
2
ℏ
[
1 − Γ(r, p, a, E, d, τ, π, ψ, . . . ) + . . .

]
≪

1
2
ℏ , (14)

where the Santillian Ŝ is given by Eq. (4) and we assumed, in
first approximation, that all nucleons are perfectly spherical.

It should ne mentioned that completion (14) of Heisen-
berg’s uncertainty principle includes as particular cases most
of the existing generalized uncertainty relations known to this
author (see, e.g., [74–76] and papers quoted therein).

In particular, the standard isodeviations ∆̂r and ∆̂p pro-
gressively and individually tend to zero with the increase of
the density of the hadronic medium, thus in the transition
from hadrons to nuclei and stars.

Note that the completion of the value ⩾ 1
2 ℏ into the form

≈ 1
2 ℏŜ is due to the nonlocality of hadronic mechanics which

requires a redefinition of the very notion of standard devia-
tions due to the very big pressure exercised on a nucleon by
the surrounding nucleons under “strong” interactions [24,72].

To achieve the full validity of Einstein’s determinism, Sa-
ntilli [77,78] decomposes the Riemannian metric g(x) in four
dimensions into then product of the Minkowskian metric η =
−Diag, (1, 1, 1,−1) and the gravitational isotopic element Ŝ

g(x) = Ŝ 4×4 η4×4, (15)

with particular values for the Schwartzschild metric

Ŝ kk =
1

1 − 2M/r
, Ŝ 44 = 1 − 2M/r . (16)

It is then easy to see that Einstein’s determinism [6] is fully
recovered at the limit of the Schwartzschild horizon.

3 Concluding remarks

Despite one century of studies under large public funds, nu-
clear physics has been unable to achieve the controlled nu-
clear fusion; the recycling of radioactive nuclear waste; the
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exact representations of nuclear data; the synthesis of the neu-
tron from the Hydrogen atom in the core of stars; the nuclear
stability despite the natural instability of the neutron and ex-
tremely repulsive protonic Coulomb forces; and other open
problems.

A main point which is attempted to convey in this paper
is that the indicated open nuclear problems appear to be due
to the theoretical assumption that Heisenberg’s uncertainty
principle for point-like particles under electromagnetic inter-
actions is also valid for extended nucleons under strong inter-
actions.

As an illustration, Heisenberg’s uncertainty principle pro-
hibits a structural representation of the synthesis of the neu-
tron from the electron and the proton in the core of stars,
because the standard deviation ∆re for the coordinate of the
electron is much bigger than the size of the neutron and the
standard deviation ∆pe of the momentum implies a kinetic
energy of the electron bigger than the rest energy of the neu-
tron,

∆re > Rn = 0.87 × 10−13 cm,

∆ve >
ℏ

∆re × me
> 1010 m/s,

∆Ke =
1

2me
× (∆pe)2 > mn = 939.56 MeV/c2.

(17)

By comparison, the study of the neutron synthesis via hadron-
ic mechanics under isouncertainty principle (14), implies sta-
ndard isodeviations for which Eqs. (17) become

∆̂re = Ŝ∆re ⩽ Rn = 0.87 × 10−13 cm,

∆̂v = Ŝ∆ve ≪ 1010 m/s,

∆̂Ke = Ŝ∆Ke ≪ mn = 939.56 MeV/c2,

(18)

thus allowing a quantitative representation of the neutron syn-
thesis from the Hydrogen [79] with far reaching advances
that cannot be formulated in quantum mechanics, let alone
treated, such as [80–82]: 1) The prediction of means for re-
cycling radioactive nuclear waste by nuclear power plants via
new stimulated decays; 2) The possible return to the contin-
uous creation of matter in the universe to explain the 0.782
MeV missing in the neutron synthesis; 3) The apparent re-
duction of all matter in the universe to protons and electrons.
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Partial Collisions of Unmater-Matter, Unmatter-Antimatter, and
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In this paper we present the possibility of partial collisions between unmatter with mat-
ter, and unmatter with antimatter, and two or more different types of unmatters colliding
between themselves to create high energy. In general, the collisions between unmatter
with matter, or with antimatter, or with other type of unmatter, because being partial,
they release less energy than the matter-unmatter collision which is a total collision. But
the unmatter may be easier to produce in laboratory than antimatter.

1 Introduction

According to the CERN website [1], the universe is composed
from 5% matter, 26.8% dark matter, and 68.2% dark energy.

The antimatter (also called dark matter) is composed from
antiparticles.

The matter-antimatter asymmetry is enormous, contrary
to the Big Bang Theory, which sustains that it should have
been created equal amounts of matter and antimatter.

The unmatter-matter and unmatter-antimatter asymmet-
ries should also be studied. At the Big Bang, if any, not only
matter and antimatter would have been generated, but unmat-
ter as well. Similarly, Unmatter Plasma [8, 9, 10] is a novel
form of plasma, exclusively made of matter and its antimatter
counterpart. It was first generated in the 2015 experiment.

The Big Bang Theory would have occurred 13.7 billion
years ago, and the accelerated expansion of the universe
would be due to dark matter — which contradicts the hypoth-
esis of the initial explosion, according to which the universe
should slow down. . .

The antimatter is considered a doppelganger of the matter.
According to [2], “a gram of antimatter colliding with a gram
of matter would produce as much energy as a nuclear bomb”.

2 Elementary Particles

The smallest units of matter (i.e., not made up by other small-
er units of matter) are called elementary particles. A particle
has: charge, mass, and angular momentum (spin).

The building blocks of matter, or most elementary parti-
cles known today are:

6 quarks and 6 leptons
with their corresponding antiparticles

6 antiquarks and 6 antileptons
(see Table 1 and Table 2 on top of the next Page).

The quarks are bonded together by gluons, and the study
of strong interactions between quarks is called Quantum
Chromodynamics (QCD).

In an atom, the electrons are leptons, while the protons,
neutrons, and pions are made up of quarks.

A baryon is made up of an odd number of quarks (usually
three); while a meson is made up of an even number of quarks
(usually a quark and an antiquark, therefore such a meson is
the most elementary form of unmatter, let us call it unmatter-
meson.

A pion (or pi-meson) is an unstable subatomic particle of
one of the following three forms: and each one is composed
from a quark and an antiquark (as such, they are mesons,
and therefore elementary forms of unmatter, let us call them
unmatter-pions.

The hadron is a particle made up of two or more quarks
that, through a strong interaction, are hold together.

Antimatter is matter composed of antiparticles.
While the antiparticle, as partner of a particle, is matter

with reversed charge, parity, and time of its corresponding
particle.

The photon particle is its own photon antiparticle, but this
is an exception. All other particles have different correspond-
ing antiparticles.

In collision, particle and antiparticle annihilate each other
and produce gamma photons, neutrinos, and other particles.

3 Standard Model

According to the Standard Model, there are 17 distinct sub-
atomic particles:

12 fermions and 5 bosons.
The fermion is a particle that only in combination with its

antiparticle can be created or destroyed. Like the electron.
While the boson is a particle that can be created and de-

stroyed in arbitrary numbers. Like photon.
Boson is in general a force carrier particle.
The fundamental forces that act in the nature are: gravity,

electromagnetism, strong force, and weak force.

4 Defining Unmatter

In short, unmatter is formed by matter and antimatter that
bind together and it was introduced by Smarandache in 2004
on the CERN website [4], and developed later [5–17].
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Quarks up (u) down (d) charm (c) strange (s) top (t) bottom (b)
Antiquarks up down charm strange top bottom

Table 1: Quarks and antiquarks.

Leptons charged antielectron antimuon antitaun
Antileptons neutrals anti-electron-neutrino anti-muon-neutrino anti-tau-neutrino

Table 2: Leptons and antileptons.

The building blocks of matter and antimatter (most ele-
mentary particles known today) are 6 quarks and 6 leptons;
their 12 antiparticles also exist.

Then unmatter will be formed by at least a building block
and at least an antibuilding block which can bind together.

Let us start from neutrosophy [3], which is a generaliza-
tion of dialectics, i.e., not only the opposites are combined
but also the neutralities. Why? Because when an idea is
launched, a category of people will accept it, others will reject
it, and a third one will ignore it (don’t care). But the dynamics
between these three categories changes, so somebody accept-
ing it might later reject or ignore it, or an ignorant will accept
it or reject it, and so on. Similarly the dynamicity of <A>,
<antiA>, <neutA>, where <neutA> means neither <A> nor
<antiA>, but in between (neutral). Neutrosophy considers a
kind not of di-alectics but tri-alectics (based on three compo-
nents: <A>, <antiA>, <neutA>).

Hence unmatter is a kind of intermediary (not referring to
the charge) between matter and antimatter, i.e. neither one,
nor the other.

Neutrosophic Logic (NL) is a generalization of fuzzy
logic (especially of intuitionistic fuzzy logic) in which a pro-
position has a degree of truth, a degree of falsity, and a degree
of neutrality (neither true nor false); in the normalized NL the
sum of these degrees is 1.

5 Unmatter Atom

It is possible to define the unmatter in a more general way,
using the exotic atom. The exotic atom is an atom obtained
after substituting one or more particles by other particles of
the same charge (constituents).

The classical unmatter atoms were formed by particles
like (a) electrons, protons, and antineutrons, or (b) antielec-
trons, antiprotons, and neutrons.

In a more general definition, an unmatter atom is a system
of particles as above, or such that one or more particles are
replaces by other particles of the same charge.

Other categories would be (c) a matter atom with where
one or more (but not all) of the electrons and/or protons are
replaced by antimatter particles of the same corresponding
charges, and (d) an antimatter atom such that one or more (but
not all) of the antielectrons and/or antiprotons are replaced by
matter particles of the same corresponding charges.

In a more composed system we can substitute a particle
by an unmatter particle and form an unmatter atom.

Of course, not all of these combinations are stable, semi-
stable, or quasi-stable, especially when their time to bind to-
gether might be longer than their lifespan.

6 Unmatter Charge

The charge of unmatter may be positive as in the pentaquark
Theta-plus, 0 (as in the atom of positronium), or negative as
in anti-Rho meson, i.e. uˆd, (M. Jordan).

7 Containment

The unmatter could be store as the antimatter atom “by atomic
traps (based on electric or magnetic dipoles) and by lasers
(magneto-optical traps and optical tweezers)” [18].

8 Matter and Antimatter

Fig. 1: Matter vs Antimatter. Courtesy of Anne Helmenstine, “What
Is Antimatter? Definition and Examples” [18].

Lithium Atom:
electron1 (−), electron2 (−), electron3 (−);
proton1 (+), proton2 (+), proton3 (+);
neutron1 (0), neutron2 (0), neutron3 (0), neutron4 (0).

Lithium Antiatom:
positon1 (+), positon2 (+), positon3 (+);
antiproton1 (−), antiproton2 (−), antiproton3 (−);
antineutron1 (0), antineutron2 (0), antineutron3 (0), anti-
neutron4 (0).
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9 Proton and AntiProton

The Proton is made up of: up-quark, up-quark, down-quark;
and AntiProton is made up of: anti-up-quark, anti-up-quark,
anti-down-quark.

10 Real Examples of Unmatter

(i) Meson, which in general is made up of: quark and anti-
quark, and as particular cases of mesons one has:
Pion1 = anti-up-quark, down-quark;
Pion2 = up-quark, anti-down-quark. Pion2 is the Anti-
Pion1.

(ii) Pentaquark, which is made up of:
up-quark, up-quark, down-quark, down-quark, anti-
strange-quark.

11 Partial Collisions of Unmatter-Unmatter

(i) Pion1 vs. Pentaquark: anti-up-quark vs. up-quark
(only), since between down-quark and down-quark
there is no collision.

(ii) Pion2 vs. Pentaquark: anti-down-quark vs. down-
quark (only), since between up-quark and up-quark
there is no collision.

12 Total Collision of Unmatter-Unmatter

Pion1 vs. Pion2: anti-up-quark vs. up-quark;
and down-quark vs. anti-down-quark.

13 Partial Collisions of Unmatter-Matter

(i) Pion1 vs. Proton: anti-up-quark vs. up-quark (only),
since between down-quark and down-quark there is no
collision.

(ii) Pion2 vs. Proton: anti-down-quark vs. down-quark
(only), since between up-quark and up-quark there is
no collision.

14 Partial Collisions of Unmatter-Antimatter

(i) Pion1 vs. Antiproton: down-quark vs. anti-down-quark
(only), since between anti-up-quark and anti-up-quark
there is no collision.

(ii) Pion2 vs. Antiproton: up-quark vs. anti-up-quark
(only), since between anti-down-quark and anti-down-
quark there is no collision.

Submitted on May 5, 2024
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The Vacuum Stress-Energy Tensor in General Relativity

Patrick Marquet
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In General Relativity, the Einstein field equations with a massive term source are
plagued with the non conservation of this energy-momentum tensor. To remedy this
problem, a pseudo-tensor of the gravitational field is classically added so that the global
right hand side is conserved. Using Cartan’s calculus,we derive here the differential
form of the Einstein field equations which provides the Landau-Lifshitz symmetric
(pseudo) 3-form of the gravitational field. Assuming a slightly variable cosmological
term, we then infer a vacuum energy-momentum (real) 3-form so that the global r.h.s.
of the field equations eventually exhibits a full real 3-form that satisfies the conserved
property. In the early phase of the universe’s expansion it is suggested that the cosmo-
logical term was huge and constant, before becoming variable to yield the estimated
value predicted to-day.

Notations
Space-time Greek indices α, β. . . are 0, 1, 2, 3 for local coordinates.
Space-time Latin indices a, b. . . are 0, 1, 2, 3 for a general basis.
The space-time signature is −2.
Einstein’s constant is denoted by κ.
The velocity of light is c = 1.

1 Differential calculus

1.1 The classical field equations in GR (short overview)

In General Relativity (GR), any line element on the 4-pseudo-
Riemannian manifold (M, g) is given by ds2 = gab dxadxb.
By varying the action S = LE d4x with respect to the gab

where the lagrangian density is given by

LE = g
ab √−g

[
{e ab}{

d
de} − {

d
ae}{

e
bd}

]
(1)

one infers the symmetric Einstein tensor

Gab = Rab −
1
2
gab R , (2)

where

Rbc = ∂a{
a

bc} − ∂c{
a

ba} + {
d

bc}{
a

da} − {
d

ba}{
a

dc} (3)

is the (symmetric) Ricci tensor whose contraction gives the
curvature scalar R. (Here {e ab} denote the Christoffel symbols
of the second kind.)

The source free field equations are

Gab = Rab −
1
2
gab R + Λgab = 0 , (4)

where Λ is the Einstein cosmological constant.
The second rank tensor Gab is symmetric and is only func-

tion of the metric tensor components gab and their first and
second order derivatives. Due to Bianchi’s identities the Ein-
stein tensor is conceptually conserved

∇a Ga
b = 0 , (5)

where ∇a is the Riemann covariant derivative.
When a massive source is present, the field equations be-

come

Gab = Rab −
1
2
gab (R − 2Λ) = κTab . (6)

If ρ is the matter density, then Tab is here the tensor de-
scribing a pressure free fluid

Tab = ρ uaub . (7)

1.2 The Cartan structure equations

Let us now consider a 4-manifold M referred to a vector basis
eα. The dual basis θ β of one-forms (pfaffian forms) are related
to the local coordinates xα by

θ β = aβa dxa . (8)

These are called vierbein or tetrad fields [1].
In a dual basis θ a, to any parallel transported vector along

a closed path, can be then associated the following 2-forms:

— A rotation curvature form

Ωαβ =
1
2

Rαβγδ θ
γ ∧ θ δ ; (9)

— A torsion form

Ωα =
1
2

T a
γδ θ

γ ∧ θ δ. (10)

Introducing the Cartan procedure one first defines the con-
nection forms

Γαβ = {
α
γβ} θ

γ. (11)

The first Cartan structure equation is related to the torsion
by [2, p.40]

Ωα =
1
2

Tαγδ θ
γ ∧ θ δ = dθα + Γαγ ∧ θ

γ . (12)
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The second Cartan structure equation is defined as follows
[2, p.42]

Ωαβ =
1
2

Rαβγδ θ
γ ∧ θ δ = dΓαβ + Γ

α
γ ∧ Γ

γ
β , (13)

where Rαβγδ are the components of the curvature tensor in the
most general sense.

Within the Riemannian framework alone (torsion free),
Rαβγδ reduce to the Riemann curvature tensor components and
the first structure equation (12) becomes:

dθα = −Γαγ ∧ θ
γ. (14)

2 Differential equations of General Relativity

2.1 The Einstein field equations

We first recall the Hodge star operator defnition for an ori-
ented 4-dimensional pseudo-Riemannian manifold (M, g)
with volume element determined by g

η =
√
−g θ 0 ∧ θ1 ∧ θ2 ∧ θ3. (15)

Let Λk(E) be the subspace of completely antisymmetric
multilinear forms on the real vector space E.

The Hodge star operator * is a linear isomorphism, i.e.,
Lk(M)→ Ln−k(M) (where k ⩽ n).

If θ 0, θ1, θ2, θ3 is an oriented basis of 1-forms, then this
operator is defined by

∗
(
θ i1 ∧ θ i2 ∧ θ ik

)
=

=

√
−g

(n − k)!
ε j1... jn g

j1i1 . . . g jkik θ jk+1 ∧ · · · ∧ θ jn. (16)

With this preparation, the Einstein action simply reads

∗R = R η . (17)

Varying this action with respect to δθ β of the orthonormal
tetrad fields, eventually leads to the field equations under the
differential form

−
1
2
ηβγδ ∧Ω

γδ = κ ∗Tβ , (18)

where Tα is related to the energy-momentum tensor Tαβ by
Tα = Tαβ θ β and include all other contributions.

In the same manner, one has for the Einstein tensor Gα =
Gαβ θ β. For all detailed derivations refer to [3].

2.2 The energy-momentum tensor

In the field equations (18), we insert ηαβγ = ηαβγδ θδ. Then, we
use the second structure equation under the following form

Ωβγ = dΓβγ − Γµβ ∧ Γ
µ
γ , (19)

so that

−
1
2
ηαβγδθδ ∧

(
dΓβγ − Γµβ ∧ Γ

µ
γ

)
= κ ∗Tα , (20)

leading to

−
1
2
ηαβγδ d

(
Γβγ ∧ θδ

)
= κ (∗Tα + ∗tα) , (21)

where [4]

∗tα = −
1

2κ
ηαβγδ

(
Γµβ ∧ Γ

µ
γ ∧ θδ − Γβγ ∧ Γµδ ∧ η

µ
)
. (22)

We see that ∗tα is unaffected by the exterior product terms
in the bracket, therefore tαβ is symmetric.

In that case, we idendify ∗tα with the Landau-Lifshitz 3-
form ∗tαL−L which yields the corresponding pseudo-tensor tαβL−L
[5, eq.101.7]

(−g) tανL−L =
1

2κ

{
#gαν, λ

#g
λµ
, µ −

#gαλ, λ
#g
νµ
, µ +

+
1
2
gανgλµ

#gλθ, ρ
#g
ρµ
, θ −

(
gαλgµθ

#gνθ, ρ
#g
µρ
, λ +

+ gνλgµθ
#gαθ, ρ

#g
µρ
, λ

)
+ gµλg

θρ #gαλ, θ
#g
νµ
, ρ +

+
1
8

(
2gαλgνµ − gανgλµ

)(
2gθρgδτ − gρδ gθτ

) #gθτ, λ
#g
ρδ
, µ

}
, (23)

where
#gαν =

√
−g gαν. (24)

3 The vacuum energy

3.1 The gravitational field tensor

In General Relativity, it is well known, that the Einstein tensor
Gαβ is intrinsically conserved, while the massive tensor Tαβ is
not. This is because the gravitational field is not included in
Tαβ. If so, then one obtains the conservation law

∂β
√
−g

(
Tαβ + tαβ

)
= 0 . (25)

The tensor tαβ describes the gravitational field, derived
from the Einstein-Dirac pseudo-tensor density [6, p.61]

√
−g t βa =

1
2κ


(
∂α

#gστ
)
∂LE

∂
(
∂β #gστ

) − δβα LE

 . (26)

However, the Einstein field equations are yet unbalanced
since they do not exhibit a full real tensor as a source.

To remedy this problem, we showed that a sligthly vari-
able cosmolgical term Λ-term induces a stress energy tensor
of vacuum which restores a true gravitational tensor on the
r.h.s. of the equation (6) as it should be [7, 8].
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This real vacuum tensor was given by

(tαβ)vac = −
1

2κ
Λgαβ , (27)

where the term Λ was found to be [9]

Λ = ∇α Kα = θ2, (28)

where Kα is a 4-vector, and

θ = Xα;α (29)

is the space-time volume scalar expansion characterizing the
vacuum stress-energy tensor (tαβ)vac. Xα is a congruence of
non-intersecting unit time lines: XαXα = 1

Xα;α = hαβθαβ , (30)

where θαβ stands for the expansion tensor, and hαβ = gαβ −
XαXβ is the projection tensor. Due to the form of (28), the
lagrangian (1) differs only from a divergence and varying its
action generates the same Einstein equations.

The real tensor tαβvac corresponding to the vacuum stress
energy tensor can be added to tαβ without affecting the Ein-
stein tensor inferred from the variational principle. So the
final (real) gravitational tensor density is given by

√
−g (t βα )G =

1
2κ


(
∂α

#gστ
)
∂LE

∂
(
∂β #gστ

) − δβα (
LE −

√
−g Λ

) . (31)

The real tensor (t βα )G is afterwards conveniently symmetr-
ized through the Belinfante procedure [10].

With this definition the field equations can be finally writ-
ten

Rαβ −
1
2
gαβR = κ

(
Tαβ + tαβG

)
. (32)

Sufficiently far from this matter we always have

Rαβ −
1
2
gαβR = κ tαβvac . (33)

Inspection shows that each energy-momentum tensor is
conserved.

3.2 The vacuum stress-energy 3-form

Here we adopt the Landau-Lifshitz symmetric pseudo-3-form
∗tαL−L instead of the Einstein-Dirac pseudo-density. We then
determine a vacuum energy 3-form designed to render the
r.h.s. of (21) fully real according to the previous derivation.

To this end, we first regard the variable cosmological term
Λ as inducing a given space-time curvature. This is legit-
imized by the fact that the real tensor (tαβ)vac is à priori per-
sistent throughout the vacuum.

Since Λ is a scalar, let us then set the resulting curvature
2-form as

Ω =
1
2

R δσδτ θ
σ ∧ θ τ. (34)

By analogy with the classical formalism (4) we then apply
the quantity gγδΩ to the field equations (18) as follows

−
1
2
ηαµν ∧ (Ωµν + gµνΩ) = κ ∗Tα

−
1
2
η
µ
αν ∧

(
Ωνµ + δ

ν
µΩ

)
= κ ∗Tα

 . (35)

UsingΩνµ =
1
2 Rνβγδ θ

γ∧θ δ, these equations can be written
in the form

−
1
4
η
µ
αν ∧ θ

σ ∧ θ τ
(
R νµ στ + δ

ν
µR
δ
σδτ

)
= κTαβ ηβ. (36)

To R νµ στ is now added a new 4th rank curvature tensor
which is noted

2Λ νµ στ = − δ
ν
µR
δ
σδτ . (37)

To make it apparent, we first use the following relations

ηα ≡ ∗θα (38)

ηα =
1
3!

(
ηαβγδ θ

β ∧ θ γ ∧ θ δ
)
=

1
3!
θ β ∧ ηαβ . (39)

Then, we apply the following identities

θ β ∧ ηα = δ
β
α η ,

θ γ ∧ ηαβ = δ
γ
β ηα − δ

γ
α ηβ ,

θ δ ∧ ηαβγ = δ
δ
γ ηαβ + δ

δ
β ηγα + δ

δ
α ηβγ ,

θ ε ∧ ηαβγδ = δ
ε
δ ηαβγ − δ

ε
γ ηδαβ + δ

ε
β ηγδα − δ

ε
α ηβγδ .

With this preparation, (36) reads

−
1
4

(
Rµνστ − 2Λµνστ

) [
δτν

(
δσµ ηα − δ

σ
ν ηµ

)
+

+ δ τµ
(
δσα ην − δ

σ
ν ηα

)
+ δ τα

(
δσν ηµ − δ

σ
µ ην

)]
=

= −
1
2

(
Rµνµν − 2Λµνµν

)
ηα +

(
Rµναν − 2Λµναν

)
ην =

=
(
Rβναν − 2Λβναν

)
ηβ −

1
2
δ
β
α

(
Rµνµν − 2Λµνµν

)
ηβ . (40)

As a contributing curvature tensor, 2Λβναν must be includ-
ed in Rβναν so that we eventually retrieve the classical field
equations with a cosmological term(

Rβα −
1
2
δ
β
α R + δβαΛ

)
ηβ = κT βα ηβ . (41)

Taking account of Ωβγ = dΓβγ −Γµβ ∧Γ
µ
γ , we revert to the

field equations (22) which are also expressed as

−
1
2
ηαβγδ θδ ∧

(
dΓβγ − Γµβ ∧ Γ

µ
γ

)
= κ ∗Tα. (42)

Adding the extra-curvature yields

−
1
2
ηαβγδ θδ ∧

[(
dΓβγ − Γµβ ∧ Γ

µ
γ

)
+ gβγΩ

]
= κ ∗Tα. (43)

38 Patrick Marquet. The Vacuum Stress-Energy Tensor in General Relativity



Issue 1 (June) PROGRESS IN PHYSICS Volume 20 (2024)

that is according to (21)

−
1
2
ηαβγδ

[
d
(
Γβγ ∧ θδ

)
+ θδ ∧ gβγΩ

]
= κ

(
∗Tα + ∗tαL−L

)
. (44)

Therefore

−
1
2
ηαβγδ d

(
Γβγ ∧ θδ

)
=

= κ

[
∗Tα + ∗tαL−L +

1
2κ
ηαβγδ

(
θδ ∧ gβγΩ

)]
,

−
1
2
ηαβγδ δ

(
Γβγ ∧ θδ

)
=

= κ

[
∗Tα + ∗tαL−L −

1
4κ
ηαβγδ

(
θδ ∧ gβγRλλστ θ

σ ∧ θ τ
)]
.

In the expression − 1
4κ η

αβγδ θδ∧gβγRλλστ θ
σ∧θ τ, we make

the substitution

−gβγRλλστ = 2Λβγστ . (45)

We eventually find the vacuum stress-energy momentum
3-form

∗tαvac =
1

2κ
ηαβγδ θδ ∧ Λβγστ θ

σ ∧ θ τ. (46)

Therefore the global gravitational field is described by the
(real) 3-form

∗tαG = −
1

2κ
ηαβγδ

[(
Γµβ ∧ Γ

µ
γ ∧ θδ − Γβγ ∧ Γµδ ∧ θ

µ
)
−

− θδ ∧ Λβγστ θ
σ ∧ θ τ

]
. (47)

3.3 The complete Einstein equations

The field equations are

−
1
2
ηαβγδ d

(
Γβγ ∧ θδ

)
= κ

(
∗T α + ∗tαG

)
. (48)

As per (33) far from matter, we always have

−
1
2
ηαβγδ d

(
Γβγ ∧ θδ

)
= κ ∗tαvac . (49)

Now, let us multiply equation (48) with
√
−g, then taking

into account ηαβγδ = − 1
2
√
−g
εαβγδ, we find a new form for the

field equations

−d
(√
−g ηαβγδΓβγ ∧ θδ

)
= 2κ

√
−g

(
∗T α + ∗tαG

)
(50)

or
−d

(√
−gΓβγ ∧ ηαβγ

)
= 2κ

√
−g

(
∗T α + ∗tαG

)
. (51)

From these equations follows immediately the differential
conservation law

d
[√
−g

(
∗T α + ∗tαG

)]
= 0. (52)

If we integrate equation (51) over a 3-dimensional space-
like region D3, then we obtain

Pα = −
1

2κ

∫
√
−gΓβγ ∧ ηαβγ , (53)

which is the total 4-momentum of the isolated system. In-
spection shows that Pα is gauge invariant in the following
sense

θ (x)→ A (x) θ (x) , (54)

Γ (x)→ A (x)Γ (x) A−1(x) − dA (x) A−1(x), (55)

where A(x) is a local transformation matrix (Aαβ ).
General Relativity is invariant with respect to such trans-

formations and is thus a non-abelian gauge theory.

3.4 The early cosmological expansion evolution

The singularity of our universe is generally set at 10−43 sec-
onds corresponding to the Planck era.

At this epoch, the size of our universe is predicted to be
10−35 meters with an energy of 1019 GeV and a temperature
amounting to 1032 K. We postulate that the cosmological term
was present and constant in the early stage of the singularity
possessing a huge value. As time was the very first parameter
to appear, the cosmological constant Λ would be associated
to a large “pre” 3-form time component ∗t 0

vac with no further
explicit structure. At 10−35 seconds, strong force and electro-
weak force decoupled and at 10−12 seconds, the electro-weak
force splits into weak and electromagnetic forces. Over this
period of time, the cosmological term drastically decreases
and becomes slightly variable. These processes cause the
Universe’s expansion to accelerate and ∗t 0

vac would deploy ac-
cording to equation (46)

∗tαvac =
1

2κ
ηαβγδ θδ ∧ Λβγστ θ

σ ∧ θ τ. (56)

Such a hypothesis would lend support to the inflation sce-
nario recently suggested by the astronomer Claude Poher. His
theory is based on the detection of massless particles moving
at the speed of light which are assumed to propagate through-
out the entire vacuum [11, 12]. According to Poher, these
particles act as a gravitational isotropic flux and each one
bears an individual energy measured at Eu = 8.5 × 10−21

Joules [13–15]. Without invoking a quantum aspect, the cor-
puscular nature of this flux might well appear as a piecewise
structure of the vacuum field we have inferred in the above.

Conclusion

If one relaxes our demand on the cosmological term con-
stancy, it is possible to define a real homogeneous vacuum
stress-energy tensor which is by essence a pervasive field. In
our picture, the gravitational field of a matter appears as an
excited state of this field. Far from its matter source, the grav-
itational field pseudo-tensor asymptotically decreases down
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to the level of the vacuum energy-momentum tensor leav-
ing the field equations with a non-zero right hand side. In
here, we have shown that starting with the Landau-Lifshitz 3-
form, it is also possible to infer a real 3-form representing the
vacuum energy-momentum to restore a real r.h.s. of the field
equations. The vacuum energy field hypothesis is rewarding
in terms of several physical advantages:

— The ill-defined gravitational pseudo-tensor remains
here a true tensor restoring the consistency in the field
equations with a massive source;

— The inferred global energy-momentum tensor always
satisfies the conservation law as well as the vacuum
tensor alone;

— Because of the nature of this vacuum tensor there is no
need to introducing any other arbitrary ingredients or
modification of the general theory of relativity. Despite
its smallness, a cosmological term seems to be badly
needed to ascertain some major astrophysical obser-
vations which are all related to the FLRW expanding
model of universe.

The Lambda-CDM model, which uses the FLRW metric,
currently measures the cosmological constant to be on the or-
der of 10−52 m−2. However, there is no reason “à priori” to
consider this term as a constant everywhere which would con-
stitute a strong physical evidence for the vacuum field to exist
in General Relativity.

Submitted on May 31, 2024
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gique (Mémoires de la Classe des Sciences), 1940, t. 18, 1–30.

11. Poher C. European Patent Publication WO 2007/093 699 A2, PCT FR
2007/000249 (February 14, 2006); https:www.epo.org/searching-for-
patents.html

12. Poher C., Poher D. Physical phenomena observed during strong elctric
discharges into layered Y123 superconducting devices at 77K. Applied
Physics Research, 2011, v. 3, no. 2, 51–66.

13. Poher C., Modanese G. Enhanced induction into distant coils by YBCO
and silicon-graphite electrodes under large current pulses. Physics Es-
says, 2017, v. 30, no. 4, 435–441.

14. Poher C., Poher D. Gravity and matter quantum behavior from accel-
erations during elctric discharges into graphite-based super conductor.
Applied Physics Research, 2020, v. 12, no. 3, 48–79.

15. Poher C., Poher D. Quantum model of inertia-predictions-confirma-
tions, consequences for gravitation into galaxies and CDM cosmology
models. Applied Physics Research, 2020, v. 12, no. 4, 8–62.

40 Patrick Marquet. The Vacuum Stress-Energy Tensor in General Relativity



Issue 1 (June) PROGRESS IN PHYSICS Volume 20 (2024)

Gödel Time Travel: New Highlights

Patrick Marquet
Calais, France. E-mail: patrick.marquet6@wanadoo.fr

The history of fascinating idea of time travel can be traced back to Kurt Gödel who
found a solution of Einstein’s field equations that contains closed time-like curves
(CTCs). Those make it theoretically feasible to go on journey into one’s own past. In
what follows, we establish a realistic way to provide the required conditions to achieve
this time displacement. After having given Gödel’s model a physical meaning, we as-
sign an object to move along a closed time-like curve using the warp drive technique.
Provided the object bears circulating charges interacting with a surrounding electro-
magnetic field, it is possible to extract a negative energy necessary to sustain the warp
drive without resorting to the hypothetical “exotic matter”. In addition, this field/charge
interaction has the virtue to drastically reduce the amount of required negative energy.
Lastly, the entropy of the system is shown to be negative during the time journey into
the past.

Notations
Space-time indices are: µ, ν = 0, 1, 2, 3.
Spatial indices are: a, b = 1, 2, 3.
The space signature is −2 (unless otherwise specified).
Newton’s constant is G.

1 The generalized Gödel metric

The classical Gödel line element is generically given by the
interval [1]

ds2 = a2
(
dx2

0 − dx2
1 + dx2

2
1
2

e2x1 − dx2
3 + 2 ex1 dx0dx2

)
, (1)

or equivalently

ds2 = a2
[
−dx2

1 − dx2
3 − dx2

2
1
2

e2x1 + (ex1 dx2 + dx0)2
]

(2)

expliciting x0

ds2 = a2
[
c2dt2 +

1
2

e2xdy2 − 2excdtdy − dx2 − dz2
]
, (2bis)

where a > 0.
In the cylindrical coordinates (t, r, ϕ) with the transforma-

tions
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
,

the metric reads

ds2 = 4a2
[
(dt ′)2 − dr2 +

(
sinh4r − sinh2r

)
dϕ2 +

+ 2
√

2 sinh2r dϕ dt ′
]

(3)

(the inessential coordinate z is here suppressed).

In its original formulation, the Gödel universe describes
a set of masses (such as galaxies, stars and planets) rotating
about arbitrary axes.

The metric (3) exhibits a rotational symmetry about the
axis r = 0 since we clearly see that the components of the
metric tensor do not depend on ϕ.

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

(
1 +
√

2
)
, then for any curve

r > rG we have sinh4r − sinh2r > 0. Such a curve which
materializes in the “plane” t = const is a closed time-like
curve (CTC). The radius rG referred to as the Gödel radius,
induces a light-like curve or closed null curve where the light
cones are tangential to the plane of constant t. With increas-
ing r > rG, the light cones continue to keel over and their
opening angles widen until their future parts reach the nega-
tive numerical values of t.

As a consequence a spacecraft can move in such way that
its chronological order with the positive cosmic time is re-
versed.

In order to make his metric compatible solution to Ein-
stein’s field equations, Gödel is led to introduce the cosmo-
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logical constant Λ as

Gµβ =
8πG

c4 ρc2uµuβ + Λgµβ . (4)

To achieve this compatibility he then further sets

a−2 =
8πG

c2 ρ ,

Λ = −
1
2

R = −
1

2a2 = −
4πG

c2 ρ .

Finetuning the hypothetical cosmological constant with
the (mean) density of the universe and the Ricci scalar R, ap-
pears as a rather dubious physical argument.

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

a2 = e2. (5)

As a result, the Gödel metric tensor components are con-
formal to the real Gödel metric tensor gµν

(gµν)′ = e2Ugµν , (gµν)′ = e−2Ugµν.

The exact Gödel metric reads now

ds2 = e2U
[
c2dt2 +

1
2

e2xdy2 − 2excdtdy − dx2 − dz2
]

(6)

or

ds2 = 4e2U
[
(dt ′)2 − dr2 +

(
sinh4r − sinh2r

)
dϕ2 +

+ 2
√

2 sinh2rdϕdt ′
]
. (7)

This implies that this metric is a straightforward solution
of the field equations describing a peculiar perfect fluid [3–5]

Gµβ =
8πG

c4

[(
ρc2 + P

)
uµuβ − Pgµβ

]
. (8)

The model is now likened to a fluid in rotation with mass
density ρ and pressure P with an equation of state ρ = f (P).

The positive scalar U is shown to be

U (xµ) =
∫

dP
ρc2 + P

. (9)

From (7) one formally infers that the flow lines of matter
of the fluid follow conformal geodesics given by

s ′ =
∫

eUds . (10)

The 4-vector Kν = ∂νU is regarded as the 4-acceleration
of the flow lines [6]. The hallmark of the theory is the sub-
stitution (5). With this new definition,the Gödel space-time is
no longer the representation of a cosmological model but it is

relegated to the rank of an ordinary metric where its physical
properties could allow for a possible replication.

Rotation of the model and closed curves now depend on
the fluid characteristics.

To this effect consider the metric

ds2 = c2 (dt ′′)2 −
(dr ′′)2

1 + (r ′′/2eU)2 −

− r ′′
[
1 − (r ′′2eU)2

]
dϕ2 + 2(r ′′)2 c

√
2 eU

dϕdt ′′. (11)

As easily verified it is equivalent to the metric (7) if we
set [7]

r ′′ = 2eU sinh r , t ′′ =
2eU t ′

c
. (12)

In this new representation, we see that when r ′′ = 2eU ,
the coefficient in front of dϕ2 vanishes. If we choose the cos-
mic time t ′′ describing the evolution of our universe as the
rotation-axis, then r ′′G = 2eU constitutes the Gödel radius for
which the time lines close up and are tangential to the light
cones (null curves). These curves are contained in the plane
t ′′ = const. in the same way as detailed above. Inspection
shows that the fluid rotates with the angular velocity

ω =
c
√

2 eU
. (13)

Through the equation of state ρ = f (P), the Gödel radius
will be set by tuning the pressure parameter P of the consid-
ered fluid.

Referring to the work initiated in [8], we complete here-
inafter our last publication [9] in which a spacecraft moves
along a Gödel trajectory by using a warp drive propulsion.
The required negative energy will be now given a physical
meaning.

2 A short review on Alcubierre’s theory

2.1 The ADM formalism

Arnowitt, Deser and Misner (ADM) suggested to a construct
a space-time foliation of hypersurfaces parametrized by an
arbitrarily chosen time coordinate value x0 [10]. This folia-
tion is caracterised by a proper time dτ between two nearby
hypersurfaces

x0 = const , and x0 + dx0 = const , (14)

where cdτ is proportionnal to dx0

cdτ = N
(
xa, x0) dx0, (15)

and in the ADM terminology, N is called the lapse function.
Let us evaluate the 3-vector whose spatial coordinates xa

are lying in the hypersurface x0 = const, and the vector is nor-
mal to the hypersurface on the second hypersurface x0+dx0 =

const, where those coordinates become

N a dx0,
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and the vector Na is called the shift vector.
From these definitions follows the derivation of the 3-

tensor
Kab = (2N)−1 (

−Na;b − Nb;a + ∂0gab
)
, (16)

It represents the “extrinsic curvature”, and as such de-
scribes the manner in which the hypersurface x0 = const is
embedded in the surrounding space-time.

With this brief preparation we are now able to tackle our
topic.

2.2 Alcubierre’s function

In 1994, M. Alcubierre showed that a superluminal velocity
can be achieved without violating the laws of Relativity. He
considered a perturbed space-time region likened to bubble
(“warp drive”) which could transport a spacecraft in a surfing
mode inside the bubble, the proper time dτ is the coordinate
time element dt measured by an external observer called “Eu-
lerian”.

The motion is only achieved by the space wave, so that the
occupants of the spacecraft are at rest and would not suffer
any acceleration nor time dilation in the displacement [11].
This process requires a front contraction of the space while
subject to a rear expansion. The spacecraft center distance
located in the bubble

rs (t) =
√(

x − xs (t)
)2
+ y2 + z2 (17)

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

of the spacecraft is

vs (t) =
dxs (t)

dt
, (18)

where xs (t) is the coordinate of the bubble’s trajectory along
the x-direction.

Alcubierre then defined the step function f (rs, t)

f (rs, t) =
tanh

[
σ (rs + Re)

]
− tanh

[
σ (rs − Re)

]
2 tanh (σRe)

, (19)

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

 . (20)

The Alcubierre metric is

(ds2)AL = −c2dt2 +
[
dx − vs f (rs, t) cdt

]2
+ dy2 + dz2. (21)

Inspection shows that

Kab = −ua;b , (22)

which is sometimes called the second fundamental form of
the 3-space.

Within this formalism, the expansion scalar becomes

θ = ∂1 N1 = − tr Kab (23)

that with (20) is

θ = vs
d f
drs

xs

rs
. (24)

Let us now write the Alcubierre metric in the following
equivalent form

(ds2)AL = −
[
(1 − v2

s f 2(rs, t)
]

c2dt2 −

− 2vs f cdtdx + dx2 + dy2 + dz2. (25)

Taking account of (20) one finally find the energy density

(T 00)AL = −
c4

32πG
v2

s

(
d f
drs

)2
y2 + z2

r2
s
. (26)

This expression is unfortunately negative as measured by
the Eulerian observer and therefore it violates the weak en-
ergy conditions (WEC) [12]. Notwithstanding this violation,
one is nevertheless forced to introduce a way to obtain a neg-
ative energy density. This possibility is examined below.

2.3 Nature of the negative energy

We consider a spacecraft having 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 spacecraft contour.

Consider now a charge µ circulating within the shell thus
giving rise of a 4-current density

jα = µuα. (27)

This current is coupled to a co-moving electromagnetic
field characterized with the 4-potential Aa which yields the
interacting energy-momentum tensor

(T αβ)elec =
1

4π

(
1
4
gαβFγδF γδ + F ασF βν

)
+

+ gαβ jνAν − jαAβ. (28)

The extracted energy density is

(T 00)elec =
1

4π

(
1
4

FγδF γδ + F 0νF 0
ν

)
+ jνAν − j0A0. (29)

Since we chose an orthonormal basis, we have

(T 00)elec =
1

8π

(
E2 + B2

) 1
4π
∆ (ΦE) , (30)

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

Fγδ = ∂γ Aδ − ∂δAγ . (31)
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We assume that the field potential Aα (Φ, A) is given in
the Lorentz gauge.

The charge density is derived from

∆E = 4πµ , (32)

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

∇αF αβ =
4π
c

jβ. (33)

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

(T 00)electitn =
1

4π
E∆Φ + µΦ, (34)

(T 00)elecint =
1

4π

(
−∆Φ −

1
c
∂t A

)
∆Φ + µΦ (35)

since E = −∆Φ − 1
c ∂t A.

In (35) 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 suppose that the positive free radiative energy
density

(T 00)elecrad =
1

8π

(
E2 + B2

)
is confined within the spacecraft, i.e., right to the inner side
of the shell wall. The interacting tensor (T 00)elecint is set so
as to exhibit its energy density part on the external side of the
shell. This is made consistent since the charges are circulating
inside the surrounding shell of the spacecraft.

So we see that negative energy production can be achiev-
ed 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

]
. (36)

Remains now the energy density level (T 00)elecint which
is anticipated to be very huge. There is however a possible
drastic reduction which adequately exploits the contribution
of the electromagnetic field interacting with the charges.

2.4 Reducing the required negative energy

The spacecraft bubble is externally charged surrrounded by
a comoving electromagentic field. As such it follows a fins-
lerian geodesic [13] provided the ratio µ

ρ
remains constant

along the trajectory

(ds)shell = ds +
µ

ρ
Aαdxα, ds =

√
ηαβ dxαdxβ . (37)

Neglecting the non-quadratic terms the metric reads

(ds2)shell = ds2 +

(
µ

ρ
Aαdxα

)2

. (38)

The interacting charge of the spacecraft must now be in-
cluded in the metric (25).

Because we are considering only the energy density of
the spacecraft-bubble as a whole, the spatial components of
µ
ρ

Aαdxα in (38) can be neglected and the interaction term re-
duces to its time component

µ

ρ
A0 dx0 =

Φµ

ρ
cdt . (39)

The metric (37) becomes now

ds2 = −

(
1 +
Φµ

ρ

)2

c2dt2 + dz2 + dx2 + dy2. (40)

Notice that the time component of the metric tensor

g00 = −

(
1 +
Φµ

ρ

)2

(41)

can be expressed by the following formula

M = − (1 + N) , (42)

where the lapse function is defined as

N = Φ
µ

ρ
. (43)

The Alcubierre metric (25) reads now

ds2 = −
[
M2 − v2

s f 2 (rs)
]

c2dt2 −

2vs f (rs) cdtdx + dz2 + dx2 + dy2. (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.

Here, our analysis is not too dissimilar to the approach
detailed in [14, 15].

Finally, the negative energy density requirement is

c4

8G
v2

s

(
d f
drs

)2
y2 + z2

r2
s
=

(
∆Φ +

1
c
∂t A

)
∆Φ + µΦ . (45)

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 spacecraft is not affected by the
term N.

The spacecraft-bubble follows the trajectory xs (t). There-
fore For R ⩽ Re, the bubble is assumed to be ruled by the new
Alcubierre metric (44) expressed with the signature −2

ds2 =
(
M2 − v2

s f 2)c2dt2 − 2vs f (rs) cdtdx −

− dz2 − dx2 − dy2. (46)
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A 2D representation of the warped region according to (44). Prop-
agation is from left (expansion) to right (contraction). The groove
corresponds to the shell thickness determined by the function N.

This space-time is thus regarded as globally hyperbolic
and the bubble will never know whether it moves along a
CTC. As a result,the bubble is seen by a specific observer (see
below) as being transported forward along the x-direction
tangential to a CTC beyond the Gödel radius rG.

We may now write down the Gödel-Alcubierre metric

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 ] cdtdy − dx2 − dz2

}
. (47)

In the absence of charge, beyond the distance Re, we have
R > Re → ∞ and f = 0 outside of the spacecraft-bubble and
we retrieve Gödel’s original modified metric (6).

3 Entropy along a Gödel trajectory

3.1 Relativistic thermodynamics

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

— The particle current

I µ = nuµ; (48)

— The energy-momentum T µν;
— The entropy flux S µ,

where, obviously, T µν and I µ are conserved

T µν; ν = 0 I µ;µ = 0 .

In a relativistic situation, the second law of thermodynam-
ics requires

S µ;µ ⩾ 0 . (49)

For equilibrium states we have

S µ = n suµ, (50)

where s is the entropy per particle.

Denoting Q as the chemical potential and T the heat quan-
tity (temperature) of the medium, the Euler relation reads

n s =
ρ + P

T
−

Qn
T
, (51)

where ρ and P are respectively the density and pressure of
the medium. We also have the Gibbs fundamental thermody-
namic equation

Tds = ds
(
ρ

n

)
+ P d

(
1
n

)
(52)

or
Tnds = dρ −

ρ + P
n
+ dn . (53)

From (51), we get

S µ = −
Q I µ

T
+

(ρ + P) uµ

T
. (54)

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

uλT λµ = ρuµ (55)

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

S µ = −
Q I µ

T
+

uλT λµ

T
+

Puµ

T
. (56)

3.2 Applying to the time travel trajectory

Let us consider a spacecraft moving along a Gödel trajectory.
We obviously neglect the chemical potential of the space-
craft’s bodyframe as well as the pressure and the entropy vec-
tor reduces to

S µ =
uλT λµ

T
. (57)

This vector must be measured by the Eulerian observer
which travels along the trajectory tangential to uµ, where he
“sees”

dt
dτ
= M−1. (58)

With this definition, it is easy to show that its velocity
components are

(uµ)E =
[
cM−1, vs f cM−1, 0, 0

]
(59)

(uµ)E = [cM, 0, 0, 0] . (59bis)

We are interested in the entropy scalar part

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

T
(60)

with

(T 00)AL = −
c4

32πG

v2
s

(
y2 + z2

)
M4 r2

s

(
d f
drs

)2

, (61)

(u0)E = cM. (62)
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We clearly see that the entropy (S 0)E of the system is
negative. Hence, the entropy S 0 attached to the spacecraft
is seen negative with respect to the Eulerian observer which
thus measures a “negentropy”. While travelling to the past,
the occupants of the spacecraft experience a positive entropy,
i.e., they are ageing in their own proper time.

Conclusions

In the novel “The time machine” (1895) by H. G. Wells, an
english scientist constructs a machine which allows him to
travel back and forth in time.

Closed time-like curves were discovered in the 1920’s,
but it is really in 1988 that time travel possibility was seri-
ously considered by physicists in the stunning article [16].
The Gödel solution was mainly regarded as a mathematical
curiosity and thus it was almost forgotten. We have succeeded
in reviving his work by using some transformations which
give Gödel’s mathematical derivation a full physical signif-
icance. In this view, the major contribution of J. Natàrio’s
work [17, 18] introduces now a complementary perspective.

So far, Gödel’s model only depicts a travel into the past.
What about the journey home? If advanced civilizations har-
ness the time travel technology, they must be able to return to
their own present, meaning a reversed time orientation. In the
light of the aforementioned derivations we conclude that they
should take another path. A possibility arises by considering
our recent publication [19]. In this article, we recalled that
the current Einstein’s field equations are inferred from the
second Bianchi’s identity which is verified by the Riemann
tensor. The latter tensor can be particularized to the Landau-
Lifchitz superpotential [20], which is shown to yield two op-
posite field equations (not necessarily symmetrical) coupled
with a common index.

Identifying the time coordinate chosen as the cosmic
time-axis, to this common index, the solution of the second
field equation would ten display a reversed time orientation.
In this case an advanced civilization could adequately exploit
this circumstance to return to its epoch.

Much remains to be worked out on the subject, but we
trust that Gödel’s legacy will continue to stimulate my funda-
mental researches in this field.

Submitted on May 31, 2024
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We have used regression analysis to establish a time correction mechanism for four
GRBs (030329, 980425, 000418, and 021004) employed from literature on the basis
of a frequency-dependent speed of light (FDSL) model which we developed entirely
from Maxwell’s electromagnetic equations in conjunction with plasma and dispersion
effects. In our first instalment (Paper 1), on the assumption that these GRBs all leave
the source at the same time we obtained good positive correlations and hence justified
the reliability of our fitting model. In this paper, however, on the assumption that each
photon leaves the GRB source at different times, we modify the previous model to ob-
tain a more fitting model. Furthermore, the modification led to the unification of the
four GRBs into a homogenous albeit perfect correlation leading to the determination of
the frequency equivalent of the ISM (v∗ = 1.507 ± 0.0009 Hz) and hence, the spatial
sizes (∆D) of the internal and external shocks wherein we obtain for the four GRBs
∆D = 838.90, 39.00, 7804.00 and 19188.00 for GRBs 030329, 980425, 000418,
and 021004 respectively. If the results provided herein are deemed acceptable or reason-
able — one can on this basis — say that the relationship we have established from our
analysis for the four GRBs supports two GRB models, “the framework of the fireball
model” and “the multiple shock wave model” of GRBs production and their afterglow.
Additionally, the implications are evident in the variations of relativistic outflows within
the jets offering valuable insights into the acceleration mechanisms and interactions be-
tween the jet and its surrounding medium.

1 Introduction

One of the most puzzling phenomena in modern astrophysics
is perhaps γ-ray bursts (GRBs). These brief flashes of non-
thermal γ-ray energy which occur about once a day have con-
sistently defied the laws of physics in their explanation. GRBs
are highly concentrated high-energy explosions from distant
objects deep within space. These explosions create a rela-
tivistic blastwave which inevitably collides with the circum-
burst medium resulting in internal and external shocks [1].
The photons emanating from these shocks possess enormous
energies typically on the order of 1042–1047 J [2, 3], and ar-
rive at Earth as cosmic snipers that are uniformly distributed
on the sky [4]. Due to these extreme energies, the prompt
emission observed in these GRBs before now was believed
to have been generated by a relativistic jet from their central
engine [5–7]. Similarly, an afterglow is likely produced by
external shocks from the interaction between the jet material
and the circumburst medium [3].

Despite decades of research, the precise mechanisms driv-
ing GRBs and the characteristics of their progenitors remain
a subject of intense investigation. One crucial aspect of un-
derstanding GRBs lies in estimating the spatial size of the
shock waves they generate, as it provides invaluable insights

into their physics and progenitor environments. Recent ad-
vancements in time-delay models, e.g. [8–11], have offered
a promising avenue to infer the spatial scales of GRBs phe-
nomena. These delays, resulting from the differential arrival
times of photons emitted from different parts of the shock re-
gion encode valuable information about the size and structure
of the emitting source. By exploiting the temporal behaviour
of GRB emissions across different frequencies and utilizing
theoretical models of light propagation and interaction with
the surrounding medium, we can be able to constrain the spa-
tial dimensions of GRB shockwaves.

However, such methods face limitations in resolving the
intrinsic size of the shock region, often convoluted by the
surrounding environment and instrumental effects. An alter-
native approach gaining traction involves exploiting the time
delay phenomena observed in photons of different frequen-
cies from GRB shocks as they propagate via the Interstellar
Medium (ISM). This paper aims to provide an independent
method formulated from relativistic mechanics in estimating
the spatial size of GRB shocks using one of such time-delay
models [8]. We will explore the theoretical foundations un-
derpinning this model, the observational data utilized [12],
and the constraints derived from such analyses. Additionally,
we will discuss the implications of these spatial estimates on
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our understanding of GRB physics, progenitor systems, and
their broader astrophysical implications. In the end, we aim to
provide insights into the spatial characteristics of GRB shocks
and their implications for understanding the physics of these
extraordinary cosmic events.

Penultimately, we shall give a synopsis of the remainder
of the present article. To begin, in §2 we take a critical look
at the GRB time delay shock models to understand the role
these shocks play in the generation of photons of different
frequencies as they travel through the ISM. §3 gives a brief
overview of the fireball model with special emphasis on how
the internal and external shock mechanism gives strong sup-
port for our ideas on the non-simultaneous release of the pho-
ton pairs. §4 discusses our proposed FSDL time delay model
and how it all fits into our current instalment. In §5, we give a
step-by-step process of the current time rectification method-
ology we adopted, the fitting procedure used to obtain ν∗ and
the constraints imposed on our parameters. §6, §7 and §8,
present our results, the justification of our rectification mech-
anism and the general discussion accompanying our results.
Thereafter, we conclude with §9.

Lastly, we perhaps must hasten and say that, through-
out this paper, we assume a flat Standard ΛCDM-Cosmology
Model where we take [13]: H0 = 67.40 ± 0.50 km × s−1 ×

Mpc−1, ΩΛ = 0.685± 0.007, and Ωm = 0.315 and that, for all
our calculations of the luminosity distances (DL) to the differ-
ent GRBs and their host galaxies, we shall use Wright’s [14]
online cosmology calculator.*

2 GRB Time Delay Models

Several studies provide valuable insights into the time de-
lay mechanism of GRB shocks. e.g. [15] introduced an im-
proved model-independent method based on time-delay mea-
surements of GRBs at different energy bands. This method
allows for probing the energy-dependent velocity due to mod-
ified dispersion relations for photons. Additionally, [16] dis-
cussed estimating the number of emitting electrons in GRBs
based on fitted parameters and assuming specific emission
radii predicted by shock models within the outflow. More-
over, [17] demonstrated how delayed and long-lasting after-
glow emissions in certain GRBs could be interpreted through
a synchrotron forward-shock model. This interpretation was
supported by the analysis of radio, optical, and X-ray light
curves. Many other authors have also studied time delay mod-
els in probing GRB to mention but a few [18]

This paper aims to provide an independent method for-
mulated from relativistic mechanics in estimating the spa-
tial size of GRB shocks using one of such time-delay mod-
els [8]. We will explore the theoretical foundations under-
pinning this model, the observational data utilized [12], and
the constraints derived from such analyses. Additionally, we
will discuss the implications of these spatial estimates on our

*https://www.astro.ucla.edu//∼wright/CosmoCalc.html

understanding of GRB physics, progenitor systems, and their
broader astrophysical implications. In the end, we aim to pro-
vide insights into the spatial characteristics of GRB shocks
and their implications for understanding the physics of these
extraordinary cosmic events. To begin, we will first take a
critical look at the GRB fireball model with specific refer-
ence to the internal and external shock models to understand
the role these shocks play in the generation of photons of dif-
ferent frequencies as they travel through the ISM.

3 Fireball Model

As is well known, a highly effective framework for interpret-
ing observations of GRBs has been made available in the
form of the fireball model [19–22]. The fireball model is
commonly employed to explain the mechanism that produces
the radiation we detect from most GRBs. The most widely
accepted, and almost certain explanation for GRB produc-
tion according to the fireball model is that when there is an
ejection of extremely high energetic jets due to the merger of
two neutron stars (NS-NS) [23], or a neutron star and a black
hole (NS-BH) [4, 23] and a supernova [24] explosion as de-
picted in Fig. 1, the enormous release of energy gives rise to
a Poynting-flux-dominated Magneto-hydrodynamics (MHD)
wind with a luminosity of approximately 1050 erg × s−1 [25]
within the ISM confined to the jet cone. These MHD winds
generate the GRBs when the kinetic energy of these ultra-
relativistic particles, or potentially the electromagnetic en-
ergy of the Poynting flux, is converted to radiation [21, 26].

The GRB fireball model is essential for understanding the
nature and implications of GRB shocks. In a bid to demys-
tify the radiation mechanism, [27, 28] compared the fireball-
shock and millisecond-magnetar models by fitting them to
X-ray data of specific GRBs, emphasizing the importance of
different shock models in explaining GRB phenomena. Simi-
larly, [29] used a “boosted fireball” model to replicate the hy-
drodynamics of GRB outflows, highlighting the necessity for
comprehensive models to decode the complexities of GRBs.
In the same light, [30] provides a comprehensive review of γ-
ray bursts and related transients, discussing theoretical mod-
els for prompt and afterglow emissions, including the stan-
dard fireball model with internal and external shocks. Their
study highlights the role of synchrotron radiation from rela-
tivistic electrons accelerated in the shocks, emphasizing the
importance of magnetic fields in these processes, and the in-
ternal and external shock mechanisms for γ-ray burst emis-
sion.

Additionally, [31] discussed utilizing GRB emissions as
a test-bed for modified gravity theories, demonstrating how
GRBs can offer insights into fundamental physics beyond
standard models [32–35] and many more have also explored
how gravitational wave observations can enhance our under-
standing of the intrinsic properties of the shock waves from
GRBs, showcasing the interdisciplinary nature of studying
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these phenomena. To describe both the initial burst of γ-
rays and the lengthy afterglow, the fireball model employs
two separate shock wave models — namely, the internal and
external shock wave models [36, 37].

3.1 Internal Shock

As depicted in Fig. 1, internal shocks are responsible for the
high energy of γ-ray particles. Moments after the incident,
shock waves (fronts) with a Lorentz factor (Γ) close to 100
are emitted from the inner engine at relativistic speeds lead-
ing to multiple shock waves, each travelling at a different rel-
ativistic speeds. These shock fronts result in energetic γ-ray
emissions which are principally caused by thermal magnetic
reconnection activities and relativistic processes. In this pro-
cess, baryonic mass will be added to the emission, thus help-
ing to convert some radiation energy into relativistic kinetic
energy, which in turn increases the γ-ray burst flux. As il-
lustrated in Fig. 1, a significant portion of the initial energy
released by the freshly generated BH is transformed straight
into photons in a pure radiation fireball [37, 38].

3.2 External Shock

On the other hand, external shocks are predominantly ther-
mal emissions produced as the energy transferred from the
shock waves is deposited into the interstellar medium (ISM).
The spilt substance can then be trapped in the shock front and
release radiation as the shock travels in the outward direc-
tion. The resulting broadband synchrotron radiation evolves
as the external shock propagates outward into the surround-
ing medium, depending on various fundamental character-
istics of the explosion, the specifics of the shock evolution,
and the density profile of the medium into which it expands
[26, 40]. When shocks from this external surrounding cir-
cumburst matter delay this flow of electrons, the afterglow
appears with varying frequencies ranging from X-ray to op-
tical wavelengths. It is generally assumed that most of the
GRBs we detect are triggered by internal shocks, while the
slow afterglow emanates from the external shocks [41].

It is on this theoretical explanation of this fireball model
that we anchor our modified time delay emission model,
wherein we now have the radio photon pairs not simultane-
ously leaving the GRB event as has been assumed in our pre-
vious papers [8]. We aim to show that under the above-stated
new assumption of non-simultaneous emission of the radio
photon pair, the time delay experienced by these photons may
very well be a result of the series of shock waves generated by
the internal and external production mechanism as is assumed
in the fireball model. This may also lead us to understand the
shock dynamics and/or the spatial sizes of the shocks.

4 Our Proposed FSDL Model

Here, we adopt a standard fireball scenario for the GRBs af-
terglow, where a relativistic shock with (Γ) expands into the

circumburst medium (CBM). The afterglow flux arises from
the radiation (synchrotron and possibly also inverse Comp-
ton) emitted by relativistic electrons accelerated from the in-
ternal to the external shocks. To describe the spatial size of
these jets, we account for the effects of the conductance of
the medium through which these radiations pass en route to
the detector and model the shock dynamics using our FDSL-
model.

The formulation we came up with was simple and elabo-
rate which is: In [8], without any exogenous or exotic ideas
being brought in, the following dispersion relation was de-
rived directly from Maxwell’s four fundamental equations of
Electrodynamics

ω2 − c0
2κ2 = −4ω∗ω, (1)

where ω∗ = 2πν∗ = µc2σ/4, ω = 2πν, with ν being the fre-
quency of the Photon and k its wave-number. Given that the
group velocity νg of a wave is given by vg = ∂ω/∂k, thus
differentiating Eq. (1) throughout with respect to k and rear-
ranging, it follows that

vg =
c2

0

ω/κ

1
2ω∗/ω

=
c2

0

vp

1
1 + 2ω∗/ω

=
c2

0

vp

1
1 + 2v∗/v

, (2)

where vp = ω/k, is the phase velocity. In a vacuum, we have
that vg = vp = c0. This assumption (of vg = vp ) was ex-
tended to the scenario of a non-vacuum medium and so doing
(i.e., maintaining this condition vg , vp, in the non-vacuum
medium), one obtains

vg

c0
=

1√
1 + 2v∗

v

. (3)

From Eq. (3), it follows that if D is the distance between
the Earth and the GRB, and vl and vh are the group velocities
for the lower and higher frequency Photons, then - to first
order approximation we have that c0/vg ≃ 1 + v∗/v, which in
turns implies that for two photons with varying velocities, the
time delay ∆t is such that

∆t =
D
vl
−

D
vh
=

Dv∗
c

(
1
vl
−

1
vh

)
. (4)

It is clear that if the laid down theory has any correspon-
dence with physical and natural reality, then, a plot of ∆t ∝(
v−1

l − vh
−1

)
for the same source (i.e., same D ) should accord-

ingly yield a straight-line graph with a slope equal to Dv∗/c0.
Eq. (4) implies that the time delay will be given by

∆t =
Dv∗
C

(
1
vl
−

1
vh

)
. (5)

The relation in Eq. (5) was applied to the following GRBs
GRB 030329, GRB 980425, GRB 000418 and GRB 021004
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Fig. 1: A Modified cartoon depiction showing schematics description of and the basic mechanism of the GRB fireball model [39],
https://www.swift.ac.uk/about/grb.php.

obtained from [12] and the result was a strong linear correla-
tion between ∆t and ∆v−1.

The obtained linear correlation confirms the theory on
which Eq. (5) has been derived. Furthermore, in [8], as a ma-
jor step, Eq. (5) assumes that the pair of GRB photons leave
the event simultaneously. The above-stated assumption leads
to a biased fit wherein the intercept of the graph of ∆t vs ∆ν−1

was made to pass through the point of origin (0, 0) for there to
be a zero y-intercept (see Fig. 2. Despite them giving a good
correlation, the four graphs also yield slopes which were used
to estimate the conductance of the ISM through which these
GRB travel (see [8]).

In this current instalment, we develop a model that does
not assume a simultaneous release of these pairs of photons.
Rather preemptively, we must say that — this new assump-
tion of a non-simultaneous — albeit systematic — emission
of these photon pairs allows us to obtain a much more con-
vincing and stronger correlation in the time delay. That is to
say, this new correlation allows us to build a unified model of
the four GRBs in our present sample wherein, we obtain two
major results, mainly

1. A constant ν∗ called the frequency equivalence of the
interstellar medium (ISM)’s conductance which allows
us to estimate every other parameter involved with the
four GRBs in question;

2. The spatial sizes of the internal and external shocks of
our four GRB samples.

One significant step involved in our modified FSDL
model is the estimation of the time correction parameter tc.
In this modified model, we believe that a pair of events com-
ing from the same shock front will lie on the same slope on a
∆t vs ∆ν−1 graph. In the case of our four GRB samples, the
GRBs will be delayed by a fraction of the difference between
the spatial sizes obtained from our calculation. Furthermore,
in line with this assumption, the earlier photon leaves now
while the latter leaves a time, t later. We can show that under
the above-stated assumption, Eq. (5) will be modified to be

∆t =
Dν∗
c0

(
1
νl
−

1
νh

)
+ tc, (6)

where tc is a two-fold correction factor we introduced to rec-
tify the time delay in the photon arrival times. Additionally,
tc is the y-intercept of this unbiased* linear regression model.
This tc will turn out to be the time difference between the
emission of the photon pair from the internal and external
shocks. This time difference is depicted in Figures 5 to 8 as
the internal and external shock. We will briefly present our
justification for our Non-simultaneous emission model.

4.1 Data Sampling and Description

As pointed out in Paper 1 [8], our data sample is wholly drawn
from [12], wherein [12] draw their data from 304 GRB sam-

*By “unbiased plot”, we mean a plot that does not force the linear graph
to pass through the (0, 0)-point of origin as has been done on Paper 1.
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ples compelled from 1997 to 2011 by [42]. From [12], eight
of these GRB samples were used by [8] to investigate corre-
lations in γ-ray burst time delays between pairs of radio pho-
tons as Paper 1 of a series of research geared towards inves-
tigating the cause of time delay in the arrival time of photons
of different frequencies emanating from γ-ray burst.

In the said Paper 1 [8], in ascending order, the eight
distinct GRBs we selected were 980425, 991208 000418,
000926, 021004, 030329, 031203 and 060218 making a total
sample size of 52. Amongst these eight GRB samples, four
of them GRB 980425, 000418, 021004 and 030329 when ap-
plied to our FDSL model gave good positive linear correla-
tions as expected, which in turn provides a sound basis for
our work and reliability of our model. The remaining four
samples GRB 991208, 000926, 031203 and 060218 showed
a weak correlation, so we didn’t include them in our first in-
stalment. In this present instalment, our aim was to put up a
working model first with the 4 GRBs that gave a good positive
correlation. To avoid constraints, we will differ the remaining
weak correlated GRB samples to a later instalment where we
can systematically test our model on all the data set in [12].
Additionally, we can now apply this model to recent data.

Fig. 2: Graph for Events GRB 030329, 980425, 000418, and
021004. The BLF were made to all passes through the origin.

5 Non-Simultaneous Photon Emission Model

Here we present a brief overview of our modified model as
stated in the introductory section — the assumption that the
low (νl) and high (νh) frequency photons are released simul-
taneously is to be done away with because it is very much
possible that the low (or perhaps the high) frequency photon
is released first, with the high (low) frequency photon is re-
leased a time tc later (or vice-versa). In this event, the photon
travel times tl and th of the low and high frequency photons,

respectively — will be related as follows

tl =
D
vl
+ tc, (7a)

th =
D
vh
, (7b)

where, likewise vl and vh are the speed of the low and high-
frequency photons, respectively. From the foregoing, it fol-
lows from Eq. (7), that

∆t = tl − th =
D
vl
−

D
vh
+ tc. (8)

As given in [8], if we are to substitute into Eq. (8), the
following

1
vl
=

1
c0

(
1 +
ν∗
νl

)
, (9a)

1
vh
=

1
c0

(
1 +
ν∗
νh

)
, (9b)

then, one will be led to Eq. (5). In this way — as promised,
we have justified Eq. (6).

It is important to note that if tc is a random variable —
the meaning of which is that this time is not the same for each
photon pair — it would give rise to a clearly visible scatter in
the data points along some imagined average straight line. If
tc is uniform for all the data points — imply some welcome
define and systematic origin, then, the resulting data points
— if plotted in an unbiased manner — they would lie on
a straight line that does not pass through the (0, 0)-point of
origin as is the case with the data point of the GRBs in our
sample. In the next subsection, we will briefly describe how
we obtained the ν∗ from our tc.

5.1 Fitting Procedures

As promised above, we here describe, in §5.1.1 & 5.1.1, the
fitting procedures employed to arrive at a value for the time
delay correction tc and the value of the frequency equivalent
of the ISM’s conductance (ν∗).

5.1.1 Time Delay Correction (tc)

To obtain tc, the following procedures were carried out

1. First, we isolated the different subgroups of the individ-
ual GRBs as shown in Fig. 2. That is to say, we noted
that for each GRB source, there exist two distinct sub-
groups — were for:

(a) GRB 030329, as can be seen in Fig. 5, we have
(a, b, c, d, e, f , l,m, n, o) and (g, h, i, j) data points
forming the two subgroups with GRB 0302329k
being an outlier data point;
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(b) GRB 980425, as can be seen in Fig. 6, we have
(a, c, d) and (b, e, f ) forming the two distinct sub-
groups;

(c) GRB 000418 of Fig. 7, have (a, d) and (b, c, e)
forming the two distinct subgroups;

(d) Finally, GRB 021004, in Fig. 8 have (a, b, d) and
(c, e) forming the two distinct subgroups;

2. Upon a meticulous observation of Fig. 5 to 8, one can
see that the data points for the four GRBs were grouped
in two; events group 1 representing the internal shocks
and event group 2 representing the external shocks.
The idea behind this grouping is to enable us to see
the data points that are aligned so we can correct for
the time delay (Fig. 7);

3. When the time delay (tc) is corrected, one can see that
each group’s data points have been aligned into an al-
most straight line. Fig. 3 shows the same four GRBs
in Figures 5 to 8 after tc correction. The scattered and
group events have been aligned almost perfectly to a
straight line indicating a nearly perfect linear correla-
tion amongst the four samples respectively.

5.1.2 Calculation of the Conductance (ν∗) of the ISM

At this point, we must say that, if our model is correct or
has any meaningful correspondence with physical and natural
reality, then ν∗ can be obtained thus

1. First — we note that the slope of the time delay cor-
rected graphs of Fig. 3 is proportional to the distances
to the respective GRBs, i.e.

S =
Dν∗
c0
. (10)

From this Eq. (10), it is clear that if the distance to
the GRB is known, the value of ν∗ can be computed.
Further, if cosmological space is homogeneous, then ν∗
must have a constant value in any given cosmological
direction that one chooses. Assuming a homogeneous
space as is the case in the ΛCDM-model [43], it fol-
lows that S ∝ D, the meaning of which is that if the
distance (D†) to just one GRB is known, then, the dis-
tance (Dk) to the rest of the GRBs can be inferred from
this Eq. (10).
That is to say: let S † be the slope on the graph of
the GRB whose distance D† is known and if S k is the
slope on the graph of the GRB whose distance Dk is
unknown, then, we can deduce this distance Dk from
the GRB whose slope S † and distance D† are known,
i.e.,

Dk =

(
S †
S k

)
D†. (11)

From Eq. (10), it is abundantly clear that — in-order
to deduce ν∗ — one needs not know the actual distance
to the GRB whose distance D† is known, but a relative
distance — e.g., D† ≡ 1, can be assigned, so that the
relative distance Drel(k), to the kth GRB on our list can
be computed, i.e.,

Drel(k) =
S †
S k
. (12)

From (11) and (12), it follows that

Dk = Drel(k)D†. (13)

It must be noted that Drel(k) is a dimensionless quantity
while D† has the dimensions of length;

2. Inserting Dk as given in Eq. (13) into Eq. (10), where
∆t has been corrected for the non-simultaneous time
delay, we will have

∆t
Drel
=

D†ν∗
c0

(
1
vl
−

1
vh

)
. (14)

What Eq. (14) implies is that if all our assumptions
are correct or have a meaningful correspondence with
physical and natural reality, then, a plot of ∆t/Drel vs
∆ν−1 should yield a straight line graph. the result of the
assumption is evident in (3);

3. In the present, for our standard GRB with distance D†
and slope S †, we took the GRB with the smallest red-
shift, namely GRB 980425, which has a redshift z =
0.009. The justification for doing this is spelt out in §7;

4. On careful observation of Fig. 4b one can see that the
scatter in the plots has all been fully corrected into an
almost perfectly straight line graph. A t-test was car-
ried out on the combined plot to test for statistical sig-
nificance. The result was not only consistent but also
significant at a 95% confidence level. The complete
regression fittings and other regression parameters are
shown in Table 1 and 3;

5. Therefore, From the foregoing, we have that D† =
40.00 Mpc, and S † = 70.00 ± 2.00 GHz × Days. Sub-
stituting these numerical values into 10 and converting
to standard units we calculated v∗ to be 1.507 ± 0.0009
as the frequency equivalence of the conductance of the
ISM. Following we now estimate the spatial sizes of
the internal and external shocks as presented in §6.

6 Result and Analysis

According to the Fireball model depicted in Fig. 1, a GRB
will have two shock fronts, the internal and external. The
events emanating from these shock fronts will have a large
gradient on the ∆t vs ∆ν−1 graph. Given that in the present
GRB time delay model, the distance (D) of the group events
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Fig. 3: Graph of GRB 030329, 980425, 000418, and 021004 events after tC correction.
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Fig. 4: Relative distance Plot. The combined scatter plots for
GRB 030329, GRB 980425, GRB 000418 and GRB 021004 after
relative distance correction respectively. Regression fitting for this
plot passes through the (0, 0)-point of origin unbiased showing that
the tc has been eliminated naturally via our correction procedure

emanating from the same shock front is such that D = c0S/ν∗.
It follows from the foregoing that event group (1) must there-
fore be emanating from the internal shock while event group
(2) are coming from the external shock. If both events have
slopes S1 and S2, from the bare facts at hand, the spatial size,
∆D, between these two shocks is such that

∆D =
(

c0∆S
v∗

)
(15)

where ∆S = S2 − S1, ∆D = D2 − D1 and ν∗ = 1.507 ± 0.009
Hz (see [8]). Under the above premise, we now present the
results of the spatial sizes of the four GRBs in question.

6.1 Estimating the Spatial Size

Following the procedures laid down so far, the spatial size
(∆D) can be estimated from the plot of ∆t vs ∆ν−1 as shown
in Fig. 5 to 8 while keeping v∗ as a constant. Fig. 5 to 8 shows
a scattered plot of GRB 030329, GRB 980425, GRB 000418
and GRB 021004, with two fittings representing both the in-
ternal shocks (red line with yellow data points) and external
shock (blue line with red data points). Regression analysis
and fittings in accordance with the FDSL model yield the fol-
lowing result.

6.1.1 GRB 030329

GRB 030329 have a set of two events, namely — events
(a, b, c, d, e, f , l,m, n, o) and (g, h, i, j) as shown in Fig. 5, each
with slopes S1 = 105.90±0.60, and S2 = 120.80±2.00 respec-
tively. Substituting these values into Eq. 15 after converting
to SI units with ν∗ = 1.507 ± 0.009 Hz, we obtain the spatial

size ∆D = 8.00± 1.00 Mpc. What this implies is that the spa-
tial size between the jets is occurring at megaparsec scales.
However, from the fireball model, this value seems to be very
large compared to what has been obtained [49–51]. The sig-
nificance is that the time delay is a result of the distance the
Photons travel from the internal to the external shocks due
to the reduction in their velocity as they travel via the ISM,
thus making our fitting model more significant. It is also im-
portant to note that such distinct results greatly improve our
understanding of GRBs if these results are to be corroborated
with more data points.

6.1.2 GRB 980425

GRB 980425 have two events, namely — (a, c, d) and (b, e, f )
forming the two distinct subgroups. as shown in Fig. 6, each
with slopes S1 = 71.00 ± 4.00, and S2 = 75.00 ± 8.00 respec-
tively. we obtain ∆D = 2.00± 5.00 Mpc. This GRB is also of
the mega Parsec scale as expected.

6.1.3 GRB 000418

In the case of GRB 000418, we have two events, namely —
events (a, d) and (b, c, e) as shown in Fig. 7, each with slopes
S1 = 101.70 ± 0.00, and S2 = 102.40 ± 7.00 respectively.
Substituting these parameters into 15, we obtain ∆D = 1.00±
4.00 Mpc. Similarly, the spatial size of this GRB is also of
the mega Parsec scale as expected.

6.1.4 GRB 021004

Regression fittings for both the internal and external shocks
for GRB 021004 are shown in Fig. 8. with S1 = 150.00 ±
20.00 and S2 = 154.00 ± 0.00 respectively, we obtain the
spatial size to be ∆D = 13.00 ± 4.00 Mpc.

7 Interim Discussion

For the distances to the GRBs, we can use theΛCDM-redshift
distance estimates. Our reservation with this is that distances
deduced using high redshift (i.e., z > 0.009) may not be accu-
rate. For example, over the years, there has been a raging de-
bate on this [52,53]. This debate has somehow subsided with
most astrophysicists and cosmologists accepting the ΛCDM-
redshift distance estimates [54]. If any, there has not been
any controversy with low redshifts and using these for dis-
tance determinations via Hubble’s law [55, 56].

Rather fortuitously, we have in our four sample GRB the
source GRB 980425 with a low redshift of z = 0.0090. This
redshift is small enough so much that, one can easily ap-
ply the usual Hubble law* to determine the distance to this

*On 26 October 2018, through an electronic vote conducted among all
members of the International Astronomical Union (IAU), the resolution to
recommend renaming the Hubble law as the Hubble-Lemaı̂tre law was ac-
cepted. This resolution was proposed in order to pay tribute to both —
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Table 1: Result Table. In column 2 the number (1) is the internal shock and (2) is the external shock

Events Shocks Slopes for Slope y-Intercept R2

Shocks ∆S (tc)
(S 1, S 2) (S 2 − S 1) (tc1, tc2)

(GHz × Days) (GHz × Days) (Days)

GRB 030329 (1) 105.90 ± 0.60 15.00 ± 2.00 +0.70 ± 0.20 0.9997
(2) 120.80 ± 2.00 +5.00 ± 0.20 0.9997

GRB 980425 (1) 71.00 ± 4.00 4.00 ± 9.00 −9.00 ± 2.00 0.9975
(2) 75.00 ± 8.00 −1.00 ± 2.00 0.9884

GRB 000418 (1) 102.00 ± 7.00 1.00 ± 7.00 −4.00 ± 0.00 1.0000
(2) 102.00 ± 0.00 +0.30 ± 0.70 0.9949

GRB 021004 (1) 150.00 ± 20.00 10.00 ± 20.00 −0.30 ± 2.00 0.9889
(2) 154.00 ± 0.00 +7.00 ± 0.00 1.0000

Table 2: Summary Table. Columns (1)-(4) lists (1) Source name, (2) Cosmological redshift of the host galaxies [44–48], (3) Distance to
the GRB as obtained from Wright’s cosmological calculator (4) the Spatial Size of the GRB shocks. The last row of the table presents the
error-weighted average of the frequency equivalence of the conductance of the ISM, which we find to be ν∗ = 1.507 ± 0.009 Hz.

Source Host Galaxy
Redshift

Distance (DL)
(Mpc)

Spatial size (∆D)
(Mpc)

GRB 030329 0.1683 ± 0.0001 838.9000 8.0000 ± 1.0000
GRB 980425 0.0087 ± 0.0000 39.0000 2.0000 ± 5.0000
GRB 000418 1.1181 ± 0.0001 7804.0000 1.0000 ± 4.0000
GRB 021004 2.3304 ± 0.0005 19188.0000 13.0000 ± 3.0000

source without the need e.g. for Wright’s [14] online cos-
mology calculator. If we can have confidence in the dis-
tance to this GRB as determined by Hubble’s law, it means
we can safely estimate the the ISM conductance σ. Tak-
ing H0 = 67.4 km × s−1 × Mpc−1 [57], we obtain that the
source GRB 980425 is at a distance of approximately, D =
40 Mpc. Given that for this GRB, we haveDν∗/c0 = (6.00±
2.00) × 1015, it follows from all this — that, we will have that
σ = (1.0800 ± 0.0400) × 10−11Ω−1 × m−1. If what we have
obtained is to be taken seriously, not only are these results
consistent, but they also show a great possibility of query-
ing the standard distance method adopted over the years for
GRBs using redshift and cosmological methods.

8 General Discussion

The results we have obtained so far not only justify the au-
thenticity of our model but also support the fireball model

Georges Henri Joseph Édouard Lemaı̂tre (1894–1966), and, Edwin Powell
Hubble (1889–1953), for their fundamental contributions to the development
of the modern expanding cosmology model.

for the internal and external shock mechanism. Similar work
has been done to understudy the mechanism of the internal
and external shocks e.g. [33, 58–63]. One such major work
by [64] delves into the width of γ-ray burst spectra as a mea-
sure to understand the emission processes in highly relativis-
tic jets. Although the study highlights the differences in spec-
tra widths, one can infer from this that such width may be
a result of the large distances travelled by the photons indi-
cating a large fraction across the jets. Similarly, [58] in a
recent study investigated the long-term evolution of relativis-
tic collisionless shocks in electron-positron plasma using 2D
particle-in-cell simulations. Their results reveal the gener-
ation of intermittent magnetic structures by the shock, with
magnetic coherence scales increasing over time as the pho-
tons travel along the jet cone. Their findings further sug-
gest implications for γ-ray burst afterglow models, particu-
larly in understanding the interplay between internal prompt
emission and external shock mechanisms that power the af-
terglows in these astrophysical phenomena. Our findings and
results also underscores the ongoing debate surrounding the
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Fig. 5: Graph for Events GRB 030329 (a, b, c, d, e, f , l,m, n, o) and
(g, h, i, j). The BLF yields slopes of S1 = (105.90 ± 0.60) x +
(0.70 ± 0.20) @ R2 = 9.9997 and S2 = (120.80 ± 2.00) x + (5.00 ±
0.20) @ R2 = 0.9997.

internal and external shock mechanisms responsible for GRB
emission which we believe is a step forward in the right di-
rection.

For the internal shocks, one approach is to consider the
variability timescale of the burst, which is related to the spa-
tial size of the emitting region. On the other hand, the exter-
nal shocks, are formed when the GRB outflow interacts with
the surrounding medium, leading to a slower, and more pro-
longed emission phase.

This slowing down of the photons we believe is due to
the vast difference between the internal and external shock
which our model is accounting for. [65] has already shown
that the radius of the external shocks can be estimated based
on the deceleration timescale, which depends on the density
of the surrounding medium. His findings agree with our rar-
efied plasma model as the interactions of the photons and the
plasma medium through which these photons travel can sig-
nificantly affect their propagation.

Additionally, as far back as the mid and late 1990’s (see
e.g. [21, 66]), it has been shown that the “fireball model” of-
ten used in GRB studies suggests that the internal shocks oc-
cur within the relativistic outflow produced during the GRB
event. [67] further highlighted the transition from a strati-
fied stellar wind to a homogeneous interstellar medium (ISM)
and concluded that favourable parameters could lead to the
detection of GRBs at hundreds of GeVs, emphasizing the
importance of considering both internal and external shock
mechanisms in understanding GRB emission dynamics. In
both cases (internal and external shock mechanisms), detailed
modelling and analysis of observational data, such as light
curves and spectra, are necessary to constrain the parameters
and obtain accurate estimates of the shock radii and possibly

Fig. 6: Graph for Events GRB 980425 (a, c, d) and (b, e, f ). The
BLF yields slopes of S1 = (71.00 ± 4.00) x + (9.00 ± 2.00) @ R2 =

0.9975 and S2 = (75.00 ± 8.00) x + (1.00 ± 2.00) @ R2 = 0.9884.

the spatial sizes.
This is the next phase of this work as we work to gather

more data to carry out further analysis. What our model
presents so far is in support of the fireball model but on a
much larger scale. It is our hope that as we fine-tune this
model and incorporate more data in subsequent work, we can
be able to come close to what has been established and pos-
sibly improve on the existing knowledge of these extreme as-
trophysical phenomena.

It is paramount we bring this to the reader for better clar-
ity that the spatial size of the internal and external shocks
plays a significant role in determining how the photons and
plasma interact and propagate through the ISM. Now, with
regard to the interaction mechanism between the Photon and
the plasma in the present model, one will rightly ask: Since
the Photon and the plasma are here interacting, what is dif-
ferent between this proposed interaction mechanism and the
Plasma Effect? To that, we have the following to say. The
Compton wavelength of Photon — or more so, its radius —
is much smaller than the wavelength of radio waves. From
an intuitive physical standpoint, it is possible to imagine an
Electron being engulfed by the Photon in such a manner that
the Electron can be pictured to be moving inside the E⃗ and
B⃗-fields of the Photon. Succinctly stated, the Electron is ab-
sorbed by the Photon in much the same manner as the Photon
is absorbed by the Electron in such phenomenon as the Photo-
electric effect [68], i.e., this simple but elaborate explana-
tion will lead to our next instalment “can a photon absorb an
electron”.

It is our hope that our FSDL time delay model if properly
fine-tuned with the right dataset will demystify the interaction
mechanism between the photons and the plasma as they travel
via the ISM.
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Table 3: Combined Data Table [12]. Columns (1)-(8) list the (1) Initial/low frequency of the burst, (2) Final/high frequency of the burst
(3) Initial time of the burst (4) Final time of the burst (5) Difference in the frequency (6) Values obtain from the two-fold correction (7)
Relative distance obtained from the slopes of the four GRBs (8) Final values obtained from the relative distance correction

.

GRB Event Label
ν1

(GHz)
ν2

(GHz)
t1

(Days)
t2

(Days)
∆ν−1

(GHz−1)
∆tc

(Days)
Drel

∆tc/Drel

(Days)

GRB030329a 15.00 22.50 8.40 10.90 0.022 2.56 1.7360 ± 0.0030 2.00 ± 0.10
GRB030329b 22.50 43.00 5.80 8.40 0.021 2.64 1.7360 ± 0.0030 2.00 ± 0.20
GRB030329c 15.00 43.00 5.80 10.90 0.043 5.14 1.7360 ± 0.0030 3.00 ± 0.30
GRB030329d 8.46 15.00 10.90 17.30 0.052 6.44 1.7360 ± 0.0030 4.00 ± 0.40
GRB030329e 8.46 22.50 8.40 17.30 0.074 8.94 1.7360 ± 0.0030 5.00 ± 0.50
GRB030329f 8.46 43.00 5.80 17.30 0.095 11.54 1.7360 ± 0.0030 7.00 ± 0.70
GRB030329g 4.86 8.46 17.30 32.90 0.088 10.49 1.7360 ± 0.0030 6.00 ± 0.60
GRB030329h 4.86 15.00 10.90 32.90 0.139 16.89 1.7360 ± 0.0030 10.00 ± 1.00
GRB030329i 4.86 22.50 8.40 32.90 0.161 19.39 1.7360 ± 0.0030 11.00 ± 1.00
GRB030329j 4.86 43.00 5.80 32.90 0.183 21.99 1.7360 ± 0.0030 13.00 ± 1.00
GRB030329k 1.43 4.86 32.90 78.60 0.494 59.65 1.7360 ± 0.0030 34.00 ± 3.00
GRB030329l 1.43 8.46 17.30 78.60 0.581 70.15 1.7360 ± 0.0030 40.00 ± 4.00
GRB030329m 1.43 15.00 10.90 78.60 0.633 76.55 1.7360 ± 0.0030 44.00 ± 4.00
GRB030329n 1.43 22.50 8.40 78.60 0.655 79.05 1.7360 ± 0.0030 46.00 ± 5.00
GRB030329o 1.43 43.00 5.80 78.60 0.676 81.65 1.7360 ± 0.0030 47.00 ± 5.00
GRB980425a 4.80 8.64 12.70 18.30 0.093 5.65 1.0000 ± 0.0000 6.00 ± 0.60
GRB980425c 2.50 4.80 18.30 32.70 0.192 14.45 1.0000 ± 0.0000 14.00 ± 1.00
GRB980425d 2.50 8.64 12.70 32.70 0.284 20.05 1.0000 ± 0.0000 20.00 ± 2.00
GRB980425b 1.38 2.50 32.70 47.10 0.325 21.60 1.0000 ± 0.0000 22.00 ± 2.00
GRB980425e 1.38 4.80 18.30 47.10 0.516 36.40 1.0000 ± 0.0000 36.00 ± 4.00
GRB980425f 1.38 8.64 12.70 47.10 0.609 42.00 1.0000 ± 0.0000 42.00 ± 4.00
GRB000418e 4.86 15.00 12.30 27.00 0.140 14.36 1.4600 ± 0.0100 10.00 ± 1.00
GRB000418b 8.46 15.00 12.30 18.10 0.050 5.46 1.4600 ± 0.0100 4.00 ± 0.40
GRB000418c 4.86 8.46 18.10 27.00 0.090 8.56 1.4600 ± 0.0100 6.00 ± 0.60
GRB000418d 4.86 22.50 14.60 27.00 0.160 16.37 1.4600 ± 0.0100 11.00 ± 1.00
GRB000418a 8.46 22.50 14.60 18.10 0.070 7.47 1.4600 ± 0.0100 5.00 ± 0.50
GRB021004a 8.46 22.50 8.70 18.70 0.074 10.2 2.1500 ± 0.0300 5.00 ± 0.50
GRB021004b 4.86 8.46 18.70 32.20 0.088 13.7 2.1500 ± 0.0300 6.00 ± 0.60
GRB021004d 4.86 22.50 8.70 32.20 0.161 23.7 2.1500 ± 0.0300 11.00 ± 1.00
GRB021004c 8.46 15.00 4.10 18.70 0.052 7.89 2.1500 ± 0.0300 4.00 ± 0.40
GRB021004e 4.86 15.00 4.10 32.20 0.139 21.39 2.1500 ± 0.0300 10.00 ± 1.00

9 Conclusion

We have used regression analysis to establish a time correc-
tion mechanism for four GRBs (030329. 980425, 000418,
and 021004) employed from [12] on the basis of a frequency-
dependent speed of light model (FDSL model) which we de-
veloped entirely from Maxwell’s electromagnetic equations
in conjunction with plasma and dispersion effects. In line
with this model, on the assumption that these GRBs all leave
the source at the same time, we have shown in our previous
paper [8] that these four GRBs gave good positive correla-
tions and hence reliable for testing our model. In this pa-
per, however, on the assumption that each individual photon
leaves the GRB source at different times, we modify the pre-
vious model to obtain a more fitting model. Additionally, the

correction led to the unification of the four GRB into a ho-
mogenous albeit perfect correlation which led to the determi-
nation of the frequency equivalent of the ISM (v∗) and hence,
the spatial sizes of the internal and external shocks.

If the results provided herein are deemed acceptable or
reasonable — one can on this basis — make the following
tentative conclusion regarding the implication of the spatial
sizes of GRB internal and external shocks using our FSDL
time delay model:

1. The relationship we have established from our analysis for
the four GRBs, clearly supports two GRB models “the frame-
work of the fireball model” and “the multiple shock wave
model” of GRBs production and their afterglow.

2. From our regression analysis that here, we can infer that not
only is our model reliable and consistent but was used to
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Fig. 7: Graph for Events GRB 000418 (b, c, e) and (a, d). The BLF
yields slopes of S1 = (102.00±7.00) x+(4.00±0.00) @ R2 = 1.0000
and S2 = (102.00 ± 0.00) x − (0.30 ± 0.70) @ R2 = 0.9949.

estimate the spatial sizes between the internal and external
shocks.

3. From our FSDL time delay models and the fitting procedures
we employ, we are able to say unequivocally that the internal
shocks arise from variations in the relativistic outflows within
the jet itself, which offer valuable insights into the accelera-
tion mechanisms and particle interactions occurring within
the jet. On the other hand, the external shocks, result from
the interaction between the jet and its surrounding medium,
which shed light on the environmental conditions and the im-
pact of the jet on its surroundings. This we are able to deduce
due to the nature of the differential time in the arrival time
of the photons and the vast distances obtained in the spatial
sizes between the internal and external shocks.

Furthermore, the determination of the spatial size of γ-ray
jets for both internal and external shocks is a crucial endeav-
our in understanding the dynamics and emission processes
of astrophysical jets. We believe that through meticulous
observations, corroboration of more data sets and sophisti-
cated modelling techniques for e.g. intense spectral analy-
sis of the radiations from these shocks, 3D modelling of the
particle dynamics emanating from the shocks, and magneto-
hydrodynamic (MHD) effects, we can be able to unravel the
complexities of these high-energetic phenomena.
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We assume that each lepton family and each quark family represents its own unique dis-
crete symmetry modular group, one which is also a binary subgroup of SU(2). Equiv-
alently, we have a different regular 3-D polyhedral group for each lepton family and a
different regular 4-D polytope group for each quark family. Being discrete symmetry
subgroups representing 3-D and 4-D geometric objects that are known also as complete
graphs, they each possess a different graph theory entropy based upon the number of
connected paired vertices. We examine the various decay channels of the leptons and
the quarks that obey all the conservation laws as well as the special theory of relativity
to look for a violation of a fundamental graph theory entropy inequality constraint. Such
a violation and its experimental verification would confirm the importance of graph the-
ory entropy in particle physics.

1 Introduction

The identification of the symmetry group or groups for the
lepton families and for the quark families of the Standard
Model (SM) has been an interesting challenge for decades. In
recent years there has been an emphasis on the discrete sym-
metry modular groups [1] such as Γ3 = A4, Γ4 = S4, Γ5 = A5,
as well as their double groups Γ′3, Γ′4, and Γ′5, where the A4,
S4, and A5 refer to equivalent permutation groups. These dis-
crete symmetry modular groups not only connect directly to a
top-down approach using superstring concepts (see e.g. [2,3]
for recent reviews) but also represent the discrete symmetries
of the regular polyhedrons in R3. However, no discrete sym-
metry group or set of discrete symmetry groups has been ac-
cepted yet, even though neutrino mass values are predicted,
because the true mass values for the neutrinos are not known
for direct comparison [4].

In a series of articles and conference presentations since
1987 we have proposed [5–7] that each lepton family repre-
sents a unique discrete symmetry binary subgroup of the con-
tinuous group SU(2), or equivalently, of the quaternion group
Q and the modular group. That is, they represent the only fi-
nite quaternion subgroups that enclose a 3-D volume. Specifi-
cally, the electron family (νe, e−) represents 2T =

(3,3,2) = Γ′3, the muon family (νµ, µ− ) represents 2O = (3,4,2)
= Γ′4, and the tau family (ντ, τ−) represents 2I = (3,5,2) = Γ′5,
where the first and second group notations are also the famil-
iar geometrical names for the 3-D regular polyhedron groups,
i.e. the Platonic solids in R3. As subgroups of SU(2), there is
an upper and lower quantum state in each family.

We proposed also [5, 6] that quark families represent the
related discrete symmetry groups for the 4-D regular poly-
topes that enclose a volume, (3,3,3) for the (u, d) family,
(3,3,4) for the (c, s) family, (3,4,3) for the (t, b) family, and
(3,3,5) for the predicted 4th quark family, i.e. a top/bottom
family (t’, b’) or (T, B). Of course, the predicted 4th quark

family (T, B) has not been discovered yet, but its existence
might resolve several problems within the SM and would in-
crease the value of the Jarlskog constant for the baryon asym-
metry of the Universe (BAU) by a factor of about 1013 [8].

How do we know that the lepton families and the quark
families represent these particular discrete symmetry groups?
By imposing the conservation of total lepton family number
as the rationale for lepton family mixing and the conserva-
tion of total bayon number as the rationale for quark family
mixing, we derived the lepton mixing matrix and the quark
mixing matrix from first principles without any free param-
eters [6]. That is, with these discrete symmetry groups, by
having a linear superposition of their quaternion group gener-
ators for the lepton families and separately for the quark fam-
ilies, we could mimic the continuous symmetry group SU(2)
for each and therefore meet the continuous symmetry require-
ment of Noether’s theorem [9] for a conservation law.

All 9 predicted elements of the lepton 3x3 Pontecorvo-
Maki-Nakagawa-Sakata (PMNS) mixing matrix match the
experimentally determined value ranges, while 8 of 9 ele-
ments in the quark 3x3 Cabibbo-Kobayashi-Maskawa (CKM)
agree with experimentally determined value ranges, with only
the Vub element disagreeing. Of course, with 4 quark families
predicted, one has a 4x4 quark mixing matrix CKM4, and we
predict reasonable values for the 4th column and the 4th row.
Our values also agree with recent concerns that the first row
of the normal 3x3 CKM matrix does not sum to unity (for a
review see [10, 11]).

However, this mismatch of family numbers, 4 to 3, might
raise concerns for triangle anomaly cancellations, which nor-
mally cancel with 3 lepton families matching 3 quark families
1-to-1. But we have the cancellation because the lepton fam-
ilies and quark families separately form linear superpositions
to each collectively mimic SU(2), so the anomaly cancella-
tion still occurs via quark SU(2) negative contribution against
lepton SU(2) positive contribution.
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Table 1: Fermion Group and Graph Entropy Assignments

Family νe, e− νµ, µ
− ντ, τ

− u, d c, s t, b T, B
Group (332) (342) (352) (333) (334) (343) (335

Graph
n 4 6 12 5 8 24 120
H 2.0 2.585 3.585 2.322 3.0 4.585 6.907

In addition to providing the rationale for the lepton family
mixing and for the quark family mixing, we predicted [7] a
normal neutrino mass hierarchy (NH) to the neutrino mass
values with m1 = 0.3 meV, m2 = 8.9 meV, and m3 = 50.7 meV,
reasonable mass values just within the proposed cosmological
constraint limit of 60 meV [12]. We await further experiments
that will determine the actual neutrino mass values in the near
future.

In the following, we utilize the mathematical graph the-
ory property that each discrete symmetry group represents a
3-D or 4-D complete graph and that graph theory identifies
an entropy for each complete graph that is determined by its
number of vertices, or nodes. This graph theory entropy is
not the entropy normally considered in the decay of particles
but is an additional entropy to be considered.

Why do we investigate graph theory entropy for these lep-
ton family and quark family discrete symmetries? Because if
space happens to be discrete at the Planck scale of about 10−35

meters, then this graph entropy could be important. The hope
is that we might encounter a graph theory entropy forbidden
decay that is allowed by all the known conservation laws and
the special theory of relativity (STR). This constraint placed
by these graph entropy values for the decays of the leptons
and the quarks could either provide further support for the
possible existence of a 4th quark family or possibly eliminate
a 4th quark family. Therefore, an investigation into the prop-
erties and predictions of graph theory entropy seems justified.

2 Graph entropy

Each lepton family and each quark family is represented by a
complete undirected graph as illustrated in Table 1, meaning
that every pair of distinct vertices is connected by a unique
edge [13]. A complete graph G with n vertices has a graph
theory entropy

H(G) = log2 n , (1)

and given two complete graphs G1 and G2 their union entropy

H(G1 ∪G2) ≤ H(G1) + H(G2) . (2)

Therefore the two resulting graphs must have at least the
entropy of the original graph. So when a lepton or a quark
decays, the total graph entropy of the particle products of the

decay must be at least equal to the graph entropy of the de-
caying particle or else the decay cannot occur.

As an example, consider the weak interaction decay of the
muon µ− first to the W− plus the muon neutrino, and then the
W decays:

µ− → W− + νµ → e− + ν̄e + νµ . (3)

In Table 1 are given the entropy values for the lepton families
and the quark families. The entropy H(µ−) = 2.585, and the
final products of the decay sum to a total entropy 6.585, so
the entropy inequality condition is met,

H(e− + ν̄e + νµ) > H(µ−) (4)

as expected for this prevalent decay channel for the muon.
Tables 2 and 3 contain the entropy values for spontaneous

decay channels for the leptons and for spontaneous semilep-
tonic decay channels for the quarks that obey the conserva-
tion laws and the special theory of relativity (STR). I have in-
cluded decay channels for a predicted 4th quark family (T,B).

The up quark in the 1st quark family has a smaller mass
than its down quark partner, so a spontaneous decay chan-
nel is not available to the down quark, and therefore no de-
cay channel is shown even though given enough energy in a
proton-proton collision, for example, the up quark in a pro-
ton can change into a down quark to produce a neutron plus a
positron and electron neutrino.

Table 4 provides the entropy values for spontaneous quark
decays to a different quark plus a meson. With no evidence
for the predicted 4th quark family and for the mass values
of the T and B quarks, the last two columns contain entropy
values for both reasonable decay channels as well as possibly
some forbidden decay channels. The predicted mass values
for the B and T quarks are estimated by using a four family
Koide formula [14].

Intermediate stages in each decay process involve a weak
interaction boson, a W or a Z, which have the extremely short
lifetime [4] of about 3 x 10−25 seconds. Alternative quantum
states for the W’s and Z can be expressed in terms of the dis-
crete symmetry of the 2I group as the direct product 2I x 2I’,
where 2I’ is the group 2I with one of its quaternion genera-
tors modified to provide “reciprocal” operations to ensure that
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Table 2: Final Graph Entropy Values for Lepton Decays

Particle Mass Group H Decay Channel Total H
(MeV) e− + ν̄e + νµ µ− + ν̄µ + ντ

e− 0.511 (332) 2.0
µ− 105.66 (342) 2.585 6.585
τ− 1776.84 (352) 3.585 7.585 8.755

all 7 families properly experience the weak interaction [15].
Therefore,

W+ = |ντ⟩|τ+⟩ (5)

Z0 = (|ντ⟩|ν̄τ⟩ + |τ−⟩|τ+⟩)/
√

2 (6)

W− = |τ−⟩|ν̄τ⟩ (7)

γ = (|ντ⟩|ν̄τ⟩ − |τ−⟩|τ+⟩)/
√

2 . (8)

In each expression for an electroweak (EW) boson there
exits the product of two identical complete graphs for the tau
family representing the discrete symmetry groups 2I and 2I’.
Each group in the product uses the same 12 vertices as the
single tau family graph for 2I and therefore this product has
the same graph theory entropy value as the tau family en-
tropy H = 3.585. The W and Z bosons, having the extremely
short lifetimes, immediately decay to the various long-lived
final states which have final graph theory entropies that are
expected to obey the graph entropy inequality in (2).

3 Discussion

We have applied graph theory entropy to lepton and quark
decay channels. We had hoped to encounter some forbidden
decays as a result of additional graph theory entropy restric-
tions for decays that are allowed by the normal conservation
laws and STR. That is, we looked for forbidden decays that
would violate the final state graph entropy inequality in (2):

H(G1 ∪G2) ≤ H(G1) + H(G2)

where G1 ∪ G2 represents the initial decaying particle state
graph and G1 and G2 are the final state particle graphs.

We did find two decays that are in violation of this graph
entropy inequality in two separate channels, both of them for
4th quark family T and B semileptonic decays to the (u, d)
quark family plus the electron family as shown by the two
underlined and bold entries in Table 3. These decays:

T+2/3 → d−1/3 +W+ → d−1/3 + e+ + νe (9)

B−1/3 → u+2/3 +W− → u+2/3 + e− + ν̄e (10)

satisfy all normal constraints but would be prohibited in graph
theory because the initial graph entropy of 6.907 would result
in a final graph entropy of 6.322, a violation of the graph
entropy inequality rule. No other violations were found in
the decay channels.

Unfortunately, we have no evidence that the 4th quark
family actually exists, so we cannot check Nature for this vio-
lation yet. Therefore, we must wait for the opportunity in the
future should the T and B quarks make their existence known.
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Table 3: Final Graph Entropy Values for Quark Semileptonic Decays

Quark u+2/3 d−1/3 c+2/3 s−1/3 t+2/3 b−1/3 T+2/3 B−1/3

Mass 2.3 4.8 127.5 95 173.2 4.8 3.4 95
MeV MeV MeV MeV GeV GeV TeV GeV

Group (333) (334) (343) (335)
H 2.322 3.0 4.585 6.907

Decay Channel

d−1/3 + e+ + νe 6.322 6.322 6.322
u+2/3 + e− + ν̄e 6.322 6.322 6.322 6.322
s−1/3 + e+ + νe 7.0 7.0 7.0
c+2/3 + e− + ν̄e 7.0 7.0
b−1/3 + e+ + νe 8.585 8.585
t+2/3 + e− + ν̄e
B−1/3 + e+ + νe 10.907 10.907
T+2/3 + e− + ν̄e
d−1/3 + µ+ + νµ 7.492 7.492 7.492
u+2/3 + µ− + ν̄µ 7.492 7.492
s−1/3 + µ+ + νµ 8.17 8.17
c+2/3 + µ− + ν̄µ 8.17 8.17
b−1/3 + µ+ + νµ 9.755 9.755
t+2/3 + µ− + ν̄µ
B−1/3 + µ+ + νµ 12.077 12.077
T+2/3 + µ− + ν̄µ

d−1/3 + τ+ + ντ 9.492 9.492
u+2/3 + τ− + ν̄τ 9.492 9.492
s−1/3 + τ+ + ντ 10.17 10.17
c+2/3 + τ− + ν̄τ 10.17 10.17
b−1/3 + τ+ + ντ 11.755 11.755
t+2/3 + τ− + ν̄τ
B−1/3 + τ+ + ντ 14.077 14.077
T+2/3 + τ− + ν̄τ
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Table 4: Final Graph Entropy Values for Quark Decay Channels to Mesons

Quark u+2/3 d−1/3 c+2/3 s−1/3 t+2/3 b−1/3 T+2/3 B−1/3

Mass 2.3 4.8 127.5 95 173.2 4.8 3.4 95
MeV MeV MeV MeV GeV GeV TeV GeV

Group (333) (334) (343) (335)
H 2.322 3.0 4.585 6.907

Decay Channel

u + dū 6.966 6.966 6.966
u + sc̄ 8.322 8.322
c + dū 7.644 7.644
c + sc̄ 9.0 9.0

d + d̄u 6.966 6.966 6.966
d + s̄c 8.322 8.322 8.322
d + b̄t 11.492
s + d̄u 7.644 7.644
s + s̄c 9.0 9.0
s + b̄t 12.17

b + d̄u 9.229 9.229
b + s̄c 10.585 10.585
b + b̄t 13.755

B + d̄u 11.551
B + s̄c 12.907
B + b̄t 16.077
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Galileo’s Principle and the Origin of Gravitation
According to General Relativity

Larissa Borissova and Dmitri Rabounski
Puschino, Moscow Region, Russia

E-mail: rabounski@yahoo.com, lborissova@yahoo.com

Using the chronometrically invariant notation of General Relativity (chronometric in-
variants are the physically observable projections of four-dimensional quantities onto
the time line and the three-dimensional space of an observer), we deduce Galileo’s
principle and Newton’s law of gravitation as a particular case of the chr.inv.-formula for
the gravitational inertial force acting in the four-dimensional pseudo-Riemannian space
(space-time of General Relativity). This is a “mathematical bridge”, connecting the em-
pirical laws of Newton’s theory of gravitation with the purely geometric laws of Gen-
eral Relativity. We also show that the origin of the gravitational field in the space of the
Schwarzschild mass-point metric is a spherical surface that surrounds any mass-point
at a very small radius, equal to the gravitational radius calculated for the mass. There, on
the spherical surface, a breaking of the three-dimensional observable space takes place,
and the observer’s physical observable time stops. It is not possible to get these results
using the general covariant notation of General Relativity, because physically observ-
able quantities in the general covariant notation are not mathematically defined.

We dedicate this article to Prof. Kyril Stanyukovich
(1916 –1989), our long friendly conversations with
whom in the 1980s formed the basis of this study 40
years later and prompted us to write this article.

1 Problem statement

Our closest colleague, patron and friend over decades was
Prof. Kyril Stanyukovich (1916 –1989). In addition to his
groundbreaking works on gas dynamics and super-powerful
non-nuclear ammunition, he was also a prominent researcher
in the field of General Relativity; see [1–4] and References
therein. Over many years in the 1980s, he repeatedly focused
our attention onto a still unsolved problem: in the framework
of Riemannian geometry (which is the basis of General Rela-
tivity), the fundamental laws of Newtonian classical mechan-
ics have not yet been mathematically deduced as an unam-
biguous special case of the purely geometric laws of General
Relativity.

This problem was also pointed out earlier by Alexei Pet-
rov (1910–1972), the outstanding scientist in the field of Gen-
eral Relativity, who in 1950 introduced an algebraic classifi-
cation of the spaces (and the gravitational fields) known in the
framework of General Relativity [5–8]. This classification is
called the Petrov classification of Einstein spaces thanks to
his monograph Einstein Spaces [7], first published in 1961.

In our personal opinion, the fundamental laws of New-
tonian classical mechanics have not yet been deduced as a
special case of the geometric laws of General Relativity only
because the researchers, who worked on this problem earlier,
used the general covariant notation of General Relativity. In
the framework of the general covariant notation, physically
observable quantities are not mathematically determined. As

a result, there is no clear mathematical transition from the
four-dimensional quantities of General Relativity to the three-
dimensional quantities of Newton’s theory, which are measur-
able in experiment.

In this paper, we will solve the mentioned problem using
the chronometrically invariant notation of General Relativity,
i.e., the mathematical apparatus of chronometric invariants,
which are mathematically determined as physically observ-
able quantities in the four-dimensional pseudo-Riemannian
space (space-time). To do this, we compare the mathematical
basis of Newton’s theory of gravitation with the mathemat-
ical basis of General Relativity. This comparison will allow
us to consider the fundamental laws of Newton’s theory as the
three-dimensional spatial projections of the four-dimensional
(space-time) laws of General Relativity.

2 The mathematical basis of Newton’s theory of gravita-
tion and that of Einstein’s theory of relativity

It is well known that Newton’s theory of gravitation and Ein-
stein’s theory of relativity are based on different mathemati-
cal foundations. The bases of both theories are sets, each of
which has its own method of measuring infinitely small dis-
tances ds between its elements (points). Such sets are called
metric spaces, and the quantity ds2 is called the space met-
ric. Metric spaces play a huge rôle in topology, geometry,
and in the sections of theoretical physics where we study the
structure of space and time.

Newton’s fundamental laws, including the Law of Univer-
sal Gravitation, are formulated in the framework of the three-
dimensional flat, homogeneous and isotropic (Euclidean)
space E3. Such a space allows the existence of inertial ref-
erence frames: in an inertial reference frame, free bodies
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either travel uniformly and rectilinearly or are at rest rela-
tive to the observer. In any inertial reference frame, time is
homogeneous, and space is homogeneous and isotropic. The
homogeneity of time means uniformity of its pace. The ho-
mogeneity of a space means the equality of all its points, and
the isotropy of a space means the equality of all directions
in it. The homogeneity and isotropy of space follow from
Newton’s first law (the law of inertia), which says: “if in the
region, where inertial reference frames exist, no forces act on
a body, or all forces acting on the body balance each other,
then the body is either at rest or travels rectilinearly and uni-
formly”.

In a three-dimensional flat space E3 (Euclidean space),
the square of the length of an elementary three-dimensional
interval ds, characterizing the distance between two infinitely
close points of the space, in the Cartesian coordinates x, y, z
has the form

ds2 = dx2 + dy2 + dz2, (1)

where the numerical value of ds2 can only be positive and,
hence, the three-dimensional interval ds is always a substan-
tional quantity. The metric (1) is called positive definite, and
the space E3 described by it is properly Euclidean. Here the
word “properly” means that all basis vectors of E3 have sub-
stantional lengths. The three-dimensional curvature of the
space E3 is zero. For this reason, the space E3 is flat. The
condition ds2 = 0 is satisfied only in the coordinate origin
x = y = z = 0.

The laws of Newtonian classical mechanics, including
Newton’s law of gravitation, are formulated in the framework
of a flat three-dimensional (Euclidean) space E3.

Einstein’s theory of relativity was created to describe
space and time as a single entity, which is “space-time”. The
necessary prerequisites for Einstein’s theory were obtained
in the works of several other scientists, mainly in the works
authored by Hermann Minkowski and Henri Poincaré. The
basis of the theory is the four-dimensional curved pseudo-
Riemannian space V4. The prefix “pseudo” in this case indi-
cates the fundamental difference between the mathematical
basis of Newton’s theory and the mathematical basis of Ein-
stein’s theory: this prefix means that one coordinate basis
vector (time basis vector) has an imaginary length, and three
other three-dimensional (spatial) basis vectors have substan-
tional lengths (or vice versa, which is the same).

Initially, Einstein created the Special Theory of Relativity,
the mathematical basis of which is the flat four-dimensional
pseudo-Euclidean space E4, later called the Minkowski space.
The Minkowski space is a simplest particular case of four-
dimensional pseudo-Riemannian spaces, which is homoge-
neous and isotropic, while its four-dimensional curvature is
zero: the three-dimensional subspace of the Minkowski
space may be non-uniform and anisotropic in one reference
frame, but these factors in the Minkowski space depend on
the observer’s reference frame and, therefore, they can be re-

duced to zero simply by choosing another different reference
frame. Bodies that are not affected by external forces travel
uniformly and rectilinearly in the Minkowski space.

The Minkowski space is described by the metric

ds2 = – (dx0)2 + (dx1)2 + (dx2)2 + (dx3)2, (2)

where x0 = ct is the time coordinate, in which c is the velocity
of light, t is the ideal (uniform) coordinate time, and x1 = x,
x2 = y, x3 = z are the Cartesian three-dimensional (spatial)
coordinates. In this notation, each of the three-dimensional
spatial basis vectors ei (where i = 1, 2, 3) has a substan-
tional unit length, and the time basis vector e0 has an imag-
inary unit length (e0)2 = –1 or vice versa, depending on
the choice for the space signature (−+++) as in (2) above or
(+−−−) as is most commonly used in General Relativity.

The basic space (space-time) of the General Theory of
Relativity is the curved four-dimensional pseudo-Riemannian
space V4 — the generalization of the flat four-dimensional
pseudo-Euclidean (Minkowski) space E4, which can be inho-
mogeneous, anisotropic, etc. per se, i.e., independently of the
choice of the observer’s reference frame. The laws of Gen-
eral Relativity are formulated in the framework of the curved
four-dimensional pseudo-Riemannian space V4.

The square of the elementary distance ds between two in-
finitely close points (i.e., the space metric) in V4 is expressed
as follows

ds2 = gαβ dxαdxβ =

= g00 dx0dx0 + 2g0i dx0dxi + gik dxidxk, (3)

where α, β = 0, 1, 2, 3 are the space-time (four-dimensional)
indices, i, k = 1, 2, 3 are the spatial (three-dimensional) in-
dices, and gαβ is the fundamental metric tensor of the space
(it is a symmetric tensor, i.e., gαβ = gβα). In the pseudo-
Riemannian space, the time basis vector e0 has the length de-
pendent on the gravitational field potential, and the lengths of
the three-dimensional spatial basis vectors ei depend on the
inhomogeneity and anisotropy of space, i.e., they are not unit
length vectors, in contrast to the four-dimensional pseudo-
Euclidean (Minkowski) space. The factors that deviate the
lengths of the space basis vectors from unit are determined by
the components of the fundamental metric tensor gαβ (while
in the Minkowski space we can always find an inertial ref-
erence frame, in which the diagonal components of gαβ are
units, and its non-diagonal components are zero). The time
component g00 characterizes the gravitational field potential,
the spatial components gik characterize the inhomogeneity
and anisotropy of the observer’s three-dimensional space, and
the mixed (space-time) components g0i characterize the an-
gle of inclination of his three-dimensional space to the lines
of time (the spaces in which this inclination takes place are
called non-holonomic spaces; see Section 3, where we ex-
plain the basics of the theory of physically observable quan-
tities in the space-time of General Relativity). In particular,
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the physically observable time of the observer depends on the
magnitude of the gravitational potential at the place of obser-
vation, and also on the magnitude and direction of the rotation
speed of his three-dimensional physical space (its inclination
to the time line).

As a result of the aforementioned absolute factors of gαβ,
which cannot vanish by choosing an inertial reference frame
in the pseudo-Riemannian space (in contrast to the pseudo-
Euclidean space of Special Relativity), we formulate New-
ton’s first law (the law of inertia) in General Relativity as
follows: “a body can be at rest or travelling rectilinearly and
uniformly only in the absence of the gravitational field, in-
homegeneity and isotropy of space and its rotation (the latter
means the absence of the inclination of the three-dimensional
space to the time lines)”.

3 Physically observable quantities in the space-time of
General Relativity

Before comparing the mathematical foundations of Newton’s
theory of gravitation and Einstein’s theory of relativity, we
must explain the basics of the theory of physically observable
quantities in the four-dimensional pseudo-Riemannian space
(which are also known as the Zelmanov chronometric invar-
iants).

This mathematical apparatus that uniquely determines
physically observable quantities in the space-time of General
Relativity was created in 1944 by Abraham Zelmanov [9–11],
who was our teacher. In addition to Zelmanov’s original pub-
lications, which were very concise, this mathematical appara-
tus was explained in detail by us in a special Chapter given in
each of our three research monographs, originally published
in 2001 [12,13] and 2013 [14]. The most comprehensive sur-
vey of Zelmanov’s mathematical apparatus was published by
us in 2023, in the special paper [15], where we collected ev-
erything (or almost everything) that we know about this math-
ematical apparatus personally from Zelmanov and on the ba-
sis of our own research studies.

Over the past decades, the following problems of General
Relativity have been solved using the mathematical apparatus
of chronometric invariants:

— The theory of non-quantum teleportation in the space-
time of General Relativity [12, 16, 17], the basics of
which were first outlined in 2001 in our book [12] and
then developed in all necessary details in 2022 [17];

— The theory of the direct and opposite flow of time, and
also the three kinds of particles in the space-time of
General Relativity, published in 2001, in the book [12];

— The theory of frozen/stopped light according to Gen-
eral Relativity, which explained the frozen light exper-
iment (2000). This theory was first drafted in 2001, in
the 1st edition of our book [12], then in 2011 published
in all necessary details in our paper [18] and since 2012
added to all subsequent editions of the book [12];

— The cosmological mass-defect — a new effect of Gen-
eral Relativity, predicted in 2011 [19], according to
which the observed masses of cosmic bodies depend
on their distance from the observer if they are at cos-
mological large-scale distances from him (depending
on the specific metric of space);

— The non-linear cosmological redshift, deduced in 2012
[20] for various space metrics, including the Friedmann
expanding universe and the de Sitter static universe.
Three short papers [21–23] were then focused on spe-
cific aspects of the obtained solutions, and a final anal-
ysis of those of them that are most suitable for explain-
ing the non-linear cosmological redshift observed by
astronomers was given in 2013, in the paper [24];

— The deflection of light rays and mass-bearing particles,
and also the length stretching and time dilation in the
field of a rotating body — these are three new effects
of General Relativity, deduced in 2023 [25, 26];

— The condensed matter model of the Sun, created in the
framework of General Relativity, according to which
the space breaking in the gravitational field of the Sun
meets the maximum concentration of the asteroids in
the Asteroid belt. This study was first published in
2009–2010 [27, 28];

— The theory of the internal constitution of stars and the
sources of stellar energy according to General Relativ-
ity, which was first published in 2013, in the book [14];

— The exact solutions, obtained in 2005 to the equations
of deviating geodesics for solid-body and free-mass
gravitational wave detectors [29,30] (different from the
approximate solutions presumed in 1961 by Joseph
Weber). Since 2008, this study was added to all sub-
sequent editions of our book [12]. The obtained solu-
tions are based on the comprehensive theoretical study
of gravitational waves performed during a decade in
1968–1978 [31–33];

— “Zitterbewegung” of travelling electrons, explained in
2023 by Pierre Millette [34] on the basis of the the-
ory of spin-particles in General Relativity, published in
2001 [13, Chapter 4].

For a complete list of the published research studies per-
formed using the mathematical apparatus of chronometric in-
variants as of January 2023, see Bibliography in our compre-
hensive paper on this subject [15].

In short, the essence of Zelmanov’s mathematical appara-
tus of chronometric invariants (known also as the chronomet-
rically invariant formalism) is as follows. Zelmanov unam-
biguously determined physically observable quantities in the
space-time of General Relativity as the projections of four-
dimensional tensor quantities onto the time line and the three-
dimensional spatial section of the space-time, which are as-
sociated with an observer. Such projections remain invariant
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throughout the three-dimensional spatial section associated
with the observer (his observable three-dimensional physical
space), i.e., they are “chrono-metric invariants” in the physi-
cal reference frame of the observer and depend on the phys-
ical and geometric properties of his space, such as the grav-
itational potential, rotation, curvature, etc., which are deter-
mined by the respective components of the fundamental met-
ric tensor gαβ and their derivatives.

The “chronometrically invariant” projections of any four-
dimensional tensor quantity onto the time line and the three-
dimensional spatial section associated with an observer are
calculated using the Zelmanov operators of projection, which
take the physical and geometric properties of the observer’s
space into account (see our comprehensive survey [15] of the
chronomerically invariant formalism for detail).

As a result, the square of the four-dimensional (space-
time) interval ds2 = gαβ dxαdxβ, expressed with chronomet-
rically invariant (physically observable) quantities, has the
form

ds2 = c2dτ2 − dσ2, (4)

where dτ is the chr.inv.-time interval (physically observable
time interval), obtained as the chr.inv.-projection of the four-
dimensional displacement vector dxα onto the observer’s time
line

dτ =
√
g00 dt −

1
c2 vi dxi,

√
g00 = 1 −

w
c2 , (5)

and dσ2 is the square of the chr.inv.-spatial interval (physi-
cally observable three-dimensional spatial interval)

dσ2 = hik dxidxk, (6)

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

hik = −gik +
1
c2 vivk , hik = −gik, hi

k = δi
k , (7)

which is the chr.inv.-projection of the fundamental metric ten-
sor gαβ onto the observer’s three-dimensional space (the spa-
tial section of the space-time, which is associated with him).
So forth, w is the physically observable chr.inv.-potential of
the gravitational field that fills the observer’s space, and vi is
the three-dimensional vector of the linear velocity of rotation
of the observer’s space

w = c2 (
1 −
√
g00

)
, vi = −

cg0i
√
g00

, (8)

dxi is the elementary interval of the three-dimensional spa-
tial coordinates (i = 1, 2, 3), and vi = dxi/dτ is the chr.inv.-
velocity vector (physically observable three-dimensional ve-
locity), which is different from the three-dimensional coordi-
nate velocity vector ui = dxi/dt.

If all g0i of a four-dimensional (space-time) metric ds2

are zero, then such space-time is holonomic. In this case the
three-dimensional spatial section associated with the observer

(his observed three-dimensional space) is everywhere orthog-
onal to the time lines x0 = ct = const that pierce it. If at least
one of the components g0i of the four-dimensional metric is
different from zero, then such space-time is non-holonomic.
In such a (non-holonomic) space-time, the observer’s three-
dimensional spatial section x0 = const is inclined to the time
lines. In this case, at different points the observed three-
dimensional space can be inclined to the time lines at dif-
ferent angles depending on the local geometric structure of
the particular four-dimensional space-time.

The formula for the physically observable time interval
dτ (5) can therefore be re-written as

dτ =

(
1 −

w + vi ui

c2

)
dt , (9)

where vi ui is the scalar product of the linear rotational veloc-
ity of the observer’s space vi and the three-dimensional coor-
dinate velocity vector ui

vi ui = |vi ||ui | cos (vi ui) , (10)

which means that if the vectors vi and ui are orthogonal to
each other, then their scalar product vi ui = 0. In this case,
the rotation of the three-dimensional reference space does not
contribute to the change in the observer’s physically observ-
able time τ. If the vectors vi and ui are inclined to each other,
then their mutual orientation in space affects the physically
observable time τ, as well as its direction to the future or to
the past: in the case, where the vector of the linear rotational
velocity of the observer’s reference space vi is inclined in the
same direction as the velocity motion vector of his reference
body ui (i.e., vi ui > 0), the observer’s physical time τ flows
faster; in the case, where the vectors vi and ui are inclined
in opposite directions (vi ui < 0), the observed time τ flows
slower. This purely theoretical conclusion was confirmed by
the Hafele and Keating experiment (1971, repeated in 2005),
in which they compared the readings of atomic clocks in-
stalled on board a jet airplane flying along a parallel around
the globe with the readings of atomic clocks left on the sur-
face of the Earth [35–39]. Thus, it was proven that the ob-
served time on our planet depends on the following physical
factors: 1) the magnitude of the gravitational field potential at
the place of observation; 2) the speed of the Earth’s rotation
around its own axis (diurnal rotation); 3) the speed of the ob-
server’s motion relative to the Earth’s rotation. For detail, see
our recent publication on this subject [26].

In the theory of chronometric invariants, there are phys-
ically observable (chronometrically invariant) analogues of
the quantities known in Newtonian classical mechanics. This
fact will help us to find a connexion between Newton’s theory
of gravitation and General Relativity.

So, the physical reference space of a real observer (which
is his physical reference frame) is characterized by the fol-
lowing physically observable chr.inv.-quantities. These are
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the chr.inv.-vector of the physically observable gravitational
inertial force Fi acting in the observer’s space, the first (grav-
itational) term of which is created by the gradient of the grav-
itational potential w and the second (inertial) term is created
by the centrifugal force of inertia

Fi =
1
√
g00

(
∂w
∂xi −

∂vi

∂t

)
,
√
g00 = 1 −

w
c2 , (11)

the antisymmetric chr.inv.-tensor Aik of the physically observ-
able three-dimensional angular velocity of rotation of the ob-
server’s space

Aik =
1
2

(
∂vk

∂xi −
∂vi

∂xk

)
+

1
2c2

(
Fi vk − Fk vi

)
, (12)

the symmetric chr.inv.-tensor Dik of the physically observable
deformation rate of the space

Dik =
1
2

∗∂hik

∂t
, Dik = −

1
2

∗∂hik

∂t

D = hikDik =
∗∂ ln
√

h
∂t

, h = det ‖ hik ‖

 , (13)

the chr.inv.-Christoffel symbols of the 1st rank ∆ jk,m and the
2nd rank ∆i

nk (they are the coefficients of the physically ob-
servable inhomogeneity of the observer’s space)

∆i
nk = him∆nk,m =

1
2

him
(
∗∂hnm

∂xk +
∗∂hkm

∂xn −
∗∂hnk

∂xm

)
, (14)

and the physically observable chr.inv.-curvature of the ob-
server’s space, which is expressed with the chr.inv.-curvature
tensor Clkij that has all properties of the Riemann-Christoffel
curvature tensor throughout the entire three-dimensional spa-
tial section associated with the observer, whereas its subse-
quent contractions produce the chr.inv.-curvature scalar C

Clkij =
1
4

(
Hlkij − Hjkil + Hklji − Hiljk

)
=

= Hlkij −
1
2

(
2 Aki Djl + Aij Dkl + Ajk Dil +

+ Akl Dij + Ali Djk

)
, (15)

Clk = C ··· i
lki · = Hlk −

1
2

(
Akj D j

l + Alj D j
k + Akl D

)
, (16)

C = hlkClk = hlkHlk , (17)

where it is denoted, for brevity and a better association with
the Riemann-Christoffel curvature tensor,

H ··· j
lki · =

∗∂∆
j
il

∂xk −

∗∂∆
j
kl

∂xi + ∆m
il ∆

j
km − ∆m

kl∆
j
im , (18)

and the operators
∗∂

∂t
=

1
√
g00

∂

∂t
,

∗∂

∂xi =
∂

∂xi +
vi

c2

∗∂

∂t
(19)

are the chr.inv.-operators of derivation with respect to time t
and the spatial coordinates xi.

It should be noted that the physically observable chr.inv.-
curvature of the observer’s space is depended on not only the
space inhomogeneity (Christoffel symbols), but also on the
rotation Aik and deformation Dik of the space, and, therefore,
does not vanish in the absence of the gravitational field.

Since the task here is to find a connexion between Ein-
stein’s theory of relativity and Newton’s theory of gravita-
tion, in which space-time is static (non-deforming) and flat,
we will not consider the deformation and curvature of space
(i.e., we will assume that Dik = 0 and Clkij = 0). In addition, if
in this particular case the three-dimensional observable space
does not rotate or if its rotation velocity does not depend on
time, then the gravitational inertial force Fi depends only on
the numerical value of the gravitational potential w and its
spatial derivatives. We will therefore consider this particu-
lar case in the next Section to deduce Galileo’s principle and
Newton’s law of gravitation as consequences of the purely
geometric laws of General Relativity.

4 Galileo’s principle and Newton’s law of gravitation in
the framework of General Relativity

According to the biography of Galileo, in 1589 he conducted
his famous experiments with bodies falling from the Lean-
ing Tower of Pisa to the surface of the Earth. Galileo wanted
to prove his case in a correspondence dispute with Aristo-
tle, who, in turn, about 2000 years before Galileo, in 360–
330 B.C., argued that the motion speed of falling bodies de-
pends on the magnitude of their masses: he argued the greater
the mass of a falling body, the faster it falls down.

In contrast to Aristotle, Galileo made a supposition that
the fall time of bodies does not depend on their masses. In
support of his hypothesis, Galileo dropped down balls of dif-
ferent masses from the Leaning Tower of Pisa. With this ex-
periment, Galileo established that bodies of different masses,
dropped down to the surface of the Earth simultaneously from
the same altitude above the Earth’s surface, access the ground
simultaneously. Since the Tower’s height h is much less than
the radius of the Earth (h�R⊕), it can be assumed that any
body located at a small altitude above the Earth’s surface is
attracted to the centre of the Earth with a force proportional to
the numerical value of the body’s mass. In fact, Galileo had
discovered that the fall time of the body does not depend on
the numerical value of its mass. Therefore, he had arrived at
the conclusion that is now called Galileo’s principle:

All bodies, regardless of the numerical values of their
masses, fall to the surface of the Earth with the same
acceleration, called the free-fall acceleration.

Later, in 1666, Isaac Newton formulated the Law of Uni-
versal Gravitation. According to this law, the force of attrac-
tion F between two material points with masses m1 and m2,
located at a distance r from each other, acts along the line
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connecting their centres. This force is formulated as

F = −
Gm1m2

r2 , (20)

where G = 6.67× 10−8 cm3/gram sec2 is the Newton grav-
itational constant. From the above formula (20) it follows
that in a flat (Euclidean) space E3 the gravitational force of
attraction F is determined only by the numerical values of
the interacting masses and the distance between them, and
does not depend on the size of the bodies. Such an interac-
tion is called point interaction. Thus, in Newton’s theory of
gravitation, the gravitational interaction between two bodies
is “point-like”, i.e., it is carried out between the gravitating
centres of these bodies (material points).

Applying (20) to the gravitational interaction between the
Earth and a body of mass m falling to the Earth’s surface, we
obtain

F = −
GmM⊕

R2
⊕

= −mg , (21)

where g = GM⊕/R2
⊕ is the free-fall acceleration due to the

Earth’s gravitation, M⊕ = 5.97× 1027 gram is the mass of the
Earth, R⊕ = 6.37× 108 cm is the radius of the Earth, and m
is the mass of the body falling down to the Earth’s surface.
Formula (4.2) explains the results of Galileo’s experiments
under the condition that the bodies fall on the surface of the
Earth from a small altitude h�R⊕. In this case, it is easy
to calculate the magnitude of the free-fall acceleration on the
Earth’s surface: g = 981 cm/sec2.

Formula (21) is the mathematical expression of Galileo’s
principle in the framework of Newton’s theory of gravitation.

Let us now deduce Galileo’s principle and Newton’s law
of gravitation in the framework of the four-dimensional space
(space-time) of General Relativity. To do this, we consider
Schwarzschild’s mass-point metric. This metric is an exact
solution of Einstein’s field equations, which describes a
spherically symmetric gravitational field created in an empty
space (space-time) by a spherical island of substance, the
mass of which is M, and which is approximated by a mass-
point. The Schwarzschild mass-point metric in the spherical
coordinates r, θ, ϕ has the form

ds2 =

(
1 −

rg
r

)
c2dt2 −

dr2

1 −
rg
r

− r2
(
dθ2 + sin2θdϕ2

)
, (22)

where rg = 2GM/c2 is the so-called gravitational radius cal-
culated here for a spherical body of the mass M (which we
approximate by a mass-point). The polar coordinate angle θ
is measured from the North pole to the equator.

Since, according to the chronometrcally invariant formal-
ism, the component g00 in a general case is expressed with
the gravitational field potential w as

g00 =

(
1 −

w
c2

)2
, (23)

and according to the Schwarzschild mass-point metric (22)
we have

g00 = 1 −
rg
r
, (24)

then in the space of the Schwarzschild mass-point metric the
gravitational field potential w = c2 (1 −

√
g00 ) has the form

w = c2
1 − √

1 −
rg
r

 = c2

1 − √
1 −

2GM
c2r

 , (25)

which in the quasi-Newtonian approximation (rg� r), where
the ratio rg/r takes small numerical values and, therefore,√

1 −
2GM
c2r

' 1 −
GM
c2r

, (26)

takes the form

w = c2

1 − √
1 −

2GM
c2r

 ' GM
r

, (27)

which coincides with the gravitational field potential accord-
ing to Newton’s theory of gravitation.

So forth, looking at the Schwarzschild mass-point metric
(22), we realize that it is static, since all components of its
fundamental metric tensor gαβ do not depend on the time co-
ordinate x0 = ct. This means that the space of the Schwarz-
schild mass-point metric does not deform (Dik = 0). In ad-
dition, since all space-time components of the fundamental
metric tensor of the metric are zero (g0i = 0), such a space
does not rotate (vi = 0, Aik = 0). As a result of the above, the
physically observable time interval dτ in the Schwarzschild
mass-point field has the form

dτ =
√
g00 dt −

1
c2 vi dxi =

√
g00 dt =

(
1 −

w
c2

)
dt =

=

√
1 −

rg
r

dt =

√
1 −

2GM
c2r

dt , (28)

which means that the flow of the physically observable time
τ in the Schwarzschild mass-point field is determined only by
the numerical value of the gravitational field potential w.

Since the space of the Schwarzschild mass-point metric
is static (Dik = 0) and does not rotate (vi = 0, Aik = 0), the
components of the chr.inv.-vector of the physically observable
gravitational inertial force Fi (11) that acts on a unit mass in
such a space take the form

F1 =
1
√
g00

∂w
∂r

, F2 = 0 , F3 = 0 , (29)

where w = c2 (1 −
√
g00 ) is the gravitational field potential.

Therefore, in terms of the gravitational radius rg = 2GM/c2

calculated for the mass M, the solely non-zero component of
the physically observable gravitational inertial force acting in
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the space of the Schwarzschild mass-point metric is

F1 = −
c2

2g00

∂g00

∂r
= −

c2

2
(
1 −

rg
r

) rg
r2 . (30)

Apply the obtained formula (30) to a body having a mass
m (different from unit mass) and located on the Earth’s sur-
face (r = R⊕) or at a small altitude h above it (h�R⊕). Since
the radius of the Earth is R⊕ = 6.37× 108 cm, and its gravi-
tational radius is rg = 0.89 cm, the ratio rg/R⊕ on the Earth’s
surface takes a very small numerical value rg/R⊕ = 1.4× 10−9

that can be neglected. In this case, the formula for the gravi-
tational force F1 (30), which we have obtained in the frame-
work of General Relativity, takes the following form

Φ1 = mF1 = −
c2

2
(
1 −

rg
r

) mrg
r2 = −

GmM⊕
R2
⊕

= −mg , (31)

which coincides with the formula (21), which, in turn, is the
mathematical expression of Galileo’s principle in the frame-
work of Newton’s theory of gravitation.

This means that, according to General Relativity, all bod-
ies located on the surface of the Earth or at a small altitude
above it are attracted to the centre of the Earth with the same
acceleration, equal to the free-fall acceleration g = GM⊕/R2

⊕

= 981 cm/sec2 (which is a conclusion, analogous to Galileo’s
principle in Newton’s theory of gravitation).

In fact, using the chronometrically invariant notation of
General Relativity, we have just deduced the following:

Both Galileo’s principle and Newton’s law of gravita-
tion (empirical laws of classical mechanics) are direct
consequences of the geometric structure of the four-
dimensional pseudo-Riemannian space (space-time of
General Relativity), since the force of gravity, which at-
tracts material bodies to the Earth, is the chr.inv.-vector
of the physically observable gravitational inertial force
acting in the space (gravitational field) of the Schwarz-
schild mass-point metric.

This cannot be shown using the general covariant notation
of General Relativity, because it does not include physical
observable quantities. This is why there is no unambiguous
mathematical transition from General Relativity to Newton’s
theory of gravitation in the framework of the general covari-
ant notation of General Relativity.

5 The origin of the gravitational field according to Gen-
eral Relativity

Let us now consider the origin of gravitation using the chron-
ometrically invariant notation of General Relativity.

In the space of the Schwarzschild mass-point metric, on a
spherical surface of the radius r = rg from the coordinate ori-
gin (which is the centre of the gravitating body approximated
by a mass-point), the time component g00 of the fundamental

metric tensor is zero (g00 = 0), and the radial component g11
becomes infinitely large (g11→∞)

r = rg , g00 = 1 −
rg
r

= 0 , g11 =
1

1 −
rg
r

→ ∞ , (32)

and, since the Schwarzschild space does not rotate (vi = 0),
hence the radial component h11 of the chr.inv.-metric tensor
hik = − gik + 1

c2 vivk becomes also infinite (h11→−∞).
This means that on the spherical surface r = rg that sur-

rounds any mass-point (located at the coordinate origin in the
space of the Schwarzschild mass-point metric) the following
conditions take place:

1) The three-dimensional observable space (and the grav-
itational field of the mass-point, which fills the space)
has a space breaking (g11→∞, h11→−∞);

2) The physically observable time τ of the observer stops
(dτ = 0) on this surface

dτ =
√
g00 dt −

1
c2 vi dxi =

√
g00 dt = 0 . (33)

That is, there on the surface of the gravitational radius
r = rg, which surrounds the centre of gravity inside any ma-
terial body, the physically observable time stops (dτ = 0), and
the observable three-dimensional space is expanded infinitely
in the radial direction x1 = r since the three-dimensional
physically observable chr.inv.-interval dσ that is determined
as dσ2 = hik dxidxk (6) on such a surface is

dσ =
√

h11 x1x1 =
dr√
1 −

rg
r

→ ∞ . (34)

Equating dτ in the Schwarzschild mass-point field, which
is dτ =

(
1 − w

c2

)
dt (28), to zero (since dτ = 0 on the surface

of the gravitational radius), we obtain

E = Mw = Mc2, (35)

i.e., the energy E = Mw of the gravitational field, created by
a body having a non-unit mass M, on the surface of the grav-
itational radius r = rg (which surrounds the centre of gravity
inside any material body) is the same as the total energy of
the body E = Mc2.

We therefore arrive at the following conclusion:

The gravitational field of any body is originated in the
surface of the gravitational radius r = rg, which is sur-
rounding the centre of gravity inside the body.

This is the origin of the gravitational field according to
General Relativity. Since the gravitational radius of an ordi-
nary body is incomparably smaller than its physical radius,
the conclusion we have obtained in the framework of General
Relativity is completely consistent with Newton’s theory of
gravitation, according to which the gravitational field of any
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body is originated in its center of gravity (which coincides
with its geometric center in the case, where the body has a
spherically symmetrical shape).

For example, the surface of the gravitational radius, which
is surrounding the centre of gravity of the planet Earth, is the
origin of the Earth’s gravitational field attracting to this sur-
face near the centre of the planet everything that is under-
ground, grows on the Earth’s surface, moves along it and
above it (in the Earth’s atmosphere and in the cosmos). Trees
indicate this fact: their trunks are always directed from the
centre of the Earth, and not at an angle to this direction. This
is especially clearly seen in cases, where the ground on which
the tree grows lies at an angle to a flat surface, for example,
on a mountain slope: in this case, the tree does not grow per-
pendicular to the slope, but its trunk is oriented strictly in the
direction from the centre of the Earth.

From the above conclusion about the origin of the gravi-
tational field it also follows that a collapse surface (in terms
of General Relativity, this is a surface on which g00 = 0 and,
as a result, the physically observable time stops dτ= 0) is not
exclusively the surface of a black hole (gravitational collap-
sar) — a body, the substance of which is compressed to such a
super-dense state that it is concentrated under its gravitational
radius. Indeed, ordinary bodies are not in the state of grav-
itational collapse, since almost all mass of an ordinary body
is located above its gravitational radius (which is very small
compared to its physical radius). However, the tiny sphere of
the gravitational radius that takes place at the centre of every
ordinary body is also a collapse surface, because the physi-
cally observable time stops and the spatial metric has a break-
ing on this tiny sphere, just like on the surface of a black hole
(gravitational collapsar).

The same conclusion about the origin of the gravitational
field follows from the geodesic equations (equations of mo-
tion of free particles) in the space of the Schwarzschild mass-
point metric. “Free” here means that the moving particle is
affected only by the forces, the source of which is the geo-
metric structure of the space itself (i.e., in the absence of ex-
traneous fields).

The geodesic equations in the chronometrically invari-
ant notation are a system of the chr.inv.-projections onto the
time line (the chr.inv.-scalar projection) and onto the three-
dimensional space (the chr.inv.-vector projection) associated
with a particular observer. They have the following form (see
References to the Zelmanov chronometric invariants)

dm
dτ
−

m
c2 Fi vi +

m
c2 Dik vivk = 0 , (36)

d(mvi)
dτ

− mF i + 2m
(
Di

k + Ai·
·k
)

vk + m∆i
nk vnvk = 0 , (37)

where m is the relativistic mass of the particle, τ is the phys-
ically observable time of its motion, vi = dxi/dτ is its phys-
ically observable chr.inv.-velocity, Fi is the chr.inv.-vector of

the gravitational inertial force, Aik is the chr.inv.-tensor of the
angular velocity of rotation of the observer’s space, Dik is the
chr.inv.-tensor of the rate of its deformation, and ∆i

nk are the
chr.inv.-Christoffel symbols of the 2nd rank (which are the co-
efficients of the physically observable inhomogeneity of the
observer’s space).

The chr.inv.-geodesic equations (36, 37) are simplified in
the space of the Schwarzschild mass-point metric

dm
dτ
−

m
c2 Fi vi = 0 , (38)

d(mvi)
dτ

− mF i + m∆i
nk vnvk = 0 , (39)

since such a space does not rotate or deform (see above). Here
v1 = dr/dτ, v2 = dθ/dτ, v3 = dϕ/dτ. In addition, only the
radial component F1 of the gravitational inertial force Fi is
non-zero. According to (29), it is

F1 =
1
√
g00

∂w
∂r

=
c2

c2 − w
∂w
∂r

, (40)

where w = c2 (1 −
√
g00 ) is the potential of the gravitational

field (created by a massive body, approximated by a mass-
point), in which the particle travels. Therefore, the scalar geo-
desic equation (38) takes the form

dm
m

=
1
c2 F1 dr , (41)

which can be re-written as

dm
m

= −
d
(
c2 − w

)
c2 − w

, (42)

which is the same as

d (ln m) = − d
[
ln

(
c2 − w

)]
. (43)

Integrating (43), we obtain the solution

mc2 − mw = C , (44)

where C in the integration constant. Since w = c2 (1−
√
g00 ),

g00 = 1 − rg/r, and rg = 2GM/c2, then C = 0 under the con-
dition g00 = 0, which satisfies at the spherical surface of the
gravitational radius r = rg (where w = c2).

From the obtained solution (44) we see that a particle of
mass m, which travels in the gravitational field of a mass
M, has a maximum energy mw = mc2 under the condition
g00 = 0, which satisfies on the surface of the gravitational ra-
dius r = rg = 2GM/c2 from this mass-point (on which the
physically observable time stops dτ = 0, and the space and
the gravitational field have a breaking g11 =−h11 → ∞).

In particular, the above solution is applicable to the Earth,
planets, the Sun, stars, galaxies and generally any bodies in
the Universe.
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In conclusion, we note that Riemannian spaces are non-
degenerate by definition: the determinant g = det ‖gαβ ‖ of
the fundamental metric tensor satisfies the condition g < 0.
In addition, Zelmanov had obtained a relation connecting the
determinants of the four-dimensional metric tensor gαβ and
the three-dimensional chr.inv.-metric tensor hik

h = −
g

g00
, (45)

where h = det ‖hik ‖, g = det ‖ gαβ ‖, and g00 is the time com-
ponent of the four-dimensional Riemannian metric.

These quantities in the space of the Schwarzschild mass-
point metric (22) are

h =
r4 sin2θ

1 − rg
r

, g00 = 1 −
rg
r
, g = − r4 sin2θ . (46)

From this we see that the numerical values of h and g de-
pend on the location of the observer with respect to the polar
coordinate θ (which is opposite to the geographic latitude, be-
cause it is measured from the North pole to the equator). At
the North and South poles, where θ = 0◦ and 180◦, respec-
tively, the space-time of the Schwarzschild mass-point metric
is completely degenerate, since in this case g = 0. The ob-
servable three-dimensional space is also degenerate (h = 0)
at the North and South poles. In addition, the radial compo-
nent h11 becomes infinite over the entire surface of the gravi-
tational radius r = rg that means a breaking in the space (and
the gravitational field) on this surface.

It should be noted that the complete degeneration of the
four-dimensional space-time and the three-dimensional ob-
servable space takes place in the Schwarzschild mass-point
field not only on the spherical surface of the gravitational ra-
dius r = rg (around the centre of gravity of the mass-point),
but also everywhere along the radial coordinate r directed to
North and South. But even with a tiny deviation from the po-
lar direction θ = 0◦ or θ = 180◦ (i.e., from the polar axis of
the coordinate frame) the space is already non-degenerate.

The above conclusion means that the surface of the gravi-
tational radius r = rg is not only the origin of the gravitational
field of any body, which spreads outside and inside the sur-
face, but is also the special space-time “membrane” separat-
ing the external space (gravitational field) of the body, where
r > rg, from its internal space (gravitational field), where
r < rg. Since both the space-time metric and the spatial met-
ric are degenerate inside the “membrane”, the space (space-
time) inside the “membrane” is different from the ordinary
pseudo-Riemannian space (space-time) and is a completely
degenerate space-time.

6 Conclusion

So, using the chronometrically invariant notation of General
Relativity (chronometric invariants are the physically observ-
able projections of four-dimensional quantities onto the time

line and the three-dimensional space of an observer), we have
deduced Galileo’s principle and Newton’s law of gravitation
as a particular case of the chr.inv.-formula for the gravita-
tional inertial force acting in the four-dimensional pseudo-
Riemannian space (space-time of General Relativity).

In fact, by doing this, we have created a “mathematical
bridge”, connecting Newton’s theory of gravitation with Gen-
eral Relativity. This “mathematical bridge” is important for
theoretical physics, since no one earlier than us had derived
the empirical laws of Newton’s theory of gravitation as a par-
ticular case of the purely geometric laws of General Relativ-
ity.

We have also showed that on the spherical surface that
surrounds any mass-point at a very small radius, equal to the
gravitational radius calculated for the mass, a space breaking
takes place in the gravitational field of the mass-point (and
in its three-dimensional observable space), and the observer’s
physical observable time stops. That is, the gravitational field
of any mass-point extends both inward from the mentioned
spherical surface to the coordinate origin (which coincides
with the mass-point), and outward from the mentioned sur-
face into the surrounding space to infinity, but is absent on
the surface itself. This theoretical result leads us to the con-
clusion that the origin of the gravitational field in the space
of the Schwarzschild mass-point metric is a spherical surface
that surrounds any mass-point at the gravitational radius cal-
culated for the mass.

The above results were obtained only thanks to the chron-
ometrically invariant notation of General Relativity, which
provides an unambiguous mathematical definition of phys-
ically observable quantities in the four-dimensional pseudo-
Riemannian space (space-time). It would be impossible to get
these results using the conventional general covariant notation
of General Relativity, because physically observable quanti-
ties in the general covariant notation are not mathematically
defined.

Submitted on July 21, 2024
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Introducing the Space Metric of a Rotating Massive Body
and Four New Effects of General Relativity

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

This paper introduces and proves the space metric of a rotating spherical body (approx-
imated by a mass-point). This is a new metric to General Relativity, which is an ex-
tension and replacement of Schwarzschild’s mass-point metric (since all cosmic bodies
rotate). Physically observable characteristics of such a space are calculated, including
the curvature of space and others. It is shown that the curvature of such a space has two
components: a component created by the gravitational field (it decreases with distance
from the body) and a constant curvature component created by the rotation of space (it
does not depend on distance). Using Einstein’s equations, the Riemannian conditions
are calculated under which the introduced metric is valid (with the conditions, the Ein-
stein equations vanish). Four new effects of General Relativity are calculated: the de-
flection of light rays and mass-bearing particles near a rotating body, a length-stretching
effect along the geographical longitudes, a time-loss effect in the clocks co-moving with
the Earth’s rotation (to the East) and a time increment when moving to the West.

1 Introduction

This is the fourth paper in the series of papers on the effects
of the space curvature, caused by the rotation of space.

The first [1] of these studies, besides many other scientific
results obtained in it, showed that the rotation of space makes
it curved. Then, two subsequent studies [2, 3] predicted four
new effects of General Relativity, the origin of which is the
space curvature caused by the rotation of space.

The first two effects are the deflection of light rays and
mass-bearing particles in the field of a rotating body [2].

When a body rotates, the space around it curves towards
the direction of its rotation and the centre of the body (around
which it rotates), thereby creating a “slope of the hill” de-
scending “down” along the equator in the direction, in which
the body rotates, and also to the centre of the body. There-
fore, when a particle travels freely to a rotating body, it “rolls
down” the slope of the space curvature along the equator in
the direction, in which the body rotates, as well as to the cen-
tre of the body. As a result, the following two effects should
occur in the field of a rotating body:

1. A particle travelling freely to a rotating body should be
deflected slightly from its radial trajectory in the equa-
torial direction, in which the body rotates, i.e., along
the geographical longitudes;

2. The particle should gain a small increase of its velocity,
and its path should become physically “stretched” for
a little, causing the particle to reach the body with a
delay in time compared to if the body did not rotate.

That is, light rays and mass-bearing particles should be
deflected near a rotating body due to the curvature of space
caused by its rotation. These two effects should take place
both for mass-bearing particles and for light rays (massless
light-like particles such as photons).

The other two effects are the length stretching and time
loss/gain, expected in the field of a rotating body due to the
curvature of its space, caused by its rotation [3]:

3. Since the diurnal rotation of the Earth around its axis
curves the Earth’s space making it “stretched” along the
geographical longitudes, then the measured length of a
standard rod should be greater when the rod is installed
in the longitudinal direction;

4. Due to the same reason, there should be a time loss
on board an airplane flying to the East (the direction in
which the Earth’s space rotates), and also a time incre-
ment when flying in the opposite direction, to the West.

Both of the effects are maximum at the equator (where the
curvature of the Earth’s space caused by its rotation is maxi-
mum and, therefore, space is maximally “stretched”) and de-
crease towards the North and South Poles.

The above four effects, namely — the deflection of light
rays and mass-bearing particles in the field of a rotating body,
and also the length stretching and time loss/gain in the field
of a rotating body — are new fundamental effects of the Gen-
eral Theory of Relativity, which were predicted “au bout d’un
stylo”. These four effects can be considered as an addition to
the well-known Einstein effect of the deflection of light rays
in the field of a gravitating body (which does not take the
rotation of space into account).

2 Problem statement

When calculating the mentioned four new effects in the field
of a rotating body, our task was to deduce the effects in their
“pure form”, i.e., without any other factors taken into account.
To do this, the simplest metric was used, which described the
four-dimensional space (space-time) of a rotating body, the
mass of which is so small that the gravitational field it creates
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can be neglected.
This space metric is easy to deduce. Consider the metric

of an empty space, which does not rotate or deform

ds2 = c2dt2 − dr2 − r2
(
dθ2 + sin2

θ dφ2
)
, (1)

where and below, in terms of the spherical coordinates, r is
the radial coordinate, dr is the elementary segment length
along the radial r-axis, θ is the polar coordinate angle mea-
sured from the North Pole to the equator, rdθ is the elemen-
tary arc length along the θ-axis (along the geographical lati-
tudes), φ is the geographical longitude (equatorial coordinate
axis), and r sin θdφ is the elementary arc length along the
equatorial φ-axis.

Assume that the space rotates along the equatorial axis φ,
i.e., along the geographical longitudes, with the linear veloc-
ity v3=ωr2sin2

θ, where ω= const is the angular velocity of
this rotation. Since by definition of vi (13)

v3 = ωr2sin2
θ = −

cg03
√
g00

(2)

then we have

g03 = −
1
c
v3
√
g00 = −

ωr2sin2
θ

c
, (3)

and the metric of such a rotating empty space has the form

ds2 = c2dt2 − 2ωr2sin2
θdtdφ −

− dr2 − r2
(
dθ2 + sin2

θ dφ2
)
. (4)

As you can see, the non-zero components of the funda-
mental metric tensor gαβ of this metric are

g00 = 1 , g03 = −
ωr2sin2

θ

c

g11 = −1 , g22 = −r2, g33 = −r2sin2
θ

 , (5)

where g00 = 1 means that the space is free of gravitational
fields or such fields can be neglected: with g00 = 1 the grav-
itational field potential w, the general formula of which for
any space metric is w = c2 (1 −

√
g00) (12), is either equal to

zero w= 0 or approaches zero w→ 0.
The deflection of light rays and mass-bearing particles in

the field of a rotating body [2], and also the length stretching
and time loss/gain in the field of a rotating body [3] were
obtained in the space of the above metric (4). Thanks to the
above approximation, expressed with the simplest metric (4)
describing a rotating empty space, it was possible to obtain
the mentioned effects of the space curvature created by the
rotation of space in their “pure form”, without adding any
other geometric or physical factors.

But real experiments conducted in an Earth-bound labora-
tory must take the gravitational field of the Earth into account.
From this follows the problem statement for this paper:

Problem statement
Our task now is to re-calculate the space curvature ef-
fects caused by the rotation of space — the deflection
of light rays and mass-bearing particles, and also the
length stretching and time loss/gain in the field of a ro-
tating body — for the case, where the gravitational field
of the rotating body is taken into account.

To do this, we need the metric of such a space. We deduce
it from Schwarzschild’s mass-point metric, which describes a
spherically symmetric space filled with the gravitational field
created in emptiness by a spherical massive island of sub-
stance (approximated by a mass-point)

ds2 =

(
1 −

rg
r

)
c2dt2 −

dr2

1 −
rg
r

− r2
(
dθ2 + sin2

θ dφ2
)
, (6)

where r is the radial distance from the centre of the massive
island, rg = 2GM/c2 is its gravitational radius, calculated for
its mass M, and the non-zero components of the fundamental
metric tensor gαβ are

g00 = 1 −
rg
r
, g11 = −

1

1 −
rg
r

g22 = −r2, g33 = −r2sin2
θ

 . (7)

As before, we assume that the space rotates along the
equatorial axis φ (along the geographical longitudes) with the
linear velocity v3=ωr2sin2

θ, where ω= const is the angular
velocity of this rotation. Since by definition of vi (13)

v3 = ωr2sin2
θ = −

cg03
√
g00
, (8)

and, hence,

g03 = −
1
c
v3
√
g00 = −

ωr2sin2
θ

c

√
1 −

rg
r
, 0 , (9)

then we obtain the desired metric

ds2 =

(
1 −

rg
r

)
c2dt2 − 2ωr2sin2

θ

√
1 −

rg
r

dtdφ −

−
dr2

1 −
rg
r

− r2
(
dθ2 + sin2

θ dφ2
)
, (10)

which describes a spherically symmetric space, which is filled
with the gravitational field created in emptiness by a rotating
spherical island of matter (approximated by a mass-point) and
rotates together with this body.

It is the metric (10), in the space of which we are going
to re-calculate the space curvature effects, created due to the
rotation of space.

We will do this in the following steps. First, we need to
give a short description of the mathematical formalism we are
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using — the mathematical apparatus of chronometric invari-
ants, which are physically observable quantities in the space-
time of General Relativity.

Second, we calculate the physically observable chr.inv.-
characteristics of the space of a rotating mass-point, which is
the space of the metric (10).

Third, it is not a fact that the space described by the in-
troduced metric of a rotating mass-point (10) is Riemannian.
By definition, a Riemannian space is such one, the metric
of which has the Riemannian square form ds2 = gαβ dxαdxβ,
determined by the Riemann fundamental metric tensor gαβ,
is invariant ds2 = inv everywhere in the space, and also sat-
isfies Einstein’s field equations, which are the specific rela-
tion between the Ricci curvature tensor, the fundamental met-
ric tensor multiplied by the curvature scalar, and the energy-
momentum tensor of the “space filler” (the latter targets non-
empty Riemannian spaces filled with distributed matter). The
above three requirements are specific to the family of Rie-
mannian spaces.

Finding a metric that satisfies the first two conditions is
easy, but satisfying the third condition (Einstein’s field equa-
tions) is problematic. This is why, until now, only a small
number of space metrics have been proven to be Riemannian
and used in the General Theory of Relativity.

A space metric satisfies the field equations, if the compo-
nents of the fundamental metric tensor gαβ (specific to this
metric) and the components of the energy-momentum ten-
sor of the medium (that fills the space), substituted into the
field equations, make the left-hand and right-hand sides of the
equations identical (the field equations vanish). In an empty
Riemannian space, the left-hand side of the field equations it-
self after the above substitution must become zero (since in
this case the energy-momentum tensor of distributed matter
on the right-hand side is zero).

Most likely, the introduced metric of the space of a rotat-
ing mass-point (10) does not satisfy the field equations. For
this reason, at our third step, we will substitute the gαβ compo-
nents from the introduced metric (10) into the left-hand terms
of the field equations (the right-hand side of the equations is
zero, since the space of a rotating mass-point we are consid-
ering is not filled with distributed matter). The relations (par-
ticular conditions) that vanish the resulting field equations are
Riemannian conditions, under which the introduced metric
(10) is Riemannian and, therefore, can be used in the frame-
work of General Relativity.

At our fourth step, we will deduce formulae for the space
curvature effects in the field of a rotating massive body, i.e.,
in the space of the metric (10), which is the final task of this
research.

3 Chronometrically invariant quantities

We use the mathematical apparatus of chronometric invari-
ants, which uniquely determines physically observable quan-

tities in the four-dimensional pseudo-Riemannian space
(space-time of General Relativity). This mathematical forma-
lism was created in 1944 by Abraham Zelmanov.

In addition to the publications by Zelmanov [4–6], which
were very concise, an extended review of the chronometri-
cally invariant formalism was given in each of our three re-
search monographs (together with L. Borissova), originally
published in 2001 [7, 8] and 2013 [9]. In 2023 we published
the most comprehensive survey of the Zelmanov formalism
[10], where we collected almost everything that we know in
this field personally from Zelmanov and based on our own
research studies. The most complete list of the research stud-
ies performed using the chronometrically invariant formalism
as of January 2023 can be found in the Bibliography to our
survey [10].

In short, Zelmanov unambiguously determined physically
observable quantities in the space-time of General Relativity
as the projections of four-dimensional tensor quantities onto
the time line and the three-dimensional spatial section, asso-
ciated with an observer. Such projections remain invariant
throughout the observer’s three-dimensional spatial section
(his observable three-dimensional physical reference space),
i.e., they are “chrono-metric invariants” in his reference frame
and depend on the properties of his physical reference space,
such as the gravitational potential, rotation, deformation, cur-
vature, etc.

The chronometrically invariant projections of any four-
dimensional tensor quantity are calculated using operators of
projection, which take the physical properties and geometric
structure of the observer’s space into account. For detail, see
the References to chronometric invariants, e.g., the most de-
tailed survey [10].

Below you can find only the necessary minimum of this
mathematical formalism, which is necessary for understand-
ing and reproducing the results obtained in this study.

Projecting the four-dimensional displacement vector dxα

(α = 0, 1, 2, 3) onto the time line of an observer gives the
physically observable chr.inv.-time interval dτ

dτ =
√
g00 dt −

1
c2 vi dxi, i = 1, 2, 3, (11)

where g00 is expressed with the chr.inv.-potential w (physi-
cally observable potential) of the gravitational field that fills
the space of the observer as

w = c2 (
1 −
√
g00

)
,

√
g00 = 1 −

w
c2 , (12)

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. (13)

Projecting dxα onto the observer’s three-dimensional spa-
tial section gives the three-dimensional chr.inv.-displacement
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vector dxi (which coincides with the three-dimensional co-
ordinate displacement vector). As a result, dτ distinguishes
the chr.inv.-velocity vector vi = dxi/dτ (physically observable
three-dimensional velocity) from the three-dimensional coor-
dinate velocity vector ui = dxi/dt.

The three-dimensional chr.inv.-spatial interval dσ (physi-
cally observable three-dimensional interval) is determined

dσ2 = hik dxidxk, (14)

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

hik = −gik +
1
c2 vivk , hik = −gik, hi

k = δ
i
k , (15)

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

The square of the four-dimensional (space-time) interval
ds2 = gαβ dxαdxβ is therefore expressed with chronometri-
cally invariant (physically observable) quantities as

ds2 = c2dτ2 − dσ2. (16)

Thanks to the splitting of space-time into three-dimen-
sional spatial sections pierced by time lines, which is specific
to the chronometrically invariant formalism, we can reveal the
true nature of three-dimensional rotations. When vi , 0, i.e.,
the reference body of an observer rotates (together with his
reference space), then this rotation cannot be vanished by a
coordinate transformation (by moving the observer to another
reference frame within his three-dimensional spatial section).
This happens because the rotation speed vi (13) is determined
by the mixed (space-time) components g0i of the fundamen-
tal metric tensor gαβ, and not by its three-dimensional spatial
components gik dependent on time (as it is considered in clas-
sical mechanics, where time is just a parameter, and not the
fourth coordinate). Since the components of gαβ are cosines
of the angles between the respective coordinate lines, then
three-dimensional rotations are due to the non-holonomity of
space-time, which means that time lines are not orthogonal to
three-dimensional spatial sections.

If all g0i are zero, then such space-time is holonomic. In
this case the three-dimensional spatial section is everywhere
orthogonal to the time lines that pierce it. If at least one of the
components g0i is different from zero, then such space-time is
non-holonomic, and the spatial section x0 = const is inclined
to the time lines (at different points it can be inclined to the
time lines at different angles depending on the local geometric
structure of the particular four-dimensional space-time).

In general, the physical reference space of a real observer
can be filled with a gravitational field, rotate, deform, be in-
homogeneous and curved.

The chr.inv.-vector of the gravitational inertial force Fi,
where the first (gravitational) term is created by the gradient

of the gravitational potential w and the second (inertial) term
is created by the centrifugal force of inertia, is

Fi =
1
√
g00

(
∂w
∂xi −

∂vi
∂t

)
,
√
g00 = 1 −

w
c2 . (17)

The antisymmetric chr.inv.-tensor Aik of the angular ve-
locity of rotation of space is

Aik =
1
2

(
∂vk
∂xi −

∂vi

∂xk

)
+

1
2c2

(
Fi vk − Fk vi

)
, (18)

which is related to Fi by two identities

∗∂Aik

∂t
+

1
2

(
∗∂Fk

∂xi −
∗∂Fi

∂xk

)
= 0 , (19)

∗∂Akm

∂xi +
∗∂Ami

∂xk +
∗∂Aik

∂xm +

+
1
2

(Fi Akm + Fk Ami + Fm Aik) = 0 , (20)

where asterisk denotes the chr.inv.-derivation operators
∗∂

∂t
=

1
√
g00

∂

∂t
,

∗∂

∂xi =
∂

∂xi +
1
c2 vi

∗∂

∂t
. (21)

Antisymmetric chr.inv.-tensors can be used to create the
corresponding chr.inv.-pseudovectors (marked with an aster-
isk) using the antisymmetric chr.inv.-discriminant tensor

εikm =
eikm

√
h
, εikm = eikm

√
h , (22)

where h= det ∥ hik ∥. This tensor is the chr.inv.-analogy of the
Levi-Civita antisymmetric unit tensor eikm (the components
of eikm are either +1 or −1 depending on the transposition of
its indices).* For example, the antisymmetric chr.inv.-tensor
Aik of the angular velocity of rotation of space has the corre-
sponding chr.inv.-pseudovector Ω∗i of this rotation

Ω∗i =
1
2
εikmAkm , Ω∗i =

1
2
εimn Amn

εipqΩ∗i =
1
2
εipqεimn Amn =

=
1
2

(
δ

p
mδ

q
n − δ

q
mδ

p
n

)
Amn = Apq


. (23)

The symmetric chr.inv.-tensor Dik of the deformation rate
of space is formulated as

Dik =
1
2

∗∂hik

∂t
, Dik = −

1
2

∗∂hik

∂t

D = hikDik =
∗∂ ln
√

h
∂t

, h = det ∥ hik ∥

 . (24)

*For detail, see pages 14–16 in our comprehensive survey of the Zel-
manov chronometric invariants [10], or §2.3 in our monograph [8].
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The chr.inv.-Christoffel symbols of the 1st rank ∆ jk,m and
the 2nd rank ∆i

nk (their physical sense is the coefficients of
inhomogeneity of space) are

∆i
nk = him∆nk,m =

1
2

him
(
∗∂hnm

∂xk +
∗∂hkm

∂xn −
∗∂hnk

∂xm

)
. (25)

The physically observable curvature of space is expressed
with the chr.inv.-curvature tensor Clkij that possesses all prop-
erties of the Riemann-Christoffel curvature tensor throughout
the three-dimensional spatial section associated with the ob-
server. Its subsequent contractions give the chr.inv.-Ricci cur-
vature tensor Cik and the chr.inv.-scalar curvature C

Clkij =
1
4

(
Hlkij − Hjkil + Hklji − Hiljk

)
=

= Hlkij −
1
2

(
2 Aki Djl + Aij Dkl + Ajk Dil +

+ Akl Dij + Ali Djk

)
, (26)

Clk = C ··· ilki · = Hlk −
1
2

(
Akj D j

l + Alj D j
k + Akl D

)
, (27)

C = hlkClk = hlkHlk , (28)

where, for a better association with the Riemann-Christoffel
curvature tensor, we denote

H ··· j
lki · =

∗∂∆
j
il

∂xk −

∗∂∆
j
kl

∂xi + ∆
m
il∆

j
km − ∆

m
kl∆

j
im . (29)

From the above definitions we see that the physically ob-
servable curvature of space depends on not only the gravita-
tional inertial force (hidden in the second chr.inv.-derivatives
of the chr.inv.-metric tensor), but also the rotation, deforma-
tion and inhomogeneity of space and, therefore, does not van-
ish in the absence of the gravitational field.

By analogy with absolute (general covariant) derivatives,
the corresponding chr.inv.-derivatives are introduced

∗∇i Q k =
∗∂Qk

dxi − ∆
l
ik Ql , (30)

∗∇i Q k =
∗∂Q k

dxi + ∆
k
il Q l, (31)

∗∇i Q jk =
∗∂Q jk

dxi − ∆
l
ij Qlk − ∆

l
ik Q jl , (32)

∗∇i Q k
j =

∗∂Q k
j

dxi − ∆
l
ij Q k

l + ∆
k
il Q l

j , (33)

∗∇i Q jk =
∗∂Q jk

dxi + ∆
j
il Q lk + ∆k

il Q jl, (34)

∗∇i Q i =
∗∂Q i

∂xi + ∆
j
ji Q i, ∆

j
ji =

∗∂ ln
√

h
∂xi , (35)

∗∇i Q ji =
∗∂Q ji

∂xi + ∆
j
il Q il + ∆l

li Q ji, ∆l
li =

∗∂ ln
√

h
∂xi , (36)

which, in particular, exhibit some properties of the chr.inv.-
metric tensor hik and the chr.inv.-discriminant tensor εijk (used
further in calculations)

∗∇i hjk = 0 , ∗∇i hk
j = 0 , ∗∇i h jk = 0 , (37)

∗∇l εijk = 0 , ∗∇l ε
ijk = 0 , (38)

Einstein’s field equations, having the well-known general
covariant (four-dimensional) form

Rαβ −
1
2
gαβR = −κTαβ + λgαβ (39)

can also be presented in chr.inv.-form, i.e., in the form of their
physically observable chr.inv.-projections.

Note, that the Zelmanov formalism uses κ= 8πG
c2 , but not

κ= 8πG
c4 as Landau and Lifshitz did in their The Classical The-

ory of Fields [11]. This is because, since Ricci’s tensor Rαβ
has the dimension [cm−2] and the energy-momentum tensor
Tαβ has the dimension of mass density [gram/cm3], if we used
κ= 8πG

c4 on the right-hand side of the field equations, then we
would not use the energy-momentum tensor Tαβ itself, but
c2Tαβ as Landau and Lifshitz did (which is not correct at all
from the point of view of physical sense and physically ob-
servable quantities).

To understand the chr.inv.-Einstein equations that below,
we should note that any tensor or tensor equation of the 2nd
rank has three chr.inv.-projections: the time projection, the
space-time (mixed) projection and the spatial projection; for
detail, see [10]. So, the energy-momentum tensor Tαβ of a dis-
tributed matter has the following chr.inv.-projections

ϱ =
T00

g00
, J i =

c T i
0

√
g00
, U ik = c2T ik, (40)

where ϱ is the observable mass density of the distributed mat-
ter, J i is its observable momentum density, and U ik is the
observable stress-tensor of the matter field.

The general covariant Einstein field equations (39) also
have three chr.inv.-projections, which are called the chr.inv.-
Einstein equations

∗∂D
∂t
+ Djl D jl + Ajl Alj + ∗∇j F j −

1
c2 Fj F j =

= −
κ

2
(
ϱc2 + U

)
+ λc2, (41)

∗∇j
(
hijD − Dij − Aij) + 2

c2 Fj Aij = κ J i, (42)

∗∂Dik

∂t
−

(
Dij + Aij

) (
D j

k + A· jk ·
)
+ DDik + 3 Aij A· jk · −

−
1
c2 Fi Fk +

1
2

(∗∇i Fk +
∗∇k Fi

)
− c2Cik =

=
κ

2
(
ϱc2hik + 2Uik − Uhik

)
+ λc2hik . (43)
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With the above mathematical tools, we now have every-
thing we need to consider the space of a rotating massive body
using the chronometrically invariant formalism.

4 Physically observable characteristics of the space of
a rotating massive body

Consider a space of the rotating Schwarzschild metric, which
we have introduced (10). It has the form

ds2 =

(
1 −

rg
r

)
c2dt2 − 2ωr2sin2

θ

√
1 −

rg
r

dtdφ −

−
dr2

1 −
rg
r

− r2
(
dθ2 + sin2

θ dφ2
)
. (44)

Such a space rotates in the equatorial plane along the geo-
graphical longitudes φ with an angular velocity ω= const.
The linear velocity of this rotation is v3=ωr2sin2

θ

v3 = ωr2sin2
θ = −

cg03
√
g00
, v1 = v2 = 0 , (45)

hence, non-zero components of the fundamental metric tensor
of the above space metric are

g00 = 1 −
rg
r
, g03 = −

ωr2sin2
θ

c

√
1 −

rg
r

g11 = −
1

1 −
rg
r

, g22 = −r2, g33 = −r2sin2
θ


. (46)

Respectively, the chr.inv.-metric tensor hik =−gik +
1
c2 vi vk

(15) of a rotating Schwarzschild space has only the following
non-zero components

h11 =
1

1 − rg
r

, h22 = r2

h33 = r2sin2
θ

(
1 +
ω2r2sin2

θ

c2

)

, (47)

and, respectively, calculating the determinant of the chr.inv.-
metric tensor hik, we obtain

h = det ∥ hik ∥ = h11 h22 h33 =

=
r4 sin2

θ

1 − rg
r

(
1 +
ω2r2sin2

θ

c2

)
, (48)

√
h =

r2sin θ√
1 − rg

r

√
1 +
ω2r2sin2

θ

c2 . (49)

As is seen from the above formulae, the matrix hik is strict
diagonal: all of its non-diagonal components hik (i, k) are
zero. Therefore, the upper-index components of hik are ob-
tained just like the invertible matrix components to any diag-

onal matrix as hik = (hik)−1. They are

h11 = 1 −
rg
r
, h22 =

1
r2

h33 =
1

r2sin2
θ

(
1 + ω

2r2sin2θ

c2

)

. (50)

In particular, as a result, the square of the linear velocity,
with which the space rotates v2 = vi v i = vi hikvk (13) is

v2 = v3 h33v3 =
ω2r2sin2

θ

1 + ω
2r2sin2θ

c2

. (51)

As is seen from (47), the obtained chr.inv.-metric tensor
hik does not depend on time. This means that the chr.inv.-
tensor of the deformation rate of space Dik (24) is zero

Dik =
1
2

∗∂hik

∂t
= 0 , (52)

i.e., a rotating Schwarzschild space does not deform.
Taking into account that the linear velocity v3=ωr2sin2

θ

with which the space rotates does not depend on time

∂v3
∂t
= 0 (53)

and also that the gravitational field potential w= c2 (1−
√
g00 )

in the present case is

w = c2
1 − √

1 −
rg
r

 , (54)

we obtain the components of the chr.inv.-vector of the gravi-
tational inertial force Fi (17). They are

F1 =
1
√
g00

∂w
∂r
= −

c2rg
2r2

1

1 − rg
r

, F2 = F3 = 0 , (55)

F1 = h11F1 = −
c2rg
2r2 , F2 = F3 = 0 . (56)

Since the gravitational inertial force in the present case is
a radially acting force F1 that depends only on x1 = r, i.e.

∗∂Fk

∂xi = 0 , i , k , (57)

then according to the 1st Zelmanov identity (19) we have

∗∂Aik

∂t
= 0 , (58)

i.e., the rotation of the space of the rotating Schwarzschild
metric is stationary.

According to the definition of the chr.inv.-tensor of the an-
gular velocity of rotation of space Aik (18), only the follow-
ing components of it are non-zero in the space of the rotat-
ing Schwarzschild metric: A13 , 0, A31 , 0, A13 , 0, A31 , 0,
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A23 , 0, A32 , 0, A23 , 0, A32 , 0. Using the definition of Aik

(18), after some algebra we obtain

A13 =
1
2
∂v3
∂r
+

1
2c2 F1v3 = ωr sin2

θ −
ωrg sin2

θ

4
(
1 − rg

r

) , (59)

A31 = −A13 = −ωr sin2
θ +
ωrg sin2

θ

4
(
1 − rg

r

) , (60)

A13 = h11h33A13 =

=

(
1 − rg

r

)
ω

r
(
1 + ω

2r2sin2θ

c2

) − ωrg

4r2
(
1 + ω

2r2sin2θ

c2

) , (61)

A31 = −A13 =

= −

(
1 − rg

r

)
ω

r
(
1 + ω

2r2sin2θ

c2

) + ωrg

4r2
(
1 + ω

2r2sin2θ

c2

) , (62)

A23 =
1
2
∂v3
∂θ
= ωr2sin θ cos θ , (63)

A32 = −A23 = −ωr2sin θ cos θ , (64)

A23 = h22h33A23 =
ω cot θ

r2
(
1 + ω

2r2sin2θ

c2

) , (65)

A32 = −A23 = −
ω cot θ

r2
(
1 + ω

2r2sin2θ

c2

) . (66)

Find the physically observable scalar angular velocity Ω,
with which the space rotates. Its square is calculated as

Ω2 = Ω∗iΩ
∗i = Ω∗1Ω

∗1 + Ω∗2Ω
∗2 =

= h11Ω
∗1Ω∗1 + h22Ω

∗2Ω∗2. (67)

In the space of the rotating Schwarzschild metric, which
we are considering, we have

Ω∗1 =
1
2
ε1kmAkm =

e1km

2
√

h
Akm =

e123

2
√

h
A23 +

e132

2
√

h
A32 (68)

and, taking into account that e123 =+1 and e132 =−1, and also
A32 =− A23, we obtain

Ω∗1 =
e123

2
√

h
A23 +

e123

2
√

h
A23 =

e123

√
h

A23 =
A23
√

h
. (69)

In the same way, we obtain

Ω∗2 =
1
2
ε2kmAkm =

e2km

2
√

h
Akm =

=
e213

2
√

h
A13 +

e231

2
√

h
A31 =

e213

√
h

A13 = −
A13
√

h
. (70)

Finally, substituting A13 (59), A23 (63), h= det ∥ hik ∥ (48),
h11 and h22 (47) intoΩ2 (67), we obtain the physically observ-
able scalar angular velocity Ω of the rotation of space

Ω =
√
Ω∗iΩ∗i =

ω√
1 + ω

2r2sin2θ

c2

×

×

√√√√
1 −

3rg sin2
θ

2r
+

r2
g sin2

θ

16r2
(
1 − rg

r

) . (71)

If there is no mass (M = 0), then the gravitational radius is
rg = 2GM/c2 = 0. In this case, g00 = 1− rg

r = 1 and the formu-
lae for hik (47–50), Aik (59–66) and Ω (71) we have obtained
in the space of the rotating Schwarzschild metric transform
into the corresponding formulae in the spherically symmetric
rotating space without the gravitational field, which we have
obtained earlier; see page 43 in the previous paper [1].

To calculate the chr.inv.-Einstein equations in the space of
the rotating Schwarzschild metric, we need the chr.inv.-Ricci
curvature tensor Cik containing in the third, tensor chr.inv.-
Einstein equation (43). The chr.inv.-Ricci tensor Cik (27) con-
sists of the chr.inv.-derivatives of the chr.inv.-Christoffel sym-
bols ∆i

nk and the products of ∆i
nk with each other. In turn, ∆i

nk
(25) are the re-combination of the chr.inv.-derivatives of the
chr.inv.-metric tensor hik (47). Therefore, at first we calculate
the non-zero chr.inv.-derivatives of hik

∗∂h11

∂r
= −

rg(
1 − rg

r

)2
r2
, (72)

∗∂h22

∂r
= 2r , (73)

∗∂h33

∂r
= 2r sin2

θ

(
1 +

2ω2r2sin2
θ

c2

)
, (74)

∗∂h33

∂θ
= 2r2sin θ cos θ

(
1 +

2ω2r2sin2
θ

c2

)
. (75)

The chr.inv.-Christoffel symbols ∆i
nk (25) in the rotating

Schwarzschild metric space have the non-zero components

∆1
11 =

1
2

h11
∗∂h11

∂r
, ∆1

22 =
1
2

h11
∗∂h22

∂r

∆1
33 = −

1
2

h11
∗∂h33

∂r
, ∆2

12 =
1
2

h22
∗∂h22

∂r

∆2
21 =

1
2

h22
∗∂h22

∂r
, ∆2

33 = −
1
2

h22
∗∂h33

∂θ

∆3
13 =

1
2

h33
∗∂h33

∂r
, ∆3

23 =
1
2

h33
∗∂h33

∂θ

∆3
31 =

1
2

h33
∗∂h33

∂r
, ∆3

32 =
1
2

h33
∗∂h33

∂θ



. (76)
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After some algebra using the obtained formulae for the
non-zero components of hik (50) and the chr.inv.-derivatives
of the non-zero components of hik (72–75), we obtain

∆1
11 = −

rg

2r2
(
1 − rg

r

) , (77)

∆1
22 = −r , (78)

∆1
33 = −r sin2

θ

(
1 +

2ω2r2sin2
θ

c2

)
, (79)

∆2
12 = ∆

2
21 =

1
r
, (80)

∆2
33 = − sin θ cos θ

(
1 +

2ω2r2sin2
θ

c2

)
, (81)

∆3
13 = ∆

3
31 =

1

r
(
1 + ω

2r2sin2θ

c2

) (
1 +

2ω2r2sin2
θ

c2

)
, (82)

∆3
23 = ∆

3
32 =

cot θ

1 + ω
2r2sin2θ

c2

(
1 +

2ω2r2sin2
θ

c2

)
. (83)

The non-zero contracted chr.inv.-Christoffel symbols ∆i
i1

and ∆i
i2 are calculated from their definition based on the de-

terminant h = det ∥ hik ∥; see (35) or (36). Using the formulae
for h (48) and its square root (49) obtained in the space of the
rotating Schwarzschild metric, we obtain

∆i
i1 =

∗∂ ln
√

h
∂r

=
2

r
(
1 + ω

2r2sin2θ

c2

) (
1 +

3ω2r2sin2
θ

2c2

)
−

−
rg

2r2
(
1 − rg

r

) , (84)

∆i
i2 =

∗∂ ln
√

h
∂θ

=
cot θ

1 + ω
2r2sin2θ

c2

(
1 +

2ω2r2sin2
θ

c2

)
. (85)

Based on the above formulae, we calculate the non-zero
chr.inv.-derivatives of the contracted chr.inv.-Christoffel sym-
bols ∆i

i1 and ∆i
i2. After some algebra, we obtain

∗∂∆i
i1

∂r
= −

2

r2
(
1 + ω

2r2sin2θ

c2

)2
−

3ω2sin2
θ

c2
(
1 + ω

2r2sin2θ

c2

)2
−

−
3ω4r2sin4

θ

c4
(
1 + ω

2r2sin2θ

c2

)2
+

rg

r3
(
1 − rg

r

)2

(
1 −

rg
2r

)
, (86)

∗∂∆i
i1

∂θ
=

2ω2r sin θ cos θ

c2
(
1 + ω

2r2sin2θ

c2

)2
, (87)

∗∂∆i
i2

∂r
=

2ω2r sin θ cos θ

c2
(
1 + ω

2r2sin2θ

c2

)2
=

∗∂∆i
i1

∂θ
, (88)

∗∂∆i
i2

∂θ
= −

1

sin2
θ
(
1 + ω

2r2sin2θ

c2

) −
−

2ω2r2sin2
θ

c2
(
1 + ω

2r2sin2θ

c2

)2
−

2ω4r4sin2
θ

c4
(
1 + ω

2r2sin4θ

c2

)2
. (89)

Now, using the quantities calculated above, we calculate
the chr.inv.-Ricci curvature tensor Cik in the space of the ro-
tating Schwarzschild metric. Since the space we are consid-
ering does not deform (Dik = 0), then in this case the general
formula for Clk =C ···ilki · (27) is simplified to

Clk = Hlk = H ···i
lki · =

=

∗∂∆i
il

∂xk −

∗∂∆i
kl

∂xi + ∆
m
il ∆

i
km − ∆

m
kl∆

i
im , (90)

which, according to the non-zero chr.inv.-Christoffel symbols
calculated in the space of the rotating Schwarzschild metric
(see above), has the following non-zero components

C11 =

∗∂∆i
i1

∂r
+ ∆2

21∆
2
12 + ∆

3
31∆

3
13 −

−

∗∂∆1
11

∂r
+ ∆1

11∆
1
11 − ∆

1
11∆

i
i1 , (91)

C12 =

∗∂∆i
i1

∂θ
+ ∆3

31∆
3
23 − ∆

2
21∆

i
i 2 , (92)

C21 =

∗∂∆i
i 2

∂r
+ ∆3

32∆
3
13 − ∆

2
12∆

i
i 2 , (93)

C22 =

∗∂∆i
i 2

∂θ
−

∗∂∆1
22

∂r
+

+ 2∆2
12∆

1
22 + ∆

3
32∆

3
23 − ∆

1
22∆

i
i1 , (94)

C33 = −

∗∂∆1
33

∂r
−

∗∂∆2
33

∂θ
+

+ 2∆3
13∆

1
33 + 2∆3

23∆
2
33 − ∆

1
33∆

i
i1 − ∆

2
33∆

i
i 2 . (95)

To calculate these components, we calculate the unknown
derivatives contained in them. We obtain

∗∂∆1
11

∂r
=

rg

r3
(
1 − rg

r

)2

(
1 −

rg
2r

)
, (96)

∗∂∆1
33

∂r
= − sin2

θ

(
1 +

6ω2r2sin2
θ

c2

)
, (97)

∗∂∆2
33

∂θ
= sin2

θ +
2ω2r2sin4

θ

c2 −

− cos2
θ −

6ω2r2sin2
θ cos2θ

c2 . (98)

Substituting the non-zero necessary chr.inv.-Christoffel
symbols and their chr.inv.-derivatives into these general for-
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mulae (91–95), after some algebra and non-trivial transfor-
mations we obtain formulae for the non-zero components of
the chr.inv.-Ricci tensor in the space of the rotating Schwarz-
schild metric. They have the form

C11 =
3ω2sin2

θ

c2
(
1 + ω2r2sin2θ

c2

) − ω4r2sin4
θ

c4
(
1 + ω2r2sin2θ

c2

)2
+

+
rg

r3
(
1 − rg

r

) (
1 + ω

2r2sin4θ

c2

) (
1 +

3ω2r2sin2
θ

2c2

)
, (99)

C12 =
3ω2r sin θ cos θ

c2
(
1 + ω2r2sin2θ

c2

) − ω4r3sin3
θ cos θ

c4
(
1 + ω2r2sin2θ

c2

)2
, (100)

C21 =
3ω2r sin θ cos θ

c2
(
1 + ω2r2sin2θ

c2

) − ω4r3sin3
θ cos θ

c4
(
1 + ω2r2sin2θ

c2

)2
, (101)

C22 =
3ω2r2cos2θ

c2
(
1 + ω2r2sin2θ

c2

) − ω4r4sin2
θ cos2θ

c4
(
1 + ω2r2sin2θ

c2

)2
, (102)

C33 =
3ω2r2sin2

θ

c2 −
ω4r4sin4

θ

c4
(
1 + ω2r2sin2θ

c2

) , (103)

where C12 =C21 means that the space of the rotating Schwarz-
schild metric has a certain curvature symmetry.

Using the obtained components of the chr.inv.-Ricci ten-
sor Cik (99–103) and the upper-index components hik (50) of
the chr.inv.-metric tensor, we calculate the physically observ-
able chr.inv.-scalar curvature C = hikCik (28) of the space of
the rotating Schwarzschild metric. Since only h11, h22, h33 are
non-zero in such a space, then C = h11C11 + h22C22 + h33C33.
After some algebra, we obtain

C =
6ω2

c2
(
1 + ω2r2sin2θ

c2

) − 2ω4r2sin2
θ

c4
(
1 + ω2r2sin2θ

c2

)2
+

+
rg

r3
(
1 + ω2r2sin2θ

c2

) ×
×

(
1 −

3ω2r2sin2
θ

2c2 +
ω4r4sin4

θ

c4

)
, (104)

where the first two terms are due only to the rotation of space,
and the third term (in the second and third lines of the for-
mula) is due to the combined action of the gravitational field
and the rotation of space.

This is the physically observable chr.inv.-scalar curvature
of the three-dimensional space of a rotating massive body. It
is this curvature of space that is registered in astronomical
observations and laboratory measurements in the space near
such rotating massive bodies as stars and planets.

In the absence of a massive island of substance producing
the gravitational field (M = 0, rg = 2GM/c2 = 0), the obtained
formula (104) transforms into the formula

C =
6ω2

c2
(
1 + ω2r2sin2θ

c2

) − 2ω4r2sin2
θ

c4
(
1 + ω2r2sin2θ

c2

)2
, (105)

obtained recently in a rotating spherically symmetric space
without a gravitational field; see page 45 in the first paper [1]
of this series of papers.

At small speeds of rotation, the obtained formula for the
chr.inv.-scalar curvature (104) takes the simplified form

C =
6ω2

c2 +
rg
r3 . (106)

From the obtained simplified formula for C (106), we see
that the rotation of a massive body at slow rotations creates
a constant curvature field that does not depend on distance
from its source (the rotating body), whereas the gravitational
field of the body creates a curvature that decreases inversely
proportional to r3 from it.

If the massive body approximated by a mass-point does
not rotate (ω= 0), then the space metric of a rotating massive
body (10), which we have introduced and considered here,
transforms into the Schwarzschild mass-point metric (6). In
this case the obtained formula for the physically observable
chr.inv.-scalar curvature (104) transforms into

C =
rg
r3 , (107)

which is the same as the three-dimensional scalar curvature
of a spherically symmetric gravitational field, which Landau
and Lifshitz give in their The Classical Theory of Fields [11];
see page 325 of §100 in the 4th final English edition, or pages
378–379 of §97 in the 3rd French edition. The only difference
is that their curvature has a negative sign. This is because in
the years, when they wrote their book (the 1st edition was
issued in 1939), Zelmanov’s chronometrically invariant for-
malism had not yet been created. Therefore, Landau and Lif-
shitz believed that the three-dimensional components gik of
the fundamental metric tensor gαβ create an observable metric
tensor. On the contrary, the chronometrically invariant for-
malism clearly proves that the physically observable metric
tensor that possesses all properties of the fundamental met-
ric tensor throughout the three-dimensional spatial section as-
sociated with an observer (his observable three-dimensional
space) is hik =−gik +

1
c2 vi vk (15). This is why their curvature

of a non-rotating centrally symmetric gravitational field is ne-
gative, and the truly physically observable chr.inv.-curvature
(107), which we have just deduced using the chronometri-
cally invariant formalism, has a positive sign, as it should be
according to the physical sense of this quantity.

Consider a few typical numerical examples of the curva-
ture of space caused by rotating cosmic bodies.
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The first typical example is the Sun: r⊙ ≃ 7.0× 1010 cm,
M⊙ ≃ 2.0× 1033 gram, rg⊙ = 2GM⊙/c2 ≃ 3.0× 105 cm, ω⊙ ≃
≃ 2.87× 10−6 sec−1 (we are considering the Carrington rota-
tion of the Sun at the equator with a sidereal period of 25.38
days). According to the obtained formula (106), the expected
constant curvature of space due to the proper rotation of the
Sun is C = 6ω2

⊙/c
2 ≃ 5.6× 10−32 cm−2, while the variable cur-

vature of space due to the gravitational field of the Sun at a
distance of one solar radius r⊙ from its centre (i.e., on the
Sun’s surface) is 4 orders of magnitude greater: C = rg⊙/r3

⊙ ≃

≃ 8.8× 10−28 cm−2.
Since the curvature of space due to the Sun’s rotation is

constant, and the curvature due to its gravitational field de-
creases inversely proportional to r3 from it, then there is a
spherical surface in the cosmos on which these curvatures are
equal to each other: C = rg/r3 = 6ω2/c2. For the Sun, this is a
spherical surface surrounding the Sun at a distance of

r = 3

√
c2rg⊙
6ω2
⊙

≃ 1.8 × 1012 cm ≃ 25 r⊙ . (108)

Starting from the distance r≃ 1.8×1012 cm≃ 25 r⊙ from
the centre of the Sun, the contribution of the Sun’s rotation
to the observable curvature of space (it remains constant with
distance) exceeds the contribution of the Sun’s gravitational
field (since it decreases inversely proportional to r3). For
comparison: Mercury, the closest planet to the Sun, orbits
the Sun at a distance of r= 57.9 mln km= 82.7 r⊙.

For the Earth (r⊕ = 6.37× 108 cm, M⊕ = 5.97× 1027 gram,
rg⊕ = 0.884 cm, ω⊕ = 7.27× 10−5 sec−1), the constant curva-
ture of space caused by the Earth’s rotation is C = 6ω2

⊕/c
2 ≃

≃ 3.5×10−29 cm−2 that is 3 orders of magnitude greater than
the constant curvature C = 6ω2

⊙/c
2 ≃ 5.6× 10−32 cm−2 caused

by the rotation of the Sun. The curvature of space caused by
the Earth’s gravitational field on the Earth’s surface (r= r⊕) is
C = rg⊕/r3

⊕ ≃ 3.4×10−27 cm−2.
At a distance of

r = 3

√
c2rg⊕
6ω2
⊕

≃ 2.93 × 109 cm ≃ 29 300 km ≃ 4.6 r⊕ (109)

from the centre of the Earth (or at an altitude of h= r− r⊕ ≃
≃ 23 000 km≃ 3.6 r⊕ above the Earth’s surface) the contribu-
tions of the Earth’s rotation and its gravitational field to the
curvature of space become equal to each other. At higher alti-
tudes, the contribution of the Earth’s rotation to the curvature
of space, since it remains constant with altitude, is greater
than the contribution of the Earth’s gravitational field (the lat-
ter becomes comparatively negligible, since it decreases in-
versely proportional to r3).

For our Galaxy (r≃ 30 000 pc≃ 1023 cm, M≃ 2× 1011M⊙,
rg ≃ 6× 1016 cm, T ≃ 200 mln years,ω= 2π/T ≃ 10−15 sec−1),
the constant curvature of space caused by its rotation is C =
= 6ω2/c2 ≃ 7× 10−51 cm−2, while the curvature caused by its
gravitational field at its edge (r≃ 30 000 pc≃ 1023 cm) is 2

∗C = rg
r3 , cm−2 †C = 6ω2

c2 , cm−2 ‡r = 3
√

c2rg
6ω2

Galaxy 6 × 10−53 7 × 10−51 7 000 pc

Sun 8.8 × 10−28 5.6 × 10−32 25 r⊙

Earth 3.4 × 10−27 3.5 × 10−29 4.6 r⊕

Pulsars (min) 1.9 × 10−21

Pulsars (max) 1.4 × 10−13

∗The variable (decreasing) curvature of space caused by the
gravitational field of the cosmic body at a distance equal to its
radius from its centre.
†The constant curvature of space caused by the rotation of the
cosmic body.
‡The distance from the centre of the cosmic body at which the
contribution of its rotation to the curvature of space becomes
equal to the contribution of its gravitational field.

orders of magnitude weaker: C = rg/r3 ≃ 6× 10−53 cm−2. The
distance from the Galactic centre, at which the contribution of
the rotation of the Galaxy to the curvature of space becomes
equal to the contribution of its gravitational field is

r =
3

√
c2rg
6ω2 ≃ 2.1 × 1022 cm ≃ 7 000 parsec. (110)

The observed frequencies of radio-pulsars are in the range
from ωmin= 0.53 to ωmax= 4501 sec−1. Therefore, the con-
stant curvature of space caused by pulsars is in the range of
magnitudes from C ≃ 1.9× 10−21 to C ≃ 1.4× 10−13 cm−2.

As a result of the above calculation, we arrive at the fol-
lowing conclusion:
Conclusion on the background curvature of space

The curvature of space caused by the gravitational field
of rotating massive bodies decreases inversely propor-
tional to r3 and, therefore, becomes negligibly small
already in the immediate vicinity of these bodies, at a
distance of a few of their radii from them. However,
the rotation of these bodies creates a constant curvature
field, which is much weaker than the curvature caused
by their gravitational fields near these bodies, but does
not depend on the distance to them. Moreover, such
rapidly rotating cosmic objects as pulsars create strong
fields of a constant curvature, the magnitude of which
is many orders greater than the constant curvature fields
caused by other rotating stars and Galaxies.

It seems that the space of the entire Universe is
filled with a constant curvature field that is the superpo-
sition of the constant curvature fields caused by rapidly
rotating cosmic bodies such as pulsars. This is the basis
for considering the background space of our Universe
as a constant curvature space.

This is a very interesting theoretical discovery that re-
quires further study and analysis by astronomers.
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5 Einstein’s field equations in the space of a rotating
massive body

As mentioned on page 81, Einstein’s equations are one of the
necessary conditions for a space to be Riemannian. There-
fore, the considered space metric of a rotating massive body
(10) is Riemannian under some particular conditions (Rie-
mannian conditions) by which the Einstein equations for this
space metric vanish. Now our task is to find out the Rieman-
nian conditions for the space metric (10).

As we showed above (52), the space of a rotating massive
body, which we are considering, does not deform (Dik = 0),
and is not filled with any distributed matter such as gas, dust,
electromagnetic fields, etc. The latter means that the energy-
momentum tensor of distributed matter is zero (Tαβ = 0) and,
hence, the entire right-hand side of the Einstein field equa-
tions is zero. With taking the above into account, the chr.inv.-
Einstein equations (41–43) take the simplified form

Ajl Alj + ∗∇j F j −
1
c2 Fj F j = 0 , (111)

∗∇j Aij −
2
c2 Fj Aij = 0 , (112)

2 Aij A· jk · −
1
c2 Fi Fk +

1
2

(∗∇i Fk +
∗∇k Fi

)
− c2Cik = 0 . (113)

The 1st Riemannian condition for the space metric of a ro-
tating massive body (10), which we are considering, follows
from the obtained scalar chr.inv.-Einstein equation (111).
Since Ajl Alj =−Ajl A jl is the square of the chr.inv.-tensor Ajl

of the angular velocity of the rotation of space, taken with
the opposite sign, and the Zelmanov operator of the chr.inv.-
physical divergence (marked with a tilde)

∗∇̃j =
∗∇j −

1
c2 Fj , (114)

gives a divergence that is physically registered by the ob-
server, for instance, ∗∇̃j F j according to (31) is

∗∇̃j F j =
∗∂F j

dx j + ∆
j
jl F l −

1
c2 Fj F j =

= ∗∇j F j −
1
c2 Fj F j, (115)

then the scalar chr.inv.-Einstein equation (111) gives:

The 1st Riemannian condition
In the space of a rotating massive body, the physically
observable rotation of space is always balanced by the
physically observable divergence of the acting gravita-
tional inertial force:

Ajl A jl = ∗∇̃j F j, (116)

or, which is the same,

2Ω2 = ∗∇̃j F j. (117)

P.S. The alternative form (117) of the 1st Riemannian con-
dition (116) is obtained using the components of Ajl (59–66)
that we have calculated earlier in the space of a rotating mas-
sive body, after which we have

Ajl A jl =
2ω2

1 + ω
2r2sin2θ

c2

−
3ω2rg sin2

θ

r
(
1 + ω

2r2sin2θ

c2

) +
+

ω2r2
g sin2

θ

8r2
(
1 + ω

2r2sin2θ

c2

) (
1 − rg

r

) = 2Ω2, (118)

where Ω2 is the square of the physically observable scalar
angular velocity Ω (71) with which the space rotates.

The 2nd Riemannian condition for the space metric of a
rotating massive body follows from the obtained vector chr.
inv.-Einstein equation (112):

The 2nd Riemannian condition
In the space of a rotating massive body, the physically
observable divergence of the rotation of space is always
and everywhere equal to zero:

∗∇̃j Aij = 0 , (119)

which means that the physically observable rotation of
such a space is homogeneous (i.e., such a space rotates
always and everywhere homogeneously).

P.S. And here is why. Using the definition of the operator
of the chr.inv.-physical divergence ∗∇̃j (114) that is physically
registered by the observer, we calculate the chr.inv.-physical
divergence of the contravariant tensor of the angular velocity
of rotation of space Aij. According to the general formula for
the chr.inv.-derivative ∗∇j of an arbitrary contravariant tensor
of the 2nd rank (36), we obtain

∗∇̃j Aij =
∗∂Aij

∂x j + ∆
i
jl A jl −

1
c2 Fj Aij +

+ ∆l
lj Aij −

1
c2 Fj Aij = ∗∇j Aij −

2
c2 Fj Aij, (120)

which completely coincides with the left-hand side of the ob-
tained vector chr.inv.-Einstein equation (112), while the right-
hand side of the equation is zero.

The 3rd and 4th Riemannian conditions for the space met-
ric of a rotating massive body follow from the obtained tensor
chr.inv.-Einstein equation (113), re-written in the expanded
component notation

2 A1j A· j1· −
1
c2 F1 F1 +

∗∇1 F1 − c2C11 = 0 , (121)

2 A1j A· j2· − c2C12 = 0 , (122)

2 A2j A· j2· − c2C22 = 0 , (123)

2 A3j A· j3· − c2C33 = 0 , (124)
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in accordance with the non-zero components of Aij, Fi and
Cik, which we have calculated earlier (see above).

So, the 3rd Riemannian condition follows from the first
component (124). It says:

The 3rd Riemannian condition
In the space of a rotating massive body, the physically
observable curvature of space in the radial direction
x1 = r from the body is caused by both the physically
observable rotation of space (the first term of the equa-
tion) and the physically observable divergence of the
gravitational inertial force acting in the same radial di-
rection (the second term):

2 A13 A·31· +
∗∇̃1 F1 = c2C11 . (125)

The 4th Riemannian condition follows from the rest three
non-zero components (122–124) of the tensor chr.inv.-Ein-
stein equation:

The 4th Riemannian condition
In the space of a rotating massive body, the physically
observable curvature of space in all other directions
from the body, except for the radial direction x1 = r (in
which the gravitational-inertial force acts), is caused
only by the physically observable rotation of space:

2 A13 A·32· = c2C12

2 A23 A·32· = c2C22

2
(
A31 A·13· + A32 A·23·

)
= c2C33

 . (126)

P.S. It should be noted that the components A13 and A31

(59–62) of the chr.inv.-tensor of the angular velocity of rotat-
ion of space Aij contain both terms determined only by the ro-
tation of space and terms dependent on rg = 2GM/c2 (which
includes the mass M of the attracting body). This is because
the chr.inv.-tensor Aij (18) by definition takes into account
the effect of the acting gravitational inertial force Fi onto the
tensor Aij, thereby making Aij a truly physically observable
quantity dependent on the physical properties of space.

Therefore, when we say a “physically observable rotation
of space” or a “physically observable quantity” in general,
we mean a chronometrically invariant physical quantity, actu-
ally registered by the observer in his real measurements and,
therefore, dependent on the physical properties of space.

Finally, summing up the results obtained in this Section
of the present work, we can state the following:

Conclusion
Under the four Riemannian conditions deduced above,
the space metric of a rotating massive body (10) that we
have introduced and studied in this paper satisfies Ein-
stein’s field equations (thereby turning them into zero
identities) and is therefore proven to be Riemannian
and can be used in General Relativity.

The above conclusion has great significance for General
Relativity, cosmology and astrophysics. This is because the
introduced (and now proven) space metric of a rotating spher-
ical body, approximated by a mass-point, is not only a new
metric to General Relativity, which is an extension and re-
placement of the classical Schwarzschild mass-point metric
(which does not take into account the rotation of space). The
introduced space metric is the main space metric in the Uni-
verse, characterizing the physically observable field of any
real cosmic body, be it a planet, star, galaxy or something
else (since all real cosmic bodies rotate).

6 Deflection of light rays and mass-bearing particles in
the space of a rotating massive body

In the previous study [2], we considered massless (light-like)
and mass-bearing particles moving in the space of a rotat-
ing body, where the gravitational field created by the body
was so weak that its influence on the moving particles could
be neglected. The solutions obtained for the chronometri-
cally invariant equations of motion of free massless and free
mass-bearing particles in the space of a rotating body showed
that their physically observable motion should deviate from a
straight line due to the curvature of space caused by the ro-
tation of space. In other words, the trajectories of light rays
and mass-bearing particles should be deflected near a rotating
body due to the curvature of space caused by its rotation.

These are two new fundamental effects of General Rela-
tivity, in addition to the deflection of light rays in the field of
a gravitating body (known in Einstein’s theory from the very
beginning).

In the paper [2], the mentioned two new effects were cal-
culated in the space metric of a rotating body, where g00 = 1,
i.e., the gravitational potential is zero w= c2 (1−√g00

)
= 0,

in order to show these effects of the rotation of space in their
“pure form” (i.e., in the absence of the gravitational field).

Now we are going to calculate these two new effects of
General Relativity anew, now in the space of a rotating mas-
sive body, the metric of which (10) takes the gravitational
field of the rotating body into account: the gravitational po-
tential is w, 0 and, hence, g00 < 1; for details, see the space
metric (10) that we are considering. This, in contrast to the
abstract case considered in the previous work [2], is a real
physical case, since all real cosmic bodies in the Universe
such as planets, stars, galaxies and something else not only
rotate, but also have their own gravitational field.

So, let us begin. The chr.inv.-equations of motion are the
physically observable chr.inv.-projections of the general co-
variant four-dimensional equations of motion onto the time
line and the three-dimensional spatial section associated with
a particular observer. Such projections are invariant through-
out the spatial section of the observer (his physically observ-
able three-dimensional space) and are expressed through the
physical properties of his local reference space. A detailed
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derivation of the chr.inv.-equations of motion can be found in
the monographs [7, 8], the first of which is devoted to free
(geodesic) motion of particles, while the second is a study of
non-geodesic motion.

The chr.inv.-equations of motion of a free mass-bearing
particle have the form

dm
dτ
−

m
c2 Fi vi +

m
c2 Dik vivk = 0 , (127)

d (mvi)
dτ

+ 2m
(
Di

k + A·ik ·
)

vk − mF i +

+ m∆i
nkvnvk = 0 , (128)

and the chr.inv.-equations of motion of a free massless (light-
like) particle have the form

dω
dτ
−
ω

c2 Fi ci +
ω

c2 Dik cick = 0 , (129)

d (ωci)
dτ

+ 2ω
(
Di

k + A·ik ·
)

ck − ωF i +

+ ω∆i
nk cnck = 0 , (130)

where the first (scalar) chr.inv.-equation of motion is the pro-
jection of the general covariant equations of motion onto the
observer’s time line, and the second (vector) chr.inv.-equation
of motion is the projection onto his spatial section (his three-
dimensional space).

Here m is the relativistic mass of the mass-bearing parti-
cle, ω is the relativistic frequency of the massless (light-like)
particle, the physically observable time interval dτ (11) is
expressed through the gravitational potential w (12) and the
linear velocity of the rotation of space vi (13) as

dτ =
(
1 −

w
c2

)
dt −

1
c2 vi dxi, (131)

and the chr.inv.-vector of the physically observable velocity
of the particle has the form

vi =
dxi

dτ
, vivi = hikvivk = v2,

which, in the case of massless (light-like) particles, trans-
forms into the chr.inv.-vector of the physically observable ve-
locity of light, for which ci ci = hik cick = c2 = const (despite
the fact that its individual components ci are variables de-
pending on the properties of space).

Since the space of a rotating massive body, which we
are considering, does not deform (Dik = 0), then the chr.inv.-
equations of motion simplify by vanishing Dik. For a free
mass-bearing particle they take the form

dm
dτ
−

m
c2 Fi vi = 0 , (132)

d (mvi)
dτ

+ 2mA·ik ·v
k − mF i + m∆i

nkvnvk = 0 , (133)

while for a massless (light-like) particle they become

dω
dτ
−
ω

c2 Fi ci = 0 , (134)

d (ωci)
dτ

+ 2ωA·ik ·c
k − ωF i + ω∆i

nk cnck = 0 . (135)

6.1 Solving the chr.inv.-scalar equation of motion

Since the rotating massive body we are considering is not
a gravitational collapsar, i.e., its physical radius r is much
greater than its gravitational radius (r≫ rg), then according
to the formulae for Fi (55) and F i (56) obtained for the field
of a rotating massive body we have

F1 = F1 = −
c2rg
2r2 = −

GM
r2 . (136)

With this fact taken into account, the scalar equation of
motion of a free mass-bearing particle (132), in the case when
it travels along the radial direction x1 = r from the rotating
massive body, takes the form

dm
m
= −

GM
c2

dr
r2 , (137)

which is a simple differential equation dy
y
=− a dx

x2 or, which
is the same, d ln m=− a dx

x2 . It solves as y=Cea/x, where the
integration constant C in this case is C =m(r= r0 = 0) =m0. As
a result, we obtain that the scalar equation of motion of a free
mass-bearing particle (132) solves as

m = m0 e
GM
c2r
≃ m0

(
1 +

GM
c2 r

)
. (138)

For example, according to the obtained solution, the mass
of a body located on the Earth’s surface (M⊕ = 5.97× 1027

gram, r⊕ = 6.37× 108 cm) is greater than its mass, measured
when the body was located at a distance of the Moon’s orbit
from the Earth (r= 3.0× 1010 cm) by a value of 1.5× 10−11 m0
due to the greater magnitude of the Earth’s gravitational field
potential on the Earth’s surface.

The scalar equation of motion of a free massless (light-
like) particle (134), when it radially travels in space, solves in
the same way. Its solution has the form

ω = ω0 e
GM
c2r
≃ ω0

(
1 +

GM
c2 r

)
. (139)

This solution means that photons gain an additional en-
ergy (and frequency) from the gravitational field. For exam-
ple, a photon with a frequency ω0 at the moment of emission
from the surface of a star has a lower frequency ω<ω0 (and
energy) when it moves away from this star at some distance.
The greater the gravitational field potential (i.e., the closer the
photon is to the source of the gravitational field), the more the
photon’s frequency is redshifted. According to the above so-
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lution, the photon’s redshift z in the field of a rotating massive
body is determined as (where r0 < r1)

z =
ω0 − ω

ω
= e

GM
c2r0
− GM

c2r1 − 1 ≃
GM
c2 r0

−
GM
c2 r1

. (140)

So, by solving the chr.inv.-scalar equation of free mass-
bearing and massless (light-like) particles we have deduced
two effects. First, we have deduced the well-known relativis-
tic effect of the decrease in the mass of a body with height
above the Earth’s surface (138). Second, we have deduced the
gravitational redshift (140), which is also the effect of General
Relativity, known from the very beginning and first registered
in the spectra of white dwarfs.

Landau and Lifshitz derived these effects from the con-
servation of energy of a free particle travelling in a stationary
gravitational field; for example, see [11, §88]. Zelmanov fol-
lowed the same way of derivation. However, the new deriva-
tion method presented here, based on the integration of the
chr.inv.-scalar geodesic equation, allows us to represent the
mentioned effects as something not specifically related to the
stationary gravitational field, but as general effects of General
Relativity that can be calculated in any metric space.

Note that the chr.inv.-scalar equation of motion does not
take the rotation of space into account. Therefore, the obtain-
ed solutions of the equation (and the effects following from
them) coincide with the solutions in a space of the Schwarz-
schild’s mass-point field (which does not rotate).

6.2 Solving the chr.inv.-vector equation of motion

Let us now solve the chr.inv.-vector equation of motion. For a
free mass-bearing particle, radially travelling in the space of
a rotating massive body, this is the equation (133), while for
a massless particle this is the equation (135).

Since the chr.inv.-vector equation of motion depends on
the tensor of the angular velocity of rotation of space Aik,
we expect that its solution will reveal new effects of Gen-
eral Relativity, previously unknown in the framework of the
non-rotating Schwarzschild mass-point metric.

The chr.inv.-vector equations of motion are unsolvable in
their general form (133) and (135), because they require sub-
stitution of the solutions for the particle’s mass m (138) and
frequency ω (139) obtained from the chr.inv.-scalar equations
of motion, which in turn contain an exponential function of
distance r (as a result, each term of the vector equations of
motion would contain this complicated function).

Therefore, we will solve the chr.inv.-vector equations of
motion in an approximation that the mass-bearing particle’s
mass m and the massless (light-like) particle’s frequency ω
remain constant during the travel. This approximation can be
used in problems of motion near planets and stars, because,
as shown above, the mass m0 of a body located on the sur-
face of the Earth is only 1.5× 10−11 m0 greater than its mass
measured when the body was at the distance of the Moon.

In addition to the assumed approximations m= const and
ω= const, we assume, as well as when we solved the scalar
equations of motion above, that the rotating massive body that
is the source of the gravitational field is not a gravitational
collapsar (r≫ rg), so the acting gravitational inertial force is
expressed in the simplified form (136).

Moreover, to further simplify the vector equations of mo-
tion, we assume that the particle travels at a very high radial
velocity v1 in the equatorial plane along the radial axis x1 = r
towards the origin of the coordinates (the body’s centre). For
example, it could be a particle falling from the near-Earth
space in the equatorial plane onto the Earth’s surface. In this
case: a) the polar angle is θ= π2 and, therefore, cos θ= 0 and
sin θ= 1, b) the velocities v2 and v3, with which the particle
is deflected along the geographical latitudes and longitudes,
are negligible compared to its radial velocity v1.

Finally, we assume that the body that is the source of the
field rotates (synchronously with its entire space) with slow
linear velocities compared to the velocity of light.

Now we substitute into the chr.inv.-vector equations of
motion (133) and (135) the components of the gravitational
inertial force Fi (136), the tensor of the angular velocity of
rotation of space Aik (59–66), and also the inhomogeneity co-
efficients of space, a.k.a. the Christoffel symbols ∆i

nk (77–83),
which we have calculated above in this paper in accordance
with the space metric of a rotating massive body. As a result,
after using the above approximations, we obtain the vector
equations of motion in component notation.

The resulting chr.inv.-vector equation of motion of a free
mass-bearing particle, in component notation derived after
some algebra, has the form

d v1

dτ
− 2ωr v3 − r v2v2 − r v3v3 +

GM
r2 = 0

d v2

dτ
+

2
r

v1v2 = 0

d v3

dτ
+

2ω
r

v1 +
2
r

v1v3 = 0


. (141)

and for a massless (light-like) particle the resulting chr.inv.-
vector equation of motion has the components

d c1

dτ
− 2ωrc3 − r c2c2 − r c3c3 +

GM
r2 = 0

d c2

dτ
+

2
r

c1c2 = 0

d c3

dτ
+

2ω
r

c1 +
2
r

c1c3 = 0


. (142)

As can be seen from the equations, the gravitational field
of a rotating body makes a contribution in the form of only
the last term in the first equation, i.e., it affects the motion
of the particle only along the radial direction x1 = r. On the
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contrary, the rotation field of this body makes a contribution
to the motion of the particle both along the radial axis r and
along the equatorial (longitudinal) coordinate axis φ and the
latitudinal coordinate axis θ.

As is seen, the vector equations of motion for a mass-
bearing particle and a massless (light-like) particle are iden-
tical. The only difference is that the equations for a massless
(light-like) particle contain the physically observable veloc-
ity of light ci instead of the mass-bearing particle’s physically
observable velocity vi. For this reason, we will solve only the
equation of motion of a mass-bearing particle (the solution
for a massless particle will coincide).

The problem is that this system of differential equations
is unsolvable even when considered in the above simplified
form. Therefore, we will solve them using the small parame-
ter method.

Namely, — we assume that the radially travelling particle
gains only a very small increment or decrement α′ to its ini-
tial numerical value v1. This allows us to set v1 = const in the
third equation of the system, which is the equation of motion
along the equatorial (longitudinal) axis φ, and in the second
equation that is the equation of motion along the latitudinal
axis θ. Then, using the obtained solutions of the third and
second equations, we will solve the first equation (the equa-
tion of motion along the radial axis r) with respect to v1 +α′,
i.e., with respect to the small parameter α.

But even now, without solving the vector equations of mo-
tion, but only based on their general form given above, we see
that three effects are possible, namely:

1. The deflection of a radially travelling particle along the
geographic longitudes due to the influence of the rota-
tion of space (the third equation);

2. The deflection of a radially travelling particle along the
geographic latitudes due to the influence of the rotation
of space (the second equation);

3. The acceleration or braking of a radially travelling par-
ticle in the radial direction due to both the gravitational
field and the rotation of space (the first equation).

6.2.1 Solving the third vector equation of motion

The third equation is an equation of motion along the equato-
rial axis φ. This is a differential equation of the form

y′ + ay + b = 0 , (143)

or, which is the same,

φ′′ + aφ′ + b = 0 , (144)

where the variable y and the constants used are

y = v3 =
dφ
dτ
, (145)

a =
2
r

v1 = const, b =
2ω
r

v1 = const. (146)

The above equations (143) and (144) solve as

y =
C

eax −
b
a
, φ =

C1

eax −
bx
a
+C2 . (147)

Substituting the integration constants, calculated from the
initial conditions x= x0 = 0 and y= y0 = 0,

C =
b
a
= ω , (148)

C1 = −
b
a2 = −

ωr
2v1 , C2 = −C1 =

ωr
2v1 , (149)

below we represent the above solutions of the equations (143)
and (144) in their final form.

As a result, the obtained solution of the equation (143),
which is the physically observable velocity y= v3 of the radi-
ally travelling particle along the equatorial axis φ at the point
of arrival on the surface of the rotating body (onto which the
particle was falling down from the cosmos along the radial
direction r), takes the final form

v3 = −ω + ωe
− 2

r v1τ
. (150)

The first term here is the basic equatorial velocity of the
particle, the cause of which is the shift of its equatorial co-
ordinate φ towards negative numerical values due to the turn
of the rotating massive body during the time of the particle’s
travel to the body’s surface.

The second term is absent in the classical theory. This ad-
ditional term reveals an additional velocity gained by the free
falling mass-bearing particle along the equatorial coordinate
φ (geographical longitudes) of the rotating massive body in
the direction, opposite to its rotation.

In turn, the obtained solution for the equatorial coordinate
φ of the particle’s point of arrival, which is the solution of the
equation (144), takes the final form as follows

φ = φ0 − ωτ +
ωr
2v1

(
1 − e

− 2
r v1τ

)
. (151)

The first and second terms of the solution are known in
the classical theory.

The third, additional term of this solution, unknown in the
classical theory, reveals a deflection of the free falling mass-
bearing particle along the equatorial coordinate φ (geograph-
ical longitudes) of the rotating massive body in the direction,
opposite to its rotation.

Respectively, the solutions of the third vector equation of
motion for a massless (light-like) particle, such as a photon,
have the same form

c3 = −ω + ωe
− 2

r c1τ
, (152)

φ = φ0 − ωτ +
ωr
2c1

(
1 − e

− 2
r c1τ

)
, (153)
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where the mass-bearing particle’s velocity is replaced with
the physically observable velocity of light.*

These solutions show another new effect of the rotation of
space, which is absent in the classical theory and is revealed
by the second term of the solution (152) and the third term of
the solution (153). This is an additional deflection of a light
ray travelling towards the surface of a rotating massive body,
which occurs along the equatorial coordinate φ (geographical
longitudes) of the body in the direction, in which the body
rotates.

Note that the solutions of the third vector equation of mo-
tion, which we have derived above in the field of a rotating
massive body with a significant gravitational field, coincide
with those derived earlier [2] in the field of a rotating body,
the gravitational field can be neglected (i.e., in the absence
of the gravitational field). This is because the acting gravi-
tational force takes effect on only the first vector equation of
motion (along the radial axis r), but is not included into the
second and third vector equations of motion (along the lat-
itudinal polar coordinates θ and the equatorial longitudinal
coordinates φ).

For this reason, the numerical examples of the solutions
will be identical to those calculated in the previous paper [2]
in the absence of the gravitational field. Therefore, we now
reproduce the examples here in short from [2].

Thus, the curvature of space caused by the rotation of the
Earth around its axis (ω⊕ =1 rev/day=1.16×10−5 rev/sec,
r⊕ = 6.37×108 cm) deflects a light ray arriving at the Earth’s
surface from the Moon (τ =1 sec) along the geographical lon-
gitudes φ in the direction of the Earth’s rotation. The angle of
deflection of the light ray is†

∆φ =
ω⊕ r⊕
2c1

(
1 − e

− 2
r c1τ

)
≃ 1.2 × 10−7 rev ≃ 0.16 ′′, (154)

where the deflection of the light ray is mainly due to the first
term, and the second term, depending on the travel time τ, is
equal to 1.5× 10−41 and, therefore, can be neglected.

The magnitude of this effect increases with the radius and
rotation velocity of the cosmic body. Thus, a light ray arriving
at the Sun (ω⊙ =4.5×10−7 rev/sec, r⊙ = 7.0×1010 cm) is de-
flected by the curvature of space caused by the Sun’s rotation
by an angle, the numerical value of which is

∆φ ≃ 5.3 × 10−7 rev ≃ 0.68 ′′, (155)

the value of which is much larger in the case of a rapidly rot-
ating star, such as Wolf-Rayet stars or neutron stars.

*Note that, despite the components of the physically observable velocity
of light are variables depending on the properties of space, its square remains
constant ci ci = hik cick = c2 = const).

†In this case, the physically observable velocity of light has a negative
numerical value of c1 =− 3× 1010 cm/sec, since the velocity of light vector
is directed towards the Earth, i.e., opposite to the radial coordinates r mea-
sured from the centre of the Earth.

6.2.2 Solving the second vector equation of motion

The second vector equation of motion is an equation of mo-
tion along the geographical latitudes, where the latitudinal
coordinate θ (polar angle) is measured from the North Pole.
This is a differential equation of the form

y′ + ay = 0 , (156)

or, with respect to the latitudinal coordinates θ,

θ
′′ + aθ′ = 0 , (157)

where the variable y and the constant a are

y = v2 =
dθ
dτ
, a =

2
r

v1 = const. (158)

These equations solve as

y =
C

eax , θ =
C1

eax +C2 , (159)

where the integration constants are calculated from the initial
conditions x= x0 = 0 and y= y0 = 0. They are C = 0, C1 = 0
and C2 = θ0.

Thus, the final solutions of the second vector equation of
motion have the following form

v2 = 0 , θ = θ0 , (160)

which means that a particle travelling radially towards the sur-
face of a massive rotating body is not deflected along the ge-
ographical latitudes.

6.2.3 Solving the first vector equation of motion

The first vector equation of motion is an equation of motion
along the first (radial) coordinate axis r.

This equation contains contributions from both the rota-
tion of space (the second term) and the gravitational field (the
last term of the equation). Therefore, its solution will differ
from the solution of the first equation of motion in the field
of a rotating body, the gravitational field of which can be ne-
glected (i.e., in the absence of the gravitational field).

Assume that the particle’s velocity in the radial direction
gains only a very small increment or decrement α′ to its ini-
tial numerical value v1. In other words, we assume v1 = const
and, therefore, solve the first vector equation of motion with
respect to the sum v1 +α′, i.e., with respect to the small pa-
rameter α.

Taking the obtained solutions v3 =−ω and v2 = 0 into
account, the first vector equation of motion is reduced to

d v1

dτ
+ ω2r +

GM
r2 = 0 , (161)

where r is the radius of the rotating body, and M is its mass.
This is a differential equation having the form

y′ + b = 0 , (162)
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or, with respect to the small parameter α,

α′′ + b = 0 , (163)

where the variable y and the constant b are

y = α′, b = ω2r +
GM
r2 = const. (164)

The above equations (162) and (163) solve as

y = C − bx , α = −
bx2

2
+C2 x +C1 , (165)

where the integration constants, calculated from the initial
conditions x= x0 = 0, α=α0 = 0 and y= y0 = 0, are zero. As
a result, the solutions of the equations (162) and (163) take
their final form

α′ = −ω2rτ −
GM
r2 τ, α = −

ω2r
2
τ2 −

GM
2r2 τ

2. (166)

The second terms in the solutions are the contribution of
the gravitational field, created by the rotating massive body,
which is the well-known effect of the classical theory. The
terms reveal, respectively, the additional radial velocity gain
by the falling particle (in the solution for α′) and also the
reduction of the distance travelled by the particle (in the so-
lution for α), all due to the influence of the gravitational field
attracting the particle to the rotating body.

However, the first terms in the solutions are absent in the
classical theory. They show, respectively, the additional neg-
ative radial velocity (in the solution for α′) and the stretching
in the distance travelled by the particle (in the solution for α)
due to the influence of the rotation of space of the gravitating
body onto which the particle falls.

We see that here only the rotation of space produces a
new effect of General Relativity in addition to the classical
theory (i.e., the gravitational field of the rotating body does
not produce a new additional effect).

In the absence of the gravitational field, the obtained so-
lutions (166) coincide with those obtained in the previous pa-
per [2] for a particle travelling towards a rotating body, the
gravitational field of which can be neglected.

In fact, the new effect revealed by the first terms of the so-
lutions (166) means that a mass-bearing particle or a light ray
reaches a rotating massive body later due to the “stretching”
of its path of travel due to the curvature of space caused by
the rotation of space of the body, i.e., the mass-bearing par-
ticle or the light ray arrives at the rotating body with a time
delay compared if the body did not rotate.

These new effects are the same for both mass-bearing and
massless (light-like) particles. For example, the increment of
the path length travelled by a light ray from the Moon to the
Earth, and also the delay in its travel time are

α = −
ω2
⊕ r⊕
2
τ2 ≃ −1.7 cm, (167)

∆τ =
α

c1 ≃ 5.7 × 10−11 sec, (168)

and for a light ray that travelled from the Earth to the Sun
the increment of the travelled path length and the delay in its
travel time are

α = −
ω2
⊙ r⊙
2
τ2 ≃ −6.6 × 104 cm, (169)

∆τ =
α

c1 ≃ 2.2 × 10−6 sec, (170)

which are the same as those calculated in the previous paper
[2] in the field of a rotating body, the gravitational field of
which can be neglected.

6.2.4 Conclusion

In concluding this Section of the present paper, let us formu-
late the two new effects of General Relativity calculated here
in the field of a rotating massive body:

The 1st new effect of General Relativity
A mass-bearing particle radially falling onto the sur-
face of a rotating body gains an additional velocity, di-
rected along the equatorial coordinate φ (geographical
longitudes) of the body in the opposite direction of its
rotation, thereby causing a deflection of the particle in
the longitudinal direction φ.

In addition, the radially falling mass-bearing parti-
cle arrives at the rotating body with a time delay com-
pared if the body did not rotate.

This happens due to the “stretching” of the rotating
body’s space along the equatorial coordinate φ (along
the geographical longitudes) and the radial direction r
(towards the body) as a result of the curvature of space,
caused by its rotation (together with the body).

The 2nd new effect of General Relativity
A light ray radially spreading towards the surface of a
rotating body acquires an additional deflection upon ar-
rival along the equatorial latitudinal coordinate φ of the
body in the direction, in which the body rotates.

In addition, the radially spreading light ray arrives
at the rotating body with a time delay compared if the
body did not rotate.

This deflection of the light ray and the delay in its
arrival at the rotating body occurs due to the “stretch-
ing” of the rotating body’s space along the equatorial
coordinate φ (along the geographical longitudes) and
the radial direction r (towards the body), which are the
result of the curvature of space, caused by its rotation
(together with the body).

The physical origin of the new effects is obvious from our
above calculation of the curvature of space, which we found
to be caused by not only the gravitational field but also the
rotation of space:
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On the origin of the new effects
As has been found, the rotation of any body curves
space in the direction of its rotation and to the centre
of this body (the centre of rotation), thereby creating a
“slope of the hill” slowing “down” along the equator in
the direction, in which this body rotates, and also to the
centre of this body.

In addition, the gravitational field created by the ro-
tating body also curves space, making its own contribu-
tion in the form of the curvature of space towards the
body’s centre.

As a result, due to the created curvature of space,
a mass-bearing particle or a light ray freely travelling
towards a rotating massive body “rolls down the curva-
ture hill” of space along the equator of the body in the
direction of the body’s rotation (the contribution of the
rotation of space), and also “rolls” towards the centre
of the body (the combined contribution of the rotation
of space and the gravitational field).

7 Length stretching and time loss/gain in the space of
a rotating massive body

According to the chronometrically invariant formalism, the
three-dimensional physically observable chr.inv.-interval dσ
(14) and the physically observable time interval dτ (11)

dσ2 = hik dxidxk, dτ =
(
1 −

w
c2

)
dt −

1
c2 vi dxi (171)

depend on the chr.inv.-metric tensor hik =−gik +
1
c2 vi vk (15),

the gravitational field potential w (12) and the linear velocity
of the rotation of space vi (13). Thus, we can calculate dσ
and dτ in the space of any particular metric, for which we
have previously calculated the quantities hik, w and vi.

Let us now calculate the length of a rigid rod and the time
interval in the field of a rotating massive body.

7.1 Length stretching

Let us substitute into the formula for dσ the non-zero compo-
nents hik (47) that we have calculated according to the space
metric of a rotating massive body (10).

Thus, we obtain the physically observable length dl of a
rigid rod, installed in stages along each of the coordinates

dlr =
√

h11 dr2 =
dr√
1 − rg

r

=
dl0√
1 − rg

r

, (172)

dlθ =
√

h22 dθ2 = rdθ = dl0 , (173)

dlφ =
√

h33 dφ2 =

√
1 +
ω2r2sin2

θ

c2 r sin θ dφ =

=

√
1 +
ω2r2sin2

θ

c2 dl0 , (174)

where dr= dl0 is the length of an elementary segment along
the radial axis r, rdθ= dl0 is the length of an elementary arc
along the latitudinal axis θ (the polar angle θ is measured
from the North Pole), and r sin θdφ= dl0 is the length of an
elementary arc along the equatorial latitudinal axis φ.

As is seen from the above calculation, a rigid rod located
in the field of a rotating massive body (say, in the field of
the Earth or the Sun) retains its original physically observ-
able length dl0, when installed along the geographical lati-
tudes (dlθ = dl0).

In contrast, when the rod installed in the position along
the radial coordinate r, i.e., in the direction towards the centre
of the rotating massive body (along its radius), its physically
observable length dlr is greater than its original length dl0 by
a small value δlr

dlr =
√

h11 dr2 =
dl0√
1 − rg

r

≃

(
1 +

rg
2r

)
dl0 , (175)

δlr ≃
rg
2r

dl0 ≃
1
2

C r2dl0 , (176)

which is determined by the curvature of space C = rg
r3 caused

by the gravitational field of the rotating body. See the second
term in the formula for the physically observable curvature C
(106) of the space of a rotating massive body, which we have
derived above in this paper.

And also, when the rod is installed in the position along
the equatorial coordinate φ, i.e., in the direction along the ge-
ographical longitudes along which the massive body (say, the
Earth or the Sun) rotates around its own axis, its physically
observable length dlφ is greater than its original length dl0 by
a small value δlφ

dlφ =

√
1 +
ω2r2sin2

θ

c2 dl0 ≃
(
1 +
ω2r2sin2

θ

2c2

)
dl0 , (177)

δlφ ≃
ω2r2sin2

θ

2c2 dl0 ≃
1

12
C r2sin2φ dl0 , (178)

determined by the curvature of space C = 6ω2

c2 created by its
rotation (together with the massive body) and is expressed
with the first term in the formula for the physically observable
curvature C (106), which we have derived in this paper.

As a result of the above derivation, we obtain the 3rd new
effect of General Relativity:

The 3rd new effect of General Relativity
A rigid rod installed along the radial coordinate in the
field of a rotating massive body (i.e., in the direction to
the body’s centre) acquires an additional length. This
additional length is determined by the curvature of the
body’s space caused by its gravitational field.

In addition, if the rod is installed along the equa-
torial coordinate φ (i.e., along the geographical longi-
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tudes of the body), then its length acquires an addi-
tional length determined by the curvature of the body’s
space caused by its rotation.

This effect of length stretching of a rod in the field
of a rotating massive body is due to the “stretching” of
the body’s space along the radial direction r (towards
the body) caused by its gravitational field, and along the
equatorial coordinate φ (along the geographical longi-
tudes), caused by the rotation of the body’s space (to-
gether with the body).

In other words, a rod in the field of a rotating mas-
sive body is “stretched” together with the “stretching”
of the coordinate grid of space in the radial and equa-
torial directions. The “stretching” of the grid of space
in the radial direction occurs due to the curvature of
the body’s space (the funnel of space) in this direction,
caused by its gravitational field. Whereas the “stretch-
ing” of the coordinate grid of space along the equato-
rial coordinates is caused by the curvature of the body’s
space due to its rotation in this direction.

For example, the length stretching of a rod installed at
the equator of the Earth (ω⊕ =1 rev/day=7.27×10−5 sec−1,
r⊕ = 6.37×108 cm) in the direction along the longitudinal axis
φ, i.e., along the equator, has a numerical value of

δlφ ≃
ω2
⊕ r2
⊕ sin2

θ

2c2 dl0 ≃ 1.2 × 10−12 dl0 (179)

of the original length dl0 of the rod.
The length stretching of a rod installed vertically on the

Earth’s surface, has a numerical value of

dlr ≃
rg⊕
2r⊕

dl0 ≃ 7.0 × 10−10 dl0 . (180)

This length stretching effect is maximum at the equator,
where the curvature and “stretching” of the Earth’s space
caused by the Earth’s gravitational field are maximum (since
the Earth is oblate towards the equator), and the curvature and
“stretching” of the Earth’s space caused by the Earth’s rotat-
ion are also maximum. This length stretching effect decreases
towards the geographical poles, where the length stretching
caused by the rotation of the Earth’s space vanishes (since
sin θ= 0 at the poles), and the length stretching caused by the
gravitational field is a little lesser than at the equator.

7.2 Time loss/gain

Let us now substitute into the general formula for the physi-
cally observable interval dτ the gravitational potential w (54)
and the linear velocity of the rotation of space v3 =ωr2sin2

θ

(45) that we have calculated above in this paper among the
other characteristic of the space metric of a rotating massive
body (10).

Thus, we obtain the physically observable time interval
dτ, which will be registered by an observer travelling along

the equatorial direction φ (i.e., along the geographical longi-
tudes) in the space of a rotating massive body

dτ =

√
1 −

rg
r

dt −
1
c2 v3 u3 dt =

=

√
1 −

rg
r

dt −
ωr2sin2

θ

c2 u3 dt , (181)

where u3 =
dφ
dt is the coordinate velocity of the observer in the

equatorial direction x3 =φ, along which he travels.
The first term in this formula determines the known effect

of time loss due to the curvature of the body’s space C = rg
r3

caused by its the gravitational field: the stronger the gravita-
tional field (the closer the observer is to a massive body), the
shorter the time intervals registered by him

dτ =

√
1 −

rg
r

dt ≃
(
1 −

rg
2r

)
dt , (182)

δτ ≃ −
rg
2r

dt ≃ −
1
2

C r2dt . (183)

In other words, this is the known effect of the classical
theory: the higher the observer is above the surface of a mas-
sive body, the weaker the curvature of the body’s space and,
consequently, the shorter the time intervals that the observer
records.

However, the second term of (181) is absent in the classi-
cal theory. This term reveals the increment of the physically
observable time, which is due to the curvature of the body’s
space C = 6ω2

c2 caused by its rotation (together with the mas-
sive body itself)

δτ = −
ωr2sin2

θ

c2 u3dt = −
C r2sin2

θ

6ω
u3dt . (184)

The sign of this effect depends on the direction, in which
the observer travels with respect to the rotation of space, i.e.,
on the sign of the observer’s coordinate velocity u3 (he travels
along the equatorial axis x3 =φ).

As a result, based on the second term in the obtained so-
lution, we obtain the 4th new effect of General Relativity in
addition to those three explained above. This effect says:

The 4th new effect of General Relativity
A clock on board an airplane (or a spacecraft) flying in
the field of a rotating massive body in the same direc-
tion in which the body’s space rotates (together with
the body itself) should register a time loss depending
on the airplane’s (or a spacecraft’s) velocity and the ro-
tation velocity of the body’s space.

In contrast, a clock on board an airplane (or a space-
craft) flying in the direction, opposite to the body’s
space rotation should register a time increment, as well
depending on the airplane’s (or a spacecraft) velocity
and the velocity, with which the body’s space rotates.
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This effect of time loss/gain in the field of a rotating
massive body is due to the “stretching” of the body’s
space along the equatorial direction φ (along the ge-
ographical longitudes), caused by the rotation of the
body’s space along this axis. When, say, an airplane
flies towards the Earth’s rotation, the magnitude of the
total rotation of space registered on its board is less than
the proper rotation of the Earth’s space at the point of
departure/arrival and, therefore, the “stretching” (and
curvature) of space registered on board the airplane is
also less. In contrast, when an airplane flies backwards
the Earth’s space rotation, the clock on its board reg-
isters a time increment due to the greater magnitude
of the total rotation and, therefore, greater “stretching”
(and curvature) of space.

For example, consider a typical commercial flight travel-
ling at 10 000 m along the Earth’s equator (ω⊕ =1 rev/day=
= 7.27× 10−5 sec−1, r⊕ = 6.37× 108 cm) at a typical cruising
speed of 800 km/hour, which means a flight time around the
globe of t ≃ 1.8×105 sec. Since the planet Earth rotates from
West to East, the above 800 km/hour mean that the airplane’s
velocity is u3 =+ 3.5×10−5 sec−1 when flying Eastward and
u3 =− 3.5×10−5 sec−1 when flying Westward.

Then, according to the second term (184) in the obtained
solution for dτ (181) we have obtained in the field of a ro-
tating massive body, a clock installed on board the airplane
should register a time loss of

δτEast = −
ω⊕ r2

⊕ sin2
θ

c2 u3 t ≃ −210 nanosec, (185)

when flying to the East (i.e., in the same direction, in which
the Earth’s space rotates), and also a time increment

δτWest = +
ω⊕ r2

⊕ sin2
θ

c2 u3 t ≃ +210 nanosec, (186)

when flying to the West (i.e., oppositely to the rotation of the
Earth’s space).*

This effect is maximum at the equator (where the curva-
ture of the Earth’s space caused by its rotation is maximum
and, therefore, space is maximally “stretched”) and decreases
towards the poles, where sin θ= 0 and, therefore, this effect
vanishes.

This effect was first registered in the “around-the-world-
clock experiment”, conducted in 1971 by Joseph C. Hafele
and Richard E. Keating [12–14] and then repeated in 2005
by the UK’s National Measurement Laboratory [15], despite
the fact that they did not know about the chronometrically
invariant formalism and the effects caused by the rotation of
space; I discussed this issue in extensive friendly correspon-

*The calculated numerical values are the same as those calculated in the
previous paper [3] in the absence of the gravitational field, since the gravi-
tational field produces an individual effect, expressed by the first term of the
obtained solution for dτ (181).

dence with Joseph C. Hafele in the last years of his life, be-
fore he passed away in 2014 [16]. Their flights took place in
the Northern Hemisphere (not at the equator) and at different
altitudes. In addition, the results of their measurements were
affected by the relativistic addition of the airplane’s veloc-
ity to the Earth’s rotation velocity when flying Eastward (and
subtraction when flying Westward), as well as the decrease
in the Earth’s gravitational potential with flight altitude. That
is their measurement results were not purely the effect of the
rotation of space. The total effect registered in the Hafele-
Keating experiment was a time loss of − 59±10 nanosec-
onds when flying Eastward and a time increment of + 273± 7
nanoseconds when flying Westward, which fits well with our
above calculation of the new effect due to the rotation of
space, if we take into account the relativistic addition of the
airplane’s velocity to the Earth’s rotation velocity when flying
Eastward and subtraction when flying Westward.

8 Conclusion

The main contribution of this paper is introducing and prov-
ing the space metric of a rotating massive body, approximated
by a mass-point. This is a new space metric to General Rela-
tivity, the main purpose of which is to be a modern extension
and replacement of the classical Schwarzschild mass-point
metric (since in the space of the Schwarzschild metric a mas-
sive body creating gravitational field does not rotate).

We have proven that the introduced space metric of a ro-
tating massive body satisfies Einstein’s field equations, and
also derived the Riemann conditions under which this occurs.
Therefore, the introduced metric can be legitimately used in
General Relativity.

We have calculated all known physically observable prop-
erties of space determined by the introduced metric of a ro-
tating massive body, including the physically observable cur-
vature of space. And here is what is especially interesting:
we have found that the curvature of space is caused not only
by the gravitational field filling it, but also by the rotation of
space (together with the massive body). Based on this theo-
retical discovery, we have predicted and calculated four new
effects of General Relativity:

1. Deflection along the equatorial coordinate and time
delay of mass-bearing particles falling onto a rotating
massive body, which is due to the “stretching” (curva-
ture) of space, caused by its rotation (together with the
body itself);

2. Deflection along the equatorial coordinate and time de-
lay of light rays spreading to a rotating massive body,
which is due to the “stretching” (curvature) of space,
caused by its rotation;

3. Length stretching of a rod installed along the radial and
equatorial coordinates in the field of a rotating mas-
sive body due to the “stretching” (curvature) of space
in these directions, caused by its rotation;
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4. The loss of time in a clock travelling in the direction
of the body’s space rotation, which is due to the in-
crease in the “stretching” (curvature) of space in the
direction of its rotation, and accordingly the increment
of time when the clock travels oppositely to the rotation
of space.

All real cosmic bodies in the Universe rotate. Therefore,
the introduced and proved space metric is the main space met-
ric in the Universe, characterizing the field of any real cosmic
body, be it a planet, star, galaxy or something else.

Feel free to use this new metric instead of the classical
Schwarzschild metric to solve problems in General Relativ-
ity and astrophysics, if you have the necessary mathematical
skills and wishes to do so, of course.

Submitted on September 28, 2024
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fois (1970, Éditions MIR, Moscou).

12. Hafele J. Performance and results of portable clocks in aircraft. PTTI
3rd Annual Meeting, November 16–18, 1971, 261–288.

13. Hafele J. and Keating R. Around the world atomic clocks: predicted
relativistic time gains. Science, July 14, 1972, v. 177, 166–168.

14. Hafele J. and Keating R. Around the world atomic clocks: observed
relativistic time gains. Science, July 14, 1972, v. 177, 168–170.

15. Demonstrating relativity by flying atomic clocks. Metromnia, the UK’s
National Measurement Laboratory Newsletter, issue 18, Spring 2005.

16. Rabounski D. and Borissova L. In memoriam of Joseph C. Hafele
(1933–2014). Progress in Physics, 2015, v. 11, issue 2, 136.

Rabounski D. Introducing the Space Metric of a Rotating Massive Body and Four New Effects of General Relativity 99



Volume 20 (2024) PROGRESS IN PHYSICS Issue 2 (December)

Galaxy Clusters: Quantum Celestial Mechanics (QCM) Rescues MOND?

Franklin Potter
Sciencegems, 8642 Marvale Drive, Huntington Beach, CA, USA. E-mail: frank11hb@yahoo.com

Although the MOND radial acceleration g =
√
gNa0 for the acceleration of objects in

a low acceleration environment less than a0 = −1.2 × 10−10 m/s2 has been extremely
successful for single galaxies, the much higher mass clusters of galaxies do not have
enough baryonic mass to comply. We consider the possibility that the MOND a0 value,
instead of being a universal constant, actually depends upon both the total baryonic
mass of the gravitationally bound system and its total angular momentum, as derived
by Quantum Celestial Mechanics (QCM) from the general relativistic Hamilton-Jacobi
equation. If the total angular momentum of the galaxy cluster is less than expected, then
the MOND radial acceleration expression can remain valid.

1 Introduction

Galaxy rotation velocities do not match Newton’s Law of
Universal Gravitation, g = −GM/r2, for stars experiencing
low gravitational radial accelerations [1]. The stars at all large
orbital radii where the radial acceleration is less than about
10−10 m/s2 are moving at nearly identical velocities instead
of decreasing to the lower velocity values predicted by New-
ton’s Law.

Initial attempts to alter Newton’s Law failed, so the dark
matter hypothesis became the alternative explanation with the
consequence that Newton’s Law could apply once again [2].
However, two important challenges to dark matter continue
to exist: (1) no predicted dark matter particle has ever been
detected in at least 50 years of experimental searches [3, 4],
and (2) a modification of gravitation called MOND (MOdi-
fied Newtonian Dynamics) exists and agrees extremely well
with single galaxy rotation curves [5] and has predicted many
other physical properties that have been found to hold true for
single galaxies and other gravitationally bound systems [6,7].

Even though fitting the rotation curves of single galaxies
is remarkably successful, MOND does not fit the radial accel-
eration values for clusters of galaxies [8,9]. There is a signifi-
cant disagreement with the MOND gravitational acceleration
expression

g =
√
gNa0 , (1)

where the MOND acceleration constant a0 = −1.2 × 10−10

m/s2 and gN = -GM(< r)/r2 is the Newtonian acceleration
for enclosed baryonic mass M. This gravitational expression
using the a0 value has been shown to hold true for all single
galaxies and is assumed to be true for clusters of galaxies.

However, the measurements for galaxy clusters reveal that
the observed acceleration gobs is greater than the acceleration
value g predicted by this MOND expression at the low ra-
dial acceleration environments where the expression should
be true. Fig. 1 shows the discrepancy between the dynamic
mass and all the observed mass of the baryons in the gas and
the stars within the cluster, with the data from [8]. Some clus-
ters need as much as a factor of 5 more baryonic mass for the

Fig. 1: Log scales around 1014 solar masses for galaxy clusters.
If MOND is to prevail with its constant a0 value, all the clusters
should be at the straight line. Data is a representative selection from
Sanders (2003).

MOND expression to hold true, i.e., be at the straight line
where the dynamic mass and the observed mass values agree.

This discrepancy between gobs and the MOND predicted
g has been attributed to missing baryonic mass M in the clus-
ter, but several searches have not found any more mass than
already determined. Consequently, to fit the actual observed
radial accelerations for all galaxy clusters, a distribution of
dark matter has been proposed so that Newton’s Law applies
to galaxy clusters.

We propose a different explanation for the acceleration
discrepancy, one that allows the MOND acceleration expres-
sion g =

√
gNa0 to be correct for galaxy clusters as well as for

single galaxies. In 2003, H. G. Preston and I investigated [10]
an approach to gravitation that we called quantum celestial
mechanics (QCM) in which the general relativistic Hamilton-
Jacobi equation is converted into a new scalar gravitational
wave equation (GWE). In different metrics the GWE allows

100 Franklin Potter. Galaxy Clusters: Quantum Celestial Mechanics (QCM) Rescues MOND?



Issue 2 (December) PROGRESS IN PHYSICS Volume 20 (2024)

us to propose some new explanations for specific types of
gravitational behavior.

In the Schwarzschild metric the GWE leads to the quan-
tization of angular momentum per unit mass because both
Newtonian gravitational attraction and a QCM gravitational
repulsion exists for orbiting bodies. All confirmed plane-
tary systems, including the Solar System, have been shown
to agree with this QCM prediction [11], i.e. the orbital plane-
tary equilibrium radii of the multi-planetary systems are only
at the QCM predicted subset of all possible equilibrium radii
that are allowed by Newton’s Law.

We also derived the above MOND gravitational expres-
sion, which revealed that the MOND acceleration a0 will have
slightly different values in different single galaxies depending
on the total baryonic mass MT of the gravitationally bound
system and its total angular momentum LT ,

a0 =
G3M7

T

n4L4
T

, (2)

with n an integer.
This dependency of a0 upon both MT and LT will allow

us to re-interpret the MOND expression for g so that clusters
of galaxies, as well as single galaxies, satisfy gobs = gwithout
the need for dark matter.

2 Derivation of QCM and MOND, a brief review

From the general relativistic Hamilton-Jacobi equation,

gαβ
∂S
∂xα

∂S
∂xβ
− µ2c2 = 0 (3)

the transformation
Ψ = eiS ′/µcH (4)

introduces a wave function Ψ, with S the action, µ the mass
of the orbiting object, and S ′ = S/µc so that the equivalence
principle is obeyed. For a detailed derivation, see [10]. Here
we have defined a system scale length H by

H =
LT

MT c
(5)

for the total gravitationally bound system mass MT having
total angular momentum LT and c being the speed of light in
vacuum.

Following through with the mathematical steps produces
a scalar gravitational wave equation (GWE)

gαβ
∂2Ψ

∂xα∂xβ
+

Ψ

H2 = 0 . (GWE) (6)

Expressing the GWE in the Schwarzschild metric, a sep-
aration of variables leads to differential equations in coordi-
nates (t, r, θ, φ) that produce quantization conditions. The an-
gular parts dictate the quantization of angular momentum per
unit mass for orbital angular momentum L as

L
µ

= mcH (7)

for integer m. The radial equation leads to the quantization of
energy per unit mass

En = −µc2
r2
g

8n2H2 (8)

for integer n.
Using the virial theorem and En, we obtain the velocity v

in terms of the Schwarzschild radius rg and H,

v =
rgc

2nH
. (9)

Whence, with the radial acceleration g = v2/r, we derive the
MOND acceleration expression from

g =
r2
gc2

4n2H2r
=

√
GM
r2

G3M7
T

n4L4
T

 . (10)

Therefore, the MOND acceleration a0 is not a universal con-
stant but is determined to be

a0 =
G3M7

T

n4L4
T

, (11)

explicitly expressing its dependency upon both the total mass
MT of the system and its total angular momentum LT .

3 Discussion

We have begun with the successful MOND espression g =
√
gNa0 using a0 = −1.2×10−10 m/s2, with a0 having this value

for all single galaxies. But if we assume that a0 has this same
value for galaxy clusters, then the baryonic mass discrepancy
shown in Fig. 1 arises.

According to QCM, there can be two possible causes for
the discrepancy between the observed radial acceleration gobs

and the predicted MOND value g in the galaxy clusters, the
values of total baryonic mass value MT and the total angular
momentum LT . All the baryonic mass MT in the gas and stars,
etc., has been identified. However, we do not know the total
angular momentum LT of any galaxy cluster.

QCM predicts that the a0 value depends upon the ratio
M7

T /L
4
T . We already know the baryonic MT for the clusters,

but there are no published values of LT for any cluster. There-
fore, we must estimate the LT values for different galaxy clus-
ters if the MOND g = gobs is to hold true.

In some clusters of galaxies the dynamical mass Mdyn has
been determined to be as much as a factor of 5 larger than
the actual observed mass Mobs of the hot gas and the stellar
content. Therefore, the ratio M7

T /L
4
T for a0 in these galaxy

clusters must be up to 5 times larger than for single galaxies
in order to have gobs =

√
gNa0.

We assume that the expected LT value is the one that
makes the MOND a0 = −1.2 × 10−10 m/s2. Then in the gen-
eral case, if there is a factor f reduction in the baryonic mass
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MT , QCM requires

f a0 =
G3M7

T

n4L4
T

(12)

which, for n = 1 and Mobs = MT / f , means

L4
T =

G3M7
obs

f 8a0
. (13)

For example, if f = 2, the LT value would be 4 times smaller
than expected for the Mobs. This LT value then makes the
product gNa0 guarantee g = gobs. Thus. each galaxy cluster
could have a unique a0 value.

There exists several possible sources of a lower angular
momentum total than expected:

1. the intracluster (IC) gas that comprises about 90% of
the baryonic mass of the cluster could, in part or as a
whole, have a slower rotation speed than gas in single
galaxies,

2. the IC stars are known to rotate slower than many stars,
3. the angular momentum vectors of the galaxies in the

cluster may have a greater variety of directions than
expected, thereby decreasing their vector sum.

Whether any or all of these possible sources of lower angular
momentum are the cause of the different a0 values for the
galaxy clusters has yet to be determined.

4 Conclusion

Recent measurements have verified that there is not enough
baryonic mass for the successful MOND gravitational accel-
eration expression for single galaxies

g =
√
gNa0 (14)

to be true for clusters of galaxies, where gN is the Newtonian
gravitational radial acceleration and the MOND a0 = −1.2 ×
10−10 m/s2 is assumed to be a universal constant.

However, a0 may not be a universal constant as origi-
nally proposed. We briefly reviewed the quantum celestial
mechanics (QCM) derivation of a0 from the general relativis-
tic Hamilton-Jacobi equation to obtain the acceleration

g =
r2
gc2

4n2H2r
=

√
GM
r2

G3M7
T

n4L4
T

 . (15)

Therefore, QCM dictates

a0 =
G3M7

T

n4L4
T

, (16)

showing that a0 depends upon both the total baryonic mass
MT and its total angular momentum LT of any gravitationally
bound system obeying the Schwarzschild metric. For single

galaxies, this QCM expression for a0 varies less than a few
percent and therefore a0 can be assumed universal.

However, in more massive gravitationally bound systems
such as clusters of galaxies, a0 could have different values in
order to satisfy the MOND expression g =

√
gNa0. If galaxy

clusters possess significantly less angular momentum than is
expected for the measured total baryonic mass, this MOND
expression can be satisfied still. Several possible reasons for
the lesser total angular momentum values were suggested.

We await total angular momentum estimates for galaxy
clusters in the near future to establish whether the MOND
acceleration a0 has a different value for galaxy clusters and
whether the MOND expression g =

√
gNa0 continues to hold

true.
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On the Possibility of a Scientific Prognosis of the Weather with the Introduction
of Galactic Impacts into Analysis

Nikolai A. Morozov*

In this paper the author gives a preliminary information of his research study concern-
ing cosmic influences on the weather. For this purpose, solar time was converted into
sidereal (stellar) time for many thousands of meteorological data taken from the me-
teorological yearbooks published by meteorological observatories of the world. The
resulting more than 200 diagrams identify interesting dependencies indicating a signif-
icant influence of the Galactic Centre and some other Galactic sources on the weather.

*Translated from Bulletin de L’Académie des Sciences de L’URSS, Série
Géographique et Géophysique, 1944, t. VIII, no. 2–3, 63–71.

Nikolai A. Morozov, 1910

Nikolai A. Morozov (1854–1946) was the first child of a Russian mil-
lionaire and his freed female slave (slavery in Russia was abolished only 7
years later in 1861). He was a polymath and also a political figure who, while
living in Genève, became the main theorist and one of the leaders of the 1881
Russian Bourgeois Revolution: they dreamed of a parliament, constitution,
free capitalism, human rights and “liberté, égalité, fraternité” in the sense of
Robespierre and Marat, but ended by the assassination of Alexander II, Em-
peror of Russia, which was not supported by mass people. After returning to
Russia in 1881, Morozov was sentenced to life in solitary confinement in the
Schlüsselburg Fortress near St. Petersburg, where he spent the next 24 years
of his life (1881–1905) in a solitary confinement cell.

After the royal amnesty in 1905, Morozov devoted himself entirely
to continuing the theoretical scientific research he had begun before the jail
and then continued while in prison. He was immediately elected Professor of
chemistry at the Lesgaft Research Institute in St. Petersburg, and then headed
the entire Institute, where he remained Director until his death in 1946. His
main research works were in the fields of chemistry, physics, astrophysics,
meteorology, linguistics and world history. After the fall of the royal regime
in Russia, he was elected to the Russian Academy of Sciences.

Being already an old man, in order to conduct experiments necessary
for his scientific work, Morozov flew into the stratosphere in a stratospheric
balloon. His original periodic table of chemical elements (an alternative to
the generally accepted Mendeleev table) extends to elementary particles. In
1919, he conducted a series of original experiments testing the effects of
Special Relativity. “Linguistic spectra” he introduced to identify true authors
are now widely used in cryptography.

In the first half of the last [19th] century, attempts were made
to scientifically process the old folk belief about the connex-
ion between weather changes and the combination of the Sun
and Moon, especially with new moons. Indeed, there was
much in this belief that deserved attention: due to solar heat-
ing, ascending air currents occur, and thanks to them, de-
scending air currents with the formation of cumulus and thun-
derclouds of local origin, as well as trade winds and non-trade
wind air currents, and also cold polar layers that mix air with
the warmer layers of the Earth’s temperate zones.

Due to the tidal action of the Moon and the Sun, there
must inevitably be ebbs and flows not only in the seas, but
also in the atmosphere, and the ebbs and flows of the atmo-
sphere due to the attraction of the Sun, running into the lu-
nar ebbs and flows lagging behind them, must, depending on
the time of year, cause various cyclones (the main factors of
weather instability on the Earth), depending on the geograph-
ical place of their origin.

All this seemed so clear that many astronomers and me-
teorologists, beginning with the famous François Arago, put
a lot of effort into testing the aforementioned idea on a huge
number of daily records in meteorological observatories
throughout the world. But no matter how they combined these
records, bringing them into connexion with the combinations
of the positions of the Sun and the Moon, they always came to
the same thing: 60 percent of the predictions came true, and
40 percent did not, showing that in addition to the Sun and the
Moon, some other cosmic factors influence weather changes,
since from a natural-scientific point of view no natural phe-
nomenon can be causeless. Many years ago I also studied this
subject. At that time, I had the idea that the missing third fac-

In December 1942, at the age of 88, Morozov volunteered for military
service as a sniper and scored a number of confirmed hits, but was demobi-
lized one month later due to health reasons. He died from pneumonia at the
age of 92 in 1946 in his mansion, which he inherited from his father.

The presented paper is a preliminary communication outlining the re-
sults of his extensive monograph on this subject (unpublished since he passed
away in 1946). The staff of the Astronomy Department of the Lesgaft Re-
search Institute, where he was Director, assisted him over many years in the
1930s in calculations and the construction of hundreds of graphs (necessary
for this study) based on data from meteorological yearbooks for the entire
history of regular meteorological observations over the past 150 years (until
the 1940s). — Editor’s remark.
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tor in weather changes could and even should be our entire
Galactic cosmos, i.e., the entire set of our disk-shaped cluster
of stars and, in particular, the centre of their rotation.

But to clarify such an influence and determine its magni-
tude, it was necessary to re-calculate the records of all me-
teorological yearbooks from our usual solar time, according
to which they are kept, to sidereal (stellar) time, the day of
which is 4 minutes shorter than the solar day. And this re-
calculation of hundreds of thousands of meteorological obser-
vations, necessary to obtain some specific conclusion, would
be such a huge job that the work of hundreds of calculators
would be required for more than many years.

Only seven years ago, after much research on this sub-
ject, I succeeded in finding a new method of conversion, using
which in one evening it is possible to convert from solar time
to sidereal time such a number of meteorological records,
which by the method that has existed up to now would have
required at least a month. And I immediately set to work.
Taking from the library of the [Russian] Academy of Sciences
and the library of the Pulkovo Observatory the meteorological
yearbooks of the Paris, London, Bombay, Batavian on Java,
Leningrad, Moscow, Tbilisi, Cape Town and other observato-
ries over the past few years, I personally made several thou-
sand such conversions. Then, having instructed my assistants
[from the Astronomy Department], I continued this work, as
a result of which the calculation results were presented in the
form of more than 200 diagrams.

Looking at these diagrams, I immediately found that for
the sidereal-daily influences of our entire star cluster, clearly
expressed diagrammatic configurations of the same type as
the configurations of solar influences, only of a different mag-
nitude, were obtained. Among the hundreds of thousands of
data calculated, there was not even a single contradictory case
in Europe, Asia, Africa, America, or Australia. All my tables
and diagrams testified to the same thing: the influences of our
entire star cluster cannot be ignored in any way when fore-
casting the weather.

It turned out to be possible to determine even the places
[on the sky] from which the hitherto missing cosmic influ-
ences on the weather originate. All the discovered maxima
and minima of the sidereal-daily influences on the air temper-
ature unanimously showed that behind the constellation Argo
Navis [now divided into Carina, Puppis and Vela], around the
VIII-XI hour of right ascension, there is a gigantic accumula-
tion of high-temperature matter, the radiation of which, like a
gigantic furnace invisible at night, increases the air tempera-
ture above the horizon of any place during its highest ascent
by more than one-seventh of the solar heating (Table I).

As this source rises above the horizon, the relative humid-
ity of the air, i.e., its saturation with water gas, also increases.
By designating 100% as the saturation at which water gas be-
gins to be released in the form of fog or rain, we obtain very
regular diametric arcs for both solar and Galactic influences
(Table II), with the magnitude of the arc of Galactic influ-

Table I: Two examples of [air] temperature increase due to solar di-
urnal period action and galactic action (sidereal-daily period).

Northern Hemisphere:
Tbilisi (42◦ N),

average for 1913.

Southern Hemisphere:
Batavia on Java (−7◦ S),
average for 1866–1868.

The increase in [air] temperature due to solar action reaches its max-
imum 2 hours after the Sun passes through the celestial meridian (at
14 solar hours). Similarly, the increase in temperature due to Galac-
tic impact should reach its maximum 2 hours after the X celestial
hour passes through the celestial meridian (the Galactic heat emitter
is located near the X celestial hour). This Galactic heat emitter is
located in the Southern Hemisphere of the sky, since its radiant heat,
for example, in Batavia is equal to 1/3 of the solar radiant heat, and
in Tbilisi — only 1/6 of the solar.

ence reaching up to half the magnitude of the solar arc in the
Earth’s temperate climate zones.

The rate of evaporation of the water surface (Table III,
left) due to the influence of the rays of this Galactic centre
reaches one third of the solar influence. This influence in-
creases by the XII sidereal hour similarly to how the solar
influence increases by 14 hours of the solar day, i.e., it oc-
curs from the place of intersection of the XII-hour wing of
the starry sky with the Milky Way, where there is a cluster
of small stars and several “coal sacks” near the constellation
Argo Navis.

Directly related to the evaporation rate, absolute humidity
(the same Table III, on the right) has in the tropical zone of
the Earth (probably due to the residual accumulation of evap-
oration) a less sharp peak in the curve of solar influence, so
that the maximum of water gas remains undiminished from
14 to 20 hours of solar time. As for Galactic influences, their
maximum effect on absolute humidity also falls at approxi-
mately the XX hour of sidereal time, but its growth and fall
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Table II: Two examples of relative humidity changes due to solar
influences by hours of the solar day, and two examples of galactic
influences by hours of the sidereal day.

Northern Hemisphere:
near Moscow (about 55◦ N),

average for 1927.

Southern Hemisphere:
Batavia on Java (−7◦ S),
average for 1866–1868.

Solar influence reaches its maximum 2 hours after the Sun passes
through the local celestial meridian (at about 14 solar hours). Simi-
larly, Galactic influences should also reach their maximum 2 hours
after [its source] passes through the meridian of the X sidereal hour,
near which the centre of Galactic radiation is located. In Batavia,
the magnitude of its influence is 0.12 of the solar influence, and near
Moscow — 0.54 of the solar.

occur more smoothly (Table III, on the right).
Assuming that the main maximum of Galactic influence

(under the XVIII–XX hours at the end of Table III) is delayed
like the solar maximum by 8 hours after its passage through
the celestial meridian, we find that the source of Galactic in-
fluence is also located [on the celestial sphere] at the X hour
of right ascension (XVIII − 8 = X), that is, in the same con-
stellation Argo Navis. The maximum of a smaller magni-
tude under the II sidereal hour corresponds to the influence
from the XVIII sidereal hour, at the intersection of which
with the Milky Way there is another huge cluster of small
stars and “coal sacks” in the tail of the constellation Scor-
pio. The third maximum on the same diagram under the
XII sidereal hour corresponds, according to the same calcula-
tion (XVIII − 8 = X), to the VI sidereal hour on the celestial
sphere, where there is nothing special against the background
of the Milky Way, but next to it is the giant Orion Nebula with
a “coal sack” inside and two main star clusters visible to the
naked eye: the Pleiades and the Hyades. However, it is still
premature to claim that the secondary maximums (under the
II and XVIII sidereal hours on the celestial sphere) are their
influence, since on other diagrams that I have studied, simple

Table III: Example of solar and galactic influences on the rate of
evaporation of water surfaces and on the amount of water gas in the
atmosphere (absolute humidity). Solar-diurnal periods and sidereal-
diurnal periods.

Evaporation rate:
Tbilisi (42◦ N),

average for 1913.

Absolute humidity:
Batavia on Java (−7◦ S),
average for 1866–1868.

The rate of evaporation due to solar influence reaches its maximum
2 hours after the Sun passes through the celestial meridian (at 12
o’clock solar time), and the rate of evaporation due to galactic influ-
ence reaches its maximum 2 hours after the constellation Argo Navis
passes through the celestial meridian (at X o’clock stellar time). Ab-
solute humidity reaches its maximum due to solar influence 6–8
hours after the Sun passes through the celestial meridian, and due
to galactic influence — VI–VIII hours after the constellation Argo
Navis passes through the meridian.

arc-shaped configurations are also obtained.
Generally speaking, absolute humidity (i.e., the amount

of water gas in the atmosphere at the observation site), ex-
pressed through partial pressure, varies in an average annual
distribution very capriciously over the course of solar and si-
dereal days, although when non-periodic deviations are taken
into account and eliminated, this dependence retains its arc-
shaped form.

And this shows that in addition to the air pressure and its
own temperature and speed of motion, as well as the direct
impact of the Sun’s rays in clear weather, there is another
powerful cause. And it can already be expected a priori that
the action of electromagnetic forces is involved here, because
the artificial induction of rain by scattering electrified dust
from airplanes at a sufficient height in the Earth’s troposphere
clearly shows the influence of this factor on the entire water
regime of our atmosphere. For example, Table IV shows the
distribution of rainfall due to solar influence and due to Galac-
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Table IV: Example of average annual distribution of rainfall (by
hours of the day) due to solar influence and Galactic influence.

Batavia on Java (−7◦ S),
average for 1866–1868.

Tbilisi (42◦ N),
average for 1913.

The irregular bends and jumps of these diagrammatic curves, espe-
cially — Tbilisi (asterisk) — show that rains depend not only on
temperature and barometric pressure drops, but also on the electro-
magnetic effects of the Sun and the Galactic Centre, and that even
more powerful electromagnetic storms than on the Sun permanently
occur at this Centre.

tic influences by the hours of the sidereal day. On the left it
is given for Batavia on Java (−7◦ S) and on the right — for
Tbilisi in the Caucasus (42◦ N).

The two main maxima generated after the solar action (at
2 and 24 o’clock in the morning), as well as the evening
actions (at 18 and 16 o’clock in the afternoon) show here
that the solar actions in Tbilisi are generally the same as in
Batavia, although they are delayed by 2 hours compared to
Batavia. But why in Tbilisi in 1913 in the 20th, 4th and 6th
solar hours the amount of rainfall (they are marked with as-
terisks) jumped out of the norm so much (see Table IV, upper
right), that if I had not excluded them, they would have made
the configuration of this diagrammatic curve completely dis-
ordered and having nothing in common with Batavia? Why
do we see the same thing below in the Galactic influences?
Here again we have only one way out: to admit that the dis-
tribution of rainfall depends not only on changes in temper-
ature and barometric pressure, but also to a large extent on
electromagnetic storms, constantly occurring not only on the
Sun, but also on the Galactic Centre now being studied in
the constellation Argo Navis. It is even possible that such
storms on the Sun are only a resonance of Galactic storms,
which must be repeated simultaneously on the Earth, and on

Table V: Examples of solar influences on solar-diurnal variations of
the magnetic and electric field strengthes and examples of similar
galactic influences on the sidereal-diurnal period.

Magnetic field:
Val Joyeux, Paris (about 49◦ N),

average for 1933.

Electric field:
Tashkent (about 42◦ N),

average for 1930.

Magnetic Galactic influences from the constellation Argo Navis lag
behind solar influences by 8 hours. If they were lagging by 12 hours,
this would mean that the magnetic axes of the Sun and the Galactic
Centre under study in the constellation Navis Argo are oriented op-
posite to each other. The lag of 8 hours shows that both of these
axes are inclined to each other (as seen from the Earth) at an angle
of about 120◦.

the Moon, and on all the planets. Otherwise, it would be dif-
ficult to imagine why the jumps shown by the stars on our
diagrams are repeated not only at midday, when the given
horizon is turned toward the Sun, but also at different hours
of the day, and why they are distributed in the same way
among various sidereal hours. It even turns out that it is as
if each stroke of cosmic lightning and protuberances on some
Galactic centre is accompanied by multiple echoes on the oth-
ers. In any case, thunderstorms, constantly accompanied by
showers, sufficiently indicate a connexion between these two
meteorological manifestations. Therefore, it is appropriate to
dedicate a few lines to them in this preliminary message.

In Table V on the right I give an example of solar and
Galactic influences on the oscillations of the electric field in
Tashkent, and in the same place I give an example of the mag-
netic influences of the Sun in Val Joyeux near Paris (Table V
on the left).

The necessity of brevity of this message of mine enforces
me to give here, as an example of the substantiation of my
theory, only one example of the most important sidereal-daily
influences of the Galaxy, excluding its sidereal-annual influ-
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ences. But in my working manuscripts, beginning in 1932,
when I first began to study this subject systematically, there
are hundreds of such re-calculations based on the systematic
records of many geophysical and meteorological observato-
ries of the world, and above all, the two Spitsbergen stations
(in Horn Sound and Treyrenberg), the Sondakull station in
Iceland, the Pavlovsk (now Slutsk) station, the Main Phys-
ical Observatory (in Leningrad), Sverdlovsk, Wilhelmshaven,
Greenwich, Val Joyeux (near Paris), Budapest, Petrovsko-
Razumovskaya (in Moscow), Cheltenham near Washington,
Barcelona, Tbilisi, Tashkent, Caesarea in Lebanon, Tucson
in Arizona, Beijing, Hong Kong, Alibag near Bombay, and
Singapore.

For the Southern Hemisphere, I had at my disposal the
records of the observatories at Batavia on Java, on the Is-
land of St. Helena, at Antananarivo in Madagascar, at Buenos
Aires, at Christchurch (New Zealand), and on the South Polar
Continent [Antarctic] at the observatories at Cape Royds and
Cape Evans.

All these observatories are known to every specialist, and
their yearbooks that I have indicated are available in the li-
braries of the [Russian] Academy of Sciences, the Pulkovo
Astronomical Observatory, and the Main Physical Observa-
tory (in Leningrad). And all the hundreds of summary re-
calculations for sidereal time compiled by me and my co-
workers from these publications, and all the diagrams con-
structed from the calculations unanimously show that the in-
fluence of the Galaxy on the meteorological and geophysi-
cal processes of the Earth is of a regular nature and so great
that without introducing them into the calculations one can-
not even dream of a scientific forecasting of the weather even
for a month ahead.

Here, first of all, a cycle of 521 Julian years is manifested,
since only after this period do the previous combinations of
the Sun, Moon and Galaxy repeat for each specific place on
the globe. Such a long period does not, of course, provide any
practical help for [weather] forecasting, since during most of
it there were no meteorological records. However, another
period of 19 years manifests itself, but only according to this
period it turns out that a cyclone that, for example, swept
over Leningrad today, will sweep in 19 years later somewhere
over Irkutsk, then over Tokyo, then over San Francisco, and
so forth and so on. And another cyclone that will come to
Leningrad will be the one that was 19 years ago somewhere
over London, and 38 years ago near New York, etc.

It is impossible not to mention here also the dendrochro-
chronological period of 11.35 years, determined by the alter-
nation of the thickness of tree rings and coinciding with the
same period of sunspots, with the proviso that this [dendro-
chronological] period itself can only be explained by the ef-
fect on the Sun (and with it of course on the Earth) of the radi-
ation of some luminary rotating around its axis in 11.35 years.
There can be no other rational explanation here, just as there
can be no 280-year cycle consisting of almost 25 of the same

(exactly 11.35-year) cycles repeating quite regularly on the
rings of giant Californian pines Sequoia Gigantea, for exam-
ple, on the pine “Mark Twain”, a section of which is kept in
the New York Museum of Natural History (this pine was 1341
years old when it was cut down*).

And this period cannot be explained by anything except
the fact that in the Galactic space there is an even more pow-
erful centre rotating around its axis in 280 years (± a few
years).

All this shows that for an absolutely accurate weather
forecast it is necessary to determine not only the motion of
the Moon, the Sun and Galactic centres above the horizon of
the observation point, but also which side of their surface the
latter are facing the Earth at that moment.

Of great help in using reference points to determine up-
coming weather changes in a specific geographic area should
be the already existing predictions of solar and lunar eclipses.
Adding to them, Galactic influences will undoubtedly elimi-
nate all cases of failure of predictions based on solar and lunar
influences alone, but this requires the work of not one person
or group of people, but the work of many meteorological in-
stitutions using the entire network of meteorological records
throughout the globe.

November 4, 1940

*See A. E. Douglass and Waldo S. Glock, Carnegie Institution of Wash-
ington Supplementary Publications, July 1934, no. 9, and also, in the same
place, News Service Bulletin, 1937, v. IV, no. 20.
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Yang-Mills Theory in the Framework of General Relativity

Patrick Marquet
Calais, France. E-mail: patrick.marquet6@wanadoo.fr

In our recent publication, we derived a solution that allows the coupling between the
Yang-Mills theory and the space-time curvature; Progr. Phys., 2021, v.18, 97–102 [1].
This result was achieved by considering a specific manifold which we named the Weyl-
Einstein manifold spanned by the connection coefficients displaying a 4-vector. We then
deduced a Weyl-Einstein tensor, which was found to be conserved. The Weyl-Einstein
4-vector was directly identified with the Yang-Mills gauge field vectors as described
in the Minkowski space tangent to the Weyl-Einstein manifold. In the present work,
we investigate further this topic, and we examine how this coupling fits into the field
equations.

Notations
Throughout this text, we assume the Einstein summation, whereby
a repeated index implies summation over all values of this index.
4-tensor or 4-vector: small Latin indices a, b, . . . = 0, 2, 3, 4.
3-tensor or 3-vector: small Greek indices α, β, . . . = 1, 2, 3.
Signature of the space-time metric: (+−−−).
Ordinary derivative: ∂aU.
Riemannian covariant derivative on (M, g): ∇a or (;).

1 The Weyl-Einstein field equations

1.1 The Weyl-Einstein tensor

Following Lichnerowicz [2] we defined the semi-metric man-
ifold (Mw, g) spanned by the Weyl-Einstein connexion coeffi-
cients expressed here with the metric connexion

Wc
ab =

1
2
gcd (∂b gda + ∂a gdb − ∂d gab)−

−
1
2
gcd (Jb gda + Ja gdb − Jd gab) ,

(1.1)

Wc
ac =

1
2
gcd (∂a gcd − Ja gcd) , (1.2)

where Ja is referred to as the Weyl-Einstein 4-vector.
The Einstein-Weyl-curvature tensor is assumed to keep its

original form

(Rc
adb)w = ∂b Wc

ad − ∂d Wc
ab +Wc

ebWe
ad −Wc

edWe
ab . (1.3)

Setting

(Γc
ab)J =

1
2
gcd (Jb gda + Ja gdb − Jd gab) (1.4)

and using the Riemannian covariant derivatives, we found

(Rab)w = Rab + ∇c(Γc
ab)J − ∇b(Γc

ac)J +

+ (Γd
ab)J(Γc

dc)J − (Γd
ae)J(Γe

db)J ,
(1.5)

Rw = R −
(
∇a Ja +

1
2

J2
)
. (1.6)

With these, we derived the Weyl-Einstein tensor as

(Gab)w = (Rab)w −
1
2

(gabRw − 2 Jab) , (1.7)

where
Jab = (Γd

ab)J(Γc
dc)J − (Γd

ae)J(Γe
db)J .

The Weyl-Einstein tensor was shown to be conserved.

1.2 Massive source

The Weyl-Einstein field equations are now expressed by

(Gab)w = κTab . (1.8)

Using the Riemannian covariant derivatives, the Weyl-
Einstein tensor conservation law reads

∇a(Ga
b)w = 0 . (1.9)

The right hand side of (1.8) should also verify

∇a T a
b = 0

or
∂a Ta

b = 0 (1.10)

with the tensor density Ta
b =
√
−gT a

b .
However, inspection shows that

∂a Ta
b =

1
2

Tca ∂b gca (1.11)

or equivalently

∂a Ta
b =

1
2

Tca (∂b gca − Jb gca) .

Thus the condition (1.10) is never satisfied in a general
coordinates system. This circumstance results from the fact
that the global conservation should hold for the 4-momentum
of both the matter and its gravitational field.
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To keep the equation (1.10) consistent with (1.9), we must
look for a solution of the form

∂a

(
Ta

b + ta
b

)
= 0 , (1.12)

where tab is the given tensor’s density.
Let us compute

dgab = d
(√
−g gab

)
=
√
−g

(
dgab +

1
2
gabged

)
dged =

=
√
−g

(
−gaegbd +

1
2
gabged

)
dged ,

therefore

(Rab)w dgab =
√
−g

(
−Rce

w +
1
2
gceRw

)
dgce = −κTcedgce .

Taking into account the Lagrangian form of the Weyl-
Einstein Ricci tensor

(Rab)w = ∂
e
[

Lw

∂ (∂e gab)

]
−
∂Lw

∂gab ,

where the effective Weyl-Einstein Lagrangian is now

Lw = g
ab √−g

(
We

abWd
de −Wd

aeWe
bd

)
(1.13)

one obtains

−κTab dgab =

(
∂c
∂Lw

∂c gab −
∂Lw

∂gab

)
dgab =

= ∂c

(
dgab ∂Lw

∂c gab

)
− dLw ,

−κTab∂d gab = ∂c

(
∂d g

ab ∂Lw

∂ (∂c gab)
− δcd Lw

)
= 2κ ∂c t c

d .

From the last equation we find

∂c Tc
a =

1
2

Tdc ∂a gdc = −∂c t c
a .

In order to satisfy the conservation law (1.12), one clearly
sees that the gravitational field energy-momentum tensor den-
sity should be described by the Weyl-Einstein extension of the
Einstein-Dirac pseudo-tensor [3, p.61]

t c
d =

1
2
κ

[
∂d g

ab ∂Lw

∂(∂c gab)
− δc

d Lw

]
(1.14)

the quantities tab are called “pseudo-tensor density” since
they can be transformed away by a suitable choice of the ref-
erence frame and they are not irreducible [4]. This is why the
classical theory stipulates that a (free) gravitational energy
cannot be localizable.

In the classical General Relativity, the non symmetric ten-
sor tab/

√
−g is symmetrized through the Belinfante proce-

dure [5] to suit the standard symmetric Einstein tensor. The
relevant symmetric tensor is denoted tab.

Unfortunately, the Einstein field equations whatever their
transcriptions, are yet unbalanced since they do not exhibit
a full real tensor as a source. To remedy this problem, we
showed that a slightly variable cosmological term Λ-term in-
duces a stress-energy tensor of vacuum, which restores a true
gravitational tensor on the right-hand side of equation (1.6)
as it should be [6, 7].

This real tensor is given by

(tab)vac = −
1

2κ
Λgab . (1.15)

The Λ-term was found to be [8]

Λ = ∇a Ka = θ2, (1.16)

where Ka is a 4-vector and

θ = Xa
; a (1.17)

is the space-time volume scalar expansion characterizing the
vacuum stress-energy tensor (tab)vac, and Xa is a congruence
of non intersecting unit time lines XaXa = 1

Xa
; a = habθab , (1.18)

while θab stands for the expansion tensor and hab = gab−Xa Xb

is the projection tensor.
Due to the form of (1.16), the Lagrangian (1.13) differs

only from a divergence and varying its action generates the
same field equations. The real tensor (tab)vac which corre-
sponds to the vacuum stress-energy tensor can be added to tab

without affecting the Weyl-Einstein Lagrangian.
With this definition the Weyl-Einstein field equations can

be finally written as

(Gab)w = (Rab)w −
1
2

(gab Rw − 2 Jab) =

= κ

[
ρc2uaub +

tab
√
−g
+ (tab)vac

]
.

(1.19)

Here the symmetrization procedure is evaded, because the
quantity tab/

√
−g is genuinely antisymmetric.

When gravity is weak and velocities are low compared to
c, we have the Newtonian approximation where the massive
tensor in (1.19) reduces to

T 0
0 = ρc2.

Inspection then shows that

(
R0

0
)
w = R0

0 =
1
c2

∂2φ

∂2
β
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with g00 = 1+φ/c2, from which we find the well-known Pois-
son equation

∆φ = 4πGρ ,

where G is Newton’s constant.

1.3 Electromagnetic contribution

The field equations are expressed by

(Rab)w −
1
2

(
gab Rw − 2 Jab

)
=

= κ
1

4π

(
−∂a AcFbc +

1
4
gab Fcd F cd

)
,

(1.20)

Fab = ∂a Ab − ∂b Aa .

The source tensor is antisymmetric. Its form is derived
from the canonical equation

(
tb
a
)
elec =

∂a Ac∂L
∂ (∂b Ac)

− δba L ,

where L=− 1
16π Fbc F bc.

If the Weyl part is neglected, the term 1
4π ∂c AcFbc is clas-

sically added so that when charge is absent, holds the relation

1
4π
∂c Aa Fc

b =
1

4π
∂c

(
Aa Fc

b

)
.

This eventually yields the well-known symmetric energy-
momentum tensor of the electromagnetic field

τab =
1

4π

(
−F c

a Fbc +
1
4
gab F cdFcd

)
.

1.4 Charged matter

The Weyl-Einstein field equations are

(Rab)w −
1
2

(
gab Rw − 2 Jab

)
=

= κ

[
ρc2uaub +

tab
√
−g
+ (tab)vac +

+
1

4π

(
−∂a Ac Fbc +

1
4
gab Fcd F cd

)]
.

(1.21)

We easily check that the right hand side of the equations
is conserved.

2 Relation to the Yang-Mills gauge fields

We first write the Minkowskian line element ds and the Weyl-
Einstein line element dsw, then we set

dJ = dA
(
1 + Log

dsw

ds

)
(1.22)

with the following one-forms

dJ = Ja dxa,

dA = Aa dxa.

The above 4-vector Aa is a generic gauge vector of the
Yang-Mills field defined in the flat space tangent to the Weyl-
Einstein manifold.

2.1 Weak interaction SU(2) symmetry

Let us now examine the rôle of the Weyl-Einstein tensor in
the field equations. We write the group element of SU(2) as

U = exp
[
−i Tβkβ

]
,

where k is the group parameter with the generators

Tβ =
1
2
σβ,

(here σβ are the 2× 2 Pauli spin matrices) with the coupling
constant h, the gauge field transforms as

Ba → Ba − Tβ∂a ka(x) + i hka(x)
[
Tβ, Ba(x)

]
.

Here, the Weyl-Einstein field equations (1.19) apply with
the correspondence

Ja → Ba .

2.2 The electromagnetic symmetry U(1)

This symmetry group is the abelian group U(1) with a single
commuting generator T1 = Q satisfying

[T1,T1] = 0 ,

where Q is the quantity of the charges of the field Φ (x) pro-
portional to the fundamental charge unit e. Under the phase
rotation

Φ (x)→ Φ (x) exp
[
− i kQ(x)

]
the vector field Aa(x) transforms as

Aa(x)→ Aa(x) + ∂a k .

Within the Weyl-Einstein field equations (1.20), we have
the correspondence

Ja → Aa .

2.3 Combined symmetry U(1) × SU(2)

Here the Weyl-Einstein field equations for charged matter
(1.21) are used, where we simply have

Ja → Aa + Ba ,

where Aa is the electromagnetic vector field gauge field and
Ba is the gauge vector field of the weak interaction.

Other combinations implying for example strong interac-
tion SU(3) could be derived in the same way.
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3 Conclusion

What have we achieved? Our theory relies on the specific
form of the connexion coefficients which displays a 4-vector.
This connexion form was first considered by H. Weyl by relat-
ing this vector to the “segment curvature” next to the Riemann
curvature and zero torsion, with the aim to unify electricity
and gravitation in a non trivial way [9]. Although we kept the
name Weyl-Einstein connexion, the extra segment curvature
is not introduced here. On the contrary, we have exploited
the Weyl-Einstein 4-vector to connect the Yang-Mills gauge
fields through an extended field equations set where both the
left and right sides are still conserved. In doing so, such
field equations can now display the type of interactions that
is considered thus informing us between either electromag-
netic field or weak and strong interactions of matter which
was basically impossible with the standard field equations.

Submitted on October 8, 2024
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We herein present what we propose could be a plausible solution to the current, in-
teresting and topical problem in cosmology — the Hubble Tension. This problem of
the Hubble tension seems to have thrown all of cosmology into a crisis. By employ-
ing the seemingly temarious hypothesis of varying Fundamental Natural Constants
(FNCs), namely Planck’s constant, ℏ, we demonstrate that for the case where the cos-
mological Interstellar Medium (ISM) is a perfect vacuo with a refractive index of unity,
the supernovae derived H0-value can be brought down from its current lofty height
of: HSNe

0 = 73.30 ± 1.03 km s−1 Mpc−1, down to a more humble and modest value
of: 68.70 ± 0.30 km s−1 Mpc−1, and within the margins of error, this new value is in
agreement with the Tip of the Red Giant Branch (TRGB) derived H0-value, namely:
HTRGB

0 = 69.80 ± 2.20 km s−1 Mpc−1, and this is much closer to the CMB-derived H0-
value: HCMB

0 = 67.40 ± 0.50 km s−1 Mpc−1. At a 2.2σ-level of statistical significance
in discrepancy, this new H0-value reduces the tension by 88%, and this surely is a
most welcome development. On the other hand, if the ISM is assumed to be homoge-
neous and isotropic with a slightly varying, if not near constant refractive index, nISM

r ,
for most photon wavelengths, then, a refractive index value of: nISM

r = 1.010 ± 0.006,
does bring the new SNe-derivedH0-value into complete and total concordance with the
CMB-derived H0-value, thus resolving the tension altogether. The final concordance
H0-value that matches or resolves both measurements after a final correction of the
ISM’s refractive index is found to be: H0 = 68.00 ± 0.90 km s−1 Mpc−1.

Cosmology is peculiar among the sciences for it is both the
oldest and the youngest. From the dawn of civilization man
has speculated about the nature of the starry heavens and the
origin of the world, but only in the present century has physi-
cal cosmology split away from general philosophy to become
an independent discipline.

Gerald James Whitrow (1912–2000)*

1 Introduction

Without an iota of doubt, the Hubble constant, denoted by
the symbol H0, is an all important constant in all of modern
cosmology and astrophysics [1–4]. It, amongst others, mea-
sures the expansion rate of the Universe and is pivotal in the
measurement of the age of the Universe [1–4]. Since the the-
oretical discovery [5] of the expansion of the Universe by the
Belgian Catholic priest, theoretical physicist, mathematician,
astronomer, and then professor of physics at the Catholic Uni-
versity of Louvain, Georges Henri Joseph Édouard Lemaı̂tre
(1894–1966), and the subsequent observational confirmation
[6] of this hypothetical expansion by the great American as-
tronomer, Edwin Powell Hubble (1889–1953), a great many
efforts have been made to measure this constant with the high-
est and optimum possible precision available at the time. The
importance of this parameter in cosmology cannot be over-
stated. Hence, accurate knowledge of this constant is not only

*In “Theories of the Universe” (1958)

a sine qua non, but very important as all of cosmology and the
cosmological models thereof, depend on it.

Rather worrisomely, initial measurements of this constant
in the past century were marred by serious scattering with the
resultant values thereof ranging from: ∼ 40 km s−1 Mpc−1 to
∼ 100 km s−1 Mpc−1 [4]. However, recent 21st century ad-
vances in science and technology have made it all possible
to obtain very accurate measurements of this constant using
at least three different methods — which methods measure
the Hubble constant on two different evolutionary epochs of
the Universe, namely the early-and-late Universe. Values of
H0 from the early Universe are typically referred to as global
measurements of H0, while those from the late Universe are
commonly referred to as local values of H0. Global H0 val-
ues measure the Hubble constant in the early Universe (dis-
tant past) while the local H0 values measure this constant in
our local neighbourhood which is the present epoch in the
Universe.

According to the widely accepted Standard ΛCDM cos-
mology model that is used to describe the Universe,H0 must
be the same for any evolutionary epochs of the Universe —
be it in early or late Universe, it does not matter, the value
of H0 aught to be the same. To the chagrin and against the
desideratum of the cosmologically searching mind, the local
and global values ofH0 seem to not be in agreement — each
yielding at a 4.9σ-level of statistical significance [10], two
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Table 1: Critical Measurements of the Hubble Constant

Group Cosmic Measurement H0 Reference
Epoch Type (km s−1 Mpc−1)

Supernova Cosmology (SCG) Late Universe Far Local 73.30 ± 1.04 [7]
Carnegie-Chicago Hubble Project (CCHP) Late Universe Near Local 69.80 ± 2.20 [8]
Planck Collaboration (PC) Early Universe Global 67.40 ± 0.50 [9]

different values that are not only ∼ 10% apart, but also out-
side of the provinces of their error margins. This interesting
and topical problem or discrepancy in the local and global
measurements of the Hubble constant has come to be known
as the Hubble tension and has thrown cosmology into a seri-
ous crisis.

From a fundamental theoretical stand point, before sus-
pecting that there possibly may be errors in the measurements
and/or systematics thereof, one needs to first trust that —
those that have made these measurements have done so metic-
ulously with due and requisite diligence, and with the best
precision at hand. Of course, one cannot rule out errors in the
measurements and/or systematics — we are human after all,
we err. Be that as it may, as our point of departure, we shall
assume that these measurements are flawless. With that hav-
ing been said, we must say that there are three main popular
and common techniques used to measureH0:

1. Supernovae Type Ia (SNe Ia) method;

2. Tip-of-the-Red-Giant-Branch (TRGB) method;

3. Cosmic Microwave Background (CMB) radiation method.

We shall discuss in detail these techniques in §4. Our inter-
est in taking a deeper look into these methods is to unravel
their dependence on FNCs because it is in these FNCs that
we believe the source of our error in the determination of the
Hubble constant may lay.

For further clarity, as already aforementioned, we shall
elaborate that the methods to measure the Hubble constant
fall into two classes: a) Local measurements, and, b) Global
measurements, i.e.:

1. Local H0 measurements: measure H0 in the present (local)
evolutionary epoch of the Universe. The present epoch is
the late Universe, hence, these type of measurements are also
referred to as late Universe measurements.

2. Global H0 measurements: are all-sky measurements of H0,
measuring the Hubble constant across the entire sky, hence,
they being referred to as global H0 measurements. These
measurements typically measure, H0, in the very early Uni-
verse hence they also being referred to as early Universe mea-
surements.

The TRGB and SNe Ia measurements are classified as local
H0 measurements as they measure H0 in the present (and
not past) evolutionary epoch of the Universe. The TRGB
method measures H0-values in galaxy systems much closer

to us (yielding: HTRGB
0 = 69.80 ± 2.20 km s−1 Mpc−1 [8]),

while the SNe Ia measurement H0-values in galaxy systems
relatively far in the local Universe (yielding: HSNe

0 = 73.30±
1.04 km s−1 Mpc−1 [7]). We shall say that the TRGB method
measures H0-values in the near-local Universe, while, the
SNe Ia methods measures H0-values in the far-local Uni-
verse. The near and far-localH0-values do not agree (69.80±
2.20 km s−1 Mpc−1 [8] and 73.30± 1.04 km s−1 Mpc−1 [7], re-
spectively), thus, giving raise to yet another tension within an
already existing tension.

On the other hand, the CMBH0 measurements are classi-
fied as a globalH0 measurements as these measurements are
all-sky measurements of H0 measuring the Hubble constant
across the entire sky, hence, they being referred to as a global
H0 measurements. The CMB method is a state-of-the-art pre-
cision method of globalH0 measurements by Aghanim et al.
[9] and this has yielded: HCMB

0 = 67.40±0.50 km s−1 Mpc−1.
A summary of these key measurements is presented in self-
explanatory Table 1.

Since Lemaı̂tre [5] and Hubble [6]’s initial estimates,
there has been numerous measurements of the Hubble con-
stant. For our purposes here, the above three measurements
(presented in [7–9], which are summarised in a clear and suc-
cinct manner in Table 1) shall constitute our focal point in
all the H0 measurements as these three important measure-
ments sufficiently capture the morass substance contained in
our current musings and at the same time — they drive our
point home regarding this important tropical issue of the Hub-
ble tension.

Astronomers, astrophysicists and cosmologists are
hard at work to figure out why the discrepancy in the val-
ues of H0 from the two different methods as a number have
wondered if this discrepancy is heralding some hitherto yet
unknown physics [3, 11, 12] or there might be some serious,
albeit subtle, error in our methods and analysis? We herein
present a suggestion to this problem and this suggestion is to
the effect that varying Fundamental Natural Constants
(FNCs) may be the cause of this tension. As will be demon-
strated, a simple hypothesis regarding the nature of the said
variation on the FNCs seem to deliver a bold solution to this
problem.

In closing this introductory section, we shall give a syn-
opsis of the reminder of this article, i.e.: the reminder of this
article is arranged as follows: for no other than smoothness,
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completeness and self-containment purpose, we present in the
next §2, a pedestrian derivation of the distance modulus for-
mula used in astronomy, astrophysics and cosmology. There-
after in §3, we discuss distances in cosmology with emphasis
on how the luminosity and Light travel distances are used in
the distance modulus formula in order to derive the Hubble
constant and having done this, in §4, we discuss the three
common and popular methods to measure the Hubble con-
stant. In §5, we present what we believe is the source of the
problem in our endeavour to compute the Hubble constant
leading to the current tension in the measurement of this con-
stant using the two major methods. In §6, we justify the idea
of variable fundamental natural constants. It is this idea that
our proposed solution to the Hubble tension is to be found,
hence there is need to justify the idea. In §7, we present our
proposed solution and application of this solution to real data
in §8. Lastly, in §10 and §11, we present a general discussion
and the conclusion drawn thereof.

2 Distance modulus

In this section, we are going to go through some necessary
trivialities and this is for no other purpose other than for self-
containment and smooth flow of the paper thereof. As is well
known, in astronomy, astrophysics and cosmology, the dis-
tance modulus, denoted by the symbol µ, is a way of express-
ing distances to stellar objects. It is a measure of the differ-
ence between the apparent (m) and absolute magnitude (M),
of an astronomical object, i.e.: µ = m − M. For a star (or
any stellar body of radius, R, mean temperature, T , and, with
surface emissivity, ϵ) whose luminosity: L = 4πR2ϵσ0T 4

(where: σ0 is the Stefan-Boltzmann constant), with a total
flux of: F(dL), and with this flux reaching at the arbitrary dis-
tance, dL, away from the star — the flux received at the said
arbitrary distance dL, obeys the following inverse square law:

F(dL) =
L

4πd2
L

. (1)

The absolute magnitude is by definition defined as follows:

M = −2.5 log10 F(dL) , (2)

while the apparent magnitude is by definition defined:

m = −2.5 log10 F(10 pc) , (3)

where: F(10pc) = L/4π(10 pc)2 is the flux of the given stellar
object at a distance: dL = 10 pc, away. Hence:

µL = m − M ,

= −2.5 log10

(
F(dL)

F(10 pc)

)
,

= −2.5 log10

(
10 pc

dL

)2

.

(4)

This further simplifies to:

µL = 5 log10

(
dL

10 pc

)
, (5)

In cosmology, one often works with distances in mega-parsec
(Mpc), so, it is convenient to write (5) with, dL, in Mpc and
not in in units of 10pc. Written in the units of Mpc, (5) be-
comes:

µL = 5 log10

(
dL

Mpc

)
+ 25 . (6)

Now, (6) applies in the case where the flux does not experi-
ence attenuation as a result of interstellar material along its
path — i.e., in the case where there is no extinction of the
flux.

In the case were there is extinction, the flux undergoes
attenuation. Let, τ, be the optical depth of the Interstellar
Medium (ISM) along the intervening spaces along the path
of the photons reaching our telescopes and let, F0, be the flux
at the surface of the star (or stellar body). Then, the flux at
distance dL away is such that:

F(dL) = F0

(
4πR2

4πd2

)
e−τ . (7)

For the absolute magnitude, we need the flux, F(10pc), at
a distance of 10 parsecs as this is to be evaluated without
extinction, i.e.:

F(10pc) = F0

(
4πR2

4π(10pc)2

)
. (8)

Therefore, from (7) and (8), it follows that:

F(dL)
F(10pc)

=
(10pc)2

d2
L

e−τ , (9)

hence:

µLτ = 5 log10

(
dLτ

10 pc

)
+ Aτ , (10)

where:
Aτ = −2.5 log10(e−τ) = 5 log10(e0.5τ) , (11)

is the extinction correction term to the distance modulus, and:
µLτ , is the extinction-corrected distance modulus. With, dL,
expressed in Mpc, the above can be written as follows:

µLτ = 5 log10

(
dLτ

Mpc

)
+ 25 , (12)

where:
dLτ = e0.5τdL , (13)

is the extinction-corrected luminosity distance. Eq. (12) is
what is used in cosmology in the study of supernovae to esti-
mate the distance to the Cepheid variables that are resident in
the Host galaxy of supernovae.
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In closing this section, allow us to say that we are very
much aware that we have presented an elementary and text-
book derivation of the distance modulus formula. We want
to rest assure our reader that this has been done for a very
good reason and the reason is that there is an esoteric subtlety
associated with this derivation that we want to exegetically
unmask (point out) and “correct”, all this in the hope that this
may be one of the problems from which the discrepancy in
the measurement of the Hubble constant might lie. There-
fore, we kindly ask our reader for their due indulgence as we
unpack this esoteric subtlety.

3 Distances in cosmology

If we get our distances wrong in astronomy, astrophysics and
cosmology, so is our interpretation of the results — they will
be wrong as well. So, the importance of the measures that we
use to obtain these distances cannot be overstated. Different
distance measures are used in astronomy, astrophysics and
physical cosmology. These distance measures give a natural
notion of the distance between two objects or events in the
Universe. They are often used to tie some observable quan-
tity to another quantity that is not directly observable, but is
more convenient for calculations such as the comoving co-
ordinates of quasars, galaxy, etc. The observable quantities
in question are quantities such as the luminosity of a distant
star (or quasar), the redshift of a distant galaxy, or the angular
size of the acoustic peaks in the CMB power spectrum. For
low redshift objects, these distance measures reduce to the
common notion of Euclidean distance. Of particular interest
in our present expedition are the luminosity and Light travel
distances.

3.1 Light travel distance

Herein denoted by the symbol dLT , the Light Travel Distance,
is a cosmological concept that refers to the distance Light
travels from one point (A) to the other (B), in particular, the
distance Light could travel say from one galaxy to our own
telescope at the time of observation. The Light travel distance
can be important for understanding phenomenon such as the
age of the Universe, its expansion rate and the spatial size
of the observable Universe for example. Wholly within the
framework of Einstein [13–15]’s General Theory of Relativ-
ity (GTR), the Light travel distance is calculated with respect
to proper time dτ, i.e.:

dLT =

∫ τr

τe

c dτ =
∫ τr

τe

(
c0

nr

)
dτ , (14)

where in this case: nr, is the refractive index of the Interstel-
lar Medium (ISM). In most considerations in the definition
and calculation of the Light travel distance, the refractive in-
dex does not appear in the formulae, the meaning of which
is that, the ISM is, in the said cases, being assumed to be a
perfect vacuo with a refractive index of unity. In the present

expedition, we shall be meticulous and exercise equanimity
by not assuming a perfect vacuo for the ISM. This is going to
help us in our effort to explain the remaining discrepancy in
the resulting Hubble constant after the correction of the FNCs
has been made.

From the homogeneous and isotropic metric tensor of
Friedmann (1924) [16], Lemaı̂tre (1933) [17], Robertson
(1935, 1933a,b,c) [18–20] and Walker (1937) [21] (hereafter,
FLRW-metric), which is what is used in the ΛCDM cosmol-
ogy model — by setting the proper time in this metric to equal
zero for the propagation of Light in an FLRW-Universe —
one can show from it that, the Light travel distance, dLT , de-
fined in (14), is such that:

dLT =
dH

nr

∫ z

0

dz

(1 + zλ) nr
√
Ω
= dH f (zλ) , (15)

where off cause:

f (zλ) =
∫ zλ

0

dzλ
(1 + zλ)

√
Ω
, (16)

and: dH = c0/H0, is what is called the Hubble distance with:

Ω =
1
H2

0

ȧ2

a2
= Ωm + ΩΛ + Ωk . (17)

The Ω’s appearing in (17) are the usual Ω-parameters used in
cosmology, with Ω, being the total Ω-parameter; while, Ωm,
is the Ω-matter parameter; ΩΛ, is the Ω-vacuum parameter
for the Λ-cosmological field; and, Ωk is the Ω-curvature pa-
rameter.

Now as is the usual case, using the Light travel distance,
dLT , one can calculate from it the corresponding distance
modulus, µLT , of the given supernovae, it is given by:

µLT = 5 log10

(
dLT

Mpc

)
+ 25 . (18)

Inserting (15) into (18), we obtain:

µLT = 5 log10
[
f (zλ)

]
+ K , (19)

where:

K = 25 + 5 log10

(
c0

Mpc

)
− 5 log10 (nrH0) . (20)

It is from the value of, K, as given in (20), that one is able to
calculate the Hubble constant.

3.2 Luminosity distance

We have already met the concept of luminosity distance in
our derivation of the distance modulus in §2, which distance
we have denoted by the symbol, dL. There are two concepts
relating to luminosity distance that we shall call the observa-
tionally derived luminosity distance and the redshift derived
luminosity distance. The former is what we have met. We
shall discuss these two concepts below:
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1. Observationally Derived Luminosity Distance: The observa-
tionally derived luminosity, is the luminosity distance that is
defined as the distance at which an object would need to be lo-
cated in order for its observed (apparent) luminosity to match
its intrinsic (absolute) luminosity. This is the distance, dL,
as defined in (1). That is to say, the luminosity distance, dL,
is related to the observed (apparent) flux (F) from the given
object and its intrinsic (absolute) luminosity (L) through (1).
At the instance of (8) leading to (13), the luminosity distance
has been corrected for extinction and the extinction-corrected
luminosity distance has been denoted by the symbol, dLτ . We
will argue in §5 that our understanding of the luminosity may
need to be updated if FNCs are variable over cosmic epochs.
It is this dearth and paucity of knowledge in our understand-
ing of the luminosity distance that may very well be the cause
of the Hubble tension.

2. Redshift Derived Luminosity Distance: The redshift derived
luminosity distance, dL(zλ), depends on cosmology under
probe and is given by:

dL(zλ)
dH

=
1 + zλ

a0

∫ zλ

0

dzλ
√
Ω
, (21)

where: dH = c0/H0, is the Hubble distance and Ω is the
total Ω-parameter already defined in (17). The cosmology
is defined by the total Ω-parameter.

What happens in the supernovae determinations of the Hub-
ble constant is that two distance moduli are constructed and
equated and the resulting equation, the Hubble constant is de-
termined. That is to say, from the observationally derived
luminosity distance, dLτ , the distance modulus, µLτ , is con-
structed as given in (12). From (21), one constructs the cor-
responding the redshift derived distance modulus:

µL(zλ) = 5 log10

(
dL(zλ)
Mpc

)
+ 25 . (22)

Now, from the equation: µLτ = µL(zλ), the Hubble constant is
determined.

4 Measuring the Hubble constant

The Hubble constant, can be determined through several dif-
ferent methods, each with its own advantages, disadvantages,
and limitations. Here are some of the primary methods:

1. The Distance Ladder Method makes use of standard candles
such as Cepheid variable stars and type Ia supernovae and
from these standard candle distance measures and the the cor-
responding redshift, one can infer the Hubble constant.

2. The Cosmic Microwave Background observations from mis-
sions like the Planck satellite provide a measurement of the
Hubble constant based on the early Universe’s conditions.

3. The Tip-of-the-Red-Giant Method makes use of stars at the
tip of the red giant branch on a IV-color-color diagram. These
stars have known fixed intrinsic brightness, hence, they are
standard candles. Using this fact other with their redshift,
one can infer the Hubble constant.

4. The Baryon Acoustic Oscillations (BAO) Method uses the
distribution of galaxies to infer distances and hence the ex-
pansion rate of the Universe.

5. The Gravitational Lensing Method uses the bending of light
from distant objects by massive foreground objects as this can
be analyzed to estimate the Hubble constant.

6. The Time Delay Measurements Method in systems with mul-
tiple images of the same astronomical event (like a super-
nova), the time delays in these systems can be used to calcu-
late the Hubble constant.

7. The Tying to Local Measurements Method links the Hubble
constant to local measurements in the Solar System, such as
the motion of nearby galaxies.

8. The Galaxy Cluster Dynamics Method utilizes the motion of
galaxies within clusters providing insights into the expansion
rate.

In the next two subsections [i.e., §4.1 and §4.2], we shall give
an exegetic exposition of the first two methods, namely the
Distance Ladder Method and the CMB-Method. The exegesis
that we institute is meant to pinpoint the plausible sources
of error that may need to be corrected so as to bring about
concordance in the H0-values derived from these two state-
of-the-art methods.

4.1 SNe Ia distance ladder method

In the SNe Ia method, three things are necessary:

1. A type Ia supernovae and its redshift, zλ.

2. A host galaxy for the given supernova.

3. A Cepheid variable star or Cepheid variable stars in the
supernovae host galaxy.

Cepheids are stars that vary periodically in brightness in a
predictable way, and their brightness can be used to deter-
mine their distance from Earth. The Cepheid distances are
then used to calibrate type Ia supernova luminosities, whose
luminosities are then applied to SN Ia out into the far-field to
measureH0 [22]. With the distance to the supernova known,
the distance modulus, µLτ , corrected for extinction is known.
From the calibrated supernova luminosity, the redshift of the
supernova is known. With the redshift of the supernova now
known, the theoretically derived redshift dependent luminos-
ity distance, dL(zλ), is then calculated and the value of,H0, is
deduced from the equation: µLτ = µLzλ .

4.2 CMB method

BAO experiments essentially measure two quantities,
one parallel to the line-of-sight:

β|| = H(z)rs(z⋆) , (23)

and the other perpendicular to the line-of-sight:

β⊥ =
rs(z⋆)
DA(z)

= θs(z⋆) , (24)
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where H(z) is the Hubble parameter, rs(z⋆) is the comov-
ing sound horizon at recombination (i.e., the standard ruler)
and DA(z) is the comoving angular distance to the observation
redshift, z. The latter is computed as:

DA(z) = dH

∫ z

0

dz
√
Ω
. (25)

The standard ruler rs(z⋆) is well constrained by CMB exper-
iments. For the shape of H(z), one needs to assume some
model (such as ΛCDM). Thus, by fitting the theoretical pre-
dictions for β∥ and β⊥ to the BAO data, we get indirect con-
straints on the expansion history of the Universe, H(z), and
thus on the Hubble constant H0 = H(z = 0). In a similar
way to other probes of the early Universe (as the CMB), this
method gives a value of H0 that is in tension with the direct
measurement in the local Universe (using the cosmic distance
ladder). Note that even if BAO observations are made in the
late Universe (by looking at the large-scale distribution of
galaxies), it is considered as an early probe because it pro-
vides a constraint on rs(z⋆), that gives information about the
primordial plasma.

To determine, H0, from the CMB data one calculates a
Monte Carlo Markov Chain (MCMC) which involves eval-
uation of the likelihood of parameter values and their asso-
ciated spectra at tens to hundreds of thousands of points in
the parameter space, and then one uses this chain to infer the
posterior density of, H0, or any other cosmological parame-
ter of interest [12, 23]. Apart from laying down the method
leading to the calculation of, H0, what we want at the end
of this section is a generic formula of how one proceeds to
calculateH0.

The Hubble constant is inferred from CMB temperature
anisotropies measurements. That is, measurements of tem-
perature anisotropies in the CMB have revealed a series of
(damped) acoustic peaks [12, 23]. These acoustic peaks con-
stitute the esoteric fingerprint of the early Universe’s BAO
during the era of the pre-recombination plasma — i.e.: sound
waves propagating in the baryon-photon plasma prior to pho-
ton decoupling, set up by the interplay between gravity and
radiation pressure [24–28]. The first acoustic peak is set up
by an oscillation mode which had exactly the time to com-
press once before freezing as photons decoupled shortly af-
ter recombination and this peak is precisely determined at:
θs = 1◦.

The first acoustic peak of the CMB carries the indeli-
ble imprint of the comoving sound horizon at last scattering
rs(z⋆), given by the following:

rs(z⋆) =
∫ z⋆

0

cs(zλ)dzλ
H(zλ)

=
c0

H0

∫ z⋆

0

cs(zλ)dzλ
c0
√
Ω
, (26)

where: z⋆ ∼ 1100, denotes the redshift of last scattering,
H(zλ) denotes the expansion rate, and cs(zλ) is the sound

speed of the photon-baryon fluid. For most of the expan-
sion history prior to last scattering, cs(zλ)/c0 ≃ 1/

√
3, before

dropping rapidly when matter starts to dominate.
On the other hand, the spatial temperature fluctuations at

last scattering are projected to us as anisotropies on the CMB
sky. As a consequence, the first acoustic peak actually carries
information on the angular scale θs (usually referred to as the
angular scale of the first peak), given by:

θs(z⋆) =
rs(z⋆)
DA(z⋆)

, (27)

where: DA(z⋆), is the angular diameter distance to the surface
of last scattering, given by:

DA(z⋆) =
c0

1 + z⋆

∫ z⋆

0

dzλ
H(zλ)

=
c0

H0 (1 + z⋆)

∫ z⋆

0

dzλ
√
Ω
,

(28)

From this, one can determine the CMB-derived Hubble con-
stant,HCMB

0 , from the following:

HCMB
0 =

θs(z⋆)
rs(z⋆)

(
c0

1 + z⋆

∫ z⋆

0

dzλ
√
Ω

)
. (29)

According (e.g.) to Vagnozzi (2020) [12], measurements of
anisotropies in the temperature of the CMB, and in particu-
lar the position of the first acoustic peak (which appears at a
multipole ℓ ≃ π/θs), accurately fix θs, therefore, any modifi-
cation to the standard cosmological model aimed at solving
the Hubble tension should not modify θs in the process.

In (29), we see that the CMB-derived redshift is not af-
fected by the variation of FNCs. Apart from, H0, the only
other FNC in the CMB H0 determination is the speed of
Light and in-accordance with the very strong reservations laid
down by [29] and [30], we are not going to vary this. The
sound speed, c0, in the pre-recombination plasma medium
is the only quantity that can depend on FNC via the radia-
tion density term, that is to say, the sound speed is such that:
cs = c0/

√
3(1 + ϱb/ϱγ), where: ϱb and ϱγ, are the densities

of baryonic matter and radiation in this plasma, respectively.
Because during the plasma era, radiation dominated the Uni-
verse, hence, it is generally assumed that: ϱb/ϱγ ≪ 1, so
that the sound speed in this cosmic plasma medium is ap-
proximately equal to c0/

√
3. Hence, the CMB measurements

of,H0, are not affected by the variation of FNCs.

5 Problem

So what is the problem? We are of the strong view that the
problem with the discrepancy leading to the Hubble tension
may arise from an underestimate of the distance modulus (µL)
from its determination using the luminosity distance and this
underestimate may be a result of the variation of the FNCs:
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most probably Planck’s constant, ℏ*. We will show in §7, that
if indeed FNCs are to vary with cosmological time, then, this
variation will introduce a form of “dark extinction” that is not
accounted for in the typical calibrations leading to the Hubble
constant and this is so for the case of the cosmic distance
ladder method. The reason for this omission is that at present,
the idea of a variable FNCs is not taken with the seriousness it
so deserves despite observations [31–39] of the FSC strongly
pointing to this possibility.

The two distance moduli, µLτ and µLT , are determined and
then compared (i.e.: µLτ = µLT ), with µLτ being determined
from the brightness of the Cepheids resident in the super-
novae galaxy, while, µLT , is determined from the supernova’s
redshift and in addition to the redshift, it relays on the chosen
parameters of the Friedmann model. It is in this comparison:
µLτ = µLT , that the Hubble constant, H0, is determined. One
thing that one can immediately deduce without fail from this
comparison is that dLτ , dLT . That is to say, from (12) and
(18), we have that:

µLτ = 5 log10

(
dLτ

Mpc

)
+ 25 , (30a)

µLT = 5 log10

(
dLT

Mpc

)
+ 25 , (30b)

and from (30), it is not difficult to deduce that the said com-
parison of µLτ and µLT (µLτ = µLT ) implies that:

dLτ = dLT . (31)

So, the luminosity and Light travel distances are generally not
equal and are only equal in the case of the ISM having a van-
ishing optical depth. Now, before we deliver our suggested
solution, we shall first motivate for our working model on the
variation of FNCs.

6 Variable fundamental natural constants

If we blindly were to go by their verbatim name, then Funda-
mental Natural Constants (FNCs) aught to be
what is purported or suggested by their very name “Funda-
mental”, “Natural” and “Constant”.

1. Fundamental— meaning intrinsic, inherent and foundational
in all reality where they are involved;

2. Natural— meaning that these FNCs must arise naturally in
our theories and are not imposed by our finite and limited
intellect, whim, will or desideratum;

3. Constant — meaning they are sacrosanct and unchanging
throughout the entire evolution of the Universe.

Pristinely and succinctly stated, the term Fundamental Nat-
ural Constant expresses a somewhat “divine” notion of the

*Typically, ℏ is referred to as the reduced or normalized Planck constant.
Fully cognisant of this fact, we shall however refer to this constant ℏ, simply
as Planck’s constant.

sacrosanctity of these seemingly immutable and divinely im-
posed physical quantities.

How far true is this assumption of sacrosanctity, immuta-
bility and constancy of these FNCs? For all we know, physics
is an experimental human endeavour where answers to the
questions that we pause regarding the inner and outer work-
ings of Nature are to be sought by way of physical enquiry via
ponderable measurements. That is to say, only measurements
can decisively and conclusively answer this deep and very
interesting question about the possible variation the FNCs.
Fortunately, this question of the possible variation of FNCs is
now a question capable of being answered from both experi-
mental and observational science — thanks to the capabilities
of modern state-of-the-art precision technology that has made
this a reality.

The path to the road of inquiry into the possible varia-
tion of the FNCs began sometime in 1935 and 1937 with
the great British theoretical physicists Edward Arthur Milne
(1896-1950) and Paul Adrian Maurice Dirac (1902-1984).
That is to say, Milne [40, 41] and Dirac [42] were perhaps
the first (in the recorded scientific literature) to question this
status quo by suggesting that this long held assumption that
Newton’s supposed universal constant of gravitation, G, was
a sacrosanct and sacred constant of Nature that has remained
constant since the Universe came into being.

To that end, if current observations [31–39] indicating the
cosmological variation of the Fine Structure Constant (FSC)
stand up to the most ruthless scientific scrutiny, then Milne
[40, 41] and Dirac [42] may have been right after all, albeit
not on the possible variation of Newton’s constant G, but the
cosmological variation of the FSC which involves four FNCs,
namely: the electronic charge, e = 1.602176634 × 10−19 C;
the permittivity of free space, ε0 = 8.8541878128(13) × 1012

F m−1; Planck’s constant, h = 6.62607015×10−34 J s; and, the
speed of Light in vacuo, c0 = 299792458 × 108 m s−1 (2022,
CODATA Values).

The dimensionless FSC, denoted by the symbol α0, is
such that:

α0 =
e2

4πε0ℏc0
=

1
137.035999074(44)

, (32)

hence:
∆α

α0
= 2

(
∆e
e

)
−
∆ε0

ε0
−
∆ℏ

ℏ
−
∆c
c0
, (33)

that is to say, a cosmological variation in α0, directly points
to a variation in any one, or any possible combination, of the
four FNCs: e, ε0, ℏ, and, c0.

At present, there exists no properly constituted and fairly
accepted theory that explains why any of the supposed FNCs
must vary. Most theories that do make the endeavour to ex-
plain the possibility of the variation of the FSC are specu-
lative theories based on exotic and exogenous ideas [43–48]
and some of these theories are yet to make contact with expe-
rience such as string and string-related theories.
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Following Dirac [42] on the variation of the Newtonian
gravitational constant that it must vary in proportional to the
age of the Universe, which also translates to a variation with
respect to the cosmological scale factor a = a(t), we shall as-
sume that the expansion of the Universe is what is responsible
for the variation of FNCs. That is to say, if for example, K, is
some arbitrary FNC, then, its variation will scale in propor-
tion to the scale factor, a, that is to say: K ∝ aβK , and as a
mathematical equation, this can be written as follows:

K = KHa
βK = KH (1 + zλ)−βK , (34)

where: KH, is the value of this constant at the beginning of
time where: t = τP, and βK, is the proportionality index for
this constant and a0, is the scale factor of the Universe while,
a, is the scale factor of the Universe at the time of emission
of the photon whose redshift we measure with our telescopes
today. We hypothesize that the Universe began when the cos-

mic clock was reading one Planck second τP =

√
Gℏ/c5

0. From
this, it follows that:

1. If: βK > 0, then, the FNC in question increases with time,
i.e., its value gets larger as the Universe gets older.

2. If: βK < 0, then, the FNC in question decreases with time,
i.e., its value gets smaller as the Universe gets older.

3. If: βK = 0, then, the FNC in question is indeed a true constant
of Nature.

In the present exploration of ideas, we shall assume that
one of, or all of, or any possible combination of the four FNCs
(e, ε0, ℏ, c0) making up the FSC will vary with cosmological
time, i.e.:

e = eHa
βe = eH (1 + zλ)−βe , (35a)

ε0 = ε0Ha
βε0 = ε0H (1 + zλ)−βε0 , (35b)

ℏ = ℏHa
βℏ = ℏH (1 + zλ)−βℏ , (35c)

c0 = c0Ha
βc0 = c0H (1 + zλ)−βc0 , (35d)

where: eH, ε0H, ℏH and c0H, are the values of the fundamen-
tal electronic charge, the permittivity of free space, Planck’s
constant and the speed of Light in vacuo at the beginning of
time and: βe, βε0 , βℏ, and, βc0 , are the corresponding indices
of the variation of these FNCs, respectively.

We want to be clear to our reader in that we are not pro-
posing that all the four FNCs e, ε0, ℏ, and, c0, do vary with
cosmic time. What we are saying is that the variation of the
FSC allows us to entertain the possibility of the variation of
at least one of these four constants. If we were asked our
inclination regarding which of the four do we really think are
varying, we would say, it is probably Planck’s constant. We
have our reasons, for we have pondered on this matter in our
on-going ideas that we are still working on and are yet to be
published; from the said ideas, we strongly holdfast that the
speed of Light and as well the electronic charge must be true
FNCs, thus leaving ℏ and ε0 as variables.

For our purpose here, it really does not matter as to which
FNC is varying, as long just one of them is variable, this
would lead to the Stefan-Boltzmann-Planck constant, σ0, be-
ing a variable as it does depend on the Planck constant and
the speed of Light in vacuo. That is to say, we know that:

σ0 =
2π5k4

B

15ℏ3c2
0

= 5.670374419 × 10−8 W m−2 K−4 , (36)

where: kB = 1.380649 × 10−23 J K−1 (2022, CODATA Value)
is Boltzmann’s constant. From (36), it follows that if say, ℏ,
or, c0, did vary with cosmological time, then, σ0, will vary
cosmologically as well, i.e.:

σ0 = σ0Ha
βσ , (37)

where as before: σ0H, is the Stefan-Boltzmann-Planck con-
stant at the beginning of time and, βσ = 4βkB − 3βℏ − 2βc0 , is
the corresponding index of the cosmological variation of σ0.
For our purposes here, following the strong advice of Ellis &
Uzan [29,30], we shall assume that: βc0 = 0, and also follow-
ing our own intuition, we shall assume: βkB = 0; hence, we
shall have: βσ = −3βℏ and this implies that the luminosity of
a star, L, will vary with the scale factor as follows:

L ∝ a−3βℏ . (38)

Equipped with this seemingly strange and exotic hypothetical
idea of the cosmological variation of FNCs, we are going to
suggest in the next section a plausible solution to the Hubble
tension problem.

7 Proposed solution

From the thesis just laid down in the previous section, it is
pristine clear that if FNCs are variable, then there aught to be
a discrepancy in the values of early and late measurements
of H0, and the reason is simple because these epochs have
different values of these FNCs that drive the physics thereof.
For example, late-type values are those from the local neigh-
bourhood where the FNCs (kB, ℏ, c0) in those galaxies are just
about the same as in our own galaxy, whereas in the early-
type H0-measurements, the FNCs are significantly different
from our own, hence we are comparing two significantly dif-
ferent cosmological epochs. Thus, from the foregoing, it is
clear that late-type H0-measurements aught to be the true
and correct values of H0, whereas those from the early-type
measurements are going to contain a hitherto intrinsic and in-
herent additional signal (term) which is not accounted for in
contemporary measurements, hence the tension.

Now, in order to see how this variation of FNCs comes in,
from (38), we now have the FNC variation term, a−3βℏ , in the
flux emitted by the source at distance, d, i.e.:

F(dL) = F0

4πR2

4πd2
L

 a−3βℏe−τ , (39)
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where in (39), we see that in comparison to (7), we have in
addition to the traditional extinction term, e−τ, there now is
supplemented a new extinction term a−3βℏ . Our claim is that
it is this term a−3βℏ that is not accounted for in contemporary
cosmology models that do not embrace the variation of the
FNCs.

Now, just as before for the absolute magnitude, we need
the flux, F(10pc), at a distance of 10 parsecs as this is to be
evaluated without any form extinction — either the optical (τ)
term or the FNC-variation term (βℏ), i.e.:

F(10pc) = F0

(
4πR2

4π(10pc)2

)
. (40)

From (39) and (40), it follows that:

F(dL)
F(10pc)

=
(10pc)2

d2
L

a
−3βℏe−τ , (41)

hence, the variation of FNCs corrected-distance modulus, µ′L,
is given by:

µ′L =

µLτ︷                          ︸︸                          ︷
5 log10

(
dL

Mpc

)
+ 25 + Aτ +

µD︷           ︸︸           ︷
5 log10

(
a

1.5βℏ
)

Dark−Term
. (42)

That is to say, (42) reads: µ′L = µLτ + µD, where: µD, is a
new emergent dark-term that arises from the variation of the
Planck constant (if the Planck constant is not variable, then it
must either be, kB, and, c0). Since: µ′L = µLT , it follows that:

µLτ︷                          ︸︸                          ︷
5 log10

(
dL

Mpc

)
+ 25 + Aτ +

µD︷           ︸︸           ︷
5 log10

(
a

1.5βℏ
)

Dark−Term
=

= 5 log10

(
dLT

Mpc

)
+ 25 .

(43)

Taking the dark-term to the right hand-side of (43), we will
have:

5 log10

(
dL

Mpc

)
+ 25 + Aτ =

= 5 log10

(
dLT

Mpc

)
+ 25 − 5 log10

(
a

1.5βℏ
)
.

(44)

We can re-write (44), as follows:

Flux−Dependent︷                           ︸︸                           ︷
µLτ = 5 log10

(
dLτ

Mpc

)
+ 25

Observationally Derived

=

=

Redshift−Dependent︷                            ︸︸                            ︷
5 log10

d∆σ0
LT

Mpc

 + 25 = µδℏLT

Theoretically Derived

,

(45)

where:
d∆σ0

LT = a
−1.5βℏdLT , (46)

is what we shall call the FNC variation-corrected Light travel
distance, where in the present case, the FNC for which the
Light travel distance has been corrected for, is the Planck con-
stant because it is the particular FNC that we have chosen is
variable, while the other two (kB, c0) have been held constant.

Now, given that in the ΛCDM cosmology model, the red-
shift, zλ, and the scale factor, a, are related as follows: 1+zλ =
a0/a, i.e.:

a =
a0

1 + zλ
, (47)

where: a0, is the present day scale factor of the Universe
while, a, is the Universe’s scale factor at the time of emis-
sion of the photon that we receive here on Earth. The present
scale factor of the Universe is set: a0 = 1. From this, it
follows that if we are to insert this into (42), we will obtain:

d∆σ0
LT = (1 + zλ)1.5βℏ dLT . (48)

Now, since: dLτ = d∆σ0
LT , it follows that:

dLτ = (1 + zλ)1.5βℏ dLT = dH (1 + zλ)1.5βℏ f (zλ) , (49)

hence:

µLτ = 5 log10

[
(1 + zλ)1.5βℏ f (zλ)

]
+ K , (50)

where, K, is no longer as has been defined in (20), but is now
defined as follows:

K = 25 + 5 log10

(
c0

Mpc

)
− 5 log10 (nrH0) . (51)

This completes our theoretical exegesis on the plausible ori-
gins of the Hubble tension. What is now left is for us to cal-
ibrate this result (50) against real data. In order to to do this,
there is need to first figure out what, f (zλ), is. This function,
f (zλ), is dependent on the cosmology model that one adopts.
In our present case, we shall adopt a cosmology for which the
total Ω-parameter is identically equal to unity, i.e.: Ω ≡ 1.
That is to say, Ω, does not happen to be equal to unity in the
present epoch of the Universe’s evolution, but is eternally so
for all times — i.e., from antiquity to eternity. If as declared:
Ω ≡ 1, it follows from (16), that:

f (zλ) = ln (1 + zλ) , (52)

hence:

µLτ = 5 log10

[
(1 + zλ)1.5βℏ ln (1 + zλ)

]
+ K . (53)

Thus, (53) is what we are going to test against observational
evidence and we must hasten to say that (53) has not been
priori designed to fit the observational data that it will excel-
lently fit. It actually came as nothing short of a non-posteriori
surprise that this model [(53)] agrees very well with empirical
evidence.
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8 Application of theory

We are now ready to apply our ideas onto some real and tangi-
ble data and for this, we are going to use the Supernova Cos-
mology Project (SCP) Union2.1 dataset spanning the redshift
range: 0.015 ≤ zλ ≤ 1.414, [49]. This dataset is a compila-
tion of 580 SNe type Ia drawn from 19 datasets [50–67]. We
must say that this dataset may very well be the most compre-
hensive and most accurate SNe data available to date. Fur-
ther, according to Suzuki et al. [49], all SNe were fitted using
a single light-curve fitter (SALT2-1) and uniformly analyzed
in blind-mode, i.e., without due consideration of a particular
cosmology model. With 580 data points in the sufficiently
large redshift range: 0.015 ≤ zλ ≤ 1.414, we certainly do
have a statistically significant dataset to make a meaningful
conclusion on the present model (53) of the plausible time
variability of FNCs.

What we really want in this section is to test the proposed
model presented in (53). We want to find the value of βℏ,
and, K; and from the value of K, we can deduce H0. To that
end, in Fig. 1, we have plotted the distance modulus, µLτ , vs
the redshift, zλ, of the 580 SNe from the Union2.1 dataset
and with this dataset, we perform a non-linear curve fitting
on the data and from this non-linear curve fitting exercise, we
obtain:

βℏ = +0.77 ± 0.02 , (54a)

K = 43.20 ± 0.01 mag . (54b)

From the value of K, obtained (43.20 ± 0.01 mag.), we find
for the Hubble constant, the value:

H0 =
68.70 ± 0.30 km s−1 Mpc−1

nr
=
HSNe

0

nr
. (55)

If the ISM is a perfect vacuo (which it obviously is not), then:

H0 = H
SNe
0 = 68.70 ± 0.30 km s−1 Mpc−1 . (56)

This value given (56) is the corrected vacuo SNe H0-value
where the correction made is that hypothesised variation in
the Planck constant and the tension in this value when com-
pared with the CMB-value is significant at a 2.2σ-level (97%)
of statistical significance.

Of this value, within the provinces of its own error mar-
gins, one can safely say that this rather unexpected result is
in very good agreement (0.5σ-level of statistical significance
in discrepancy) with that of Freedman et al. [8]’s TRGB-mid-
point value: H0 = 69.80 ± 2.20 km s−1 Mpc−1. Further, this
value is in agreement with the Wilkinson Microwave Aniso-
tropy Probe (WMAP) data for the CMB data — where: H0 =

69.30 ± 1.60 km s−1 Mpc−1 [68, 69], and, the Planck 2013
data — where: H0 = 69.80 ± 2.20 km s−1 Mpc−1 [70]. In
theH0 values of Anderson et al. [68], Mehta et al. [69]&Ade
et al. [70], the BAO data has been admitted together with the
CMB data, thus allowing Ωk to be a free parameter [68, 70,

71], and this is unlike in Aghanim et al. [9]’s case were the
curvature parameter has been tightly constrained to: Ωk ∼ 0.
Furthermore, applying the WMAP& CMB constraints to both
BAO and SNe data together with the CMB, Blake et al. [72]
obtained: H0 = 68.70 ± 1.90 km s−1 Mpc−1, and Anderson et
al. [68] obtained: H0 = 69.60 ± 1.70 km s−1 Mpc−1. Within
the margins of error — all these results are in very good
agreement with our result: H0 = 68.70 ± 0.30 km s−1 Mpc−1.
While this is the case — that our derived value is an im-
provement in matching the two discontent H0-values, if at
all possible, there is need to get a most perfect agreement be-
tween these two values and this can be done by considering
the fact that the ISM is not a perfect vacuo, the meaning of
which is that we need not assume a refractive index of unity
for the ISM.

9 ConcordanceH0–value

As stated above, the two discontent H0-values (HSNe
0 and

HCMB
0 ) can be brought into concordance by considering the

fact that the ISM is not a perfect vacuo. That is to say, in the
derivation of HSNe

0 , leading to (55), the refractive index was
taken into account but later in (56), it (refractive index) was
then set to equal unity. We shall drop this assumption that the
refractive index is unity. On the same pedestal, we must real-
ize that this same assumption that the refractive index of ISM
is unity is employed in the CMB-derivation ofHCMB

0 in (29).
In order for us to take the refractive index into account in

(29), what we need to do is to replace c0 with c0/nr. So doing,
we obtain:

HCMB
0 =

θs(z⋆)
rs(z⋆)

(
c0/nr

1 + z⋆

∫ z⋆

0

dzλ
√
Ω

)
=
H0

nr
. (57)

From (57), we obtain: H0 = nrH
CMB
0 , and proceeding to

substitute this into (55), we obtain:

nr =

√
HSNe

0

HCMB
0

,

=

√
68.70 ± 0.30 km s−1 Mpc−1

67.40 ± 0.50 km s−1 Mpc−1 ,

∴ nISM
r = 1.010 ± 0.006 .

(58)

In all probity, this value (nISM
r = 1.010 ± 0.006) is not at all

in bad agreement with the measured refractive index (nISM
r =

1.0001 to 1.0003 [73–75]) of the ISM. With this ISM refrac-
tive index value (1.010 ± 0.006), the concordance H0-value
is:

H0 = 68.00 ± 0.90 km s−1 Mpc−1 . (59)

Within the margins of error, this concordance H0-value is
in good agreement with Freedman et al. [8]’s TRGB H0-
value. This good agreement can very well be understood
from the fact that the TRGB stars, from which these mea-
surement are inferred, are nearby stars and as a direct result
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Fig. 1: Graph of Distance Modulus (µL) vs Redshift (zλ) from the Union2.1 data of [49]. The Best Fit Graph (RED) is described by the
non-linear curve: µLτ = 5 log10

[
(1 + zλ)1.5βℏ ln (1 + zλ)

]
+ K, and, from it we obtain the following best parameter fittings: βℏ = 0.77 ± 0.02,

and, K = 43.20± 0.01 mag. The R2-value or Coefficient of Determination (COD) of the fit to data is: 99.49%. Assuming an ISM refractive
index of unity — i.e.: nISM

r ≡ 1, the obtaining K-value leads to: H0 = 68.70 ± 0.30 km s−1 Mpc−1. In order to bring the CMB and SNe
Ia measurements into unity and harmony, an ISM refractive index of: nISM

r = 1.010 ± 0.006, is needed and this leads to a concordance
H0-value of: H0 = 68.00 ± 0.90 km s−1 Mpc−1.

of this fact, the value of Planck’s constant for these systems is
pretty much the same as the value of Planck’s constant here on
Earth, hence, the correction of the variation of Planck’s con-
stant needed on these measurements may very well be negli-
gible. Be that as it may, there is need to subject TRGB H0-
measurements to the present idea of a variable Planck con-
stant.

10 General discussion

We have herein suggested that cosmologically varying FNCs
may very well present a viable and perdurable solution to
the current crisis in cosmology, namely, the Hubble tension.
That is to say, from the same SNe Ia data that usually pro-
duces values of the Hubble constant in the range ∼ 70–to–
76 km s−1 Mpc−1, we have downgraded this old value to the
new concordance H0-value: 68.00 ± 0.10 km s−1 Mpc−1, and
in the same exercise, the Planck collaboration value of: 67.40
±0.50 km s−1 Mpc−1 has been upgraded to this concordance
H0-value. This has required two major ideas to be evoked,
namely, the:

1. Assumption of a cosmologically varying Planck constant, ℏ.
2. Adoption of a non-unity value for the refractive index of the

ISM.

The assumption of a cosmologically varying Planck constant
reduces the SNe Ia derived value of the Hubble constant from
the: 70–to–76 km s−1 Mpc−1, territory, to exactly: 68.70 ±

0.30 km s−1 Mpc−1. As pointed out in the penultimate of §4.2,
this assumption of a cosmologically variable Planck constant
does not apply to the derivation of the CMB-derived Hubble
constant because none of the physical parameters that enter
in the formulae leading to the HCMB

0 depend on ℏ. Effec-
tively, what this means is that the tension inHSNe

0 andHCMB
0

is reduced and not resolved. The initial tension* (gap in the
two values) is: 7.44 km s−1 Mpc−1, and this is reduced to:
2.10 km s−1 Mpc−1, and this is an 88% reduction. In order
to “resolve” the tension completely, the fact that the ISM is
not a perfect vacuo is taken into account and this fact affects
both measurements — i.e., the CMB and SNe Ia measure-
ment and is seen that a refractive index: nr = 1.010 ± 0.006,
resolves the tension completely, leading to the concordance
value: H0 = 68.00 ± 0.90 km s−1 Mpc−1.

We candidly must say that our choice in the Planck con-
stant, ℏ, as the likely culprit is informed by what we believe to

*By tension here we mean the difference within the margins of error be-
tween the two values: HSNe

0 = 68.00 ± 0.10 km s−1 Mpc−1, and, HCMB
0 =

67.40 ± 0.50 km s−1 Mpc−1. That is to say, the difference in: MIN(HSNe
0 ) =

71.97 km s−1 Mpc−1, and, MAX(HCMB
0 ) = 67.90 km s−1 Mpc−1. Clearly,

this difference is equal to: 4.07 km s−1 Mpc−1. Following the same line of
thought and reasoning, the tension in the new variable-ℏ corrected: HSNe

0 =

68.00 ± 0.10 km s−1 Mpc−1, and the old CMB-derived H0-value: HCMB
0 =

67.40 ± 0.50 km s−1 Mpc−1, is: 0.50 km s−1 Mpc−1. Clearly, the percent-
age reduction in tension is: (1 − 0.50 km s−1 Mpc−1/4.07 km s−1 Mpc−1) ×
100% = 88%.
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be our strong intuition rather than scientific objectivity. Be-
cause of a general lack or consensus on the variation of the
FSC; without fail, we must say that ideas of variable FNCs are
by their nature largely considered to be speculative and may
very well be outside of the realm of the general support of
contemporary scientific understanding because despite claims
of a variable FSC [31–39], at present, there is no direct “in-
criminating” and invigorating evidence to suggest that the
Planck constant could change over cosmic times [76–78].

The most widely considered FNCs to vary over cosmic
times is the speed of Light [79–87] but we have our deep-
seated reasons for holding back on taking this position*. We
are not going to take a position simply because everyone is
taking that position because we are aware that no amount of
research on the candle would have led mankind to discover
the Light bulb. To discover the Light bulb, it was needed
to consider ideas alien to our common experience. We have
here chosen to take the “road less travelled if not the road not
travelled” and vary Planck’s constant.

Because the Planck constant sets the scale for the quan-
tum nature of particles and their interactions with its value
determining the granularity of atomic energy levels and the
scale at which quantum effects become significant — in a
Universe with an increasing Planck constant such as the one
that we are suggesting, over cosmic times, the behaviour of
the Universe would tend to be more classical rather than quan-
tum mechanical. From a quantum probability calculus view
point, this means the initial state of the Universe must have
been less probabilistic (i.e., highly unpredictable) and has
been evolving into a more probabilistic state (i.e., more pre-
dictable). This evolutionary sequence of the Universe res-
onates well with the Second Law of Thermodynamics (SLT)
as this implies that the Universe must have started in a state
of lowest entropy and has been, and is, evolving into a state
of highest entropy.

Further, if the Planck constant ℏ, were to vary as sug-
gested here, it could help solve one of the outstanding prob-
lems in the Universe’s expansion to do with the conservation
of the photon’s energy and the expansion of the spacetime.
The problem is a simple one and is as follows. We know that
the energy, Eγ, of a photon is related to the photon’s wave-
length, λ, as follows: Eγ = 2πℏc0/λ. As a result of cosmic
expansion, the wavelength of the photon increases. If ℏ, and,
c0, are to remain constant as the spacetime expands, it follows
that the energy of the photon will diminish without any fore-
seeable compensation — i.e.: ∆Eγ , 0, and this obviously
violates the Law of Conservation of Energy.

*Completely in agreement with Ellis [29] and Ellis & Uzan [30], we are
of the view that the speed of Light cannot be varied in a “part or portion of
physics” but must be done wholesomely in a consistent manner at a most
fundamental level. At the very least, this requires a complete and total re-
write of physics. Varying the speed of Light is unimaginable at the very
least. We have held fast in the present exploration the idea of a sacrosanct
and invariant speed of Light.

Where does the diminished energy go to? This is some-
thing that has bothered the desideratum of the foremost the-
oretical physicist since this issue was first noticed and to this
day, it has not been resolved. In the advent of a time-variable
Planck constant and an invariant Light speed c0, one can pos-
tulate that the photon energy is conserved (∆Eγ = 0) and the
compensation in the increase in its wavelength comes in the
wake of an equal compensation in the increase of the Planck
constant — i.e.:

zλ =
∆λ

λ
=
∆ℏ

ℏ
. (60)

What (60) means is that the redshift, zλ, that we measure must
be a measure in the change of the Planck constant.

Regarding the evidence of a varying Planck constant,
there have been few direct references in the literature on the
subject of a variable Planck constant [88–90]. [88, 89] ap-
proaches the subject from a laboratory view point while [90]
does this on a purely speculative theoretical standpoint.
Searches for a variable Planck constant have been under the
guise of a variable FSC [31, 39] which amongst others also
implies a variable electronic charge, the speed of Light and/or
the permittivity of free space.

Hutchin [89] reports that a gradual and systematic drop
has been observed in the decay rates of 8 radionuclides[
226Ra, 154Eu, 238Pu, 3H, 54Mn, 60Co, 90Sr, 36Cl

]
over a 20

year span by six organizations on three continents (German,
American and Russian labs), including beta decay (weak in-
teraction) and alpha decay (strong interaction) and in the
search for a common cause, Hutchin [89] hypothesizes that
small variations in Planck’s constant might account for the
observed synchronized variations in these strong and weak
decays.

Hutchin [88] further suggests that this proposed variation
of ℏ, may very well be a good candidate for the cause of the
Casimir radiation and further proposes that if this Casimir ra-
diation were emitted by stars via a changing ℏ, then:

. . . this could provide an alternative explanation for the
Hubble constant, where the distant galaxies are redder
simply because ℏ is smaller back in time, making local
time move more slowly. In contrast to the expand-
ing model of the Universe, we could now consider
whether our Universe might simply be static, where
gravity is everywhere balanced on a large scale. Such
a conclusion would end the search for dark energy
since such a Universe is essentially static while the
usual red shift would still be observed.

Unlike Hutchin [88], we do not believe that a variable ℏ nec-
essarily rules out “the expansion of the Universe and points
to a Static Universe.”

As apparent fissures in the standard model have been
emerging, there are also indications that there may be cracks
that need attention in the local distance scale as well. For ex-
ample, the tip of the red giant branch (TRGB) method and
the Cepheid distance scale result in differing values ofH0 =
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69.60 ± 1.90 km s−1 Mpc−1 [8,91] for the TRGB and 73.30±
1.04, km s−1 Mpc−1 [7], for the Cepheids. This divergence
raises the question of whether the purported tension is be-
ing driven by yet-to-be-revealed systematic errors in the local
Cepheid data, rather than in the cosmological models.

11 Conclusion

Assuming what has been presented herein is acceptable, we
hereby present the following as the logical conclusion that
can be drawn thereof:

1. We have shown that the Hubble tension can in principle be
alleviated if we assume a cosmologically varying Planck con-
stant and as well as a dispersive non-zero refractive index
ISM.

2. Further — we have shown that the current supernovae de-
rived H0-value can be brought down from its current lofty
value: HSNe

0 = 73.30 ± 1.03 km s−1 Mpc−1, down to: 68.70 ±
0.30 km s−1 Mpc−1, and this new value is not in dire disagree-
ment with the CMB-derived H0-value: HCMB

0 = 67.40 ±
0.50 km s−1 Mpc−1. That is to say, at a 2.2σ-level of statis-
tical significance in discrepancy, this new H0-value reduces
the tension by 88%.

3. Furthermore — in order to “resolve” the tension completely,
the fact that the ISM is not a perfect vacuo is taken into
account and this fact affects both measurements — i.e., the
CMB and SNe Ia measurement and it is seen that a refrac-
tive index: nr = 1.010 ± 0.006, resolves the tension com-
pletely, leading to the concordance value: H0 = 68.00 ±
0.90 km s−1 Mpc−1.

4. Additionally — apart from providing a viable solution to the
Hubble tension problem, a time variable Planck constant has
the potential to solve the problem of the conservation of the
photon’s energy in an expanding Universe if it is to be as-
sumed that the photon’s redshift, ∆λ/λ, is compensated by a
change in Planck’s constant, ∆ℏ/ℏ. Ultimately, the photon’s
redshift under this model emerges as a measure in the change
in Planck’s constant.

5. Lastly — as demonstrated herein, the idea of varying FNCs
aught to be taken much more seriously than currently done as
this has the potential to solve the darkenergy and darkmatter
problem because if FNCs are really variable, this variation
may bring in “dark” effects that might explain away darken-
ergy and darkmatter.

Dedication

This reading is dedicated to my friend Anna Neff.

Received on September 21, 2024
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This phenomenology paper presents a framework to understand two little-known prop-
erties of light. Firstly Brittin and Gamow have shown that sunlight shining on the
Earth’s surface lowers the entropy level there because Ts > Te > Tspace. We have found
evidence for this, presented separately, which shows it persists contrary to the second
law. Secondly when ferromagnetic particles are strongly illuminated, they move as
magnetic monopoles. Mikhailov made repeated measurements and determined that the
monopole charge is quantized (g = ngD, n = 1–5; ḡ = (0.99 ± 0.05)gD) as predicted by
Dirac. But they cease to move as monopoles when the illumination is turned off, and
so have been ignored. However, the results are reproducible and we deduce these Dirac
monopoles are in another space-time. The chronometric invariant formalism of General
Relativity (CIGR) predicts a more complex structure to space-time of 5D, with a second
time dimension, mirror time, directed from the future to the past (3,2). We make the
hypothesis that light, by lowering the entropy level via the Brittin and Gamow effect,
can switch the arrow of time into that of the mirror world of CIGR to reveal phenomena
there. We call this the “photo-mirror hypothesis”. This reveals magnetic monopoles
outside 4D but in mirror space-time, where they are less objective, but reproducible and
so real. This explains why monopoles can be observed at low energies (because mirror
mass is negative), and the infinite length of the Dirac string.

1 Introduction

Brittin and Gamow have used the quantum theory of radia-
tion to derive an equation which predicts that sunlight shining
on the Earth’s surface, lowers the entropy level there, appar-
ently contrary to the second law of thermodynamics — see
equation (1) below [1]. As we investigated this further, we
confirmed the violation of the second law. To explain this, we
have found new physics which may help penetrate a number
of other unsolved problems in quantum and particle physics,
such as magnetic monopoles. However, there are several bar-
riers blocking progress. We start with the theoretical barriers.

1. Murray Gell-Mann said at the Conference in Honour of
his 80th birthday “I should like to emphasize particularly. . .
the need to go against certain received ideas. Sometimes they
are taken for granted all over the world. . . Often they have a
negative character and they amount to prohibitions of think-
ing along certain lines. . . Now and then, however, the only
way to make progress is to defy one of these prohibitions that
are uncritically accepted without good reason” [2]. Such pro-
hibitions often concern problems from the past. So it fol-
lows, contrary to the current view that references should be
up-to-date, that some of the references below, are old ones.
For example, another peculiar effect of light is the detection
of magnetic monopoles only when strongly illuminated, in
1930 [3].

2. Secondly, theory is sometimes biased against experi-
ment. True, it is accepted that experiment is the final arbiter
of reality. However, important discoveries often get ignored,

if the correct theoretical interpretation is not given. For ex-
ample, parity violation was first observed in 1928, but was
rejected as an “instrumental effect” [4]. In 1956 Lee and
Yang suggested it could be violated theoretically, and Mme
Wu “discovered” it shortly after that. Another example is that
Irène Curie and Frédéric Joliot failed to discover the neutron
because they did not believe Rutherford’s neutron hypothesis.
Chadwick realised that their January 18th 1932 results were
not due to photons but evidence for neutrons, and so made the
discovery a few months later. (The Joliot-Curies also failed to
discover the positron, even though they had data for it before
Anderson.) A fourth example is that the cosmic microwave
background radiation from the Big Bang was first observed
by A. McKellar in 1941, but misinterpreted [5]. The CMB
was rediscovered at the Pulkovo Observatory by Soviet sci-
entist T. A. Shmaonov in 1957 and published in his thesis,
where he determined the temperature to be 4±3◦K, but it was
ignored [6]. Finally in 1964, Penzias and Wilson detected it a
third time, and showed the results to Dicke at Princeton, who
realised that this was the afterglow of the Big Bang. Finally
the discovery was made.

Another example is the case of Felix Ehrenhaft who had
the misfortune to make two such discoveries, firstly of frac-
tional electric charges in 1910 onwards, and then magnetic
monopoles in 1930, and get rejected for theoretical reasons
twice! We go into magnetic monopoles in more detail below.

There is clearly a pattern here of unexpected experimen-
tal results being rejected, sometimes for decades, even indefi-
nitely (e.g. Ehrenhaft). One possible explanation was given
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by Einstein when he said to Heisenberg: “It is the theory
which decides what we can observe” [7]. In effect it is the-
ory which tells us what we can think. This is fine, when the
theory is correct. However, experiment is the final arbiter of
the truth, and so experimentalists are closer to Nature, and it
is Nature which should tell us what to think. Therefore, when
unusual experimental results are obtained, experimentalists
should be encouraged to develop the theoretical explanation,
especially when they can support their reasoning with mathe-
matics already in the literature, as in this paper.

3. One of the prohibitions to thinking is the second law of
thermodynamics. It is thought to be absolute, and to lead to
the “heat death” of the Universe. This is in effect a classical
physics “Theory of Everything”. It is true that (superficially)
there is almost overwhelming evidence that entropy tends to
increase with time. However, the Universe is a big place and
we now know that baryonic matter makes up only about 4%
of the Universe. The other 96% consists of dark matter and
dark energy; and we do not know what these are, nor what
laws they obey. So it is illogical to assume that the second
law applies to them — it may or it may not. So it is perfectly
rational to look for processes which create order out of chaos.

The author has done some experiments on phenomena
which apparently violate the second law of thermodynamics,
and so are inexplicable [8]. It is the objective of this paper to
present a phenomenological framework to understand these
results. In the process, we find that this new framework also
explains experiments on magnetic monopoles, and observa-
tions of fractional electric charges [9].

4. There are also experimental barriers to solving prob-
lems in quantum and particle physics. Firstly, particle physics
has been re-branded “high energy physics”, which is a tech-
nique, not a subject. Low energy particle physics is still an
important and active area of research [10]. However, it does
not get the support nor attention it deserves, because of high
energy physics. High energy experiments are massive techno-
logical achievements, so low energy experiments can appear
insignificant. It is the purpose of these papers to demonstrate
the reverse. We present new approaches, both theoretical and
experimental, into magnetic monopoles, quarks, preons, and
possibly dark matter.

5. Furthermore, experimental physics is currently based
upon determining objective facts in 4D space-time, for exam-
ple, by controlled experiment. However, if one relies upon
objective facts only, this assumes that the Universe can be
reduced to objective facts, or at least if there are any non-
objective aspects, they can be ignored. There is no proof of
this, and it could lead to an infinite regression. (For example,
if matter in the Universe is made from some fundamental ob-
jective substance SA, then what is this made of? Either it is
something non-objective, or it is another objective substance
SB, and so on.) So less-than-objective phenomena could be
more fundamental than objective ones.

In order to bring experimental physics up to date and more

in line with theoretical physics (which frequently incorpo-
rates other dimensions or space-times), we propose that the
requirement of objectivity should be relaxed. For example, if
one makes measurements in other spaces or dimensions then,
assuming it is possible, there is inevitably some reduction in
control and/or objectivity. It is currently not recognised that
such less-objective results do occur occasionally, and so they
tend to be rejected because they are not objective (i.e. not in
4-D space time). We argue that such results should be consid-
ered physically real if they can be reproduced. We have ex-
amined the literature and find that magnetic monopoles are an
example of this. They are only detected under intense illumi-
nation and so may be linked to the Brittin and Gamow effect.

Our method to challenge these barriers, is to reason from
experiment upwards, as opposed to that from theoretical prin-
ciples downwards, because it is experiment which can guide
us to the true nature of reality. Never-the-less, we include
some mathematics when it is available and can help us under-
stand the experiments.

2 Magnetic Monopoles

We present experimental evidence from the literature, for real
(∇ · B , 0) magnetic monopoles, as opposed to the pseudo-
monopoles (∇ ·H , 0) sometimes observed in spin ices or
other solid-state phenomena.

Over the last 70 years there have been numerous searches
for real magnetic monopoles with mostly negative results.
Compilations of these searches conclude that there is no re-
producible evidence for magnetic monopoles [11, 12]. But
there is an assumption behind this conclusion, namely that
magnetic monopoles must be particles which can be detected
objectively in 4-D space-time, because that is what controlled
experiment is limited too. Firstly, in Dirac’s theory there is
a line connecting two monopoles which has to be infinitely
long, and yet the universe is finite [13]. This infinite length
of the Dirac string is normally explained away as an artefact
of the calculation. However, it is there in the theory and im-
plies that both monopoles are outside 4-D space-time, just as
the Dirac equation implies the existence of antimatter. (In
principle one monopole could be inside 4-D space-time and
the other outside, but that would require preferential treat-
ment for one monopole over another, which the theory does
not provide. So we reject this.) If they are outside 4D space-
time, then it would not be possible to detect them objectively
by the normal methods of experimental physics (e.g. by con-
trolled experiment). Therefore the conclusion of the above
compilations is not strictly correct. It should read “there is no
reproducible evidence for magnetic monopoles in 4-D space-
time”. However, this is not evidence for or against mag-
netic monopoles because they are not predicted to be in 4-D
space-time.

Furthermore, if a phenomenon is not objective, then it
is currently rejected by most physicists as not being physi-
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cally real. Therefore, the above monopole surveys usually
omit most, if not all, of the references to the following ex-
periments which provide reproducible evidence for magnetic
monopoles, but of a non-objective nature. They are non-
objective because these monopoles are only visible under in-
tense illumination. When the intense illumination is turned
off, they disappear, in the sense that the particle being ob-
served ceases to move as a monopole, and moves as a neutral
particle or dipole. Thus these monopoles do not seem to exist
in their own right. However, these results are reproducible,
and so we argue they are physically real. Here is a summary
of the published evidence.

2.1 Ehrenhaft

Ehrenhaft first reported observation of single magnetic
charges, which were only detectable under intense illumina-
tion, in 1930 [3], before Dirac’s paper in 1931 [13]. How-
ever, Dirac did not recognise Ehrenhaft’s results [14,15]. Not
only were Ehrenhaft’s results non-objective, but they were
obtained at very low energies. So Dirac rejected them, not
just because high energies imply objectiveness, but because
he thought the very strong force between monopoles would
require high energies to separate them. We explain how they
can be separated at low energies below.

Dirac’s rejection of Ehrenhaft’s monopoles creates an-
other problem, namely that there would be two different types
of monopole: that predicted by Dirac’s theory, and that ob-
served by Ehrenhaft. This is unlikely.

The essence of Ehrenhaft’s observations is that when mi-
croparticles of ferromagnetic substances (such as iron, nickel
or cobalt) are suspended in a gas atmosphere and subjected si-
multaneously to a uniform magnetic field and to intense illu-
mination by light, they move as objects carrying single mag-
netic charges. If the magnetic field H is reversed, then the
direction of motion of the single magnetic charges is reversed
(magnetic dipoles would not do this). This effect was con-
firmed by Benedict and Leng [16].

Ehrenhaft did a number of other experiments [17], and
when he did not get the recognition he felt he deserved, he
made more extreme claims, such as that “light magnetises
matter” [18]. He was convinced that he had discovered free
magnetic charges and should get the kind of recognition of
someone such as Ampère or Faraday. He claimed he had cre-
ated a magnetic current by causing the monopoles to move
[19]. He also claimed to have discovered “magnetolysis”, be-
ing the magnetic equivalent of electrolysis [20]. Many physi-
cists were unconvinced that “light makes magnetism”, sus-
pected it could be due to surface effects, found the effect not
objectively real, and so tended to ridicule the results [21].
Einstein took the observations seriously, but wanted a better
explanation [22].

Kemple made a review of experimental searches for
monopoles up to 1961, including not only the work of Ehren-

haft, but also by his contemporaries. He noted that other ex-
perimenters could not reproduce some of these results, and
therefore concluded that this work is not evidence for mag-
netic monopoles [23]. However, this is not strictly correct,
because even though some of the experiments may not have
been confirmed, the basic observation of magnetic monopoles
under intense illumination, was confirmed by Benedict and
Leng [16].

2.2 Mikhailov

There the matter might have rested, had it not been that Mi-
khailov repeated Ehrenhaft’s magnetic charge experiment
with better technique, and confirmed the result [24–26]. In
his first experiment, he used iron microparticles suspended in
an atmosphere of argon, illuminated by a laser with power up
to 1 kW/cm2, and in the presence of crossed uniform electric
and magnetic fields, which were switched by a square wave-
form with a frequency of a few Hertz. The particles were
observed with a microscope, and moved under the influence
of the crossed electric and magnetic fields (E and H). By ob-
serving their motion, one could select the signs of the electric
and magnetic charges of the particles being observed, thereby
confirming Ehrenhaft.

The observed microparticles had a mass M ⩽ 10−14 gram
and size r ⩽ 10−5 cm, and their motion was governed by
Stokes’ law. By making measurements on particles carry-
ing both an electric and a magnetic charge, it was possible
to measure the ratio g/q independently of the Stokes’ co-
efficient, and hence of the size of the particle. From ob-
servations of 1200 such particles, Mikhailov found that the
magnetic charge is quantized. But his initial value of g dis-
agreed with Dirac’s prediction. However, Akers pointed out
that Mikhailov had ignored components of the particle’s ve-
locity orthogonal to E and H, and so this interpretation of the
result could be incorrect [27].

Mikhailov reanalysed his results and found that the mag-
netic charge in this experiment, is in fact the solution of a
quadratic equation and so gives two possible values. One
value is the one he had previously reported, the other being
that predicted by Dirac. In order to distinguish between these
two roots, Mikhailov redesigned the experiment to remove
this ambiguity and also possible surface effects.

He condensed super-saturated vapour onto solid ferro-
magnetic particles in a diffusion chamber, which created a
smooth surface round each particle and so eliminated sur-
face effects. These ferromagnetic particles, surrounded by
fluid, were allowed to drop through a beam of light, under
the force of gravity in a magnetic field H, which was peri-
odically inverted. Under these conditions, particles exhibit-
ing the magnetic charge effect, fall in a zig-zag path. He
observed 428 such tracks with a mean magnetic charge of
ḡ =

(
2.5+1.6
−1.3

)
×10−8 gauss× cm2, which agrees with the value

predicted by Dirac of gD = 3.29× 10−8 gauss× cm2 within
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the errors. In this way, Mikhailov showed unambiguously
that he was observing Dirac “monopoles”, and furthermore,
these were not due to surface effects on the particles [28].

He also repeated his previous experiment, choosing the
correct root, and found that the ferromagnetic particles car-
ried from 1 to 5 magnetic charges. The histogram of mag-
netic charges clearly shows 5 separate peaks corresponding to
g= ngD, where n = 1 to 5, with the peaks being gaussian-like
with some gaps in between [29]. This confirms that the mag-
netic charge is quantised as predicted by Dirac, and rules out
Schwinger monopoles which have twice the magnetic charge
(gS = 2gD) [30].

The microparticles measured by Mikhailov were compos-
ite (M ⩽ 10−14 gram), so the monopoles could be composite
pseudo-particles (instantons). However, the charge of these
pseudo-particles would then not be quantised with the mono-
pole charge predicted by Dirac [31].

He also reanalysed his previous experiments, selecting the
correct root and dividing the data by n, and obtained a narrow
bell-shaped distribution centred on ḡ = (3.27 ± 0.16) × 10−8

gauss× cm2 = 0.99 gD with an accuracy of ±5% [31]. There-
fore, by these ingenious experiments, Mikhailov has observed
Dirac monopoles, but only when illuminated by light. The
problem is they are non-existent in their own right, because
they cease to move as monopoles when the light is turned off.
There has been no satisfactory explanation for this.

2.3 Discussion

These results are reproducible, because several experimental-
ists have observed more than 1600 single magnetic charges.
Furthermore, they apparently obey gaussian statistics (e.g.
the bell-shaped distribution) and are statistically significant.
Therefore we argue, these single magnetic charges should be
considered a real physical phenomena. However we have
shown above that surveys of the objective methods of physics
have failed to detect them, and concluded there is no evidence
for them in 4-D space-time. One possible explanation is that
the monopoles observed only under intense illumination, are
not in 4-D space-time but in another space-time, as predicted
by Dirac’s theory.

Nevertheless, this is not a complete explanation. We also
need a theory which predicts the existence of this second
space-time, together with a mechanism which enables light
to switch space-time into this second space-time. We now
present such a combined theory.

3 Sunlight Shining on the Earth’s Surface

We start with an existing theory of an unexpected property
of light which does the switching, and then introduce a ver-
sion of General Relativity which predicts a more complex
structure to space-time. The basic idea is that light switches
the direction of the flow of time into that of another space-
time.

3.1 Brittin and Gamow’s Theory

In a little-known theory, Brittin and Gamow have suggested
that sunlight shining on the Earth, pumps entropy out into
space, thereby allowing negentropy to accumulate on the
Earth’s surface. The Sun’s radiation consists of high tem-
perature photons coming from the surface at Ts ≃ 5,900◦ K,
which spreads out in space and becomes diluted. By the time
it reaches the Earth’s surface, it’s energy density corresponds
to a temperature of the Earth (Te ≃ 300◦ K), so these photons
are not in thermodynamic equilibrium.

Brittin and Gamow use the quantum theory of radiation
to show that the net entropy change when sunlight interacts
with the Earth’s surface is [1]:

∆S = ∆S s − ∆S e =
4
3
∆Q

(
1
T s
−

1
T e

)
, (1)

which is negative because Ts > Te. So the entropy at the
Earth’s surface is reduced. They reason that this is not con-
trary to the second law of thermodynamics because it is sim-
ply due to the temperature gradient Ts > Te > Tspace, but see
below. (Note this effect can also occur with light from an ar-
tificial source, such as an halogen lamp.) However, there is
a hidden complication, independent of whether the source is
natural or artificial.

The problem is that this mechanism enables negative en-
tropy to build up on the Earth’s surface, only if it can be
stored. In the case of sunlight, they calculate that photosyn-
thesis has an efficiency of about 10% for capturing this nega-
tive entropy. Brittin and Gamow suggest that this is the source
of order for the food chain, which Schrödinger proposed to
be a current of negative entropy [32, 33]. If this is the only
mechanism for storage, then this is not a purely physical the-
ory because it relies upon plants (and hence biochemistry) to
capture the negentropy. However, we now show that there is
a mechanism in physics to store the negentropy produced.

3.2 Discussion of Brittin and Gamow Effect

In classical thermodynamics, the entropy increases with the
arrow of time [34]. What happens to time when a solar photon
interacts with the Earth’s surface, thereby lowering its entropy
level? Is the direction of time reversed (e.g. locally), either
momentarily or more persistently, when the photon lowers the
entropy level? We conclude that it logically must be reversed,
because otherwise Eddington’s arrow of time would be vio-
lated, and the second law of thermodynamics also. Therefore
what is missing from Brittin and Gamow’s theory, is a theory
of space-time with a second time dimension which is directed
from the future to the past. (Experimental evidence for this
reasoning is given in the following reference [8].)

There are a number of theories with two time dimensions,
but these are compactified or otherwise unsuitable [35, 36].
However, Köhn has found a solution to the cosmological
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problem using two time dimensions. The second time dimen-
sion is not compactified, but it is limited to a spacial scale of
the Planck length [37]. Elsborg and Köhn have extended this
theory to the problem of magnetic monopoles, and developed
the theory of magnetic monopoles in this second time dimen-
sion [38]. They adopt the orthodox view noted above, that
magnetic monopoles have not been observed [11,12]. There-
fore they continue the assumption from Köhn’s first paper that
the second time dimension only acts on the scale of the Planck
length, so that monopoles cannot be observed experimentally
at the macroscopic scales now present in the Universe. How-
ever, the above evidence for monopoles overrules this aspect
of their approach, and requires the second time dimension to
be macroscopic. Furthermore, it needs to be directed from
the future to the past. Nevertheless, this an interesting paper
which provides the mathematical analysis which shows that
magnetic monopoles can exist in 5D (3,2) space-time.

There is, however, another theoretical approach. A little-
known extension of the theory of General Relativity, has a
second macroscopic time dimension directed from the future
to the past.

4 General Relativity: Chronometric Invariants

In the 1930s, Landau and others realised that General Rela-
tivity is incomplete, because it does not correct for the refer-
ence frame of the Observer. As a result, what is observed in
a specific reference frame, is not well defined by the existing
theory. So without the Observer, General Relativity is incom-
plete. The case for including the Observer is thus compelling.
Some progress was made by Landau and Lifshitz for specific
cases [39]. Zelmanov developed the strict mathematical for-
malism to calculate the observable values for any tensor quan-
tity in 1944. However this methodology for the general case,
was not published until 1956 [40, 41]. The mathematical de-
tails of the theory are given in the references. We just present
a short summary of the main points here.

Physically observable quantities are obtained by project-
ing four-dimensional quantities onto the time lines and three-
dimensional space of the Observer’s reference frame. Physi-
cally observable quantities must be invariant with respect to
transformations of time, and so they are chronometrically in-
variant quantities. Thus the general case of the Observer was
incorporated into General Relativity in Russia in the era of the
Soviet Union. Cattaneo later obtained similar results [42–44].

This important extension of General Relativity is not well
known in the West [45, 46]. Borissova and Rabounski, have
developed this theory further. They find that the chronomet-
ric invariant equations of motion for mass-bearing particles
into the past and into the future, are asymmetric in time. They
conclude there is a fundamental asymmetry of the directions
of time in the in-homogeneous space-time of General Rela-
tivity. They hold up a “mirror” to time and find that it does
not reflect completely, and that there is a different world “be-

yond the mirror”. The four-dimensional momentum vector
for a particle with non-zero rest mass, m0 is:

Pα = m0
dxα

ds
, PαPα = 1, α = 0, 1, 2, 3. (2)

When a vector (or tensor) is projected onto the time line and
spacial section of an observer, these projections give the phys-
ically observable quantities for that observer [40]. Using the
properly observable time interval dτ=

√
g00 dt+ g0i

c
√
g00

dxi [39,
40], the above four-dimensional momentum vector has two
projections onto the time line, namely [47, 48]:

P0
√
g00
= ±m, where m =

m0√
1 − v2/c2

(3)

whereas it has only one spacial projection:

Pi =
m
c

v i =
1
c

pi, where v i =
dxi

dτ
, i = 1, 2, 3, (4)

where pi is the three-dimensional observable momentum.
They conclude that any massive particle, having two time
projections, exists in two observable states, entangled to each
other: the positive mass state is in our world, while the nega-
tively charged mass state is in the mirror world. Using the
techniques of chronometric invariants, they find that there
are three separate areas: our world (i.e. normal 4-D space-
time), the mirror world, and a membrane which separates the
two [47].

The flow of time is well defined mathematically in Gen-
eral Relativity. It is determined by the sign of the deriva-
tive of the coordinate time t with respect to the proper time
(dt/dτ). Using w = c2 (1−

√
g00) and vi = −c g0i√

g00
, Borissova

and Rabounski derive the following quadratic equation:(
dt
dτ

)2

−
2viv i

c2
(
1− w

c2

) dt
dτ
+

1(
1− w

c2

)2

(
1
c4 vi vkv iv k − 1

)
= 0 , (5)

the two roots of which are [48]:(
dt
dτ

)
1,2
=

1

1 − w
c2

(
1
c2 viv

i ± 1
)
. (6)

This equation has three possible solutions dt/dτ > 0,
dt/dτ < 0, and dt/dτ= 0. In our world, dt/dτ > 0 and time
flows from the past to the future. In the mirror world dt/dτ< 0
and so time flows in the opposite direction. Between the two
is a membrane where time has stopped dt/dτ = 0. Thus the
two worlds are separate, because of the membrane, but equal.
So that to an Observer (in our world), time in the mirror world
flows from the future to the past. A summary of their results
is shown in Table 1 [49].

The membrane which separates the two worlds, has its
own unique three-fold structure. On our world side and the
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Table 1: Summary of Spacial Properties of Chronometric Invariant General Relativity.

Mass Particles Energies Class of motion Area Time Entropy

m > 0 massive particles E > 0 move at sub-light speeds our world dt > 0 ∆S > 0

m = 0 massless particles (photons) E > 0 move at the speed of light our world

m = 0 light-like vortices E = 0 moving and rotating at
the speed of light

the membrane dt = 0

m = 0 massless particles (photons) E < 0 move at the speed of light the mirror world

m < 0 massive particles E < 0 move at sub-light speeds the mirror world dt < 0 ∆S < 0

mirror world side, are streams of light-like particles (pho-
tons), moving at the speed of light, but with opposite ener-
gies and frequencies. Between the two in the membrane, time
has stopped because dt/dτ = 0, and so this region is a void
which is purely spacial. However, in this void there are light-
like vortices, previously unknown, which have zero relativis-
tic masses (unlike photons which, although massless, have
non-zero relativistic masses). These light-like vortices move
and rotate at the speed of light, but have no energy because
for them time has stopped — they are purely spacial.

In this theory, a mass-bearing particle has two time pro-
jections, one in each world, and exists in two observable
states. Each particle is in effect a four dimensional dipole
object, which exists in two states: in our world with positive
mass and energy; in the mirror world with negative mass and
energy (NB this negative mass state is not anti-matter, be-
cause the inertial mass of anti-matter is positive). However,
they cannot “annihilate” or rather “nullify” (since the net en-
ergy is zero) because they are separated by the membrane.
Furthermore our world and the mirror world have the same
background space, and the three-dimensional momentum re-
mains positive in both sectors. More details are given in the
references above.

This theory of physically observable quantities, is nor-
mally referred as the “Chronometric Invariant Formalism of
General Relativity”. However, correcting for the Observer’s
reference frame in this way, changes the structure of space-
time from 4D (3,1) to 5D (3,2) and so it is a major extension
of General Relativity. We will refer to this extended theory as
“Chronometric Invariant General Relativity” (CIGR), in this
and related papers. However, words are important [21], so
another name may be adopted. In CIGR, our world (normal
4-D space-time) and the mirror world have the same back-
ground space. So time in the mirror world is a macroscopic
time dimension. Furthermore. mirror time is directed from
the future to the past, so we would expect entropy in the mir-
ror world to be constant or decrease with our time.

5 Photo Mirror Hypothesis

We make the hypothesis that light can switch matter into the
mirror world state, by means of the Brittin and Gamow effect,

because this reduces the entropy level which reverses the di-
rection of time.

normal (x, t) ,
dt
dτ
> 0

∆S< 0
−−−−⇀↽−−−−
∆S> 0

dt
dτ
< 0 , mirror (x,−t). (7)

We predict this will occur locally where each photon interacts
(in which case ∆Q= hν in equation 1). This reversal could be
momentary or persistent depending on the phenomenon being
observed. We call this the “photo-mirror hypothesis”.

Note that when it occurs, this is a low energy effect for
two reasons. Firstly according to CIGR, any massive particle
exists in a 4-dimensional dipole state with positive mass and
energy in our world and negative mass and energy in the mir-
ror world. Since the mirror world state already exists, it does
not require any energy to produce it. All that is required is
the reversal of the direction of time to reveal it, which can be
done by visible photons with energies of a few electron volts
(equation 1). The author provides experimental evidence for
this in a separate paper [8].

The reader may question why, if photons can switch
space-time into the mirror world state, it has not been ob-
served before. Firstly, the effect is subtle and occurs at very
low energies. Secondly, physicists are so convinced that the
second law of thermodynamics is absolute, that few have
looked for the creation of order. Thirdly, it switches space-
time into the mirror world where phenomena are less ob-
jective and so tend to get ignored or rejected (e.g. the mag-
netic monopoles above). Furthermore, any random processes
which increase entropy will switch the direction of time back
to normal (4-D space-time). Limitations of this are discussed
below.

5.1 Explanation of Magnetic Monopoles

The explanation for these magnetic monopoles is that photons
in the intense illumination, switch the direction of time ex-
perienced by the ferromagnetic particles (via the Brittin and
Gamow effect), from normal 4D space-time into the mirror
world space-time, where the magnetic monopoles exist and
can be observed. Therefore the intense illumination does not
“make magnetism” as Ehrenhaft claimed, but “reveals mag-
netic monopoles” in this other space-time.
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This overcomes Dirac’s objection to Ehrenhaft’s mono-
poles, namely that magnetic monopoles would only be ob-
served at high energies, because of the very strong force be-
tween pairs of them [14], in the following way. The mono-
poles are in mirror space-time where the masses are nega-
tive. Therefore the attractive force between two monopoles
would cause them to fly apart, so dipoles would not form.
Thus by switching the direction of time, light can reveal the
monopoles at low energies.

Furthermore, Dirac also concludes that a monopole may
be connected to a string extending to infinity. If the mono-
poles are in one space, and the dipole is in another, then the
Dirac string between a monopole and the corresponding pole
of the dipole, is naturally infinitely long. Therefore obser-
vation of monopoles in mirror space-time and of magnetic
dipoles in normal 4-D space-time, provides a natural physi-
cal explanation for the infinite length of the Dirac string, and
confirms this aspect of his theory. In view of these results,
Ehrenhaft, Benedict and Leng, and Mikhailov really did ob-
serve Dirac monopoles at these very low energies.

6 Limitations

The photo-mirror hypothesis involves both quantum mechan-
ics (the Brittin and Gamow effect) and the chronometric in-
variant formalism of General Relativity (CIGR), so it implies
unification. But quantum mechanics and CIGR have not yet
been unified, nor the standard model embedded therein, so
there may be limitations. However the author has obtained
independent experimental evidence for the photo-mirror ef-
fect, which justifies its usage above to explain the magnetic
monopole data [8].

7 Conclusions

We have made the hypothesis that there may be phenomena
which experiment can detect, but which are not completely
objective, for example because they are not in normal 4-D
space-time. Magnetic monopoles are an example of this, be-
cause they can only be detected under intense illumination, so
that when the illumination is turned off, they cease to move
as monopoles, and so do not seem to exist in their own right.
However, if a phenomenon can be detected repeatedly (for
example these magnetic monopoles), we suggest it should be
considered physically real.

We have presented reproducible evidence for magnetic
monopoles which appear to exist outside 4-D space-time. We
conclude that the current method of experimental physics is
flawed, because it limits observations to objective phenom-
ena in 4-D space time. Phenomena beyond 4-D space-time, if
they can be observed, are currently rejected. The solution is to
relax the criterion of objectivity, and recognise reproducible
phenomena as being physically real. This is especially the
case if there is a theory for that phenomenon.

Several experimenters have observed more than 1600 ma-
gnetic monopoles under intense illumination, so they are re-
producible. Mikhailov has determined that these monopoles
have the charge predicted by Dirac: ḡ = (3.27 ± 0.16) × 10−8

gauss× cm2 = 0.99 gD with an accuracy of ±5%. Further-
more, he determined that this charge is quantised (g= ngD
with n = 1 to 5). This rules out Schwinger monopoles be-
cause gS = 2gD [30]. This also rules out pseudo-particles
(instantons) because they would not be quantised, and cer-
tainly not with the Dirac charge [31]. We conclude that Dirac
monopoles have been observed, but not in 4-D space-time
because they are only observed when they are intensely illu-
minated.

To explain these monopoles, we combine the Brittin and
Gamow effect and Chronometric Invariant General Relativ-
ity (CIGR) to make the photo-mirror hypothesis, namely that
visible light lowers the entropy level and reverses the direc-
tion of time, thereby switching space-time into mirror space-
time of CIGR, where time is directed from the future to the
past. Therefore the photons of the intense illumination switch
the ferromagnetic particles, via the photo-mirror hypothesis,
into the mirror world space-time state, where the magnetic
monopoles exist and are observed. In this way, the intense il-
lumination reveals magnetic monopoles in mirror space-time.

Mirror space-time explains two aspects of Dirac’s theory
of monopoles: their observation at low energies, and the infi-
nite length of the Dirac string. Firstly, we find the monopoles
are in mirror space-time where the masses are negative.
Therefore the attractive force between two monopoles would
cause them to fly apart, so dipoles would not form. Thus by
switching the direction of time, light can reveal the mono-
poles at low energies. Secondly, observation of magnetic
monopoles only in mirror space-time and dipoles only in nor-
mal 4-D space-time, provides a natural physical explanation
for the infinite length of the Dirac string.

This is evidence for phenomena beyond 4-D space-time.
In effect, under certain circumstances, light gives us a win-
dow into another world. The photo-mirror hypothesis links
a quantum mechanical effect (Brittin and Gamow) with Gen-
eral Relativity (CIGR), which implies unification.

Acknowledgements

The author thanks Dmitri Rabounski for helpful communica-
tions. An earlier version of this paper has been published as
an e-preprint [50].

Submitted on November 21, 2024

References
1. Brittin W. and Gamow G. Negative entropy and photosynthesis. Proc.

of the Nat. Acad. of Sciences, 1961, v. 47, 724.

2. Gell-Mann M. Some lessons from sixty years of theorising. Int. J. Mod.
Phys. A, 2010, v. 25 (20), 3857–3861.

3. Ehrenhaft F. Phys. Zeitschr., 1930, v. 31, 478.

Ellis R. Evidence for Phenomena, including Magnetic Monopoles, Beyond 4-D Space-Time, and Theory Thereof 133



Volume 20 (2024) PROGRESS IN PHYSICS Issue 2 (December)

4. Cox R.T., McIlwraith C.G. and Kurrelmeyer B. Proc. Nat. Acad. Sci,
1928, v. 14 (7), 544; Rubbia C., private communication.

5. McKellar A. Publ. of the Dominion Astrophysical Observatory, Van-
couver, Canada, v. 7 (6), 251–272.

6. Shmaonov T.A. Methodology of absolute measurements for effective
radiation temperature with lower equivalent temperature. Apparatuses
and Technics of Experiment, 1957, v. 1, 83–86.

7. Einstein A., quoted by W. Heisenberg in Physics and Beyond: Encoun-
ters and Conversations, transl. by A. J. Pomerans, Harper & Row, New
York, 1971.

8. Ellis R.J. Preliminary evidence for a second time dimension directed
from the future to the past, and for unification. doi:10.5281/zenodo.
7347637.

9. Ellis R.J. Preliminary evidence for quarks and preons in mirror space-
time. doi:10.5281/zenodo.7671809.

10. Jaeckel J. and Ringwald A. Ann. Rev. Nucl. Part. Sci., 2010, v. 60, 405.

11. Tanabashi M. et al. Phys. Rev., 2018, D98, 030001.

12. Giacomelli G. et al. DFUB 2000-9 Bologna, arXiv: hep-ex/0005041.

13. Dirac P.A.M. Proc. Roy. Soc., 1931, v. A133, 60.

14. Dirac P.A.M. Phys. Rev., 1948, v. 74, 817.

15. Kragh H. Dirac: A Scientific Biography. Cambridge University Press,
1990, pp. 216–217.

16. Benedikt E.T. and Leng H.R. Phys. Rev., 1947, v. 71, 454.

17. Ehrenhaft F. Annales de Physique, 1940, v. 11/13, 151.

18. Ehrenhaft F. and Banet L. Nature, 1941, v. 147, 297.

19. Ehrenhaft F. Nature, 1944, v. 154, 426.

20. Ehrenhaft F. Phys. Rev., 1944, v. 65, 287.

21. The late V. L. Telegdi, private communication.

22. Dibner Library, Smithsonian, Washington DC, MSS 2898, Einstein to
Ehrenhaft, 20 Feb. 1940.

23. Kemple T.E. The Magnetic Monopole. MSc Thesis, Univ. Missouri,
School of Mines and Metallurgy, 1961, pp. 36–44 and references
therein; scholarsmine.mst.edu/masters theses/2765

24. Mikhailov V.F. Phys. Lett., 1983, v. B130, 331.

25. Mikhailov V.F. J. Phys. A: Math. Gen., 1985, v. 18, L903.

26. Mikhailov V.F. Annales de la Fond. Louis de Broglie, 1987, v. 12, 491.

27. Akers D. Int. J. Theor. Phys., 1988, v. 27, 1019.

28. Mikhailov V.F. J. Phys. A: Math. Gen., 1991, v. 24, 53.

29. Mikhailov V.F. On Interpretation of the Magnetic Charge Effect on Fer-
romagnetic Aerosols. Preprint, HEPI 88-05, Kazakh Academy of Sci-
ences, Alma-Ata, 1988, see Figure 2.

30. Schwinger J. Phys. Rev., 1966, v. 144, 1087–1093.

31. Mikhailov V.F. Experimental detection of Dirac’s magnetic charge?
J. Phys. D: Applied Physics, 1996, v. 29, 801–804.

32. Schrödinger E. What is Life? Cambridge University Press, 1944.

33. Prigogine I. Bull. Acad. Roy. Belg. Cl. Sci., 1945, v. 31, 600.

34. Eddington A.S. The Nature of the Physical World. Cambridge Univer-
sity Press, 1928.

35. Bars I. Duality and hidden dimensions. Frontiers in Quantum Field
Theory, World Scientific, Singapore, 1996, 52; arXiv: hep-th/9604200.

36. Vafa C. Evidence for F-Theory. Nucl. Phys., 1996, v. B469, 403; arXiv:
hep-th/9602022.
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Experiments are presented on the effects of visible light shining on water. To understand
these, we note that Landau and others realised General Relativity was incomplete be-
cause it does not correct for the Observer’s reference frame. When this is done for the
general case,the chronometric invariant formalism of General Relativity (CIGR) pre-
dicts a second time dimension directed from the future to the past, and new phenomena
at low (eV) energies. The initial objective was to test Brittin and Gamow’s theory that
sunlight lowers the entropy level at the Earth’s surface. We detected this effect and found
it persists for at least 10 months after exposure to sunlight (17 days after halogen light),
contrary to the second law of thermodynamics. In a previous paper, the (photo-mirror)
hypothesis was made that light can switch the arrow of time into the mirror world of
CIGR, via the Brittin and Gamow effect. Experimental evidence is presented that vis-
ible photons switch small (0.2 to 1.5 microns) “quantized” regions of water into the
mirror world state; and their brightness distributions match the energy spectrum of the
halogen light source (χ2/DF = 1.49 and 0.94 respectively) indicating causality. This is
detailed evidence for the Brittin and Gamow effect. Furthermore, these domains persist
(for 20 and 27 days respectively), which is evidence for the second time dimension, and
there is evidence they are surrounded by the membrane also predicted by CIGR. This
is also evidence for the photo-mirror hypothesis, which links Quantum Mechanics and
Chronometric Invariant General Relativity, and so is preliminary experimental evidence
for unification.

1 Introduction

Following on from Landau’s work in the 1930s, Zelmanov
developed the mathematical apparatus (chronometric invari-
ants) to correct for the reference frame of the Observer in
the general case. This was not published until 1956 [1], and
confirmed by Cataneo. Since then Borissova and Raboun-
ski have developed the chronometric invariant formalism of
General Relativity (which we refer to as CIGR) further, and
shown it predicts a more complex structure for space-time:
5D (3,2) [2]. In a previous paper we have made the (photo
mirror) hypothesis that visible light can reverse the direc-
tion of the arrow of time into that of mirror space-time (pre-
dicted by CIGR), by lowering the entropy level via the Brittin
and Gamow effect [3]. This provides the theoretical frame-
work for understanding experiments which show evidence,
presented below, for phenomena which violate the second law
of thermodynamics.

The following experimental work investigates the photo
mirror hypothesis, and finds evidence for this joint quantum
mechanical-relativistic effect. which enables the second law
of thermodynamics to be reversed, and for the reduced en-
tropy levels to persist. This is made possible by mirror space-
time, where time is directed from the future to the past. Mur-
ray Gell-Mann has said “I should like to emphasize . . . the
need to go against certain received ideas. . . . Often they have
a negative character and they amount to prohibitions of think-

ing along certain lines. . . Now and then, however, the only
way to make progress is to defy one of these prohibitions that
are uncritically accepted without good reason” [4].

One of these prohibitions is the second law of thermo-
dynamics [5, 6]. There are several definitions of the second
law. Two early ones by Carnot and Clausius, refer to heat en-
gines [7, 8], which are not the subject of this paper. Further-
more, perpetual motion and similar devices are excluded [9].
Instead we focus on the statistical mechanical approach due
to Boltzmann in 1877.

Briefly, in Maxwell’s kinetic theory of an ideal gas, heat
is due to the motion of the molecules. Each molecule can be
in a number of different energy states ϵi, but can only be in
one state at a time, so many states are empty. In a system
of many molecules N, of which gi could be in the state ϵi,
but only some of them, Ni, are occupied, where gi ≫ Ni

and N = Σi Ni. In this degenerate system, there are sev-
eral different configurations which all possess the same total
energy and correspond to approximately the same tempera-
ture (Ni ∝ e−ϵ i/kBT ). The number of ways Ni indistinguish-
able molecules can be distributed amongst gi energy states is
gNi

i /Ni!. The number of ways a particular macrostate can be
achieved is Ω = (gN1

1 /N1!) × (gN2
2 /N2!) . . . , which increases

rapidly with the degeneracy. Boltzmann showed that the en-
tropy S = kB lnΩ where kB is the Boltzmann constant, and
the thermodynamic probability Ω is at its maximum at equi-
librium [10]. Therefore the entropy is maximum at equilib-
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rium, and is interpreted as a measure of statistical disorder of
the system.

Thus the second law was formulated in the 19th century,
is considered absolute, and is widely thought to lead to the
“heat death” of the Universe. This is in effect a classical
physics “Theory of Everything”. It is true that (superficially)
there is considerable evidence that entropy (of baryonic mat-
ter) tends to increase with time. However, baryonic matter
makes up only about 4% of the Universe. The other 96%
consists of dark matter and dark energy; and we do not know
what these are, nor what laws they obey. So it is illogical
to assume that the second law applies to them — it may or
it may not. Therefore it is perfectly rational to look for pro-
cesses which create order out of chaos. If an effect is found,
then the problem is to understand the results theoretically, so
as to facilitate more probing experiments.

This is not a general paper on the violation of the second
law of thermodynamics. Our starting point is a little-known
theory due to Brittin and Gamow (see equation (1) below).
This predicts that sunlight shining on the Earth, pumps en-
tropy out into space, thereby allowing negentropy (i.e. order)
to accumulate on the Earth’s surface. This appears to be the
beginning of the food chain proposed by Schrödinger [11,12].

This paper is divided into three sections. In this first sec-
tion, we present an exploratory experiment which provides
evidence that visible light reverses the second law of thermo-
dynamics by producing ordered states in an inanimate closed
system (i.e. pure water), which persist. This persistence
should not occur. Before we could investigate this in more
detail experimentally, we needed a theoretical explanation for
this persistence to guide the experimental work. This expla-
nation comes from the little-known (chronometric invariant)
extension of General Relativity (CIGR) mentioned above,
which predicts a more complex structure for space-time. In
particular it predicts a second time dimension directed from
the future to the past and fundamental new phenomena at low
energies. Details of this new theoretical approach, are pre-
sented in a previous paper and the references cited there [3].

Section II presents results of experiments to test this the-
oretical explanation. Section III presents conclusions, dis-
cussion, and predictions. We start by presenting the small
exploratory experiment to test the Brittin and Gamow effect,
which we did before this theoretical framework was devel-
oped.

1.1 Brittin and Gamow’s Theory

Photons from the Sun’s surface (Ts ≃ 5, 900◦ K) come to the
Earth (Te ≃ 300◦ K), where they interact. Brittin and Gamow
use the quantum theory of radiation to show that the net en-
tropy change on the Earth’s surface is [13]:

∆S = ∆Ss − ∆Se =
4
3
∆Q

(
1
Ts
−

1
Te

)
, (1)

which is negative because Ts > Te. They reason that this is

not contrary to the second law of thermodynamics because it
is simply due to the temperature gradient Ts > Te > Tspace.
(NB A similar temperature gradient applies to light from a
halogen lamp: Th > Te > Tspace since Th ≃ 3, 000◦ K.)

This quantum effect enables negative entropy to build up
on the Earth’s surface, provided it can be stored [14]. How-
ever, in the absence of a storage mechanism, any reduction
in the entropy levels should dissipate as the (closed) system
returns to equilibrium. Nevertheless, Brittin an Gamow cal-
culate that photosynthesis has an efficiency of about 10% for
capturing this negative entropy. So this is apparently not
a purely physical theory because it relies upon plants (and
hence biochemistry) to capture the negentropy. Does this
mean that biochemistry alone enables plants to violate the
second law? Or is there some underlying physical mechanism
for storing the negative entropy, produced by visible light?

The focus of this paper is to test the above theory in inani-
mate systems, specifically in water, by looking for reductions
of entropy levels which persist.

1.2 Theory of Exploratory Experiment

In order to investigate this, we have done the following sim-
ple experiment to test whether there is an underlying physical
storage mechanism. 60% of the Earth’s surface is covered
by water, life is water-based, and plants are 70% water. So
if there is a physical mechanism (i.e. not based on biochem-
istry) for storing this negative entropy, the most likely place
to find it would be in water exposed to sunlight.

1.3 Entropy and Brownian Motion

We decided to expose a bowl of pure water to sunlight and
later measure the Brownian motion of particles therein, to de-
termine if there is any persistent entropy change. Brownian
motion is a random walk which covers the whole of phase
space. As is well known, the probability ρ (x, t) of a sus-
pended particle moving a distance x along the x-axis in time
t is [15, 16]

ρ (x, t) =
e− x2 /4 D t

2
√
πDt

, (2)

where D is the diffusion constant. Diffusion takes place when
a molecule moves to an unoccupied state, so that the more
unoccupied states, the greater the diffusion. Entropy also in-
creases when there are more unoccupied states, so that an
increase in the diffusion constant implies an increase in en-
tropy and vice versa. From the Fokker-Planck equation, the
Boltzmann-Gibbs entropy S = −k B

∫ +∞
−∞
ρ (x, t) ln ρ (x, t) dx

where ρ (x, t) is given by equation (2) above. Hence S =
−k B

(
ln

(
1/
√

4πDt
)
− 0.5

)
so that as the diffusion constant

increases, so does the entropy. Conversely, if the entropy
has been reduced then the probability ρ (x, t) will become nar-
rower.
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Brownian Motion Experiment
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Fig. 1: Distribution of particle displacements every 10 seconds for a) non-irradiated distilled water = control; b) water measured 10 months
after exposure to sunlight = signal 1; c) water measured 17 days after exposure to light from an halogen lamp = electric (i.e. signal 2). The
dashed curves show the fits — see Table 1 for details. Both the sunlight and electric light samples are narrower than the non-irradiated
control by 21% FWHM.

1.4 Details of Exploratory Experiment

Distilled water was exposed to sunlight for 8 days in August
in the UK. Another sample was exposed to an halogen lamp
(Th ≃ 3, 000◦ K) so as to receive a similar level of illumina-
tion. Both samples were bottled and stored in a box away
from direct light, at room temperature which varied by a few
◦C at most. A third sample was taken directly from the amber
Winchester supply bottle without any deliberate exposure to
light and used as the control.

After storing the exposed samples, the Brownian motion
measurements were made 10 months and 17 days later re-
spectively, as follows. A few drops of the sample were placed
on a microscope slide, 1 micron diamond particles were
added, it was covered and viewed under a microscope (mag-
nification ×1000), with a video attachment. The Brownian
motion of the diamond particles was readily visible and re-
corded at room temperature.

1.5 Results of Exploratory Experiment

Diamond particles with a diameter of about 0.7 microns were
selected for measurement. The distance r =

√
x2 + y2 moved

in 10 seconds was measured. A number of particles were
tracked for each sample, with a total of order 700 data points
per sample. The distributions for the three samples are shown
in Figure 1. There is little or no background and no long
tails. Fits to the two-dimensional form of Einstein’s theory
are very good, as shown by the curves in the Figures, and the
chi-squares per degree of freedom, shown in Table 1, are all

close to 1. So we have observed Brownian motion.
The distributions of the solar and halogen (electric) sam-

ples, are both narrower than the non-irradiated control. The
fits show that sunlight and halogen light have reduced the dif-
fusion constant by about 23% and 22% respectively. (The
difference δ=−0.01 ± .029 between these two signals is not
statistically significant.) This translates into a reduction in
the entropy by 4.7± 0.7% for water exposed to sunlight and
4.4± 0.7% for halogen light. These correspond to 6.5 and 6.2
standard deviations respectively, so this reduction in entropy
is statistically significant. Therefore this is evidence for the
Brittin and Gamow effect.

However, this reduction in entropy has persisted, despite
the samples being closed systems in thermal equilibrium with
their surroundings, for 10 months and 17 days respectively,
which is far longer than the few hours to reach thermal equi-
librium. So there appears to be a physical mechanism for
storing the negentropy. What is this?

1.6 Discussion and Second Law

In the above experiments, most visible photons pass through
the water because it is transparent. A few interact dynam-
ically with water molecules, which can lower the entropy
level locally by the Brittin and Gamow effect (see equation
(3) below). Then according to the second law, as the water re-
turns to thermal equilibrium, the entropy should return to the
maximum. Pippard said that the second law is not violated
under any circumstances [5]. Thus the fleeting kinematic ef-
fects of photons could not produce a persistant effect unless
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Table 1: Exploratory experiment: Determination of Diffusion Constants and Entropy for water exposed to sunlight and halogen light.

Sample type or difference χ2/DF
Diffusion constant
µm2/sec

Entropy S
k B = 1

∆S (signal —
control)

∆S/σ (No. of
std. devn.)

Signal 1 = solarized
water 1.13 0.691 +.019

−.021 2.732 +.014
−.015 −4.7 ± 0.7% 6.5

Control = non-irradiated
water 0.91 0.903 +.023

−.026 2.866 +.013
−.015 — —

Signal 2 = halogen light
water 1.15 0.701 +.020

−.022 2.739 +.014
−.016 −4.4 ± 0.7% 6.2

δ = (signal 1 — signal 2) δ = −0.01 ± .029

there is some agency which causes or facilitates this persis-
tence. Without such a mechanism, this persistence violates
the second law.

In both experiments above (sunlight and halogen), it is
just photons in and photons out. Photons are massless and
travel at the speed of light, and cannot combine chemically
with water. Therefore we rule out the so-called “memory of
water” — see Appendix A for details. The interaction of pho-
tons with water is purely dynamical. Assuming that the water
molecules move at random, one would expect the reductions
in entropy to dissipate as the water returns to equilibrium. But
this does not happen in the above experiment. There are two
possible types of explanation for this. Either this effect is a
property of water (e.g. due to its structure), or it is due to some
external agency. It is generally accepted that water has some
peculiar properties, some of which may be explained by its
structure. Theories of the structure of water are summarised
in Appendix B, where it is shown that they do not explain the
phenomena observed. Therefore these isothermal entropy re-
ductions must persist because there is some external agency
which causes them too.

For example, when a magnetic field is applied to a per-
fect spin gas, the spins become aligned and the entropy de-
creases. This can occur at constant temperature, in which case
both the energy levels and their populations change to corre-
spond to the same Boltzmann distribution for that tempera-
ture [17]. In general an isothermal entropy change requires
both the energy levels and their populations to change. How-
ever the above results, whilst they show an isothermal entropy
decrease, cannot be so explained because there is no exter-
nal field to entrain the water molecules. The Earth’s gravity
and magnetic fields would not do this, nor did they affect the
control. Furthermore we present evidence below and in Ap-
pendix B, that the structure of water did not cause this persis-
tence. So we need to find an alternative explanation.

There are two additional possibilities: either this simple
experiment and the others below, are wrong, or there is some-
thing we don’t know about the second law. In order to avoid
theoretical bias, we decided to accept the experimental results
at their face value and investigate an alternative (theoretical)

solution.
One way to understand the above experiment is in terms

of the arrow of time. Eddington noted that entropy tends to
increase with time [6]. What happens when photons lower
the entropy level, as observed above? Does the Brittin and
Gamow effect reverse the arrow of time? There are three pos-
sibilities:

1. It does not affect the flow of time, in opposition to
Eddington’s hypothesis. Therefore the reduction in entropy
would dissipate as the system returned to thermal equilib-
rium, contrary to the observations.

2. The direction of time is reversed momentarily, proba-
bly locally where the photon interacts, but returns to normal
after the entropy has been reduced. However, the entropy
would then increase as the system returned to equilibrium,
contrary to the observations.

3. The direction of time is reversed locally and this
persists. One possibility is that when a photon interacts, it
switches the direction of the flow of time into another space-
time, where time flows from the future to the past, if such a
space-time exists. In this way, this effect would not violate the
second law nor the arrow of time. Furthermore, this second
type of space-time could provide the external agency required
for this phenomenon to persist.

There is a version of General Relativity which predicts
another space where time flows from the future to the past. We
have discussed this in more detail in the theory paper referred
to above [3]. However we give a brief summary here.

1.7 Chronometric Invariant General Relativity

In the 1930s, Landau pointed out that General Relativity is
not complete because it does not allow for the Observer’s ref-
erence frame [18]. Zelmanov correctly introduced the Ob-
server using chronometric invariants [19, 20]. Borissova and
Rabounski have shown that Chronometric Invariant General
Relativity (CIGR) requires the existence of a second sector
(mirror world) with a second time dimension directed from
the future to the past [2,21,22]. The mirror world is separated
from normal space-time by a membrane with three layers, but
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shares the same space as normal space-time. We make the
following deductions from this theory:

1. This second time dimension is a macroscopic one.
2. This second time dimension enables entropy levels to

decrease with respect to our time, and therefore makes the
second law of thermodynamics dual.

3. The membrane between the two worlds consists of 3
layers, 2 layers of photons (1 positive energy on the outside,
the other negative on the inside) and a middle layer which
is purely spacial with no time dimension, so photons cannot
traverse is. It is thus opaque to photons and will reflect or
scatter them.

4. We make the hypothesis that light, under certain cir-
cumstances, can switch space-time into the mirror world
state, by means of the Brittin and Gamow effect, in which
light reduces the entropy level and so reverses the direction
of time. We call this the photo-mirror hypothesis [3].

The persistent decrease in the entropy of water exposed to
sunlight and of that exposed to halogen light observed above,
are preliminary evidence for the photo-mirror hypothesis.

1.8 Conclusions for Section I: Brownian Motion Exper-
iment

1. Brownian motion has been observed in the above ex-
periments.

2. Sunlight and halogen light both reduced the entropy
levels in water by approximately the same amount within the
errors. This reduction persisted (for at least 10 months and 17
days respectively), so there appears to be a physical mecha-
nism for storing negentropy in water.

3. Theories of the structure of water do not explain this
persistence. Therefore it must be due to some external
agency.

4. We deduce that the external agency is probably a sec-
ond space-time. For example, Chronometric Invariant Gen-
eral Relativity has a second macroscopic time dimension,
which is directed from the future to the past.

5. We make the hypothesis that visible light can switch,
via the Brittin and Gamow effect (when it lowers the entropy
level), the direction of time into mirror space-time. We call
this the photo-mirror hypothesis. The rest of this paper is
directed to finding more specific evidence for this.

2 Light and Water

Light shining on pure water is a physical system. We decided
to look for additional evidence for the Brittin and Gamow
effect, for this hypothetical second time dimension and for
the photo mirror hypothesis. To do this we exposed HPLC
grade water to a 400 watt halogen lamp (1100 lux at surface
of the water) and took regular samples for up to 6 days.

2.1 Viscometer Experiment

The statistical error in the exploratory experiment above goes
as 1/

√
M, where M is the number of observations, which
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Fig. 2: This rheometer data shows the halogen sample has two com-
ponents: at low turns per second the viscosity is above the control,
and at higher tps it is below the control.

makes it labour intensive to increase the precision. So for
M = 700 the error is about 4%. There is another equation due
to Einstein: D = RT/6πNηa where R is the gas constant, η
is the viscosity, a is the radius of the particle, and N is Avo-
gadro’s number; which shows that the diffusion constant D is
inversely proportional to the viscosity. The advantage is that
viscosity can normally be measured with a precision of about
0.1% using a capillary viscometer (in a constant temperature
bath), with a stop watch.

The viscometer used gave precise results for the untreated
(i.e. not deliberately exposed to light) HPLC grade samples,
which agreed with the known viscosity of water at 20◦ C with
a precision of about 0.1% or better, as expected. However,
results for all the halogen light treated samples tended to be
less consistent, even if they had been exposed to halogen light
for only a few hours. Repeated measurements of the same
halogen light treated sample had a much wider spread, up to
five times that for the control (i.e. untreated), despite attention
to detail, such as cleansing between samples. (More details
of the viscometer technique, are given in the following refer-
ence [23].) Despite these larger errors, all the viscosity mea-
surements of treated water were significantly greater than that
of untreated pure water, implying that light lowers the diffu-
sion constant and hence the entropy, as originally observed.
However, there was evidence that irradiated samples had two
components, with different viscosities.

2.2 Rheometer Experiment
To investigate this possibility of two components, a sample
was exposed to halogen light for 48 hours. Three days later, it
was measured using a cone-and-plate rotation rheometer [24].
Distilled water was used as the control. The results are given
in Figure 2. Note, the increase in the viscosity of distilled wa-
ter below 10 turns per second (tps) is an instrumental effect.
Nevertheless, the data shows that the water which has been
exposed to halogen light, has two components, one with vis-
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Fig. 3: The control sample of distilled water, examined using a novel microscope technique. It looks mainly
black because there are no “structures” or domains to reflect the light, apart from a bit of noise (e.g. from
ambient lighting).

cosity greater than that of the control at low tps, the other
with viscosity less than that of the control at higher tps. So
the water exposed to halogen light has two components. What
are these?

2.3 Theory of light and water

Whilst Brittin and Gamow’s theory (equation 1) is derived
from the quantum theory of radiation, it is presented there
in terms of the macroscopic energy flow from the Sun to the
Earth, and then from the Earth to space. In this experiment,
light from a halogen lamp shining onto a bowl of water, con-
sists of individual photons. Water is transparent and so most
photons pass straight through, and only occasionally does a
photon interact with the water, so that ∆Q is replaced by the
energy of that photon hν:

δS =
4hν

3

(
1
T s/h
−

1
T e

)
. (3)

This energy is radiated away by lower energy photons,
and there is a small reduction in entropy δS locally in the
water. Then by the photo-mirror hypothesis, a small region
around this interaction would be switched into the mirror
world state. According to CIGR, this will automatically be
surrounded by the triple-layer membrane, since the two
worlds are separated by this membrane. This enclosed mirror-
world region could then persist in the water, because the

momenta of molecules in the mirror state are still positive,
and so will balance across the membrane. We will refer to
these small mirror-world states as “domains”, or in the case
of images or software detection thereof, as “structures” or
“sources”.

2.4 Microscope Experiment

In order to make visible these otherwise hidden domains in
water, we have used a novel microscope technique developed
by Schweitzer [25]. This technique involves first examining
the sample with normal illumination to see if it contains any
bacteria, dust particles or other impurities. If the sample is
clear (as expected for distilled water), then a drop of the wa-
ter is allowed to evaporate whilst illuminated from the side,
approximately orthogonal to the direction of view. When
it is about 0.1 mm thick, hidden structures or domains, if
present, become visible, provided that the side illumination
and other conditions are correct (see Appendix C for details of
this technique).

Quite why domains in bulk water are invisible, yet be-
come visible when the thickness is less than about 0.1 mm, is
not clear. Perhaps when the water becomes thin enough, the
domain membranes become distorted and start to scatter the
side illumination. The theory needs to be worked out in more
detail. We just report the experimental facts.

Figure 3 shows the results using this technique, for the
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Fig. 4: Hidden domains in water exposed to halogen light for 37.5 hours, revealed by a novel microscope
technique using side illumination. These domains are 0.2 to 1.5 microns in size, with a few exceptions.

control sample of distilled water (i.e. not HPLC grade) which
has not been deliberately exposed to sunlight nor halogen
light (although it may have been exposed to some ambient
lighting during the experiment). The process of distillation
randomises the water and so breaks up any “structures” or do-
mains, so that this control sample looks mainly black because
there are few “structures” or domains to scatter or reflect the
light, apart from a bit of “noise”.

Figure 4 shows the first sample, which had been exposed
to a 500 Watt halogen lamp for 37.5 hours. Figure 5 shows
the second sample which had been exposed to halogen light
for 79.5 hours. These are the black and white versions of
the original colour CCD images, which are also mainly black
and white. There are no signs in the originals, of a range
of colours, which could come from diffraction. We conclude
that these domains are reflecting or scattering light (from the
side illumination) into the microscope. The first image (figure
4) was recorded 20 days after exposure to halogen light, and
the second (figure 5) 27 days after exposure. So the effect
persists.

2.5 Analysis of Results of Microscope Experiment

In both images there are hundreds of white “sources” which
are 0.2 to 1.5 microns across (apart from a few which have
started to merge together), independent of exposure time. The
existence of these 0.2 to 1.5 micron zones in the water suggest
that halogen photons have interacted with the water according

to equation (3). If these sources are so produced, then there
should be some correlation between their size distribution and
the energy spectrum of the photons which produced them. We
investigate this and their persistence in more detail below.

These domains look like stars in the night sky, even
though they are being observed with a microscope instead of
a telescope. The appearance is so similar that we decided
to use astronomy software to do pattern recognition on these
images [26]. The software was run with the default parame-
ters and found 1288 “sources” in the shorter exposure (figure
4) and 935 in the longer one (figure 5), which is a bit less
because of the black regions in that image. The program cal-
culates the isophotal flux which is defined as the sum of the
pixel counts above backround of all the pixels in a particular
“source” (

∑
i∈S pi).

The histograms of the isophotal flux, or brightness, for the
sources detected in the two images are shown in Figures 6 and
7 respectively, by solid lines. The selection criteria in the soft-
ware for distinct sources affected the first two bins, so they are
excluded. We have also plotted the spectrum of light from the
halogen lamp, which has been converted from wavelengths to
electron volts [27]. The halogen spectrum (broken line) falls
away from the main peak quite quickly down to the secondary
peak, and then decreases more slowly after that, matching the
two measured brightness distributions well. This suggests the
halogen photons have caused these sources. Furthermore, the
brightness is independent of the exposure time, being depen-
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Fig. 5: Hidden domains in water exposed to halogen light for 79.5 hours, revealed by a novel microscope
technique using side illumination. These are 0.2 to 1.5 microns in size.

dent on the photon energy, as predicted by equation 3.
We then fitted this spectrum to the data using just three

parameters for the least squares fit: an x-axis offset because
the photon energy corresponding to zero brightness is about
1.55 eV; an x-axis scaling parameter to convert from electron
volts to brightness (counts); and a vertical scaling factor to
convert from relative intensity to counts. The chi-squares per
degree of freedom are 1.49 and 0.94 in Figures 6 and 7 re-
spectively. So the two brightness distributions have the same
shape as the halogen light spectrum, independent of the ex-
posure time, as predicted by equation 3. This confirms that
halogen photons have caused these domains via the Brittin
and Gamow effect.

The problem with Figure 4 and 5 is that they are pictures.
So although we see sources, we do not know if these are pro-
duced by the incident halogen photons, or by dust particles,
or possibly even bacteria. The advantage of the astronomy
software is that enables us to quantify the data and plot the
brightness distributions and compare them with the halogen
energy spectrum. We see in Figures 6 and 7 that they have
almost the same shape, which is confirmed by the fits. There-
fore these domains have been produced by halogen photons
by the mechanism given in equation 3.

Furthermore, these mirror world domains are correlated
with photons whose energies are quantised. Therefore we
observe the “quantisation” of regions of water probably in
mirror-space-time.

We then combined the two spectra. This is shown in
Figure 8 and the chi-square per degree of freedom is 1.67.
This is good evidence that the domains are being produced
by the photons from the halogen lamp. Nothing material has
changed — it is just photons in and photons out. But the state
of the water has changed proportionately to the energy of the
incident photon, and the effect persists.

2.6 Scattering from Surface or Volume of Domains

Do these domains reflect or scatter the side illumination from
their surface or from their volume? According to equation 3
the decrease in entropy is proportional to the energy of the
interacting photon. If the randomness of water is homoge-
neous, as one expects from the normal second law of thermo-
dynamics, then the volume of the region generated with this
reduced entropy δS will be proportional to the energy of the
incident photon. Therefore if scattering is from the volume,
then the brightness of these domains will be similar to that of
the spectrum from the halogen lamp, as observed above.

However, it is probable that scattering comes from the sur-
face for two reasons. Firstly because bulk water is transparent
to the side illumination and appears black (e.g. Figure 3). If
it scatters side illumination, then the water has changed in
some way, for which there is no explanation, except perhaps
CIGR. Secondly CIGR predicts there is a triple layer mem-
brane around these domains which is impenetrable to pho-
tons, and therefore the scattering comes from the surface.
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We investigate the scattering as follows. In the absence of
a complete unified theory of CIGR and Quantum Mechanics
in water, we reason that these persistant domains probably
have a stable shape, such as a spherical one or spheroidal one
which is not too elongated. The source extraction software
fits an ellipse to each “source” and calculates the major and
minor axes, and their ratio, the “elongation”, which is ⩾ 1.
The distributions of the elongations for the two images, are
very similar, so we have plotted them together in Figure 9.
This is quite a narrow distribution: 74% have elongation less
than 1.4. So most domains are only slightly elongated, as we
expect for stable structures.

We now investigate the brightness distribution for differ-
ent ranges of elongation El. Figure 10(a) shows the bright-
ness distribution for elongation El < 1.2; 10(b) for the elon-
gation in the range 1.2–1.4; and 10(c) for elongation El ⩾ 1.4.
We see that the more elongated domains tend to have higher
brightness. We have shown above that brighter domains tend
to be correlated with more energetic photons. Higher energy
photons have higher momenta and will interact over longer
distances in the water, and so reduce the entropy level in more
elongated regions, as observed. This is evidence for this kine-
matic effect,

In Figure 10(a) (elongation < 1.2) only 5% of the total,
have brightness greater than 1300 counts, whereas in 10(b)
20% have brightness greater than 1300, and in 10(c) 41%
have brightness greater than 1300. So brighter domains are
there in the data, but hardly any are detected in 10(a) with
elongation < 1.2. Elongated domains must be in this sample,
but with their longer axes pointing towards or away from the
microscope, so that they do not appear elongated. If these
hidden elongated domains were scattering and reflecting side
illumination from their volume, then they would show up as
brighter domains in 10(a). But they are not there in signif-
icant numbers, and so we conclude that they are scattering
and/or reflecting the external light source from their surface,
as predicted by CIGR.
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3 Conclusions

In the Brownian motion experiment, we observed reduced en-
tropy levels which persisted, which could not be explained by
the structure of water. More details are given in section 1.8:
Conclusions for section 1.

We draw the following conclusions from the rheometer
and microscope experiments:

1. Light shining on water increases the viscosity and this
persists, which confirms the persistant reduction in entropy
level previously observed in the exploratory Brownian motion
experiment. However the spread in errors is much greater
than that for water which has not been significantly exposed
to visible light.

2. Measurements with a rheometer provide evidence that
light from a halogen lamp produces two components in the
water.

3. Water is transparent, so only a small fraction of the
photons interact with it. Therefore, it is the small reductions
in entropy produced (locally) by the interaction of individual
photons (equation 3), which have to be detected,

4. Using a special microscope technique developed by
Schweitzer, we have observed hidden domains in water pre-
viously exposed to halogen light (0.2 to 1.5 microns in size),
which reflect or scatter side illumination, and which persist
in time. These domains could be the second component ob-
served in the rheometer experiment above.

5. The brightness distributions of these domains match
the energy spectrum of the halogen lamp well, suggesting that
photons have caused these domains. The brightness distri-

butions are independent of the exposure times (c.f. Figures 6
and 7), as predicted by equation 3. We have previously shown
that visible light lowers the entropy level of water. Further-
more, equation 3 predicts that these domains are low entropy
regions created by individual photons interacting with the wa-
ter, and the data confirms this. There are two samples, so this
evidence for the Brittin and Gamow effect is reproducible.

6. These reduced entropy states persist for 20 and 27
days respectively, contrary to the normal second law of ther-
modynamics. The question is, what causes this persistence?
Is it the structure of water, or some external agency such as
mirror space-time? The most advanced theory of the struc-
ture of water at this time is coherent quantum electrodynam-
ics (CQED), which predicts domains of about 100 nm deter-
mined by the internal energy levels of water. The domains
observed in Figures 4 and 5 are ×2 to ×15 larger, and their
brightness distributions shown in Figures 6 and 7, are deter-
mined by the energies of the incident photons, not the energy
levels of water. Therefore they are a different phenomenon
from that predicted by CQED. (The significance of this for
CQED is discussed in Appendix B.) We therefore need a dif-
ferent theoretical explanation.

7. We conclude that this persistence is caused by some
external agency. This could be the second time dimension in
the mirror world of CIGR. If this is the case, then the domains
will be surrounded by the triple layer membrane which we
have predicted will scatter light.

8. We present evidence above that these domains scat-
ter light from their surface (not their volume), which is evi-
dence for the triple-layer membrane around them, predicted
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by CIGR. These results are preliminary evidence for the sec-
ond time dimension of mirror space-time, and the membrane
predicted by CIGR.

9. Mirror space-time provides a physical mechanism for
storing the negative entropy produced by the Brittin and
Gamow effect, hence their persistence. Furthermore, these
domains have an “inside” and an “outside” because they are
surrounded by the membrane.

10. There is one problem with the above result. We have
concluded that there is a second time dimension directed from
the future to the past, without any direct evidence. For exam-
ple, we have not sent a signal from the future to the past.
However we have also concluded that the above phenomenon
has an “inside” and an “outside”, because of the membrane.
Currently our instruments are located on the “outside” and
therefore cannot make direct measurements on the “inside”,
where the second time dimension is predicted to exist. In
the previous paper [3], we have shown that when phenomena
occur outside normal 4-D space-time, then they may not be
determined completely objectively by experiment. Neverthe-
less, if they are reproducible, as above, then they should be
considered physically real. In addition to this, we present ex-
perimental evidence for a signal from the future to the past in
a separate paper [28].

11. We have thus found evidence for a physical mecha-
nism which reverses the second law of thermodynamics and
creates persistent ordered states. Note that this occurs out-
side normal 4-D space-time, so that the second law continues
to apply in 4-D space-time.

12. Together these results are evidence for the photo-
mirror hypothesis. This effect depends upon Quantum Me-
chanics and CIGR and so is preliminary evidence for unifica-
tion (see Appendix D).

3.1 Discussion

In the previous paper [3], we have used the photo-mirror hy-
pothesis to explain the evidence for magnetic monopoles,
which are observed only under intense illumination. The in-
dependent evidence above for the photo-mirror effect justifies
this usage. There are however, two differences. The above re-
sults are due to single photons, whereas magnetic monopoles
require intense illumination to reveal them. Furthermore, the
above domains in water persist, whereas the monopoles dis-
appear rapidly when the illumination is switched off. Both
these could be due to the very strong interaction between
monopoles. The theory needs to be worked out in more
detail.

The chronometric invariant formalism of General Rela-
tivity, makes predictions about physically observable quanti-
ties which have been confirmed. However, General Relativity
does not predict physically observable quantities. For exam-
ple, it does not predict (as far as the author knows) Galileo’s
Principle (that objects with different masses have the same

fall times) nor Newton’s Law of Universal Gravitation. As a
result there appear to be two theories of gravitation. Recently,
however, the chronometric invariant formalism has been used
to predict both Galileo’s Principle and Newtom’s Law [29].
So it is the more complete theory.

Furthermore, the evidence presented above for the second
time dimension, is evidence for a 5th dimension, so space-
time is 5-D (3,2). It is well-known that General Relativity is
formulated in 4-D space-time. Therefore it seems to the au-
thor (an experimentalist) that the chronometric invariant for-
malism of General Relativity is actually a new theory, and so
deserves its own name. The key point is that putting the Ob-
server into General Relativity has changed the theory so much
that the structure of space-time has changed. However this
is not for the author to decide, and so for this current series
of papers we will continue to refer to chronometric invairant
General Relativity (CIGR). But a better name is desirable.

3.2 Predictions

In view of the above evidence for a unified phenomenon (the
photo-mirror effect), we make the prediction that Quantum
Mechanics can be unified with Chronometric Invariant Gen-
eral Relativity (CIGR), and the standard model embedded
within it. The hidden sector of this hypothetical new unified
theory would probably be based upon mirror space-time.

We have shown above that water detects individual pho-
tons interacting with it precisely, and that this can be ex-
plained by mirror space time. In effect the above techniques
open a window into another world. We make the prediction
that water is sensitive to other unusual phenomena occurring
in mirror space-time. For example, it is possible that water
can be used to detect some other new type of radiation which
lowers entropy levels, if it exists [23].

Without mechanism(s) for the creation and storage of or-
der, there can be no complexity [14]. So the above evidence
for a mechanism for the creation of order, and a mechanism
for its storage, is possibly the beginning of a theory of com-
plexity, based on fundamental physics. The theory needs to
be worked out in more detail.

The incorporation of the Observer into General Relativ-
ity (i.e. CIGR) requires a second time dimension, which au-
tomatically includes thermodynamics and complexity. Since
these have been left out of many unified theories in the past,
the unification of Quantum Mechanics with CIGR may well
be the way to successful unification. The evidence for mag-
netic monopoles in mirror space-time [3], and for a new type
of radiation in sunlight [23], support this conclusion.

4 Limitations

CIGR has not yet been properly unified with Quantum Me-
chanics yet, and so this may change some of its predictions,
and clarify some of the details above.
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Appendix A: The “Memory of Water”

For completeness we mention the following. Some readers
may think that the persistent effects observed above are due
to the phenomenon known as the “memory of water”. This
may occur when a chemical substance is dissolved in water
and then is serially diluted. However, there is no accepted
explanation for this latter phenomenon, and so it is disputed.
In the above experiments, photons are massless, and cannot
be “dissolved” in water. Their interaction is purely dynam-
ical. Nor was anything diluted — it is not even clear how
one can dilute pure water. Therefore the above experiment of
light shining on water, is investigating a completely different
phenomenon from the “memory of water”.

That being said, it is possible that mirror space-time may
play a role in explaining the “memory of water”. It is just that
the structure of matter (e.g. the solute) is more complex than
that of a photon, and its interaction with water also more com-
plex. Therefore the phenomena of photons interacting with
water reported in this paper, are different from the “memory
of water”.

Appendix B: Theories of Structure of Water

In the various experiments above, it is just photons in and
photons out. So how can the decrease in entropy persist, if
the water molecules move at random? This raises questions
about the structure of water, so we consider theories of this. In
1891 Roentgen suggested that as ice melts, many of the less
dense (ice floats) tetrahedral ”ice molecules” persist intact in
the liquid water as it warms. In this way, he tried to explain
one of its more peculiar properties, namely that the density
of water increases as its temperature is raised from 0◦ to a
maximum at 4◦ C [30]. This approach was rejected by Bernal
and Fowler for quantum mechanical reasons [31].

Another peculiarity of water is that in addition to the nor-
mal chemical bonds, water molecules also interact by the
hydrogen bond, which is weaker and directional. Preparata
states this is phenomenological in origin [32]. In 1950 Pople
presented a quantum mechanical theory of the structure of
water [33]. In 1951, Lennard-Jones and Pople showed that
there may be a network of hydrogen bonds linking all the
molecules together into one large molecule (H2O)n [34]. The
problem is that the water molecules move around and the hy-
drogen bonds, which are highly directional, make or break af-

ter a few picoseconds [35]. As the bonds make or break fluc-
tuating EM fields are produced, and there is also the Earth’s
magnetic field, both of which Quantum Mechanics ignores,
but quantum electrodynamics (QED) does not.

Preparata and del Giudice have solved the equations of
QED for bulk matter and applied it to liquids, solids and
water in particular [36]. This theory replaces the static pic-
ture of chemical bonds linking individual molecules together
(“electrostatic meccano” or “erector set”), with a dynamical
interaction between groups of molecules spread over larger
distances. This theory, often referred to a coherent QED or
CQED, is a new theory of condensed matter. Their approach
is to consider water not to be “molten ice” but “condensed
vapour” [37]. When this theory is applied to water, they find
that the water molecules form two groups: coherent domains
in which the molecules oscillate between the ground state and
an excited state, and interstitial water which is random and
surrounds these domains.

They predict that the excited state is at 12.07 eV (in the
UV region), which produces domains of about 100 nm in ex-
tent, and that the radiation is trapped in these domains [38].
Enz agrees that the coherent domains probably exist, but
questions whether their boundaries are precisely defined, so
the radiation may not be completely trapped [39]. Whilst
this theory explains a number of indirect experimental results,
there has not been any direct experimental confirmation of
these domains in water, nor has any UV radiation been de-
tected leaking out. Therefore this theory has not been proven
strictly to be correct.

Furthermore, the results of the experiments above, do not
provide any direct evidence to support this theory. For exam-
ple, Figure 3 does not show any sign of the predicted 100 nm
domains in the control sample of distilled water (condensed
from vapour). But the microscope experiment was not de-
signed to detect these and so the resolution may not have been
good enough. Instead, the domains observed in Figures 4 and
5 are ×2 to ×15 times larger. Furthermore their size distri-
bution is determined by the energies of the incident photons,
not by the internal energy levels of water. So the phenom-
ena observed are completely different from those predicted
by CQED. But this does not necessarily rule out CQED.

CQED predicts coherent domains surrounded by inter-
stitial water which is random. If an incident photon, with
an energy of 1 to 3 eV, interacts with a coherent domain of
≈107 water molecules oscillating between the ground state
and 12.07 eV, then it might be scattered away with little effect
on the entropy of that 100 nm domain. However, if it interacts
with the interstitial water, then it could lower the entropy level
by the Brittin and Gamow effect. But that reduction would
not persist because the interstitial water is random. So even
if this is the correct theory of water, then mirror space-time of
CIGR is required to explain the observed results.

Whilst these results do not prove CQED wrong, it does
not provide any support for it. Furthermore CQED is clearly
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incomplete because it does not include the mirror space-time
of CIGR. In fact it is likely that the correct theory of water
will be based upon Quantum Mechanics unified with CIGR.

Appendix C: Details of Microscope Technique

The microscope technique used to take the black and white
images shown above, was developed by David Schweitzer.
The technique requires a good quality high-powered micro-
scope (e.g. a Nikon optifot), with a phase contrast lens and
dark filter, a light source, fluorescence adaptor, video camera
with CCD image sensor, computer with video card, software
and printer. The technique involves first examining the sam-
ple with normal illumination to see if it contains any bacte-
ria, dust particles or other impurities. If the sample is clear,
as expected for distilled water, then a drop of the water is
placed onto a microscope slide and allowed to evaporate at
ambient temperature. (If the rate of evaporation is too slow,
a gentle source of heat may be applied.) Whilst it is evap-
orating, it is illuminated horizontally from the side (we call
this “side illumination”), the temperature of the light source
is adjusted (a reddish white light was used), and it is observed
vertically from above. (NB This is not the same as dark-field
microscopy.) Schweitzer has found that if there are hidden
“structures” present in the water, then these reflect light and
become visible when the thickness of the water film has de-
creased to about 0.1 mm (possibly because of distortion), and
the illumination, magnification and other settings are correct.
The images shown above, were taken with the solarizing fil-
ter phase contrast 4, the Table tilted by 1.95◦ and microscope
magnification of ×1000.

The random walk (Brownian motion) experiment at the
beginning of this paper and the black and white images were
all obtained using distilled water and exposure was to a 500
watt halogen lamp at 80 cms, which gave 1100 lux at the sur-
face of the water. The viscosity measurements were made
with HPLC grade water and a 400 watt halogen lamp (equiv-
alent to 500 watts) also at 80 cms. The software used for
the pattern recognition and source extraction was SExtractor
version 2.25.0 by E. Bertin.

Appendix D: Unification

“Unification” is a project in physics which dates back to Ein-
stein, who was convinced there is one set of equations which
describe the whole Universe. So he spent the last 30 years
of his life trying to unify the two main theories of physics,
Quantum Mechanics and General Relativity, in order to de-
velop the final theory. However the process of unification
dates from before Einstein. For example before Newton’s
theory of gravity, it was thought that the laws of motion of
a projectile through the air above the Earth’s surface, were
different from those of planets in the heavens. Newton’s the-
ory provided a unified explanation of terrestrial and celes-
tial gravitation. (Note that the derivation of Newton’s the-

ory from CIGR, mentioned above, links CIGR to this first
step towards unification.) Then before Maxwell, electricity
and magnetism were thought to be completely different phe-
nomena. Maxwell’s equations unified the two into electro-
magnetism. After Einstein in the 1960s, electromagnetism
was unified with the weak nuclear interaction (which causes
beta-decay) in the electro-weak interaction, which led to the
discovery of the W- and Z-bosons.

However, the unification of General Relativity and Quan-
tum Mechanics has stalled, despite herculean efforts (e.g.
quantum gravity; string theory; loop quantum gravity, and
so on) [40]. In a sense the problem is simple. Quantum me-
chanics is a “digital” theory of ultra-small phenomena, whilst
General Relativity is an analogue theory of large scale phe-
nomena. About the only place where the two might come
together is at the event horizon of a black hole, which cannot
be easily studied in the laboratory. However, putting the Ob-
server into General Relativity introduces low energy, small
scale phenomena, such as thermodynamics, where CIGR and
Quantum Mechanics can come together. The above evidence
for the photo-mirror effect is highly significant, because it de-
pends upon Quantum Mechanics and CIGR, and so is exper-
imental evidence for unification.

Submitted on November 28, 2024
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Physical Factors of the Historical Process

Alexander L. Chizhevsky*

The influence of cosmic factors on the behaviour of organized human masses and on
the course of the world-historical process, beginning from the 5th century B.C. and until
the present time. This is a short presentation of my research and theory.

*Translated from Chizhevsky A. L. Physical Factors of the Historical
Process. Kaluga, 1924, 72 pages (in Russian).

Alexander L. Chizhevsky, NY, 1920s

Alexander L. Chizhevsky (1897–1964), also spelled as “Tchijevsky”,
was born into a noble Russian family having close relatives among the En-
glish, Italian, French and German aristocracy. He was born in Poland, where
his father, a Major General of artillery, served in the Russian Royal Army.
From his childhood, Chizhevsky was free in English, Italian, French and Ger-
man (which were the native languages of his aristocratic relatives). Similarly
to many young men of that time, he volunteered as a private for World War
I, but months later he was demobilized after being wounded in Galicia and
awarded the St. George Military Cross of the 4th degree.

Alexander Chizhevsky is known as the discoverer of the effect of
solar flares and geomagnetic storms on the human organism, and also the
founder of heliobiology — the science revealing solar-terrestrial connexions.
The presented article is his groundbreaking work on this topic. This is his
Doctor of Sciences dissertation, defended by him in 1918 at Moscow Uni-
versity (at the age of 21). This is his main scientific study, which he then
expanded and updated with new scientific results throughout his subsequent
life. Two decades later, in 1938, he published an extensive “update” of this
research in the form of a monograph (3.5 times larger in volume than the
first edition of 1924), written by him in French, which was the international
language of communication among scientists in those years: Les épidémies
et les perturbations électromagnétiques du milieu extérieur (Ed. Hippocrate,
Paris, 1938, 238 pages).

Chizhevsky’s research was inspired and then reinforced by the dis-
coveries of business cycles linked to solar activity cycles, such as, for exam-
ple, the 7–11-year investment cycle (Clément Juglar, 1862), the 40-month
“inventory” business cycle (Joseph Kitchin, 1923), the 50–60-year cycle
of economic booms and depressions (Nikolai Kondratiev, 1925) and 15–25
year waves of infrastructural investment and demographic activity (Simon
Kuznets, 1930). Edward Dewey in his 1930–1940s works proved that the
entire USA economy, including agriculture, industry, trade, banking, stock
exchange, etc., is driven by the mentioned four business cycles (which are

the result of the interference of solar activity cycles).
Based on extensive empirical data from the last thousand years,

Chizhevsky proved that all types of social activity (culture, economy, military
conflicts and even epidemics) are conditioned by a complex system of solar
activity cycles, such as cycles of sunspots, solar flares, etc. This conclusion
was later extended by other researchers to long-term cycles in climatology,
using data from dendrochronology and radiocarbon analysis. Later, in his
studies in the 1950s, Chizhevsky showed that the planets of the Solar Sys-
tem (including the Earth) are in the state of intracellular organs (organelles),
while the Sun functions as the cell nucleus.

In the mid-1920s, Chizhevsky left the USSR for Europe, and then for
several years in the USA. He was a visiting lecturer at Columbia University
in New York, where he met Simon Kuznets (1901–1985), who was also born
in Russia; he was sent by the communist government to New York in 1922 to
“study the economics of capitalism”, but then refused to return to the USSR.
Chizhevsky’s lectures were highly popular among scientists of that time. Si-
mon Kuznets tried to convince him not to return to the USSR and to stay in
New York. Svante Arrhenius (1859–1927), the famous Swedish physicist
and chemist, told him the same; he offered an academic position to him and
to stay in Sweden. But Chizhevsky did not listen to them, because he was
sure in his influence and authority, which he had in the USSR. He returned
to the USSR, where he headed a personal research laboratory and continued
his studies.

However, fate decreed his life differently than he thought. His high-
ranking patrons among the USSR officials disappeared one after another in
the waves of the Stalin repressions. In 1933, his scientific work was banned
in the USSR, and in 1936 his laboratory was closed. In 1939 he was elected
Honorary President of the First International Congress on Biophysics in New
York, but was unable to travel due to the Iron Curtain covering the USSR. In
1942, he was arrested and sentenced to 8 years in the GULAG camps for
anti-Soviet propaganda (in private conversations, he compared his luxurious
life in Europe and New York to his impoverished life in the USSR). He was
released in 1950 and lived in exile in Kazakhstan until 1958, when he was
allowed to return to Moscow. His health was severely undermined by the
years he spent in the prisoner camps and his poor heart stopped beating five
years later in 1964, when he was at the age of 67.

Later, in 1971, Simon Kuznets (USA) awarded the Nobel Prize in
Economic Sciences for his aforementioned discovery in economics, which
was directly connected with Chizhevsky’s research.

Here we publish the first complete English translation of this fun-
damental study by Chizhevsky, performed by me without any omissions or
shortenings, in contrast to the very concise English translation published over
fifty years ago in the journal Cycles (Jan. 1971, 11–27). I have committed
myself to do this translation, because French as the language of international
communication among scientists was replaced by English in the 1940s, and
therefore most contemporary scientists cannot read Chizhevsky’s fundamen-
tal monograph published in 1938 in Paris (except for native French speakers,
who are not many). My very short corrections to the text are enclosed in
square brackets.

We publish here this complete English translation on the 100th an-
niversary of the first edition of Chizhevsky’s book (1924), from which I made
this translation, i.e., we publish it in 2024, which is the year of maximum so-
lar activity. — Editor’s remark, D.R.

Chizhevsky A. L. Physical Factors of the Historical Process 3



Volume 20 (2024) PROGRESS IN PHYSICS Issue 3 (Special Issue)

Summary

The principles of modern natural science have urged me to
investigate whether there did not exist a correlation between
the more important phenomena of Nature and events in the
social-historical life of Mankind. In this direction, beginning
in the year 1915, I have performed a number of researches,
but at present I am submitting to the public only those which
are directed towards determining the connexion between the
periodical sunspot activity and 1) the behaviour of organised
human masses and 2) the world historical process.

The following facts are based upon statistics gathered by
me while submitting to a minute scrutiny the history of all the
peoples and states known to science, beginning with the 5th
century B.C. and ending with the present day.

1. As soon as the sunspot activity approaches its maxi-
mum, the number of important mass historical events, taken
as a whole, increases, approaching its maximum during the
sunspot maximum and decreasing to its minimum during the
epochs of the sunspot minimum.

2. In each century the rise of the synchronic universal
military and political activity on the whole of the Earth’s ter-
ritory is observed exactly 9 times. This circumstance enables
us to reckon that a cycle of universal human activity embraces
11 years (in the arithmetical mean); see Fig. 2, Fig. 3 and
Fig. 4, and also the historiometric cycle (Table 1).

3. Each cycle according to its historical psychological
signs is divided into 4 parts (periods):

I. Minimum of excitability . . . . . . . . . 3 years;
II. Growth of excitability . . . . . . . . . . . .2 years;

III. Maximum of excitability . . . . . . . . . 3 years;
VI. Decline of excitability . . . . . . . . . . . 3 years.

The number of historical events in each cycle are dis-
tributed approximately according to the data for 500 years
(15th–20th centuries) in the following manner (in the mean);
see Fig. 1 for details:

Period I . . . . . . . . . . . . . . . . 5%;
Period II . . . . . . . . . . . . . . 20%;
Period III . . . . . . . . . . . . . 60%;
Period IV . . . . . . . . . . . . . 15%.

4. The course and development of each lengthy historical
event is subject to fluctuations (periods of activity and inac-
tivity) in direct dependence upon the periodical fluctuations
occurring in the Sun’s activity. Formula: the state of predis-
position of collective bodies towards action is a function of
the sunspot periodical activity.

5. Episodical leaps or rises in the Sun’s activity, given the
existence in human societies of politico-economical and other
exciting factors, are capable of calling forth a synchronic ris-
ing in human collective bodies. Formula: the rising of the
sunspot activity transforms the people’s potential energy into
kinetic energy; see Fig. 5.

My studies in the field of synthesizing historical material

have enabled me to determine the following morphological
law of the historical process:

6. The course of the world historical process is composed
of an uninterrupted row of cycles, occupying a period equal-
ing in the arithmetical mean 11 years and synchronizing in the
degree of its military-political activity with the sunspot activ-
ity. Each cycle possesses the following historio-psychologic-
al peculiarities:

a. In the middle points of the cycle’s course the mass ac-
tivity of humanity all over the surface of the Earth, given the
presence in human societies of economical, political or mili-
tary exciting factors, reaches the maximum tension, manifest-
ing itself in psycomotoric pandemics: revolutions, insurrec-
tions, expeditions, migrations etc., creating new formations
in the existence of separate states and new historical epochs
in the life of humanity. It is accompanied by an integration
of the masses, a full expression of their activity and a form of
government consisting of a majority.

b. In the extreme points of the cycle’s course the tension
of the all-human military political activity falls to the mini-
mum, ceding the way to creative activity and is accompanied
by a general decrease of military or political enthusiasm, by
peace and peaceful creative work in the field of state orga-
nizations, international relations, science and art, with a pro-
nounced tendency towards absolutism in the governing pow-
ers and a disintegration of the masses. See Table 4.

7. The correlation with the sunspot maximum stand:
a. The dissemination of different doctrines political, reli-

gious etc., the spreading of heresies, religious riots, pilgrim-
ages etc.

b. The appearance of social, military and religious lead-
ers, reformators etc.

c. The formation of political, military, religious and com-
mercial corporations, associations, unions, leagues, sects,
companies etc.

8. It is impossible to overlook the fact, that pathologi-
cal epidemies also coincide very frequently with the sunspot
maximum periods (see Table 3).

9. Thus the existence of a dependence between the sun-
spot activity and the behaviour of humanity should be consid-
ered established.

One cycle of the all-human activity is taken by me for
the first measuring unit of the historical process. The science
concerned with investigating the historical phenomena from
the above point of view I have named historiometria.

At present I am working on a plan of organizing scientific
institutes for determining the influence of cosmic and geo-
physical factors upon the condition of the psychics of indi-
viduals and collective bodies, and devising a working method
for them.

November, 1922 A. Chizhevsky
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Dedicated to the memory
of the astronomer

Rudolf Wolf (1816–1893)

Social evolution proceeds under the direct influence of vari-
ous economic, political and natural factors.

While the most serious attention has been paid to the de-
tailed clarification of the laws of economics and politics, the
study of the influence of natural factors has not received the
necessary development.

Our work targets to reveal the rôle of some natural factors
in the social movements of human groups.

This paper presents a brief and generally accessible ex-
tract from a special study of the influence of a powerful cos-
mic factor — periodic sunspot activity on the behaviour of
organized masses and on the course of the world-historical
process.

Introduction

With rare exceptions, in the entire history of Mankind we will
not find facts of clear foresight by historical figures of the im-
mediate future of their peoples and states or the final results
of wars and revolutions. Historical events, when completed,
always gave results different from those that were assumed at
their origin. It seemed that what people and entire communi-
ties were striving for or wishing for was not what they turned
out to be. Throughout its centuries-old culture, accompanied
by the gradual development of the exact sciences, humanity
has not clarified a single law according to which this or that
historical phenomenon or event should proceed. True, the di-
versity of reactions to identical stimuli in human communities
and the heterogeneity of responses to identical stimuli in the
historical life of Mankind forced us to assume that chaos lies
at the foundations of the fates of history, and the distribution
of events in space and time is not subject to any laws.

This view was equally extended to short periods of his-
tory, to individual events — wars or revolutions, and to entire
epochs, centuries and millennia, embracing human cultures
and civilizations. Only the comparative method, applied to
the study of history, has recently made some progress in the
field of proving the opposite. The true rôle of the comparative
method lies in the discovery of commonalities in the develop-
ment of various historical events and in the discovery of pre-
cise rules for this development. Historians have succeeded in
showing that both individual events of a more or less sim-
ilar nature and long historical epochs have many identical
features in their progressive movement; in other words, the
events of history repeat themselves, which allows us to make
appropriate generalizations (K. Lamprecht, O. Spengler). It
is not for nothing that J. de Condorcet (1743–1794), in his
famous work Esquisse d’un tableau historique des progrès
de l’esprit humain, insisted on creating a hypothetical history
of a single people by selecting facts from the history of all
peoples and bringing them closer together.

History, until the present time, has, in all fairness, been
more often recognized as a kind of knowledge than as a sci-
ence.1 Moreover, the skeptics of the late 17th and early 18th
centuries were inclined to consider history simply a “conven-
tional fairy tale” (“L’histoire n’est qu’une fable convenue” —
an expression attributed to de Fontenelle, who is Corneille’s
nephew).

Indeed, the main property of science is a set of certain
laws that subordinate phenomena in all their constituent parts.
Identical phenomena, proceeding according to a certain law,
must, other things being equal, yield the same results.

The failure of attempts to find historical laws involuntarily
had led some researchers to the idea that human destinies are
governed by predestination, which has the power to direct the
course of the historical process in one way or another.

Others, recognizing chance as a characteristic phenom-
enon in history, already by this very fact considered history
to be devoid of any lawfulness.

Finally, others — in free will, in the absence of visible
external correctness in the historical actions of Man, saw the
reasons due to which the course of historical phenomena con-
tinuously underwent various fluctuations that could not be ei-
ther taken into account or classified.

Belief in the metaphysical dogma of free will was one
of the main reasons hindering the objective study of history.
And despite the fact that even today philosophers have not
come to any definite conclusion on the question of will, sci-
entists were forced to account for the absence of it even in the
smallest and most insignificant actions on the basis of scien-
tific achievements and to put forward a deterministic point of
view to explain the most complex phenomena in the mental
life of Man.2

Since the statistics of human actions, which has been
widely developed since the remarkable works of A. Quetelet
(1796–1874), in which he pointed out the regularity existing
in them, i.e., when the constancy of various human actions
was objectively revealed, the point of view on free will has
changed: human manifestations had to be recognized as a re-
action to stimuli by diverse agents of the external world.

Thinkers, whose knowledge did not flow from feeble self-
affirmation, nor from the desire to distinguish themselves
from the background of Nature and to exalt themselves above
everything that exists, but from the ability to subtly feel the

1This opinion was ardently defended by Arthur Schopenhauer (1788–
1860) in his opus Die Welt als Wille und Vorstellung.

2As an extreme expression of this view, one can point to the assumption
made by P. P. Lazarev, a fellow of the Russian Academy of Sciences, based
on the works of H. Zwaardemacker. The latter showed that the cause of the
irritating properties of potassium salts found in the blood is their radioactiv-
ity. This Russian scientist considers it possible to assume that potassium salts
accumulated in a certain place in the nervous system produce radioactive de-
cay, which is the cause of irritation and excitation of certain centres in the
brain; this should also entail the emergence of a thought process and cause
certain actions in humans and animals (see his Ionic Theory of Excitation,
Moscow, 1923, p. 149).
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structure of Nature and directly understand the world as an
indivisible whole, came to the same conclusion. The greatest
poets Goethe and Tyutchev, with an extraordinary power of
inner comprehension, expressed this in the following stanzas:

Nach ewigen, ehrnen,
Grossen Gesetzen
Mtissen wir alle
Unseres Daseins
Kreise vollenden.

Goethe

Imperturbable order in everything,
Complete consonance in Nature;
Only in our illusory freedom
We are aware of discord with it.

Tyutchev

Asserting himself, forming concepts for himself on the
basis of personal experience, a person could assume that the
course of events of a private or public nature is directly depen-
dent on his arbitrariness. This led to the removal of the course
of historical reality from a series of natural phenomena. Such
convictions, having no points of contact with genuine sci-
ence, forced one to see in history not a living consequence of
the interactions of Man and the nature surrounding him, but
only a posthumous record of events in the life of Mankind in
the order of their successive ignitions and extinctions. Many
branches of human knowledge made such great strides in the
19th century and in the two decades of the 20th century that
they became necessary and irreplaceable in the practical life
of people. But what has history given us? We would consider
a person who would dare to speak about the “practical goals
of history” not entirely sane. Despite the enormous amount
of material collected by historians, the sophisticated methods
of its development, despite the colossal work that scientists
have accomplished, history, as it is, means no more than zero
for the social practice of humanity.

History represents knowledge about the dead, about what
is unnecessary for the ever-progressing life. It is an archive
where inquiries have rarely been made and are being made,
and the knowledge of which, all these “history lessons”, have
never taught anyone anything! People who were closely ac-
quainted with history made the same mistakes, the same blun-
ders that had already been committed. The latter occurred
because the actors in history had no firm points of support, no
well-founded landmarks in space and time that could guide
their actions and direct the course of the events that they gen-
erated.

Thus, as long as Man believed in the teleological dogma
of predestination, relying on super-rational intervention, as
long as he saw something significant in his will, he could not
stumble upon the path of discovering the laws that govern his
daily activities, his centuries-old destinies.

It is also necessary to note the fact that the field of ex-
act disciplines did not touch history as a whole at all, even at

the time when it penetrated the fields of psychology, subordi-
nating the processes of consciousness to physical and mathe-
matical laws. True, in the middle of the 19th century, attempts
were made to apply the laws of Nature to explain phenomena
in human communities. The English historian H. T. Buckle
(1821–1862), on the basis of the richest data collected by sci-
ence in the field of history, geography, economics, statistics,
in his work History of Civilization in England tried to show
that the methods and principles of the natural sciences should
be applied to history, for history is the interaction between
Man and Nature. Buckle insisted on studying the influence of
environmental conditions on a person using statistics. In his
opinion, the laws of history can be learned only through sta-
tistical observations of the activity of mass people, revealing
the regularity of their mass actions. Only through the knowl-
edge of general laws can history reach the level of science,
and therefore knowledge of individual facts and personalities
does not represent any scientific value.1

Almost simultaneously with Buckle, the American chem-
ist and historian J. W. Draper (1811–1882) in his outstand-
ing work History of the Intellectual Development of Europe
(1856) expressed the idea that the historical evolution of peo-
ples is governed by natural laws and is influenced by physical
agents of Nature. Due to the fact that physical phenomena
proceed according to strict laws, and historical phenomena
do not represent the result of the action of free will, but are
subject to a certain pattern, which must be discovered sooner
or later.

The good attempts of Buckle and Draper, despite all their
obvious usefulness, did not lead to a comprehensive study
of natural phenomena and the mass movements of humanity
occurring simultaneously with them.

And again, the main reason for the absence of such studies
must be recognized as a blind, but general conviction in the
independence of human mental and social activity from any
physical and chemical phenomena occurring in the world
around Man.

However, modern scientists strive to reduce psychologi-
cal phenomena to physiological processes, in which they seek

1French sociologists and philosophers go even further in this direction,
recognizing statistical data on mass movements as the true essence of his-
tory. Bourdeau in L’histoire et les historiens (1888) sees the ideal of sci-
entific history in depicting history in statistical figures and mass events in
formulas, considering the verbal depiction of events to be the subject of liter-
ature. There is some truth in such assertions. The fact is that the mechanical
explanation of natural phenomena is gradually giving way to statistical ex-
planations. Since the works of Gustav Theodor Fechner (1801–1887), math-
ematical statistics has included the doctrine of mass phenomena (Kollektiv-
masslehre) and has acquired enormous significance in the matter of reveal-
ing mass phenomena (Massenerscheinungen). By statistical explanation of a
phenomenon we must understand its consideration as the resultant of a large
number of complex and unclear phenomena governed by the law of chance.
The achievements of science place the statistical method at the forefront of
natural science. Biologists and sociologists, thanks to the works of K. Pear-
son, H. Bruns and others, are already widely using it, trying to understand
a number of laws of Nature with the help of statistics and believing that the
latter are the laws of statistics.
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and then find a physical-chemical basis, and in the latter —
the mechanics of elementary particles. This circumstance al-
lows one to penetrate more deeply into the essence of mental
life, closely connected with the life of the whole human or-
ganism and the external world surrounding Man.

Therefore, should not the methods and principles of phys-
ics and mathematics be applied to the study of the historical
process and social evolution? The domain of physics is the
entire Universe, the whole of it, and therefore physics must
have its say in examining any question in the world.

It must illuminate the face of history with its laws on mat-
ter, link a human with Mankind, humanity with Nature by
establishing laws for organic beings analogous to the laws
of the inorganic world. Mathematics in theoretical synthe-
sis must reveal the forms of historical phenomena and reveal
the historical paths of peoples and humanity. Modern exact
science is gradually entering this path.

The successes of biophysics over the past decades are be-
ginning to deprive Man and his thought processes of that mys-
terious aura with which these processes have been surrounded
for so many millennia. This is happening as a result of the
merging of sciences on the basis of physical and mathemati-
cal analysis. The latter, when applied to the study of mental
processes, gradually eliminates misconceptions about the su-
pernatural origin of consciousness, the functions of which are
expressed in physical and chemical transformations and are
subject to mathematical formulas. Thus, human will becomes
accessible to experience, and Man himself is transferred from
the field of miracles to a series of natural physical and chem-
ical phenomena.

Between the latter there are never-breaking connexions
and continuous interactions, and therefore every natural phe-
nomenon is dependent on the influences of the environment
around it: in the life of Nature everything is consistent and ev-
erything is causally connected with each other. The world is
a complex system of dependent variables, and not a museum
of individual phenomena, nor a list of motionless facts.

In the light of the modern scientific worldview, the fate
of Mankind, without a doubt, depends on the fate of the Uni-
verse. And this is not only a poetic thought that can inspire
an artist to creativity, but a truth, the recognition of which is
urgently required by the results of modern exact science. To
one degree or another, every celestial body moving in space
relative to the Earth, during its motion, has a certain influ-
ence on the distribution of the lines of force of the Earth’s
magnetic field, thereby introducing various changes and per-
turbations in the state of meteorological elements and affect-
ing a number of other phenomena occurring on the surface
of our planet. Moreover, the state of the Sun, the primary
source of all movement and all breathing on the Earth, is in
a certain dependence on the general state of the electromag-
netic life of the world in general and, in particular, on the
position of other celestial bodies. Does not this connect the
intellectual development of humanity with the life activity of

the entire Universe by amazingly subtle, but at the same time
majestic connexions? The world process, embracing all as-
pects of inorganic and organic evolution, is a phenomenon
that is completely lawful and interdependent in all its parts
and manifestations. A change in some parts, central and con-
trolling, entails a corresponding change in all parts, peripheral
and subordinate.

By including Man and his mental activity in the field of
ordinary phenomena of Nature, modern science thereby gives
grounds to assume a certain dependence existing between the
manifestations of the intellectual and social activity of Man
and a number of powerful phenomena of the natural environ-
ment. The life of the entire Earth taken as a whole, with its
atmosphere, hydrosphere and lithosphere, as well as with all
plants, animals and with Mankind inhabiting the Earth, we
must consider as the life of one common organism.

Having adopted the above new point of view, it is neces-
sary to admit a priori that the most important events in human
communities, embracing entire countries with the participa-
tion of the masses of people, occur simultaneously with some
fluctuations or changes in the forces of the natural environ-
ment. Indeed, any mass social event is a very complex sys-
tem. To dismember, to break this system into several parts,
simple and clear, and thereby simplify the understanding of
the phenomena — this is the main task of natural-historical
knowledge.

I have conducted a study of the course of historical phe-
nomena in connexion with the periodic activity of the Sun.

The results of my research study in this direction are pre-
sented in A Study of the Relationship Between the Sunspot-
forming Activity and the Course of the World-historical Pro-
cess, Beginning from the 5th Century B.C. and Until the Pre-
sent Time.1

Having discovered a known relationship between solar
activity and the military-political activity of Mankind, I ex-
pressed my point of view on this phenomenon in the work
Fundamentals of Historiometrics.

Here I present my proposed theory of periodic changes
in the behaviour of organized masses of people, simultaneous
with periodic changes in solar activity, as well as the prin-
ciples of the 11-year cycle of general human, collective and
individual, military-political and creative activity that I dis-
covered. In addition, I established the basic and first unit of

1By “world-historical process” we mean simultaneously occurring so-
cial evolution in all human communities, dependent or independent of one
another in their spatial position on the surface of the terrestrial globe. With
this term we somewhat touch upon the long-expressed desire to unite history
into a single whole. Thus, already in the 2nd century B.C. the Greek his-
torian Polybius, and then 18 centuries later Bishop J. Bossuet (1627–1704)
pointed out the need to develop a common view of history and establish a
world-historical point of view. Bossuet in Discours sur l’histoire universelle
(1681) wrote that, just as a single geographical map generalizes all countries
and all peoples, so a common view of history would help to merge the histo-
ries of the development of various peoples into a single process of the world
history of Mankind.
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measurement for counting the time of the historical process
and outlined the paths to discovering the physical laws that
govern the course of social evolution.

I Social activities and general influence of the Sun

Taking into account the huge volume of the Sun, as well as the
relatively small distance separating the Sun from the Earth,
which is equal to the sum of 107 diameters of the Sun, it can
be said that the Earth is under the direct and quite powerful
influence of the central body of the Solar System.

The Sun is a colossal source of electrical energy, and its
impact on the surrounding space can be divided into two main
categories: radiation and induction.1

The radiation emitted from the Sun originates from the
radioactive decay of its matter and carries with it negative
and positive electric charges. The Sun is surrounded by an
electromagnetic field extending beyond the outer planet of the
Solar System — Neptune [Pluto had not yet been discovered
at the time of writing], which is also influenced by the Sun,
despite the fact that it is 30 times farther from the Sun than
the Earth. Therefore, the terrestrial globe with its electro-
magnetic field is inside the electromagnetic field of the Sun,
under its powerful action. The change in the relative posi-
tions of the planets and the Sun during their motion has some
effect on the state of their electromagnetic fields. It is known
that any motion of matter is simultaneously an electromag-
netic phenomenon, since matter contains intra-molecular and
intra-atomic electric fields that are set in motion when matter
moves in space. Changes in the state of the electromagnetic
field of the Earth are also influenced by fluctuations in the
physical and chemical processes in the substance of the Sun.
These processes, which reach enormous power during peri-
ods of maximum solar activity, cause electromotive forces to
appear in many areas on the Sun; violent vibrations and rup-
tures of solar matter, motions of sunspot matter, etc. — all
this should produce series of electromagnetic waves in the
surrounding cosmic space.

The internal life of the Sun does not proceed uniformly,
but continuously experiences rhythmic fluctuations of a more
or less regular period, externally expressed in the appearance
and disappearance of sunspots, their number, as well as other
phenomena: sometimes solar activity increases and its face
is covered with sunspots, reaching a maximum, then it de-
creases, falling to a minimum and thus undergoing the fol-
lowing four stages:

1. The stage of minimum;
2. The stage of increasing activity;
3. The stage of maximum;
4. The stage of degradation.

1Here I will not touch upon theories about the internal constitution of
the Sun, its physics and chemistry, the temperature of its surface and internal
parts, energy reserves, etc. The reader can find all this information in any
astronomy textbook.

A complete cycle, which includes one maximum, one
minimum and transitional stages, takes a period of time from
7 to 16 years (more often from 9 to 13 years). The peri-
odicity of solar activity was discovered by H. von Schwabe
(1851). In the arithmetic mean this period, as was found
later, is equal to 11 years and, therefore, repeats itself 9 times
in a century. Assumptions were also made that, in addition
to the 11-year period of solar activity, there are also oth-
ers — longer and shorter than 11 years. De Mairan (1746)
already expressed the idea of long periods in solar activity
and in the development of the polar lights. The Russian as-
tronomer A. P. Gansky identified this period to be 72 years.
Schuster (1906), using harmonic analysis, calculated a series
of secondary periods following the 11-year period, namely:
4.48 years, 8.32 years, 9.25 years and 13.5 years. The most
important period after the 11-year period, Schuster consid-
ers the period of 33.375 years — “one-third-century cycles”,
— which he found to be dependent on the period of revo-
lution of the Leonid meteor shower around the Sun. Then,
Dr. Elsa Frenkel (1913) found in solar activity a period of
200 and 68.5 days, which is similar to the period of revolu-
tion of Venus (224.7 days) and Mercury (87.9 days) around
the Sun. Finally, H. Turner in the same year, on the basis of
his hypotheses and calculations, came to the conclusion about
the existence of a long-term period of 266 years.

The complexity of the spot-forming process [on the Sun]
and the divergence of opinions about its periods forced me,
due to the importance of solving this problem for my re-
search, to inquire with the most important observatories about
the latest (as of 1922) research results in this field.2

Based on a number of answers received, it can be said
that, except for the 11-year period, none of the above periods
has been firmly verified, and many eminent astronomers are
inclined to doubt the real existence of some of them. How-
ever, it should be thought that the spot-forming activity of the
Sun, in addition to the clearly detectable 11-year period, is
subject to fluctuations of other periods, which have not yet
been precisely established due to the insignificant amount of
relevant material.

The reasons that force solar matter to perform rhythmic
pulsations from century to century have not yet been clari-
fied. However, external signs of increased vital activity of the
Sun have been established with certainty: sunspots, promi-
nences, torches, flocculi, filaments, alignments, the corona,
and others, and their properties and relationships are now be-
ing clarified.

Of special interest are sunspots, because the question of
the internal constitution of the Sun itself is reduced to them.
As is known, spots appear on the Sun in two belts and for
approximately 13–14 days, together with the Sun revolving

2Mount Willson Solar Observatory in Pasadena (Prof. Seth B. Nichol-
son), Eidgenössische Sternwarte in Zürich (Prof. A. Wolfer), Royal Obser-
vatory in Greenwich (Prof. F. W. Dyson), Steward Observatory in Arizona
(Prof. A. E. Douglass) and others.
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around its own axis, they pass along its disc, gradually disap-
pearing behind its edge. Sometimes, after the same period
of time, the same sunspots appear again. Sunspot forma-
tion has attracted the attention of scientists for a long time.
And, despite the fact that many astronomers have carried out
a number of observations and studies to explain the nature
of sunspots and proposed a number of hypotheses (Herschel,
Zöller, Faye, Secchi, Moreux), however, to this day this ques-
tion is considered not to have been resolved in its final form
and the “great mystery” of sunspots, in the words of Galileo
(1564–1642), has not yet been revealed. Only little by little,
thanks to the foundation of special solar observatories and the
invention of amazingly precise instruments, scientists are be-
ginning to penetrate into their nature. Outstanding works in
this area should be considered the research of the American
scientist George Ellery Hale and the French scientist H. Des-
landres. Based on his spectroheliographic work, Hale put for-
ward the bold idea that sunspots are colossal electric vortices.
Meanwhile, it had long been proven that the essence of mag-
netism comes down to rotation and that during rapid rotation
an electrically charged body generates a magnetic field (Row-
land). Young in 1892 discovered the splitting of many lines in
the spectrum of sunspots, but did not provide an explanation
for this phenomenon. Finally, in 1908, a series of studies al-
lowed Hale to discover the Zeeman effect (1896) — the split-
ting of spectral lines in a magnetic field — in the spectrum of
sunspots, and thus the magnetic field of sunspots was proven.
Based on these works, one can conclude that a sunspot is an
enormous magnet. One pole of it is turned toward us, the
other lies deep inside the substance of the Sun. The struc-
ture of sunspots (on the photos framed in the spectral line
of hydrogen) turned out to be vortex-like (“solar vortices”
according to Hale). Astronomers again had to return to the
vortex theory of sunspots, proposed already by H. Faye. In-
deed, Evershed and St. John noticed motions inside sunspots.
Thus, using again spectral analysis, which is the most power-
ful method of research, a discovery of the greatest importance
was made — the secret of the most grandiose electrical pro-
cesses in solar matter. Consequently, the electrical essence
of sunspot formation was discovered, but the reasons for the
formation of sunspots themselves have not yet been clarified,
despite all attempts.

Sir John Herschel (1792–1871) tried to explain sunspots
by the fall of meteoric substance onto the Sun. Peirce (USA)
and more recently Stephanie supported this hypothesis. The
greatest English physicist Lord Kelvin (1824–1907) admitted
such a possibility, explaining the acceleration of the equato-
rial motion of the Sun’s mass by meteor impacts. H. Turner in
1913 made a splash with a similar hypothesis. Some astron-
omers explained the periodicity of sunspots by the influence
of planets, such as Mercury, Venus, Saturn, Jupiter, the com-
bination of whose revolution around the Sun was linked to the
period of sunspots (Warren De la Rue, Balfour Stewart, etc.).
Finally, Mrs. Maunder (1907) sought to show that the terres-

trial globe also exerts an influence on the slowing down of the
development of sunspots on the side of the Sun facing us.

Highly likely, the Sun is a huge resonator, quickly and
sensitively responding to the motion of its Solar System and
the influence of electromagnetic oscillations in outer cosmos.
In this case, the cause of the appearance of sunspots should be
sought inside the Sun itself, while we can admit the influence
of external factors on their distribution in time and on the
surface of the Sun, as well as on the variability of the strength
of the sunspot-forming process.

During the period of maximum activity of the Sun, all
phenomena on it assume grandiose proportions. The Sun
throws up substances converted into vapors for millions of
miles and emits streams of anode and cathode rays [proton
and electron streams, respectively]. In this respect, the Sun is
quite reminiscent of a radioactive body (A. A. Eichenwald),
throwing out negatively and positively charged particles. The
latter, rushing at considerable speed into cosmos, are driven
away from the Sun by the pressure of light and are partly re-
tained by the planets or their atmosphere. Streams of these
particles, in the opinion of some scientists (Birkeland, Arrhe-
nius, Nordmann, Paulsen, Villards), ionize the Earth’s atmo-
sphere, producing certain physical effects in it. Other scien-
tists see the causes of these effects in the action of electromag-
netic waves emitted by the Sun. The latter is less likely, since
the magnitude of the magnetic fields on the Sun is insufficient
to directly affect the Earth (Hale).

It should be noted, however, that the strongest perturba-
tions of the Earth’s magnetism always occur when large sun-
spots pass through the central meridian of the Sun (Loomis,
Lord Kelvin, Terby, etc.). Ricco (1892) showed that magnetic
disturbances lag behind by approximately two days from the
time the spot is in the region of the central solar meridian.
In the annals of astronomy, there are only a few cases, when
anomalous movements occurred simultaneously on the Sun
and on the Earth; these are the observations of Carrington on
September 1, 1859, Trouvelot on August 16, 1885, and Hale
on July 15, 1892. They try to explain the lag in the magnetic
effect by the time it takes for particles of solar matter to travel
from sunspots to the Earth (Arrhenius).1

The perturbative effect produced by the electrical pro-
cesses on the Sun on many processes on the Earth is mani-
fested with unvarying force with each increase in solar activ-
ity. Indeed, the periodic stresses of the Sun’s spot-forming
activity cause periodic fluctuations and disturbances in the
physical life of the Earth. Below I cite several physical phe-
nomena on the Earth, the relationships of which with the spot-

1We will not dwell on the discussion of the opinion of some scientists,
which consists in the fact that the activity of the Sun and the physical phe-
nomena on the Earth, synchronous with it, are co-effects of the same extra-
solar cause, lying in the electromagnetic environment of outer cosmos. In
examining this question, we, on the basis of weighty scientific data, and also,
for the sake of easy understanding, accept the spot-forming process on the
Sun as “causa efficiens”.
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forming process on the Sun have been surely established or
are being established now:

— Magnetic storms (Sabine, Wolf, Gautier, 1852);
— Aurora borealis (Fritz 1853, Loomis);
— Cirrus clouds — cirrus, cirro-stratus, cirro-cumulus

(Klein, Paulsen);
— Optical effects in the atmosphere — halos;
— Fluctuations of atmospheric electricity (Chree);
— Thunderstorms (Hess, Herbiger, Svyatsky);
— Movements in the atmosphere: cyclones, anticyclones,

hurricanes, tornadoes, tropical storms (Meldrun);
— Coloration of the sky (Bush);
— Air temperature at the Earth’s surface (Köppen, Nord-

mann, Mielke, 1913);
— Temperature of some seas (for example, the Norwegian

Atlantic Stream);
— Polar icebergs;
— Precipitation (Symons, Moreux, etc.);
— Air pressure (Walker, Leist, Fedorov);
— Climate fluctuations or disturbances (Bogolepov);
— Earthquakes.

It should be noted that the parallelism of the three curves,
which has long been accepted in science, is a graphic repre-
sentation of the spot activity of the Sun, the frequency of the
polar lights and the fluctuations of the Earth’s magnetism. As-
sumptions have also been made about the influence of sunspot
formation on the displacement of the Poles, St. Elmo’s fire
(Rudolph). Science is still too young to fully reveal the influ-
ence of the Sun. Perhaps the Sun is the cause of all regular,
periodic phenomena on the terrestrial globe.

The influence of sunspot activity is not limited to the
Earth. Scientists have managed to notice that sunspot activity
affects many phenomena in cosmic space. The brightness of
the colour of some planets, due to the increase in cloudiness
and albedo on them1 — Jupiter, Mars, Venus and the colour
of the Moon during eclipses (Vogel, Danjon) change with the
change in the number of sunspots. Comets, moving inside the
Solar System, experience significant resistance during the pe-
riods of maximum solar activity, due to the abundance of elec-
trical particles of solar matter in the space of the Solar System
(Backlund). Finally, the tails of comets in the same periods
of time have greater brightness, which allows ostronomers to
discover more of them in these periods of time than in the in-
termediate years (Berberich, Bosler). In addition, it has been
noted that the melting of polar snow on Mars occurs faster
in the years of maximum solar activity than in the years of
minimum (Antoniadi).

As for the dependence of the organic world of the Earth
on the periodic activity of the Sun, this problem is still con-
sidered open in the literature on the subject. Meanwhile, the

1The ratio of the amount of sunlight that a planet’s disc reflects to the
total amount of light that falls on it.

general influence of the Sun on the development of organic
life has been carefully observed by many thinkers since an-
cient times and has been subjected to detailed study.

In my presentation of this influence, I will begin with the
general influence and gradually move to the particular.

People have always felt their dependence on the Sun; they
guessed that the destinies of the Earth are closely connected
with the destiny of the Sun. Therefore, there is nothing sur-
prising in the fact that from ancient times Man recognized
this source of light, heat and life as his main god and rep-
resented him in anthropomorphic and zoomorphic images.
The Hindu god of the Sun was Sūrya, or otherwise — Sav-
itar2, the Persian god of the Sun was Ormuzd; the Assyrians
had Izdubar and Nimrod; the Babylonians had Marduk; the
Egyptians — Osiris, Ptah, Ra; the Phoenicians — Hercules;
the Greeks — Apollo, Helios, Phoebus; the Scandinavians
— Odin; the Germans — Balder; the Slavs — Dazhdbog,
Khore, Veles, Bel-bog, etc. The religions of the ancient East,
the cults of Greece and Rome, the cults of Mexico and Peru,
and finally the religions of the Lithuanians, Slavs, Germans
and other peoples created sects worshiping the Sun and fire,
as the earthly prototype of the former. Fire worship was de-
veloped in India and Persia. The hymns of the Rig Veda,
composed in time immemorial, glorify the god Agni (“ignis”
— fire); we find the cult of fire in the teachings of Zoroaster.
Slavic holidays — Kolyada, the holiday of Marena, Kupala
are associated with pagan rites of worship of the Sun. In
Greece, temples were built to the Sun, such as in Corinth,
Argos, Luxor. In Baalbek, a temple famous for its architec-
ture was also erected to the Sun. On the island of Rhodes, at
the entrance to the harbor, there was a colossal image of the
sun god. The Greeks and Romans used sunlight to treat the
sick, as indicated by Hippocrates, Oribasius, Antilius, Avi-
cenna, Galien and Celsus. Entire cities were named after the
Sun, for example, Heliopolis, near the Nile Delta. It can be
assumed that Egypt itself (“Hakapta”) received its name from
its dedication to the god of the Sun — Ptah. Ancient art, frag-
ments of which have come down to us, is full of deification
of the daytime Sun. The cult of the Sun permeates the entire
symbolism of the plastic art of the inhabitants of the White
and Blue Rivers. Thus, the doctrine of the action of the cen-
tral eternally life-giving fire, as the primary source of all that
exists and the primary substance, occupies a central place in
all mythologies, natural philosophies and arts of the peoples
of the Old World.

The Sun served as the embodiment of the idea of the
power of beauty and fertility. The Greeks called it “Βασιλενς
Ηλιος”, considering the Sun to be the main manifestation of
life, the heart of the world, animating everything with its rays.
Let us recall the great wisdom of the inscription on the ancient

2Sūrya and Savitar are names of the Sun in Sanskrit. They mean “to
shine” and “to sound” (the root “sū” means “to fertilize”). The Sun was
understood not only from the point of view of its “radiant power”, but also
its fertilizing, creative power.
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temple of Diana in Ephesus: “. . . only the Sun with its shining
light gives life!” Throughout ancient literature, medieval and
modern poetry, one can hear an incessant hymn to our daily
luminary — a song of praise, which, finally, in the words of
the dying Turner, turns into a prayer: “the Sun is God!” And
in our days, one outstanding French astronomer1, taking into
account, on the basis of the data of exact science, the greatest
influence of the Sun on the Earth and Man, proposed that the
French Astronomical Society petition the French government
to establish a universal tax, insignificant in size, but fair in
essence, for work on the study of the Sun, for Man’s depen-
dence on the Sun has no boundaries: “The Sun is one who
shines for all and grows the crops of all, therefore, a priori,
it seems fair that all people should contribute their share to
solar research.”

Even ancient thinkers attempted to determine the connex-
ions between the state of the human organism and the fluctu-
ations of the physical environment surrounding it, which de-
pended on the Sun. The ancient Greek historian Herodotus
(485–425 B.C.), while traveling, noted a number of facts
showing the influence of natural conditions on the physical
and mental development of Man. The famous Greek physi-
cian Hippocrates (460–377 B.C.), in his work “Περί αέρων
υδάτων και τόπων” (which means “on the influence of air,
water and terrain”) made the first attempt at historical geogra-
phy. The greatest philosopher of the Antique World, Aristotle
(384–322 B.C.), was not alien to this issue. Strabo (born in
54 B.C.), Plinius the Elder (23–79 A.D.) and also Ptolemy
(2nd century A.D.) studied the problem of the influence of
climate on the development of Mankind. The same influence
was pointed out by the Arab pragmatist historian Ibn Khal-
dun (1332–1406). Thinkers of the 16th–19th centuries, such
as J. Bodin (1530–1596), S. de Montesquieu (1689–1755),
J. Herder (1744–1803), K. Ritter (1779–1859), F. Ratzel
(1844–1904), E. Reclus (1830–1905) and others tried to
make all the variability of human races, characters, tempera-
ments, as well as the historical destinies of peoples dependent
on geographical conditions, mainly on climate. All this con-
tributed to the creation of a special science about the influence
of external nature on Man — anthropogeography. As an ex-
treme expression of such views we can point to the so-called
“geographical monism” or “geographical fatalism” (K. von
Baer), the roots of which go back to the Middle Ages (Iohann
Cochlaeus, 1479–1552).

But what is climate? This term should be understood as
the average state of meteorological factors that create certain
conditions for the existence of representatives of the organic
world. The concept of “climate” is closely related to the con-
cept of “life”, and climatic conditions can only be considered
in relation to the plant or animal world. The [ancient] Greeks
believed that climate depends on the angle of incidence of the

1Henri-Alexandre Deslandres, Director of the Meudon and Paris Obser-
vatories, who carried out intensive studies on the behaviour of the atmosphere
of the Sun.

Sun’s rays (climate, in Greek — κλίμα, κλίματος — means
“inclination”) and on the duration of illumination, i.e., on the
geographical latitude of the place. However, ancient geog-
raphers overlooked the fact that the surface of the Earth is
not the same and the terrestrial atmosphere contains vapors.
The properties of the Earth’s surface and the state of the at-
mosphere have a significant impact on climate. But the main
factor of climate, its main element is still the radiant energy
of the Sun. The great diversity of organic life on the Earth’s
surface is caused by those energy flows that burst into the at-
mosphere in the form of solar radiation. Is it worth dwelling
on the long-known and well-known truth that the Sun is the
only source for all forms of energy that we observe in the life
of nature, beginning with the light breeze of zéphir [ζέφυρος,
in Ancient Greek — light Western or Northwestern wind] and
the gentle germination of plant seeds and ending with torna-
does and hurricanes, and also the mental activity of Man. All
this is the work of the Sun, the creativity of the Sun.

From the point of view of modern science, all the most
diverse and varied phenomena on the Earth — both the chem-
ical transformations of the Earth’s crust and the dynamics of
the planet itself and its constituent parts, the atmosphere, hy-
drosphere and lithosphere, occur under the direct action of the
Sun. It is known that the nature of chemical processes on the
surface of the Earth changes, as a result of changes in temper-
ature, with latitude, reaching the highest rate at the equator,
while at the Poles we see only slow chemical reactions. There
are, therefore, chemical zones of the Earth (A. Fersman) and
they correspond to certain zones of the soil (V. Dokuchaev).

With a change in the latitude of a place and soil, its pro-
ductive forces, the degree of its population, etc., change. The
distribution of plant and animal species on the Earth’s sur-
face depends on the geographical location. As Alexander von
Humboldt (1769–1850) showed and then Alphonse de Can-
dolle (1806–1893) formulated in his work Géographie bota-
nique raisonnée (1855), the lowest representatives of plants
live in cold countries, the highest in hot countries. Each plant
species is fully adapted to a strictly defined climate and has a
precisely defined “climatic zone” of distribution. Today, four
main groups of climates and corresponding zones of distribu-
tion of representatives of the organic world are distinguished
(E. de Mortonne, I. Brunhes).

It has been established beyond doubt that green plants
receive the energy they need for life directly from the Sun,
which is thus the main source of their existence, facilitat-
ing the preparation of organic substances from inorganic sub-
stances. This is the global function of green plants, support-
ing the life and development of the entire animal kingdom.
The process of photosynthesis occurs in the laboratory of
chlorophyll grains. With their help, plants literally absorb the
energy of the Sun’s rays: the red rays of the spectrum dissoci-
ate carbon dioxide and synthesize carbohydrates that feed the
plant (K. A. Timiryazev, 1843–1920). Solar heat, released in
our organisms, furnaces and machine furnaces, determines all
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our movements and all work performed in factories.
Then, the importance of green plants should be consid-

ered from another side — from the side of their cosmic role;
representing an intermediate link between minerals and an-
imals, plants again, by means of solar energy, complete the
circle of chemical transformations and thus facilitate the turn-
over of substances on the Earth and the replacement of carbon
dioxide with oxygen. The annual consumption and expendi-
ture of atmospheric oxygen, according to some estimates, is
equal to 400 billion poods [an obsolete royal unit of mass
equal to 40 pounds]. The increase in the number of individu-
als of the animal and human world should cause a gradual de-
crease in the oxygen supply and an increase in the amount of
carbon dioxide. B. Weinberg (1907) came to the conclusion
that the period of existence of Mankind under such conditions
will not exceed 1 000 years.

Of course, it is premature to make such a pessimistic con-
clusion.

It should be thought that plants, with the help of sunlight,
will continue to restore the chemical composition of the air
that is necessary for us.

Plants show extreme sensitivity to sunlight: they make
independent movements towards the sunbeam (positive he-
liotropism), placing their leaves perpendicular to the latter.
In the morning, the leaves turn to the East, at midday they
are set parallel to the ground, and in the evening they lean
towards the West (H. Vöchting), because, in general, plants
show the ability to make various movements, like thinking be-
ings (J. Bose). The leaves of many plants have special organs
that serve to perceive light — a kind of “eyes” (G. Haber-
landt). However, plants do not have the same inclination to
every part of the spectrum: the greatest heliotropic effect is
shown by ultraviolet and then infrared rays; yellow rays do
not have a noticeable effect on plant growth. It is interesting
to note that the ultraviolet part of the spectrum has a predomi-
nant effect on the development of flowers in plants (J. Sachs).
In a word, plants have a great inclination to the Sun. The
life-giving influence of our daily luminary is best proven by
the spring awakening of the plant world, the richness and
splendor of tropical forms. The luxury of vegetation is di-
rectly proportional to the strength of sunlight — these words
of J. W. Draper sound like a prophecy that has come true.

But light has a destructive effect on most microorgan-
isms, changing their chemical processes within them or dis-
rupting chemical processes in their environment. It is known
that in the light, in presence of oxygen, oxidation processes
are enhanced, and in the air, under the influence of ultravi-
olet rays, hydrogen peroxide and ozone are formed. Con-
sequently, light excites disinfectant properties, justifying the
Italian proverb: “Where the Sun does not look, there comes
the doctor.”

The distribution of animals, according to P. L. Sclater
(1829–1913) and Alfred R. Wallace (1822–1913), depends
almost equally on the geographical factor: in polar and tem-

perate countries, according to Wallace’s work Geographical
Distributions of Animals (1876), mammals and birds account
for 1/3 of the total number of higher animals.

The physical development of Man and animals is also de-
termined by climatic zones. In this regard, Isidore G. Saint-
Hilaire in Essais de zoologie générale (1841) wrote that the
majority of genera and species reach their maximum growth
in the warmest countries and fall to a minimum in cold coun-
tries. For example, let us take the south of Russia: in most
cases, the isoline of the maximum average height (169–170
cm) of people is superimposed on the isotherm of +10 and
+15◦C (Ivanovsky).

Thus, the evolutionary stage of representatives of the or-
ganic world is in a certain relationship with the degree of
strength and quantity of radiant energy of the Sun falling on
a given area of the Earth.

Charles Darwin (1809–1882) in his theory of the origin
of species, defining evolution as a process of interaction be-
tween organisms and their environment, devotes little space
to the direct significance of the radiant energy of the Sun,
although this energy, as we see, determines the spatial dis-
tribution and relative quantity of various forms of flora and
fauna. It must be recognized that the electrical structure of
solar radiation, revealed by recent achievements in physics,
must have not only a secondary, so to speak, facilitating ef-
fect on the organic world, but the energy of the Sun, highly
likely, is the main factor in the evolution of plant and ani-
mal organisms — a factor that acts continuously in relation
to geological time and the geographical position of the place.
Perhaps the causes of organic evolution, which is believed to
arise spontaneously, lie in disturbances in the physical state
and chemical composition of the external environment under
the influence of sharp fluctuations or disturbances in nature,
associated with fluctuations in solar activity. Disturbances in
the external environment, as we shall see later, entail corre-
sponding changes in the physical chemistry of organic beings.

Now I shall focus attention on the effects of the direct
impact of the radiant energy of the Sun on organic bodies,
beginning with the simplest animal organisms (protozoa) and
ending with highly organized Man.

The influence of the Sun on living organisms, in the pre-
sent state of knowledge, cannot yet be expressed by one uni-
versal formula, therefore it will be necessary to briefly list the
effects of the influence of sunlight on the constituent parts of
the animal organism: on cells, tissues, muscles, blood, etc.

For example, ultraviolet rays first excite and then inhibit
cells, which is explained by irritation of cell plasma (Hertel).
Under the influence of light, there is an increase in oxida-
tive processes in cells (Quincke) and an increase in gas ex-
change of living muscle and nervous tissue (Moleschott, Fu-
bini). Light affects the movement of the ciliated epithelium
of the frog’s esophagus (Uskov). Tissue regeneration occurs
incomparably faster in the light than in the dark (Godnev).
Intracellular life is also in a certain dependence on light: ul-
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traviolet rays, through the hydrogen peroxide they form, af-
fect diastases (Agulhon). The effect of hydrogen peroxide is
used to explain the effect of ultraviolet rays on milk (Romer).
There are indications of the effect of sunlight on the hypo-
bronchial glands of gastropods.

The change in gas exchange in animals under the influ-
ence of sunlight should be considered very important. Mo-
leschott demonstrated in 1855 on a number of animals that
light causes an increase in oxygen absorption and an increase
in the release of carbon dioxide. In the same direction, I
note the experiments conducted by Loeb, von Platon, Speck,
Alexander, Ewald, Dürich and others. Nitrogen metabolism
is also enhanced under the influence of general gas exchange
(Godnev). The maximum effect relates to the yellow and vi-
olet parts of the spectrum (Kogan); darkness contributes to a
decrease in nitrogen exchange.

A number of authors (Schmidt, Fubini) found a greater
weight loss in illuminated cats and frogs than in those in the
dark. However, there is an opposite opinion about the effect
of light on weight (Borisov); it is believed that light has a
stimulating effect on the body, which helps to increase the
absorption of food; this can result in an increase in the weight
of animals and an increase in their growth. The latter is con-
firmed by Edwards, Beclard, Férè and others in a number of
experiments. Short-length light waves produce a particularly
strong effect on growth, as well as on other processes in cells
and tissues. Consequently, by influencing the life of cells and
tissues, light undoubtedly produces not only a local effect, but
also has a certain effect on the general condition of the body.
The effect of the Sun on the human body is primarily man-
ifested in the change in the chemistry of the skin pigment,
which plays a very significant rôle in heat regulation, in pro-
tecting the body from pathogens, etc. The rôle of pigment in
connexion with the influence of light on it has been studied
by a large number of researchers.

The effect of sunlight on the skin causes hyperemia of
the vessels with dilation of the capillaries. This process af-
fects not only the capillaries of the skin, but penetrates into
the area of the deep-lying vessels, lowering blood pressure,
which continues throughout the entire period of light action
(Lenkei, Behrig, Hasselbach, Nogier, Aimes). Not all rays of
light have the same effect on blood pressure. Blue light in-
creases blood pressure more than red and green (Spirtoff).

When exposing the body to insolation, one can notice an
acceleration of the pulse, which, if the sunlight is intense
enough, occurs about 10 minutes after the start of the expo-
sure. This is explained by the rapid expansion of the skin ves-
sels, which stimulates the heart to contract faster. Influencing
the blood vessels, sunlight does not remain indifferent to the
physical chemistry of the blood itself. As Rollier, Revillet,
Behring, Marquès and Lenkei claim, exposure of the body to
the Sun causes an increase in the number of red blood cells,
accompanied by a proportional increase in hemoglobin and
a corresponding decrease in poikilocytosis. Careful works

conducted by d’Oelsnitz and Robin established the fact that
in the first hours after insolation, there is a progressive in-
crease in the number of leukocytes, as well as polynuclears
and eosinophils.

Changes in the chemical composition of the blood nec-
essarily entail corresponding changes in the general condi-
tion of the body and its nervous tone. Brown-Séquard also
showed that light affects muscle contractility. Moleschott,
together with Marmé, exposed frogs to light and found in-
creased excitability of nerves and increased muscular perfor-
mance. Then Fubini proved that nervous tissue exposed to
light releases significantly more carbon dioxide than tissue in
the dark, but under the condition of maintaining the central
nervous system and muscle activity (Moleschott, Loeb). In a
word, the influence of light and the Sun is not limited to the
periphery of the body, but extends deep into it — right up to
the centres of higher nervous activity.

The fact that sunlight plays a huge role in the body’s re-
actions was known to a number of scientists almost since the
time of I. Newton (1642–1727). The great scientist under-
stood what an important role the life-giving forces of light
play. “By means of the vibration of this force”, he claimed
in his famous work Philosophiae Naturalis Principia Math-
ematica (1687), “sensations are excited and the organs of
animals are set into voluntary movement, while this force
spreads from the external sense organs through dense net-
works of nerve fibers to the brain and then from the brain
to the muscles.”

In the nowadays there is a special branch of medical sci-
ence — phototherapy, which deals with the treatment of var-
ious pathological and neuropsychiatric diseases using light.
The general effect of the latter, according to V. M. Bekhterev,
a fellow of the Russian Academy of Sciences, increases the
excitability of neuropsychiatric activity in general. Just as in
the case of plants and animals, different parts of the spec-
trum have a different effect on the human body and mental
activity, since different colors cause corresponding changes
in the speed of physical and chemical processes in the body,
in blood circulation, in the functions of the brain, etc. As
early as 1876, the observations of the Italian professor Ponza
established the unequal influence of different colours on the
mental state of the mentally ill persons.

Another famous Italian scientist, psychiatrist and crimi-
nologist S. Lombrozo (1836–1910), in his book Genio e fol-
lia collected interesting data on the influence of the season,
i.e., about the influence of a greater or lesser amount of radi-
ant energy of the Sun on the state of human mental abilities.
He established the coincidence of the development of insanity
with a sharp increase in temperature in spring and summer.
The maximum of mental illnesses, according to Lombrozo,
occurs in July, the minimum — in December.

He also says the same about brilliant minds, whose cre-
ative powers reach their peak in May and September, the min-
imum of creative activity occurs in winter, when this activity
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flares up only on the warm days of this time of year.
Consequently, warm and bright months and days turn out

to be fruitful not only for plant or animal nature, but also for
the human mind.

Indeed, if we trace the conditions for the emergence and
development of civilizations, then we will clearly see that the
greatest centres of human mental life are initially localized in
places with optimum temperatures. This applies to cultures:
Chinese, Babylonian, Egyptian, Indian, Antique, Arabic.

The low developed tribes to this day live either in equato-
rial or polar countries. Indeed, the influence of geographical
latitude in history is noticeable. For example, civilized and
populous cities lie between the two extreme isothermal lines
of +16◦C and +4◦C. Chicago, New York, Philadelphia, Lon-
don, Vienna, Odessa, and Beijing lie on the main axis of the
climatic and civilized belt with the 0◦C isotherm.

Thus, the average amount of radiant energy of the Sun
corresponds to the most developed race and culture; the min-
imum and maximum — are accompanied by a less developed
race and culture. The forces of external nature bind or release
the hidden potential of human spiritual essence and compel
the intellect to act or to die.

There is an opinion that warm countries provide people
with easy-to-obtain food during their leisure time, which al-
lows them to devote a significant amount of time to mental
activities. If this is partly true, then it is also true that the ac-
celeration of physical and chemical reactions in the body can
also contribute to a more intense flow of brain activity. Aris-
totle noted that a rush of blood to the head changes the normal
state of people, making them “poets and prophets”. It is now
known that a change in temperature correspondingly changes
the rate of reactions. According to J. H. van t’Hoff, a 10◦ in-
crease in temperature increases the rate of chemical reactions
approximately twofold. The relative increase in the rate of
reaction with a temperature increase of the specified number
of degrees is called the temperature coefficient. Reactions
occurring in the dark have a temperature coefficient different
from reactions occurring in the light, namely, a significantly
smaller one. Since at high temperatures the coefficient be-
comes small, reactions in the light, or photochemical reac-
tions, are quite similar to reactions occurring under the influ-
ence of high temperatures. Thus, chemical processes occur-
ring in organic nature are directly dependent on the temper-
ature and lighting imparted to them. Such a dependence has
been established for the rate of assimilation of carbon diox-
ide by plant leaves, the rate of heart contractions, the spread
of nervous excitation, mental processes, etc.

It is not difficult to consider what a huge rôle the Sun
plays only as a source of heat and light in the life of the entire
organic world: starting from the Poles, towards the equator,
accompanying the geographic latitudes, together with the in-
crease in the amount of radiant energy of the Sun falling on
the Earth, the speed of physical and chemical reactions, the
rise of the evolutionary ladder of the plant and animal king-

doms, the growth of plants, animals and humans, the speed
of the onset of sexual maturity, marriage, birth rate, etc., in-
crease accordingly.

If the gradual change in the amount of radiant energy of
the Sun received by different parts of the Earth, due to the
spherical shape of the Earth and the tilt of its axis, has such a
decisive influence on the general development of the biopsy-
chic and physical life of the planet, then the question arises:
Are not the powerful fluctuations of solar activity associated
with the ejection into space of countless streams of electri-
cally charged particles of solar matter and the radiation of
electromagnetic waves also manifested in the organic nature
of the Earth?

II On the relationship between the periodic activity of
the Sun and the synchronous periodicity of the oscil-
lations of the world-historical process

Even the 18th century Danish astronomer Christian Horrebow
(1718–1776) wrote that observation of solar activity would
lead to the discovery of the sunspot period and “only then
will the time come to investigate how sunspots affect bodies
governed and illuminated by the Sun”.1 Highly likely, even
at that time there were assumptions and guesses that sunspots
could not but have some effect on the life of the solar world.

In the 19th century, indications appeared of the relation-
ship between the periodic activity of the Sun and some phe-
nomena in organic nature on the Earth.

One comparison made by Sir William Herschel (1738–
1822) is not without interest. He tried to establish a con-
nexion between crop failures and the price of bread with the
sunspot period2, and Fergusson investigated the issue of crop
yield fluctuations in India. In addition to the price of bread,
the price of table wines in France, as statistical calculations
have shown, is also related to the period of sunspots. Thus,
in years of minimums, the price of wine is higher than aver-
age, in years of maximums — lower. The English economist
W. S. Jevons (1835–1882), who was educated in many ways,
both philosophically and scientifically, — not afraid of being
known as an original, — pointed out at that time the con-
nexion between phenomena that at first glance may seem to
belong to completely different branches of knowledge: in his
work Commercial Crises and Sun-Spots (1878) he set out his
theory of the connexion between industrial crises and the pe-
riodic course of solar activity.

The same problem was touched upon by W. S. Jevons in
his other work.3

1Young C. A. The Sun. International Scientific Series, D. Appleton &
Co., New York, 1881, 321 pages.

2Henry T. Buckle (1821–1862), in his book History of Civilization in
England, Longmans, Green, & Co., London, 1882, vol. I, p. 32, pointed out
that, according to statistical calculations, the number of marriages is not de-
termined by personal feelings, character or temperament, but is in turn in a
certain dependence on the price for bread.

3Jevons W. S. The Variation of Prices. Investigations in Currency and
Finances. Macmillan & Co., London, 1882, pages 145–147.
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Indeed, if meteorological conditions are in any way de-
pendent on the activity of the Sun, then, by affecting har-
vests, they can cause certain economic and financial crises.
The latter should affect the course of world trade, which is
thus linked to cosmic phenomena.

Then there were fleeting indications of a connexion be-
tween the epidemics of Asiatic cholera and the increased ac-
tivity of the Sun1, between cod fishing off the coast of Scan-
dinavia and the process of spot formation on the Sun2. They
tried to establish a connexion between the periods of max-
imum and minimum sunspots and mass appearances of lo-
custs, identifying these periods as 11 years (W. Köppen). Ca-
mille Flammarion, based on 30 years of observations, noted
that the time of flowering of chestnuts in Paris reveals a clear
periodicity equal to the period of solar activity. The French
astronomer Abbot Théophile Moreux in Bourges showed that
the influence of sunspots is manifested, in addition to the
world grain harvest, also on the grape harvest, the time of lilac
blossoming in France and the arrival of swallows. Moreux’s
diagrammatic curves perfectly illustrate the coincidences of
these phenomena.3

In 1918, the US scientist A. E. Douglass (Director of the
Steward Observatory in Arizona), published a study that es-
tablished that the thickness of the annual layers of old trees
(such as, for example, 1 000-year-old Sequoia trees and others
in Southern California) is directly dependent on fluctuations
in solar activity. His research touched upon a deep historical
layer of time.4

So, this is how the question of the relationship between
various states of solar activity and manifestations of organic
life on the Earth stood at 1915, when we, observing the sun-
spot activity of the Sun in the summer months of 1915, dis-
covered the following fact: some periods of increased solar
activity coincided with the development and intensification
of military events on many fronts of the World War.

Later, Moreux wrote in his article Le Soleil et nous that
he had noticed the following curious phenomenon, namely:
world exhibitions, for example, those in Paris in 1867, 1878,
1889, 1900 and in Ghent in 1910, coincided with the min-
ima of solar activity5, and some wars and military campaigns
over several decades with its maxima. This issue has recently
attracted the attention of some researchers.

In Russia, D. O. Svyatsky in 1917–1918 collected a small
but interesting material concerning the same issue and pub-

1This problem was studied in detail and presented in my other work:
Chizhevsky A. L. The Influence of Periodic Activity of the Sun on the Emer-
gence and Development of Pathological Pandemics.

2Shokalski Yu. M. Oceanography. St. Petersburg, 1917, page 523.
3Moreux T. Le problème solaire. Ed. Bertaux, Paris, 1900, 343 pages.
4Douglass A. E. Climatic Cycles and Tree-Growth. A Study of the An-

nual Rings of Trees in Relation to Climate and Solar Activity. The Carnegie
Institution, Washington, 1919, issue 289.

5It is interesting to note that the Russian Agricultural Exhibition planned
for the summer of 1923 in Moscow will also coincide with a minimum of
solar activity.

lished two notes in the journal he edited.6

V. M. Bekhterev, a fellow of the Russian Academy of Sci-
ences, in his extensive work Collective Reflexology7, speaking
about the connexion between human activity and external na-
ture, and then establishing the “law of dependent relations”,
touched upon this curious issue and pointed out that “depen-
dent relations in the social environment are not limited to the
circle of only the surrounding nature of our Earth, but have
a significantly broader spatiality, extending into the depths of
the Universe with its inexhaustible amount of world energy
flowing to us”.8

Whether the phenomenon of correspondence that we ob-
served in 1915 was a simple coincidence or whether there
really was some kind of relationship between phenomena on
the Sun and military events on the Earth, but having become
interested in these strange coincidences, I made the first at-
tempt to find one or another explanation for them back then.
Assuming that the starting point for the development of any
event in human societies is the centres of higher nervous ac-
tivity, I first of all focused on the question of what influence
the formation of a sunspot can have on the behaviour of a
person who, despite strategic, diplomatic and other obstacles,
strives to intensify his military or social activity simultane-
ously with the intensification of the activity of our daily lu-
minary. Then, using astronomical data on the Sun and the
chronology of history, it was easy to verify the remarkable
coincidences of some of the most important events in the life
of Mankind over the past 300 years with the maximums of
solar activity.

But the events that followed soon after tore me away from
my current work for a long time, stopping the implementation
of my planned research. Only when the excitement of the
last revolution [the 1917 Revolution in Russia] had somewhat
died down I got the opportunity to think about independent
work and to renew in my memory the main principles of my
theory.

Dissatisfied with the coincidences of solar activity and the
activity of Man that I have discovered over a comparatively
short period, I decided to trace whether the same dependence
existed in historical epochs more distant from our time. This
work of comparisons, as we will see below, contributed to the
establishment of some extremely important facts that I laid as
the foundation for a new understanding of the development of
social events and the course of the historical process.

First of all, I have to turn to sources that testify to the state

6Proc. of the Russian Society of World Studies (R.O.L.M.), 1918, vol. VI,
no. 6 (30), page 310, and also 1919, vol. VII, no. 1 (31), page 39.

71921, pages 409–412.
8Ernest Millard attempted to establish the dependence of historical phe-

nomena on such a natural factor as secular fluctuations in the Earth’s mag-
netism in his work Une loi historique. He considered 500-year fluctuations
in the Earth’s magnetism to be a period in the development of human so-
ciety (see Historische Zeitschrift, 1909, Bd. 102, 654). See also: Reclus E.
L’Homme et la Terre, en 6 livres, Ed. Librairie Universelle, Paris, 1905–
1908, Le livre I — Les Ancêtres, Chapitre 1.
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of solar activity in the historical epoch.
Observations of the Sun, the number of spots have been

recorded since 1610, since their discovery by Galileo (1564–
1642), Johannes Fabricius1 (1587–1615) and also Father
Christoph Scheiner2 (1575–1650). At first, these observa-
tions were not accurate, were random, telescopes were poor,
and there were relatively few observers (in England, the Sun
was observed by 6 people, in Germany — by 5, in France —
by 4, and in the Netherlands — by 1).

Only in a short period of time, since the observation meth-
ods were established and the network of observation points
was expanded3, do we have reliable material on the activity
on the Sun. But the periods of the first observations, the data
about which were carefully collected by Rudolf Wolf (1816–
1893) in his Sonnenflecken Literatur (1856) provided the op-
portunity to outline the dates of the maxima and minima of
the sunspot activity, which was already given by Wolf in 1749
and then processed and continued to this day by A. Wolfer in
tables and graphs (he published in Astronomische Mitteilun-
gen, Zürich).

As for the epochs standing older than 1610, astronomy,
except for some random indications, had no material for judg-
ing the distribution of solar activity cycles in them. Only
some information from ancient Chinese (Chinese Annals),
Arabic, Russian and Armenian chronicles, as well as from
Western European city chronicles and annals (Chroniken der
deutschen Stadte), partly collected by me, partly from al-
ready prepared data (de Mairan, Arago, Hiragama, Svyatsky),
helped to outline the approximate epochs of maximum solar
activity stresses for the period of time from the first Chinese
observation in 188 A.D. to the aforementioned period with
significant gaps, sometimes reaching several decades.4

This information concerned mainly some meteorological

1Johannes Fabricius was the first to lay the foundation for solar physics
by describing his observations in the opus De maculis in sole observatis et
apparente earum cum sole conversione narratio, cui adjecta est de modo
eductionis specierum visibilium dubitatio (1611).

2From the manuscripts of Thomas Harriot it is evident that this English
astronomer was a competitor [to Galileo] in the discovery of sunspots, for he
first observed them on December 8, 1610.

3Kew [a district of London], Zürich, Chicago, Greenwich, Medon, Cape
of Good Hope, Kodaikanal, Dehra-Dun, Mount Wilson and others.

4While the solar corona was well described by Philostratus and Plutarch,
the first date of sunspots being noticed on the Sun should be considered to
be 188 A.D., according to Chinese records collected and published by the
Japanese astronomer Shin [Makoto] Hirayama (Observatory, 1889, v. XII,
page 218). They were based on a table of 45 observations of solar Fridays
for the period 301–1205 A.D., compiled by the Chinese encyclopedist Ma
Duanlin (1245–1322).

True, the evangelists Matthew, Mark and Luke point to the darkening
of the Sun, which allegedly occurred after the death of Jesus Christ. Ovid
(Metamorphoses, XV) and Virgil (Georgica, I) speak of the darkening of the
Sun at the death of Caesar in 44 B.C. Similar phenomena have been repeat-
edly described and can be explained by other causes, and not by the presence
of colossal sunspots, for example, the so-called, “dry fogs” that sometimes
obscure the light of the Sun and were mentioned by Johannes Kepler (1571–
1630) and Gemma Frisius (1508–1555) [born Jemme Reinerszoon], a Dutch
astronomer in Louvain.

and optical phenomena developing in the atmosphere usually
during the time of maximum solar activity. Sometimes there
were also direct indications of the size, shape and number
of sunspots, observed, of course, with the naked eye. All this
data was not distinguished by accuracy and therefore required
careful study, verification and careful systematization.

The very first steps in this direction revealed to me a truly
amazing picture: the fluctuations of the historical process
turned out to be simultaneous with the fluctuations of the
physical and chemical processes in solar matter.

Further work showed that although the historical life of
Mankind does not calm down for a minute and continuously
flares up now in one, now in another part of the Earth —
at the moments of maximum solar activity it receives almost
complete development over the entire surface of the planet.

First of all, I had to develop a method of statistical ac-
counting in equal units and classification of historical phe-
nomena involving masses of people. This work presented
many difficulties. It was necessary to resolve the question
of what to take as a unit of accounting. Any historical event
can be considered both in relation to quality (the significance
of the event in the historical life of the people, its influence
on other events, etc.), and in relation to quantity (for exam-
ple, the number of people participating in the event, etc.).
However, neither qualitative nor quantitative accounting of all
events turned out to be completely impossible, because what
could be precisely established for one event was inaccessible
for another. In addition, a number of incidental phenomena
(the duration of events, the space covered by the event, etc.)
made it difficult to establish the feature of the event that inter-
ests us.

It was necessary to choose a general method, i.e., one
that would be suitable for accounting for any historical phe-
nomenon. To accomplish our task, I had decided to take as a
unit of measurement the following:

1. The beginning (the first rise
of the masses of people) and

2. The highest point of social
tension (if such can be deter-
mined)


of each mass event of
more or less major his-
torical significance.

My main attention was paid to the dates of the emergence
of historical events, i.e., the dates of the first rise of the masses
of people for achieving one or another goal.

The final conclusion was obtained after a long work as a
result of a detailed statistical study of the history of the ma-
jority of states and peoples [they are listed below], inhabiting
all five continents of the globe and known to science, starting
from 500 B.C. and ending in 1914, i.e., for 2 414 years.

In order to get acquainted in detail with the history of all
the listed peoples, countries and states, I used the sources and
manuals in ancient and modern languages that were available
to me at the time I was living through.
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1. Europe:
Greece,
Rome,
Italy,
Germany,
Gaul,
France,
Iberia,
Spain,
Portugal,
England,
Ireland, Scotland,
Holland,
Netherlands,
Norway,
Sweden,
Denmark,
Switzerland,
Hungary,

Austria-Hungary,
Turkey,
Romania,
Russia,
Lithuania,
Poland,
Czech Republic,
Bulgaria,
Serbia, etc.

2. Asia:
China,
Tibet,
Mongolia,
Japan,
Korea,
Central Asian peoples,
Huns,
India,

Indo-China,
Ceylon,
Indonesia,
Siberia,
Asian Russia,
Afghanistan,
Arabia,
Eastern Roman Empire,
Turkey,
Persia,
Palestine, Israel,
Other ancient peoples.

3. Africa:
Egypt,
Carthage,
Mauritania,
Sudan,
Abyssinia,

Morocco,
Congo,
Other African nations,
European colonies, etc.

4. America:
Canada,
California,
Texas,
Other United States,
Mexico,
Peru,
Brazil,
European colonies, etc.

5. Australia:
European colonies, etc.,
Tasmania,
Oceania.

This work allowed me, on the basis of quantitative rela-
tionships, to state the following basic provisions characteriz-
ing the course of the world-historical process:

1. On different continents of the Earth, in different coun-
tries, among different peoples, dependent or indepen-
dent of each other in political or economic terms, as
well as in relation to the territory they inhabit, the main
moments of their historical life, associated with the mo-
vement of large masses of people, tend to be synchron-
ous; the number of historical events occurring simul-
taneously in different parts of the Earth gradually in-
creases with the approach to the maximum of solar ac-
tivity, reaching the greatest number in the epochs of
maximums, and decreases with the approach to the
minimum of solar activity.

This allows us to consider each cycle of historical
events of the world-historical process as universal.

2. In each century, the universal cycle of historical events
is repeated exactly 9 times. Throughout the world his-
tory of Mankind, beginning with 500 B.C. and until
the present time, in each century I have discovered 9
clearly outlined concentrations of the initial moments
of historical events.

Thus, it can be considered that each cycle of the
general historical, military or social activity of human-
ity is equal, on average, to 11 years.

3. The epochs of concentrations of historical events are
divided among themselves by epochs during which the
number of new historical events falls to a minimum.

4. The epochs of concentrations of historical events coin-
cide with the epochs of maxima of solar activity; the
epochs of rarefaction coincide with the epochs of min-
ima of solar activity.

For the time since 1610 about the last provisions
must be considered fully established, in view of the
significant amount of historical data, and then the ac-
curacy of observations of solar activity.1

5. More or less prolonged historical events, continuing for
several years and receiving a decisive manifestation in
the era of maximum solar activity, as well as the evolu-

1In the beginning of my research, I assumed that the abundance of mass
movements recorded by history, regardless of their intensity, would have
to harm the establishment of quantitative relationships in different periods;
however, even minor mass movements of peoples and small episodes, taken
on a par with major historical phenomena, could not prevent the discovery of
a periodic pattern of concentrations and discharges.

True, in such a case the difference in the number of events during pe-
riods of the cycle [of solar activity] opposite in intensity was sometimes not
so clearly revealed; but this is simply explained by the presence of a signif-
icant number of secondary and minor phenomena taken into account. The
objections that can be made in this direction find a sufficiently weighty re-
buff in the following words of P. P. Lazarev, a fellow of the Russian Academy
of Sciences: “For the construction of a theory it is especially advantageous
if experimental methods and observations do not immediately provide data
with a high degree of accuracy, and thus make it possible to ignore the mass
of secondary accompanying phenomena that complicate the establishment
of simple empirical patterns. In this regard, for example, the observations
of Tycho de Brahe, which gave Kepler the material for creating his laws,
were precisely sufficient in accuracy to characterize the motions of the plan-
ets around the Sun in the first approximation. If, on the contrary, Kepler
had obtained those most precise observations that can be had in our time,
then, of course, his attempt to find an empirical law could not have led
to simple and sufficiently clear results due to the complexity of the entire
phenomenon and would not therefore have given Newton the material from
which the theory of universal gravitation was created” (Lazarev P. P. Re-
search in the Ionic Theory of Excitation, Part I, Moscow, 1916, page 6).
In this regard, we remind the reader of one scholastic axiom, which was
pointed out by Sir W. Hamilton (Sir W. Hamilton. Discussions on Philos-
ophy. 2nd edition, London, 1853, page 630): “Frustra sit per plura quod
fieri potest per pauciora” (it would be futile to cite more numerous rea-
sons for something whose origin can be explained with the help of fewer
of them).
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tion of ideologies, mass sentiments, etc., accompany-
ing these events, proceed according to a general histor-
ical cycle, undergoing the following clearly detectable
[successive] stages:

I. The stage of minimum excitability;
II. The stage of increasing excitability;

III. The stage of maximum excitability
IV. The stage of decreasing excitability.

These four stages (let us call them periods) tend
to coincide completely with the corresponding eras of
solar activity: minimum of sunspots, an increase in the
number of sunspots to their maximum, their maximum,
and then decrease from the maximum with a transition,
again, to a minimum of sunspots.

As is known, the transition from minimum to maximum
solar activity occurs somewhat faster than the transition from
maximum to minimum, i.e., sunspot formation increases
faster than it dies down.

Based on the considerations provided in the item 5 [of the
above list], I have found it possible to divide each historical
cycle synchronous with the solar cycle into 4 periods:

Period I (minimum excitability) = 3 years;
Period II (increasing excitability) = 2 years;
Period III (maximum excitability) = 3 years;
Period IV (decreasing excitability) = 3 years.

The statistical accounting of world history events for 500
years (from the 15th to the 20th centuries) that I carried out
using the method indicated earlier showed their distribution
over 4 periods of the cycle, namely:

During Period I (3 years)
of the cycle. . . . . . . . . . . . . .

5% of all historical
events begin;

During Period II (2 years)
of the cycle. . . . . . . . . . . . . .

20% of all historical
events begin;

During Period III (3 years)
of the cycle. . . . . . . . . . . . . .

60% of all historical
events begin;

During Period IV (3 years)
of the cycle. . . . . . . . . . . . . .

15% of all historical
events begin;

and, therefore,

During 1 year of Period I
of the cycle. . . . . . . . . . . . . .

1.7% of all historical
events begin;

During 1 year of Period II
of the cycle. . . . . . . . . . . . . .

10% of all historical
events begin;

During 1 year of Period III
of the cycle. . . . . . . . . . . . . .

20% of all historical
events begin;

During 1 year of Period IV
of the cycle. . . . . . . . . . . . . .

5% of all historical
events begin.

The above allows us to consider one world historical cy-
cle, consisting of 4 periods, as a model, as the basic unit of

Fig. 1: Percentage ratio of occurrences of historical events to years
and periods of the cycle. Average output for 500 years (15th–20th
centuries).

time measurement of the historical process, due to the [dis-
covered] fact that the internal structure of each historical cy-
cle corresponds to the internal structure of all other histor-
ical cycles; then, using the comparative-historical method, I
conducted a study of all of the psychological and social man-
ifestations of the mentioned [discovered] cycle, in order to
then synthetically derive the laws governing the development
of events in each period of the cycle.

I call the new branch of knowledge that arose on the basis
of these considerations historiometry.1 The first and basic unit
of measurement for counting historical time is one cycle of
solar activity, equal, on average, to 11 years.

I call this unit of historical time measurement a historio-
metric cycle, according to the above introduced terminology.
Based on some data, we can make an assumption about the
existence of other (multiples of the basic) periods in the his-
torical life of Mankind. This issue is currently under my in-
vestigation.

A clear confirmation of all that has been said above can be
found in the historiometric table and graphic representation
of the fluctuations of the world-historical process presented
here, compiled from the data attached to [my work] A Study
of the Relationship between the Sunspot-Forming Activity and
the Course of the World-Historical Process, Beginning with
the 5th Century B.C. and Until the Present Time.

As we have just said, throughout world history we have
discovered 9 historiometric cycles in each century. For ease

1Measuring historical time using physical units.
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Table 1: Historiometric table for the period from the 5th century B.C. to the 20th century A.D.
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Table 1: Historiometric table for the period from the 5th century B.C. to the 20th century A.D. (continued).
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Fig. 2: Average curves of fluctuations of the world-historical process for the period from the 5th century B.C. to the 20th century. The
abscissa (horizontal line) shows the years, the ordinate (vertical line) shows the number of occurrences of the most important events in the
world history of Mankind. The dots show pre-telescopic and then — astronomical data on the intensity of the Sun’s activity; the dashes
show its minima.
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Fig. 3: Average curves of fluctuations of the world-historical process for the period from the 5th century B.C. to the 20th century. The
abscissa (horizontal line) shows the years, the ordinate (vertical line) shows the number of occurrences of the most important events in the
world history of Mankind. The dots show pre-telescopic and then — astronomical data on the intensity of the Sun’s activity; the dashes
show its minima (continued).
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Fig. 4: Parallelism of the curves of sunspot activity (lower curve) and the global military-political activity of humanity (upper curve) from
1749 to the present time (1922).
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Fig. 5: Coincidences of increases in sunspot formation (lower curve) and outbreaks of revolutionary activity of the masses of people in
Russia for the period from October 1, 1905 to April 1, 1906 (rallies and strikes, assassination attempts, immediate repressions).
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of distribution they are numbered (from 1 to 9) and then col-
lected in a table, the first attempt1 at constructing which is
attached here and to which significant amendments must be
made during further study of the issue.

This table only shows the sizes of clusters (concentra-
tions) of newly emerging historical events, as well as the sizes
of pauses between them, i.e., the time of comparative calm
and tranquility.

In addition, the historiometric table compares the follow-
ing to clarify the relationships between the activity of the Sun
and the [social] activity of Mankind:

1. From the 5th century B.C. to the 16th century A.D. —
equal 11-year time intervals (numbers in brackets).

2. From the 2nd century A.D. to the 12th century — his-
torical data on the state of the sunspot activity of the
Sun (probable epochs of maxima are typed in bold; the
most reliable of them are marked with dots.2

3. From the 17th century to the 20th century, astronom-
ical data on the maxima and minima of solar activity
according to the latest data.3

But the historiographical table does not show the mo-
ments of the highest tensions of the ubiquitous and general
activity of Mankind.

The latter is clearly represented by the curves in Fig. 2
and Fig. 3, which should be considered fair only in general
terms, due to the possible inaccuracy of historical data and
some involuntary accounting errors.

The abscissa (horizontal line) shows the years, the ordi-
nate (vertical line) shows the number of initial moments of
the most important events in world history. The dots under the
curves show the dates before telescopic observations, which
testify to the intensity of the Sun’s activity in the historical
era, and then, starting from the 17th century, also astronomi-
cal data. The minima are indicated by dashes. When examin-
ing the curves, it is easy to notice that in most cases the curve
seems to move away from the dots upwards; the dashes, on
the contrary, seem to attract it to themselves. This means that
the increase in solar activity is accompanied by the intensity
of the combined activity of humanity and vice versa: its de-
crease coincides with a general calm.

It should be considered very important that most of the
rises of our curve reach the highest point of the rise, the so-
called points of greatest density, after which they gradually
descend. This shows that each historiometric cycle, like the
cycle of sunspot activity, has a moment of maximum tension,

1A more detailed experience of constructing a historiometric table, indi-
cating the activity of the Sun in the historical era according to Douglass and
Danjon, is attached to my mentioned work A Study of the Relationship be-
tween the Sunspot-Forming Activity and the Course of the World-Historical
Process, Beginning with the 5th Century B.C. and Until the Present Time.

2Proceedings of the Russian Society of World Studies (R.O.L.M.), 1918,
vol. VII, page 232.

3Meteorologischen Zeitschrift, Heft 10, 1916, Seiten 327–1922.

when events in the human environment erupt everywhere and
intensely.

Some inaccuracy of the found coincidences means only
the insufficiency of pre-telescopic observations and partly in-
completeness of information about historical events. This has
been completely eliminated over the last 4 centuries, when
our curve (see Fig. 4) completely coincides with the average
curve of solar activity.

The curves presented in Fig. 4 for the period from 1749
to 1922 are the best proof of this. Here we observe almost
complete rectilinearity of the coincidence of the curves and
the equal value of the corresponding ordinates.

As for the period of ancient history and partly the Middle
Ages, as can be seen from Fig. 2, even in these eras we see
in each century exactly 9 clearly outlined concentrations of
events in world history and moments of maximum tension in
human activity. As a result of all the above, it is necessary to
admit that the fluctuations of the historical process in ancient
times were also closely connected with the fluctuations of the
sunspot-forming activity of the Sun and were subject to the
same regularity.

III Social and psychological characteristics of one com-
plete historical cycle

The motivation for dividing each [historical] cycle into 4 pe-
riods was the data obtained as a result of studies of histori-
cal events that developed in parallel with the corresponding
changes in solar activity. Analyzing the course of each event
separately and then comparing its known stages with similar
solar activity stages of other historical events, it was not dif-
ficult to arrive at the conclusion that, despite the absence of
any connexion between them, they all flow along an identi-
cal channel, making similar rises, turns and falls at certain
moments. The most diverse events of world history were
involved in this analysis, beginning with the ancient Greek
and Roman uprisings and military campaigns and ending with
the revolutions and wars of modern ages. Formal correspon-
dences in the development of historical phenomena, some-
times having nothing in common with each other either in
space or in historical time, but possessing a certain paral-
lelism of evolution, are a motivating reason to assume the
existence of some periodically acting factor, independent of
local time or spatial conditions and endowing the course of
various historical events with an internally obligatory, almost
universal regularity and morphological identity. The distinc-
tive features of the latter, although not stationary, are subject
to fluctuations only within insignificant limits.

Synthesizing the collected material, I have obtained for
each period of the historiometric cycle the following char-
acteristics, briefly outlined here, a kind of ideal of the form
underlying each historiometric cycle, which is free from var-
ious accidents and superficial phenomena of temporary or lo-
cal significance.
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Period I of the historiometric cycle (the period of mini-
mum excitability)

The characteristic features of this period are the following:
disunity of human masses, indifference of the human masses
to political and military issues, peace-loving mood of the hu-
man masses, compliance, tolerance, etc.

The appearance of these psychological signs in the his-
torically active human masses in the 1st period of the cycle
is usually accompanied by the absence of any desire for any
struggle for an idea or right, and therefore entails easy ca-
pitulation, surrender, throwing down of arms, flight from the
battlefield, etc.

Such behaviour of individuals or entire groups of people
forces the ruling circles of the state to appropriate measures:
concluding a series of truces with the enemy and, finally,
peace; capitulation under harsh conditions, opening of diplo-
matic relations, declaration of neutrality, then disbandment of
troops, etc.

In the memoirs of contemporaries and in historical stud-
ies, this period is noted for its general peace-loving mood, un-
willingness to enter into any disputes, the end of most military
actions and the triumph of the principle of non-intervention
in international and national military-political life. Historians
try to explain these facts by the exhaustion of moral and phys-
ical strength, mental fatigue after the unrest experienced, the
breakdown of state unity, the cessation of the influence of the
previously unifying cause, incapacity for combat, the fall or
departure of the [former] leaders who had lost the trust of the
masses of people and power over them, etc.

The aspirations of humanity in other fields of social activ-
ity also change: the flow of social life, falling into the chan-
nel of calm and peace, gets the opportunity to apply its quiet
course to the achievement of other goals, to the solution of
other problems.

Here the spiritual activity of Man begins, cultural values
are created, pure art and science are placed in the corner of
social life, replacing the stormy turmoil of recent days and
devaluing with their achievements everything created hastily
and precariously. In the period of minimum, humanity strives
for calm, rests from the worries of previous years and gathers
physical strength for the inevitably approaching new era of
[social] unrest.

A study of the historical events that took place in the 1st
period allowed us to establish a number of facts, according to
which the period of minimum excitability contributes to [the
following actions]:

1. The conclusion of peace treaties;
2. Conquest expeditions of a non-mass character;
3. Capitulation;
4. Occupation;
5. Maximum reduction of parliamentarism;
6. Strengthening of autocracy or rule by a few.

Period II of the historiometric cycle (the period of increas-
ing excitability)

The psychological and historical complexity of this period re-
quired very extensive research, as a result of which I have
collected considerable data relating to this period. Here I am
forced to limit myself to only a general remark.

Already the beginning of this period in historical studies
is characterized by a significantly greater rise in the excite-
ment of human masses than in the preceding period. There is
still no unity of the masses of people; only little by little do the
parties and groups that had fallen apart during the period of
minimal excitability begin to reorganize, leaders are outlined,
programs are defined. The power of suggestion manifests it-
self among the human masses: statesmen, military leaders,
orators, the press are regaining their importance. Questions,
political and military, begin to appear from behind the hori-
zon of public life and gradually become more acute. The ten-
dency to perseverate homogeneous thoughts is noticeable ev-
erywhere, filling the mental activity of the human masses. In
spite of the will of individuals, the concentration on the same
military or political themes, in the presence of, of course, fa-
vorable reasons for this, gradually increases; ideas circulating
among the human masses begin to dominate.

There is still hesitation and indecision in resolving impor-
tant state issues, the conclusions have not yet matured com-
pletely, but preparations for war may already be thundering,
the international situation is becoming complicated. How-
ever, the rulers do not yet decide to enter into open struggle
or declare war: they are still hesitating, waiting for the right
moment and anticipating its gradual growth of the general ex-
citement of the masses of people. Indeed, soon, in a year
or two, and sometimes less, the unanimous demand of the
masses of people, aimed at resolving one or another issue,
gains the upper hand. Now even persons who are far from
military or political affairs are forced to join one or another
political or military group.

At the end of the 2nd period, which can gradually assume
a stormy character and reveal the impatience and nervousness
of the masses of people, we notice one of the most impor-
tant phenomena of the military-political life of communities,
namely: the desire to unite the various nationalities that make
up a given community for the purpose of defense or attack,
and the merging of various political groups to counter other
political groups.

The significance of this period is that it lays the founda-
tion for the further development of historical events during
a given cycle in a given human community and, in part, even
predetermines their course during the period of maximum ex-
citability.

The period in question does not always and in all human
communities occupy the same period of time; its duration or
brevity is determined by the state of solar activity on the one
hand, and by the diversity of political, economic and other
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factors on the other. In addition, this period, depending on
the same reasons, takes on various forms of manifestation.

During the 2nd period, three main phases should be dis-
tinguished in the order of their gradual development: 1) the
emergence of ideas among the masses of people; 2) the group-
ing of ideas, and 3) the identification of one main idea among
the masses of a given human community by the initial mo-
ment of the 3rd period.

1. The emergence of main ideas during the first phase
of the period of increasing excitability is directly de-
pendent on internal state policy, economic and inter-
national military-political factors, which in this case
are of equal importance: the economic condition of
the state, the degree of organization and stability of
power and the state apparatus; the international situa-
tion — the threat of war, blockade, occupation, etc., as
well as on various moods and ideas wandering among
large masses of people. If at a given moment in a given
community there are no factors of dissatisfaction with
the existing system or order of things, the above phe-
nomena may not arise, which will cause a more or less
calm course of the historiometric cycle. However, there
are still no guarantees that sharp complications will not
arise in the further development of the cycle; indeed,
almost always, even with minimal presence of excit-
ing causes, the subsequent period can be marked by
some private events with local participation of human
masses.

2. The bearers of ideas that have arisen in this way be-
come a psychic centre for the formation of groups of
people united by one basic idea. This process takes
place in accordance with class consciousness, the fi-
nancial level and the personal qualities of each individ-
ual. The groups of people that have formed in this way
can put forward a new leader from among themselves
in order to subordinate their psychic imbalance to a cer-
tain psychic centre, where incoming ideas are summa-
rized, transformed into uniform directives and creating
certain formulas of action for the organized group.

3. The third phase develops from the second and consists
of: a) the identification of one supreme idea that ab-
sorbs many group ideas; b) the unification of a number
of separate groups around the supreme psychic centre
that subordinates the mass [of people], and c) the mass
focusing [of people] onto one idea.

All three phases of the 2nd period sometimes develop
quite mechanically, without the organizing participation of
active individuals, completely unexpected effects of mass
unity, for which they prepare for the approaching beginning
of the 3rd period of the historiometric cycle — the period of
maximum excitability. Thus, the need matures to resolve, first
of all, the first fundamental question that worries the masses
in the human community.

Period III of the historiometric cycle (the period of maxi-
mum excitability)

This is the main stage of development of each cycle, resolv-
ing the world-historical problems of humanity and founding
new historical epochs. It incites humanity to the greatest fol-
lies and the greatest benefactions: it embodies ideas in life by
means of the shedding of blood and the clanking of iron. If
we wished to give a comparative-historical characteristic of
this period, we would have to repeat the main events of world
history: all of them, as the comparisons of the activity of the
Sun and Man have shown, occurred in epochs of intense solar
activity. In this period, the greatest revolutions and the great-
est clashes of peoples took place, beginning new eras in the
life of humanity and justifying with this the terrible formula
of Heraclitus the Dark (ca. 535–475 B.C.): “Polemos pan-
ton esti pater kai basileus” — war is the father and king of
everything. The parallelism of the activity of two substances
remote from each other — solar matter and brain matter —
manifests itself with particular clarity and clarity precisely
during this period.

Here we cannot consider the significant amount of the
[historical] material collected by me during the study of the
period of maximum excitability. In [my work] Fundamentals
of Historiography this problem is devoted many pages. Here
I will point out only those main factors, the presence of which
in the human masses determines the emergence and develop-
ment of decisive events in human communities:

1. The stimulating effect of popular leaders, military lead-
ers, orators, the press, etc. on human masses;

2. The stimulating effect of moods and ideas circulating
in the human masses;

3. The speed of excitability from the unity of the psychic
centre;

4. The size of the territorial scope of the mass movement
of people;

5. The integration and individualization of the masses of
people.

Never does the influence of leaders, military leaders, or-
ators, the press, etc., reach such a tremendous force as dur-
ing the period of maximum intensity of the sunspot-forming
activity of the Sun. During this period, sometimes one well-
timed word or one gesture is enough to move entire armies
and the masses. One wave of the leader draws under the
banners heterogeneous nationalities, which are part of the
state, opposing parties, which make up the human commu-
nity. In this era, the leader’s word – his winged word – does
an amazing job: the masses of people listen to him, obey him,
while the whole streams of exhortations that were heard at ev-
ery step during the period of the minimum could not lead to
the desired result. Now even the leader’s name, pronounced
aloud, causes a powerful surge of inspiration. The masses
follow the leader blindly, without thinking, carried away by a
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whirlpool of acute excitement and ecstasy.
The power of the leaders’ influence mechanically advan-

ces gifted individuals above the masses of people, without
regard for traditional norms and established laws. And so,
at the top of mass movements we see the greatest military
and political geniuses that humanity has ever known, spiritual
leaders, champions of freedom, founders of various human
associations. All of them, having broken through the thick-
ness of nations, as bright embodiments of the aspirations of
the human masses of the given moment, are already leading
them and with their help lay the foundations for new human
formations, new forms of social life, new types of spiritual
quests. Such advances, as a special study of general history
shows, can only occur in the case of the unity of the masses
of people, and the latter is observed exclusively in epochs and
moments of increased activity of the Sun.

Of no less importance are ideas that appeal to the human
masses during the period of maximum excitability. In this
case, the influence of oral agitation, as well as the press, can
acquire a decisive significance on the outcome of one or an-
other political or military movement.

The period of maximum excitability may just be called
the period of the emergence of the face of human masses and
the sounding of the voice of the people. Historians are at a
loss before the facts, which indicate that ideas which no one
dared to speak of a year or two ago were now expressed
openly and boldly; the human masses became more impa-
tient, more restless, more excited; they began to raise their
voices, to demand and to arm themselves. Demonstrations
became more malicious and hostile, popular assemblies did
not proceed peacefully: the masses of people imperiously de-
manded, sword in hand, recognition of their decisions; im-
pulses were no longer restrained and, immediately seized
upon by the masses of people, led to the overthrow of ev-
erything that agitated and disturbed the minds. Individual
whims and pranks immediately became law, and punishment
was meted out to anyone who attempted to contradict them;
the [human] population was seized by a profound hatred for
their enemies, who were given over to extermination, being
paralyzed by some wondrous magic.

During the period of maximum excitability, sometimes
the slightest pretext is enough for the human masses to flare
up, rise up in uprising, or volunteer to a war. Even one rumor,
put into circulation among the human masses, can lead to gen-
eral unrest and uprising. What usually causes calm discussion
during the period of minimum, at the time in question ex-
cites the human masses and leads to uprisings, wars, bloody
episodes. The masses of people thirst for movement, the
troops are restrained with difficulty, the soldiers are inclined
to mutiny, and the people — to anarchy. In a word, the ex-
citement increases unusually and the human organism seems
to demand a discharge. This is explained by the fact that the
combination of the above reasons causes a sharp change in
the nervous and mental tone of the human masses, increas-

ing their nervous and mental reaction to external stimuli. In-
dividuals are unable to suppress their heightened reflex ex-
citability, exhibiting very significant reactions even to weak
and insignificant stimuli.

The memoirs of contemporaries testify to the astonishing
speed of the spread of popular uprisings and mass [social]
movements in general, which took place during the period
of maximum excitability. Here, for example, are several de-
scriptions of the speed of the spread of uprisings, taken from
various sources: the uprising engulfed the country with ex-
traordinary speed; in a few days, huge areas were raised to
their feet; the entire population joined the rebels, as if by
the wave of a magic wand; the uprising spread throughout
the state with the speed of a hurricane; the uprising broke
out almost simultaneously in different parts of the country;
attracting huge crowds of people to its banners; the roar of
the uprising rolled over the entire country with the speed of
a thunderclap; the flames of international war engulfed vast
spaces and the entire population — from small to great took
part in the uprising. It is not for nothing that Titus Livius
called social conflicts “infectious pestilence”.

In addition to the speed of spread of mass movements
of people, it is also worth noting the significance of territo-
rial scope. Indeed, an uprising that began somewhere in one
state can, given certain conditions, penetrate into neighbor-
ing countries. History knows examples when wars, uprisings
and other mass movements, in a short period of time, cov-
ered huge areas — the lands of many peoples and even entire
continents.

The basis of the above is the unanimity of the masses
of people, which is especially clearly outlined in this period
when resolving any military or political issues. Now, at the
call of a leader, tens, hundreds of thousands of people can
gather under the battle flags, inspired by one thought, one de-
sire. In place of hostility, unanimity reigns and a common
thought inflames minds. This unanimity in a period of maxi-
mum excitement is capable of miracles; even recent enemies
can become friends in order to confront together the strongest
and most formidable danger or to resolve a common and im-
portant issue for all. At such moments, nationality, party af-
filiation, and social status are partly obscured; private feuds
subside and all who must, hasten to the designated assembly
points. In a word, in the name of any military campaigns, up-
risings, etc., complete agreement and peace are established in
the country between the contradictory and previously hostile
elements of the state. At such moments the whole country, as
one person, is ready to pursue the intended goal. This con-
sciousness of unity and complete solidarity in the masses of
people destroys all disputes and squabbles. Mental contagion
or mutual suggestion reaches its highest point, and the hu-
man masses turn into a collective personality — the [human]
collective becomes individualized.

This brings with it various phenomena characteristic of
any struggle, and mass movements of people usually undergo
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abnormal deviations. Sometimes the height of the struggle
reveals the entire vast area of human madness, instability and
passion. Elemental violence, bitterness, frenzy, thirst for re-
venge, epidemics of murder, panic, pogroms, devastating
raids, desperate battles, mass exterminations, bloodbaths, as
well as uprisings, mutinies, coupled with the manifestation
of fanaticism and heroism — reach their apogee. Crowds of
people can rejoice at the sight of the most terrible violence,
atrocities, murders. They invent the most excruciating exe-
cutions. Madness is embodied in life. What was considered
impossible and wild in the period of minimum excitability,
in the period of maximum may well go hand in hand with
morality and the loftiness of the ideals pursued. Before these
impulses and manifestations of both the masses and individ-
uals, as a result of the extraordinary state of psychic excite-
ment, the feelings of danger, self-preservation, even instinct
must die out.

Thus, the ground is prepared for the solution of ques-
tions of a world-historical nature — the ground on which sys-
tems of human communities are erected. Here events occur
that hardly have equals in other periods of the historiomet-
ric cycle. We state the fact that the greatest revolutions, wars
and other mass movements of people that created systems of
states, laid the foundation for turning points in history and
shook the life of Mankind on the territories of entire conti-
nents, tend to coincide with the epoch of maximum tension
of solar activity and develop the highest intensity at the mo-
ments of its highest tensions.

The study of historical events that took place in the 3rd
period allowed us to establish a number of facts, according to
which the period of maximum excitability contributes to:

1. Unification of human masses;

2. Advancement of leaders, military leaders, statesmen;

3. Triumph of ideas supported by the human masses;

4. Maximum development of parliamentarism;

5. Democratic and social reforms;

6. People’s power and limitation of autocracy;

7. Uprisings, unrest, riots, rebellions, revolutions;

8. Wars, campaigns, expeditions;

9. Emigrations, re-settlements, persecutions and other
outbreaks of mass human activity.

Several examples from the huge number of coincidences
of solar and human activity encountered throughout world
history can serve as an illustration of the above.

The numbers indicate the dates of the eras of maximum
solar activity (according to annals, chronicles and astronom-
ical data) completely synchronous with the most important
historical events (deviations do not exceed 2–3 years).

Based on this list, we can assume that such outstanding
figures of antiquity as Miltiades, Themistocles, Cimon, Per-
icles, Lysander, Pelopidas, Epaminondas, Hannibal, Marius,

Turning points in world history:

1492 — fall of the Muslim states in Spain; discovery of
America; beginning of Modern History;

1789 — the Great French Revolution; beginning of Mod-
ern History;

1917 — Revolution in Russia, which has a historical sig-
nificance for the world.

The most important uprisings and revolutions:

1306 — the great uprising in England;
1358 — the great uprising in France;
1368 — the great uprising in China;
1381 — the great uprising in England;
1526 — the great uprising in Germany;
1648 — revolution in England;
1789 — revolution in France;
1830 — the July Revolution (France);
1848 — the February Revolution (France)

and the pan-European crisis;
1860 — uprising in Italy;
1870 — the Paris Commune;
1917 — revolution in Russia.

Crusades:

1094–1096 — 1st Crusade
1147 — 2nd Crusade
1187 — 3rd Crusade
1194 — 4th Crusade
1212 — Children’s Crusade
1224 — 5th Crusade
1270 — 7th Crusade

P.S. The Crusade that began in 1248 (minimum solar
activity) was not carried out by masses of people, but
by Louis IX with a small number of troops.

The GreatMigration of Peoples:

Years: 374; 409; 449–451–452; 568.

Mass persecution of Jews:

1093 — Southern Europe;
1144 — Germany and Italy;
1182 — France;
1215 — Western Europe;
1290 — England;
1306 — France;
1348 — Europe;

1391–1394 — Spain, France;
1481 — Spain;
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1491–1494 — Spain, Lithuania;
1704 — Ukraine;
1830 — Europe;
1849 — Europe;

1881–1882 — Russia, Hungary, etc.

Persecution of Christians:

Years: 303; 362; 575; and others.

Bloody episodes of world history:

1185 — massacre of the Latins in Thessalonica;
1204 — destruction of Byzantium;
1520 — massacre in Stockholm;
1560 — massacre in Vassy;
1572 — St. Bartholomew’s Day massacre in France;
1588 — London executions;
1739 — Delhi massacre;
1768 — Uman massacre;
1792 — September massacres in France (the next min-

imum — in 1799);
1860 — massacre of Christians in the East;
1896 — massacre in Constantinople and many others.

The rise of popular and spiritual leaders, re-
formers, military leaders and officials:

395 — Alaric;
444 — Attila;
536 — Vitiges;
536 — Belisarius;
622 — Mohammed;
719 — Charles Martel;

1096 — Peter of Amiens;
1146 — Bernard of Clairvaux;
1306 — Robert the Bruce;
1365 — Wycliffe;
1367 — Tamerlane;
1381 — Wat Tyler;

1402, 1412 — Jan Hus;
1420 — Ivan Zizka;
1429 — Joan of Arc;
1489 — Savonarola;

1519–1525 — Luther, Zwingli, Vasa, Müller;
1537 — Ignatius Loyola;
1605 — False Dmitry;
1605 — Vasily Shuisky;

1612 (max. 1615) — Minin, Pozharsky;
1625 — Zhmaila;

1625 — Richelieu;
1626 — Wallenstein;

1637–1639 — Pavlyuk, Gunya, Ostranitsa,
Alexander Leslie;

1648 — Bogdan Khmelnitsky;
1648 — Oliver Cromwell;
1683 — Eugene of Savoy;
1769 — Haider Ali;
1777 — Lafayette;
1777 — Washington;
1788 — Suvorov;
1805 — Wellington;
1839 — Shamil;

1848, 1860 — Garribaldi;
1870 — Moltke;
1870 — Gambetta;
1917 — Kerensky;
1917 — Lenin.

Sulla, Spartacus, Catelina, Vercingetorix, Caesar, Germani-
cus, Civilis and many others first appeared on the arena of
public life or first acquired public significance in the epochs
of maximum sunspot activity.1

Let us pay attention to Table 2, which represents the time
distribution of all the most important battles from the 5th cen-
tury B.C. to the year 1 A.D.

Having arranged the dates of the most remarkable battles
of antiquity for these 5 centuries by centuries and decades, it
is easy to discern two striking patterns that are observed in
the distribution of these events in time. The first of them is
the amazing coincidence of the digits standing in place of the
units and tens of any historical date of one century with the
digits standing in place of the corresponding units and tens
in the historical date of another century or after one, two or
three centuries. For example:

496–394–295–197 340–241–42
490–390–191/190 433–333/331–30
480/479–280/279 525–425–225
371–272–74/72 418–218
168–69 410–212
466–66 606/604–406/405
362–260 401–301–202–101/102

Another pattern is observed in the distribution of these
same dates in each century. It turns out that the dates of the
indicated battles are separated from each other, in most cases,
by numbers multiple of 10–11 years, i.e., by the time inter-

1From the historiometric table it is easy to see that the listed persons
came to the fore precisely in the middle of concentrations of historical events.
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Table 2: The most important battles of the 7th–1st centuries B.C.
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375–476 (101 years) . . . . . . . . . . . . . . . the main waves of the Great Migration of Peoples;
622–632 (10 years) . . . . . . . . . . . . . . . . the era of Muhammad’s activity;
1224–1235 (11 years) . . . . . . . . . . . . . . the main waves of the Tatar invasion to Russia;
1380–1480 (100 years) . . . . . . . . . . . . . the main stages of the overthrow of the Tatar yoke;
1389–1448 (59 years) . . . . . . . . . . . . . . the main stages of the struggle of the Turks with the Christian

world; the 1st and 2nd battles on the Kossovo field;
1460–1471 (11 years) . . . . . . . . . . . . . . the main stages of the War of the Scarlet and White Roses in

England;
1481–1492 (11 years) . . . . . . . . . . . . . . the main stages of the struggle with the Moors in Spain;
1489–1498 (9 years) the era of Savonarola’s activity;
1562–1572 (10 years) . . . . . . . . . . . . . . two bloody episodes: the massacre in Vassy and the St. Bar-

tholomew’s Day Massacre;

1614–1789 (max.–max.) . . . . . . . . . . . . the years of two convocations of États généraux in France;
from 1614 (max. solar activity) to 1789 (max. solar activity)
États généraux were not convened at all;

1702–1714 (12 years) . . . . . . . . . . . . . . the War of the Spanish Succession;
1789–1804 (15 years, max.–max.) . . . the final stages of the republican system of the Great French

Revolution;
1830–1848 (max.–max.) . . . . . . . . . . . . July Revolution — February Revolution in France, and also

pan-European crisis;
1848–1860 (max.–max.) . . . . . . . . . . . . Garibaldi uprisings;
1905–1917 (max.–max.) . . . . . . . . . . . . 1st and 2nd revolutions in Russia.

val between one and another maximum of solar activity. For
example:

5th century: 490–480; 466–433; 433–425; 425–415;
415–405;

4th century: 390–371; 371–362; 362–340; 340–381;
381–301;

3rd century: 280–272; 272–260; 260–241; 241–222;
222–212; 212–202;

2nd century: 197–190; 190–168; 168–102;
1st century: 86–74; 74–66; 66–46; 46–30.

Here are some more examples showing the same multi-
ple dates for many historical events (many similar examples
could be given); see on top of this page.

Thus, according to the epochs of solar activity maxima,
from maxima to maxima, and sometimes through several
maxima, the historical life of nations fluctuates, following the
indications of this cosmic factor. These fluctuations can be
found throughout the history of Mankind. If we, for exam-
ple, try to outline the main stages in the life of the states of
Ancient Greece and Ancient Rome, we will be convinced of
their remarkable distribution.

All other mass phenomena in human communities are in
the same connexion with the activity of the Sun, namely:

1. Formation of religious, military, political, artistic, trade
corporations, associations, unions, leagues and partner-
ships, etc. For example:

Lombard Cities League . . 1167 (max. sol. activity)
Hanseatic Cities League . . 1241 (max. sol. activity)
Swiss Cities League . . . . . 1352 (max. sol. activity)
Swabian Cities League . . . 1381 (max. sol. activity)
Cambrai League . . . . . . . . . 1508 (max. sol. activity)
Ratisbon League . . . . . . . . 1524 (max. sol. activity)
Schmalkaldic League . . . . 1530 (max. sol. activity)
Sacred Union League . . . . 1576 (max. sol. activity)
Maximum activity
of the Sacred Union. . . . . . 1587–88 (max. sol. act.)
Augsburg League . . . . . . . . 1686 (max. sol. activity)

2. The spread of various teachings — political, religious,
etc.; the spread of heresies, religious unrest, pilgrim-
ages, political conspiracies are subject to the same reg-
ularity. For example, social theories were spread main-
ly during periods of maximum excitement: the Genève
and Lyon anarchists (1880–1882), the Paris and Liège
anarchists (1892).

Let us briefly trace the history of the revolutionary
movement in Russia in the 19th century (according to
Prof. Alphons Thun and others):

1815 . . . . . . . . . . . . . . . . the literary society “Arzamas”;
1816 (max.) . . . . . . . . . . the first political society in Russia;
1817 . . . . . . . . . . . . . . . . the first secret society in Russia;
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1825 (max. begins) . . . the Decembrist uprising;
1837 (max.) . . . . . . . . . . Stankevich’s circle;
1848 (max.) . . . . . . . . . . Petrashevsky’s circle;
1861 (max.) . . . . . . . . . . the abolition of slavery in Russia;
1862 . . . . . . . . . . . . . . . . unrest in Russia;
1868 (min.) . . . . . . . . . . “The Bell” magazine closed due to

falling circulation;
1869 (max. in 1870) . . beginning of the spread of socialist

teachings;
1870 . . . . . . . . . . . . . . . . “People’s Cause”; a brief revival of

“The Bell”; Tchaikovsky’s circle;
1871 . . . . . . . . . . . . . . . . the Nechayev trial;
1872 . . . . . . . . . . . . . . . . activities of the anarchists Bakunin

and Lavrov; movements “going to
the people”; Dolgushin’s society;

1875 (to min.) . . . . . . . . disorganization of socialist propa-
ganda in Russia;

1876–1877 . . . . . . . . . . the revolutionary societies “Land
and Freedom”, “Common Cause”;

1878–1879 . . . . . . . . . . maturing of solar activity was mark-
ed by the transition to terrorism;

1879 . . . . . . . . . . . . . . . . the revolutionary workers’ organi-
zation “Executive Committee”;

1880–1881 (to max.) . . the revival of the revolutionary mo-
vement: peasant unrest, riots, armed
resistance to the police and troops,
assassinations, murders, mass Jew-
ish pogroms;

1879–1882 . . . . . . . . . . the revolutionary societies “Peo-
ple’s Will”, “Black Redistribution”,
“Corn”; “Free Word”, “Baltic Fed-
eralist”, “Truth” and others;

1887 (to min.)–1895 . . lull in the revolutionary movement
in Russia.

3. Localization of excitation on various ideas, entertain-
ment, spectacles, etc. The ideas of all 8 crusades, with-
out exception, originated and were especially intensiv-
ely spread during the periods of maximum solar activ-
ity. The idea of doomsday, which was supposed to hap-
pen in 1 000 A.D., began to excite the medieval world
10 years before the expected event (993 — max. sol.
act.). The idea of the “peace of the Lord” arose in 1030
(max.), then spread throughout Europe in 1040 (max.).
The Fronde in France 1648–1653 (max.); the Dreyfus
trial 1894–1896 (max.) and many others.

4. Mass morbid manifestations of human neuropsychic
activity develop mainly in the periods of spot forma-
tion tension. For example1:

1The question of the dependence of the development of mental epi-
demics on solar activity is presented by me in a separate other work.

1374 . . . . . . . . . St. Vitus’ Dance;
1500 . . . . . . . . . mental epidemic in Ouverte;
1630 . . . . . . . . . mental epidemic in Madrid;
1642 . . . . . . . . . mental epidemic in Louviers;
1728, 1738 . . . Saint-Médard mental epidemic.

5. It is also impossible not to note the fact that pathologi-
cal epidemics and pandemics very often coincide with
the period of maximum.

Let us now focus our attention on the development of cho-
lera epidemics (cholera asiatica).

Historical information about cholera is small. According
to Ozanam, cholera was known even in the time of Hippocra-
tes, raged mainly in China, when it was described by the Chi-
nese doctor Jang Chon Ko. According to Haeser, the cholera
epidemic in the first half of the 11th century affected signifi-
cant areas in India, part of the Asian continent and appeared
in Constantinople.

The first precise indications of devastating cholera epi-
demics in the 14th century are found in Persian writers be-
tween 1364 and 1376. Russian chronicles mention observa-
tions of sunspots in 1365. Chinese chroniclers (according to
Hirayama) wrote about large spots on the Sun, visible to the
naked eye in 1370, i.e., just during the period of the strongest
cholera epidemics described by the Persians. According to
Riegler, the cholera epidemic appeared in Constantinople,
Syria, Arabia, Egypt shortly before the conquest of Byzan-
tium by the Turks.

The French traveler Sonnerat described a devastating cho-
lera epidemic in India, where it claimed about 60 000 victims
in three years from 1768 to 1771. An increase in solar activity
was noted by Jean Gaspard Staudacher in Nürnberg and other
observers in 1769, i.e., exactly during the period of the spread
of cholera in India. There is undoubted evidence of signifi-
cant cholera epidemics on the Coromandel Coast in 1774–
1780. Maximum solar activity was attributed to 1778. An
epidemic is known in Tranquebar, Madras and other places
in India in 1787–1790. Maximum sunspot formation was
noted by astronomers in 1788. Since about this time, thanks
to the development of medical knowledge, strict records have
been kept of the epidemic spread of cholera, which period-
ically makes round-the-world trips and systematically visits
Europe, where it first appeared in 1830 (max. solar activity),
if you do not count its short-term, quickly extinguished stay
in the city of Astrakhan in 1823 (min. solar activity).

In studying the spread of cholera epidemics and pande-
mics (i.e., general epidemics), I adhered to the order cur-
rently accepted in medical epidemiology, although it should
be noted that dividing cholera movements into any periods
is not entirely accurate. The fact is that cholera never disap-
pears from the Earth, but only calms down from time to time,
concentrating in some area, in order to again conquer vast
areas with the same force. These periods of calm strikingly
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Table 3: The relationship between the development of cholera pan-
demics in the 19th century and sunspot activity.

coincide with the lull in the sunspot-forming activity on the
Sun. On the contrary, with the increase in the vital activity
of our daily luminary, cholera epidemics sometimes take on a
general, threatening character.

What has been said is expressed with sufficient clarity in
Table 3, borrowed, in some abbreviation, from my special
study of this issue.

Plague epidemics and pandemics somewhat deviate from
exact simultaneity with the course of periodic processes on
the Sun, but statistical calculations show that the state of the
Sun and the state of humanity associated with it are also re-
flected in the development and spread of plague microorgan-
isms. Over a period of several centuries, plague pandemics
coincided with the era of solar activity maxima about 30
times, with the era of minima — 8 times; between maximum
and minimum — 6 times, and between minimum and maxi-
mum — 2 times1.

The most severe epidemics of infectious diseases, as com-
parisons have shown, also very often coincide with solar ac-
tivity maxima.

Period IV of the historiometric cycle (the period of de-
creasing excitability)

The period of decline in excitability is even no less interesting
from a historical and psychological point of view than the
periods preceding it. It can also abound in major events, but
usually only those that arose earlier are completed during this
period.

The period of decline in excitability is, as it were, an echo
of the stormy period of struggle and unrest that preceded it,
the highest degree of tension of which has already passed,
and a general need for calm and peace is felt. If there is a

1My study of this issue is not yet complete.

war, its heat gradually dies down, sluggishness is observed in
military actions, their tempo slows down.

Now for the first time one begins to feel satiety with war,
robbery, blood. Observance of military obligations and trea-
ties is no longer necessary; allied countries do not provide
combat support; separatism begins to appear more and more
often; military alliances disintegrate.

The still continuing movements of troops resemble the
convulsions of a dying person, and crowds of soldiers with
the same impatience thirst for peace as they recently thirsted
for war. At this time, the movement of enemy troops, if the
latter are still sufficiently disciplined, does not meet with seri-
ous resistance. Meanwhile, so recently the entire country met
the appearance of enemies with fire and sword. Gradually,
armies turn into a disobedient herd and quickly thin out; sol-
diers scatter in crowds, rushing home, and the general warlike
mood in the masses is replaced by a peace-loving one.

Leaders, commanders, orators lose those forces that in the
preceding period fettered the masses and forced them to obe-
dience. The masses are already subject to suggestion with
difficulty.

Newly emerged wars or uprisings do not flare up, but
quickly subside, ending in peace on lenient terms. If a year or
two earlier it would have been possible to raise an uprising,
now it does not work and all attempts will lead to nothing.
Historians are often surprised by the fact that the elements of
opposition do not gather together, as was the case in the life
of the country so recently, do not rebel, do not rise up simul-
taneously in many places, but, on the contrary, hesitate, do
not decide, acting by their slowness in a destructive way on
all military or political alliances.

This lack of unanimity in the 4th period of the historio-
metric cycle can be called a stumbling block on which any
newly-begun uprising, any mass activity risks being wrecked,
since concentrated action, due to the reduction and relaxation
of the connecting forces, becomes impossible. The military
campaigns or invasions that were started are prepared with-
out enthusiasm, even with obvious lack of sympathy. The en-
thusiastic mood of the masses of people in favor of reforms,
popular representation, wars, uprisings, and so on weakens,
giving way to complete indifference. Indeed, everyone ex-
presses a tendency toward reconciliation, and talk of peace
begins. These talks are heard in the most warlike countries.

The decline in the degree of unanimous communication of
the masses of people causes disputes and discord in groups,
unions, and states. The latter circumstance makes all human
groups ineffective and indecisive.

The above in its complex totality leads to a renunciation
of recent claims, and demands that were previously defended
with foam at the mouth are reduced to a minimum.

Finally, the general decline in excitability is replaced by a
psycho-physical state that can be called enervation. Popular
assemblies and representations are dispersed without protest,
uprisings are easily suppressed, wars do not flare up, and also
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Table 4: Schematic presentation of data from one complete historiometric cycle.
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peace negotiations are mechanically caused by the depressive
state of the masses of people, which is often facilitated by
physical exhaustion and fatigue.

Such is, in brief, the morphological identity of all his-
torical cycles — “universal” changes in the behaviour of the
active masses of humanity during each historiometric cycle.

Here we schematize in a certain way the historical phe-
nomena connected with the state of solar activity. There can
be no doubt that all these phenomena are much more com-
plex and intricate than they are presented here. But, using
this schematization, which in many respects should be con-
sidered as preliminary, we can move forward in an objective
study of this question. Let us now dwell on some general
remarks concerning the course of the historiometric cycle.

Changes in the behaviour of humanity are especially pro-
minent in the development of long-term historical phenom-
ena. Here, stages of enormous energy, upsurge and inspira-
tion, then a gradual decline of this energy with a transition to
a state of fatigue and apathy are clearly outlined. Then, after
some time, a general revival, excitement, growing agitation
and finally a rise in political or military enthusiasm, charac-
teristic of the period of maximum, are again observed. Long-
term historical phenomena that began with the second pe-
riod of the historiometric cycle provide an ideal example of
changes throughout the cycle. All major historical events,
covering entire countries and lasting for several decades, were
subject to cyclic fluctuations in their development, which is
easy to see when studying any [historical] event in connexion
with changes in sunspot formation processes on the Sun.

True, such a clear distinction between the various periods
of the historiometric cycle is not always feasible; sometimes
it is necessary to simply grope our way to their definition,
guessing the boundaries by the mood of the masses of peo-
ples, by their aspirations, by the spirit of history of the given
moment.

As is well known, the disturbance of solar matter, express-
ed in the appearance of sunspots, sometimes arises somewhat
faster than it subsides, although the time interval between the
minimum and the next nearest maximum is, on average, al-
most equal to the time interval between the maximum and the
next nearest minimum.

The number of historical events and, most importantly,
the degree of intensity of their development tend to follow
in all details the changes in the curve of solar activity, but
in some periods of the historiometric cycle they undergo sig-
nificant deviations. Thus, sometimes general human activity
reaches its maximum shortly before the maximum of solar
activity and remains at the same height for some time at the
beginning of the 4th period. It also happens that the max-
imum of general human military and political activity does
not occur exactly simultaneously with the solar maximum,
but is somewhat delayed. But if we draw the average curve of

several periods of the sunspot-forming activity, it completely
coincides with the average curve of several historiometric cy-
cles. This shows the undoubted connexion that exists between
these two phenomena.

In addition, irregularities are often observed in relation to
the gradual increase in the number of historical events with an
average increase in solar activity. Then the curve of the histo-
riometric cycle only vaguely resembles the sinusoidal course
of the phenomenon; it is more like the daily course of the tem-
perature of a typhoid patient, like the teeth of a semicircular
saw. Here, sharp rises and falls, shifts and interruptions are
observed. All of them depend on the most diverse, incalcula-
ble, private, military and political reasons that occur in human
communities. However, it should be noted that rises and falls
in the course of the curve of the historiometric cycle can arise
as a result of sharp fluctuations in solar activity. This is a fact
of the greatest importance.

It should also be added here that the rapid increase in
sunspot formation after a minimum sometimes causes a se-
ries of historical phenomena that quickly fade away, but arise
again by the period of maximum excitation, gradually in-
creasing the intensity of their manifestations.

The aforementioned questions, as well as many other
questions concerning the theory we are substantiating, are in-
vestigated and presented in my other works.

Having completed a brief review of the characteristic fea-
tures of each part of the historiometric cycle and having es-
tablished the relationship between the activity of the Sun and
humanity, we present here the basic morphological law of
historiometry, formulated by me as follows:

The basic morphological law of historiometry: The course
of the world-historical process is made up of a continuous
series of cycles, each of which lasts for a period of time
equal in average to 11 years, and which are synchronous
in the magnitude of their activity with the periodic spot-
forming activity of the Sun.

Each cycle has the following historical and psycho-
logical features:

1. At the midpoints of the course of the cycle, the mass
activity of humanity on the entire surface of the Earth,
in the presence of economic, political or military stim-
ulating factors in human communities, reaches maxi-
mum tension, expressed in pandemics, revolutions, up-
risings, wars, campaigns of conquest, migrations, cre-
ating new formations in the life of individual states and
new historical epochs in the life of humanity, and ac-
companied by the integration of the masses of people,
the revelation of their activity and the rule of the ma-
jority.

2. At the end points of the cycle, the tension of univer-
sal human activity of a military or political nature de-
creases to a minimum limit, giving way to creative ac-
tivity and accompanied by a general decline in politi-
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cal or military enthusiasm, peace and calmed creative
work in the field of organizing state foundations, in-
ternational relations, science and art with the disinte-
gration and depression of the human masses and the
strengthening of absolutist tendencies of power.

All conceivable deviations from the above basic law are
caused by reasons that lie outside the mentioned cosmic fac-
tor, and are only a consequence of the main events that arose
during the period of maximum excitability, but did not have
time, for one reason or another, to end within the period that
caused them.

IV The influence of geophysical and cosmic factors on
the behaviour of individuals and groups of people

The successive changes in the global activity of Mankind dur-
ing each of the cycles required an explanation from the point
of view of modern biophysics.

However, it was necessary to clarify first the question of
how the activity of the Sun influences the centres of the higher
nervous system of Man — directly or indirectly, i.e., directly
on the organ of mental activity or with the participation of
such factors as famine, which arose as a result of drought
(which, in turn, could be a consequence of the activity of the
Sun) and caused war or the high cost of food, which prompted
the people to revolt, etc. The study of this question showed
that the indirect factor, although often accompanying, is by
no means necessary.

In fact, the same number of concentrations of historical
events in each century and their simultaneity in many regions
of the Earth quite clearly indicate that these phenomena are
caused not by some local natural factor with a limited area
of action, but by some forces that strictly periodically influ-
ence humanity, regardless of what area of the globe it inhab-
its. Here, precisely this simultaneity of mass unrest or even
disturbances throughout the globe is striking. Therefore, it
is necessary to conclude that the disturbing forces act every-
where at one and the same absolute time.

If the course of historical events were left entirely to it-
self and not a single cosmic factor influenced it, we would
never have discovered in it regular fluctuations of a more or
less precise period and their simultaneity throughout the en-
tire territory of the planet.

From what has been said, it follows that there is some ex-
traterrestrial force that influences the development of events
in human communities from the outside. The simultaneity of
the fluctuations of solar and human activity serves as the best
indication of this force.

So, for now we must admit that the electrical energy of the
Sun is that external natural factor that influences the course of
the historical process. Now let us turn to an examination of
the dependence that exists between the human organism and
the various fluctuations of the space surrounding it. It should
be remembered that this dependence between Man, as well

as animals and plants — on the one hand, and the inorganic
world — on the other, is extremely strong, although subtle to
the point of elusiveness.

The environment in which our organisms are immersed
is constantly mobile and is subject to the most diverse micro
and macro-oscillations and pulsations. The slightest devia-
tion from a strictly horizontal surface, the movement of air or
any nearby body, changes in the strength of sunlight, temper-
ature and degree of humidity, soil emanation, etc., continu-
ously fluctuate the potential of atmospheric electricity, since
the atmosphere itself is a huge electric field.

Our organism, the colloidal system of which undergoes
continuous changes, has a refined sensitivity to all external
influences and fluctuations. Experiencing these fluctuations
that disrupt the balance, the [human] organism is forced to
continuously expend a certain amount of energy to restore
this balance.

Many of these fluctuations do not reach the threshold of
consciousness, and, usually, strong and healthy organisms re-
act weakly to them; the process of restoring balance occurs
unconsciously. But sharp fluctuations in the physical envi-
ronment even in strong organisms cause certain disturbances,
change the sign of the tone of higher nervous activity and cre-
ate what in society is called a “change of mood”, without any
apparent reason.

Herbert Spenser (1820–1903) considered life as main-
taining a mobile equilibrium, as a continuous adaptation of
internal relations to external ones.

The famous Russian physiologist I. P. Pavlov, a fellow of
the Russian Academy of Sciences [who won the Nobel Prize
for Physiology or Medicine in 1904], wrote the following
about these equilibrations: “As a part of Nature, each animal
organism is a complex isolated system, the internal forces of
which, every moment, as long as it exists, as such, are bal-
anced with the external forces of the environment. The more
complex the organism, the more subtle, numerous and varied
the elements of balancing. For this purpose, analyzers and
mechanisms of both permanent and temporary connexions
serve, establishing the most precise relationships between the
smallest elements of the external world and the most subtle
reactions of the animal organism. Thus, all life from the sim-
plest to the most complex organisms, including, of course,
Man, is a long series of increasingly complex balancing of
the external environment to the highest degree. The time will
come — albeit a distant one — when mathematical analysis,
relying on natural science, will embrace all these equilibra-
tions with majestic formulas of equations, including in them,
finally, itself.” 1

Another Russian scientist, the famous meteorologist Prof.
A. V. Klossovsky, wrote the following regarding the influence
of external phenomena on the body: “Organic life on the

1Pavlov I. P. Twenty Years of Objective Study of Higher Nervous Activ-
ity (Behavior) of Animals. Conditioned Reflexes. State Publishing House,
Moscow-Petrograd, 1923, page 77.
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Earth’s surface occurs under the direct influence of a number
of continuously changing climatic factors. Quantitative and
qualitative changes in each of these factors entail correspond-
ing changes in the functions of our body and, under certain
unfavorable conditions, can cause a number of morbid phe-
nomena. In general, the vital activity of our body is closely
connected and dependent on meteorological factors.” He then
continued: “Changes in the quantity and voltage of solar inso-
lation and atmospheric electricity also play an important role.
If we could plot the changes of each of the numerous meteo-
rological elements over a known period of time, then perhaps
the curve of morbidity and mortality would be the result of a
kind of interference of all meteorological elements. Finally,
the influence of meteorological conditions is reflected in the
activity of our organism not only directly, but also indirectly.
These factors consist in the fact that they create more or less
favorable conditions for the development and reproduction of
pathogenic bacteria.” 1

Diseased and nervous organisms, like the precise and sen-
sitive instruments of a physicist, already sense to a significant
degree the slightest fluctuations of the environment. This
same phenomenon is clearly expressed in persons deprived
from childhood or by nature of the main sense organs, for
example, in the deaf-blind-mute. Possessing only the sense
of touch and smell, they acquire amazing abilities to recog-
nize many changes in the space around them, which can by
no means be called a mere refinement of the senses remaining
to them. The most diverse phenomena of the external world,
beginning with the influence of objects on air layers and end-
ing with the recognition of the mood of people around them,
right up to guessing thoughts — are transmitted to them di-
rectly, without direct contact (Helen Keller).

For sick human organisms, insignificant changes in the
physical environment sometimes play a rôle; these changes,
affecting the entire system of the organism, make a person ex-
perience a range of diverse sensations, and sometimes make
it possible to foresee the onset of some meteorological or
volcanic phenomena several hours or even days in advance.
In the scientific literature, there are indications that there are
some individuals who predict, on the basis of various changes
in their organism, earthquakes, thunderstorms, tornadoes and
weather fluctuations in general. This is explained by the fact
that all major meteorological and tectonic phenomena are pre-
ceded by known fluctuations in the physical environment. For
example, before earthquakes, magnetic storms break out a
day or more before, which are believed to appear as a result
of violent movements of magma in layers of the Earth’s crust,
significantly removed from the surface. There are also indica-
tions that volcanic phenomena affect the force of magnetism
(Fitzroy, Orlov). It is known that magnetism, in turn, has a
very strong effect on the nervous system of sick and mentally

1Klossovsky A. V. Climatology in Connexion with Climatotherapy and
Hygiene. Mathesis, Odessa, 1904.

abnormal people, who, blindfolded, automatically obey the
slightest movement of a magnet in the hands of a doctor, and
can assume the most unnatural poses for a healthy person.
According to the observations of the Japanese seismologist
[Fusakichi] Omori, some animals exhibit remarkable sensi-
tivity to ground vibrations. According to the ten-point Forel-
Mercalli scale, even the lightest earthquakes are felt by very
nervous people, while all others remain completely indiffer-
ent to micro-vibrations of the soil. But there are individu-
als with such a heightened activity of the nervous system that
some time before the onset of an earthquake, detected later by
the most accurate and sensitive seismic devices, they sense its
approach. For example, at the [railway] station Ala in South
Tyrol on January 27, 1897, two underground tremors were
observed, which were predicted by a hysterical girl 1/4 and
1/2 hours before.2

A number of nervous and pathological diseases are close-
ly connected with periodic or non-periodic changes of the
electric or magnetic field surrounding the organism, which
depend on the position of the celestial bodies. It has been
known since ancient times that the position of the Sun and
the phases of the Moon influence many diseases. For exam-
ple, attacks of sleepwalking or a temporary semi-catalepsy of
the human organism coincide with the new moon; acute brain
disease — epilepsy also most often appears during the new
moon, which gives reason to talk about the influence of the
Moon on it; neuro-rheumatic diseases such as: sciatica, lum-
bago, migraine, tic, etc., as has been noted by patients, are in
some relationship with the celestial bodies. The new moon
worsens many nervous diseases — neuralgia, tabes, etc. We
should also note the fact that women and female animals have
a better chance of getting pregnant when their periods coin-
cide with the full moon. In the medical literature there are
indications of the possible influence of the Sun and Moon on
other diseases and functions of the human body. Arrhenius
showed3 that various changes in atmospheric electricity as-
sociated with the position of the Moon affect menstruation,
birth rate, mortality, epilepsy, etc. Med. Dr. Dexter (London,
1904) published his research on the influence of meteorologi-
cal factors on attention, behaviour, success in studies, as well
as on the manifestation of crime, drunkenness, suicide, etc.
Lehmann and Pedersen (Copenhagen, 1907) collected inter-
esting data on the relationship between meteorological fac-
tors and human performance. We have already spoken above
about Lombroso’s work in this direction.

On the same issue, some interesting thoughts have recent-
ly been expressed by Nordmann. This French astronomer be-
lieves that even the most insignificant fluctuations in the ex-
ternal environment should influence the general state of the

2Klossovsky A. V. The Physical Life of Our Planet Based on Modern
Views. Mathesis, Odessa, 1908, page 38.

Milne devoted a special work to this issue, published in 1896.
3Arrhenius S. On the Influence of Cosmic Conditions on Physiological

Functions. Scientific Review, 1900, no. 2, page 297.
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human nervous system and change his mental activity. In
the laboratory instrument — the electroscope — Nordmann
sees one of the powerful forces of the future state, a regula-
tor of the social structure, the behaviour of citizens and the
welfare of the country. Here the words of the English psychi-
atrist [Henry] Maudsley involuntarily come to mind: “We vi-
brate in unison with such individual influences of heaven and
earth that our science cannot yet measure.” And not only hu-
mans are capable of responding to all these external changes,
but also animals and plants, whose condition sometimes (for
example, at the moment of the onset of atmospheric fluctu-
ations) clearly reveals the abnormal state of their organism.
The French entomologist Fabre published his very curious
observations on the degree of sensitivity to external fluctu-
ations of some insects. Among plants there are also species
that show certain changes with fluctuations in humidity, pres-
sure and potential fluctuations of atmospheric electricity. The
vital functions of plants are closely connected with the devel-
opment of a significant amount of electricity and, conversely,
under the influence of electricity the vital activity of a plant
undergoes certain changes. Undoubtedly, fluctuations in the
electric and magnetic field, arising from cosmic or geophys-
ical causes, have a huge impact on the life, development and
morbidity of all plant and animal organisms.

It is known that the electrical action of sunlight on the at-
mosphere causes a number of chemical transformations in it.
Ultraviolet rays of sunlight produce a chemical action. They
transform an oxygen molecule O2 into an ozone molecule
O3. As early as 1874, Moffat tried to prove that in years of
increased solar activity the average amount of atmospheric
ozone is greater than during the minimum.1 Then, under the
influence of electricity, nitrogen in the air partially combines
with hydrogen, water vapor and oxygen, forming ammonia
compounds, nitrites and nitrates. Finally, exposure to sun-
light causes the so-called Hallwachs photoelectric effect —
the outflow of negative electrical charges from many rocks
on the Earth’s surface (Stoletov, Righi).

A change in the chemical composition of the air is in-
evitably followed by a disruption of normal functions in the
organism and a change in the course of chemical reactions in
some of the most important organs.2 The latter, through blood

1Above we have already seen how the movement of cholera, plague and
other infectious diseases flexibly corresponds to the course of solar activity.
The idea that the spread of cholera is predisposed by the increase in nega-
tive electricity in the atmosphere has been repeatedly expressed by different
scientists (Inozemtsev, Grauvogel and Schweickart).

2Already de Lamarck (1744–1829), and more recently Eimer, claimed
that the biological process is determined entirely by external influences. This
would mean that the diverse (physical and neuropsychic) variability of living
organisms should be considered as a reaction to external influences, such as
air pressure, temperature, light, water, climate, food, the entire surrounding
physical and chemical environment, etc. Indeed, science knows many facts
that fully confirm this point of view. For example, the convergence of the
eyes of the embryos of the fish Fundulus occurs due to the addition of mag-
nesium chloride to the water in which they are located; the enlargement of
the gills in the tadpoles of one frog (rana arvalis) is caused by a decrease in

circulation, can affect the state of the psyche, stimulating or
depressing it, since modern science holds the view that psy-
chic activity is a product of physico-chemical transformations
in the nerve centres.

Therefore, it is very significant that until now no extensive
research and observations have been made into the influence
of periodic fluctuations in solar activity on the course of or-
ganic life on the globe in general and the psychic life of Man
and animals in particular. True, the absence of work in this
direction is justified by the fact that only recently has the sci-
ence studying the higher nervous activity of Man taken the
proper ground of physico-mathematical analysis. Until now,
the influence of the environment on the nervous system has
been studied primarily in relation to subjective reactions. But
an objective observer states the real relationships that exist
between the observed phenomena, confirming them with a
mathematical formulation.

The study of nervous activity in some laboratories is now
carried out using the methods of physics and chemistry and
the application of mathematical analysis. The works of lead-
ing US and European scientists (J. Loeb, W. Nernst, etc.),
among whom a prominent place is occupied by P. P. Lazarev,
a fellow of the Russian Academy of Sciences and the Director
of the Institute of Biological Physics (Moscow), who works
in this field, have shown that nervous activity is based on a
physico-chemical process.

Any irritation of the ends of the sense organs causes a
chemical reaction in them, accompanied by the movement of
ions. This movement is successively transmitted along the
constituent parts of the nerve to the nerve cells and causes the
appearance of corresponding reactions here, perceived by us
as sensations. The latter, therefore, can arise only in the case
of a physico-chemical process.

the amount of oxygen in the water containing them. The experiments carried
out in this direction by Loeb are very instructive. Thus, external influences
can modify organisms and affect the state of their bio-tonus. This variabil-
ity of organisms under the influence of external agents has the following
physico-chemical basis: the fact is that proteins, which represent a special
most important part of organisms, are distinguished by chemical instability
and, like colloids, have the ability to easily change their physical state.

On the other hand, in the organism itself there are organs whose activity
can determine one or another state of the neuropsychic sphere. The studies
of hormones (Sterling) showed the greatest valence of the functioning of the
glands of the internal secretion. In addition to the fact that the development
of the organism and the nervous formations in it, as well as the development
of the sexual sphere, growth, vegetation, variability of appearance and men-
tal activity depend on the chemical products produced by the pineal, thyroid
glands, pituitary gland, etc., — in addition to all this, it has been established
that the functioning of these internal laboratories, which are most important
for the entire organism, changes greatly under the influence of external fac-
tors: an increase in temperature predisposes the thyroid gland to accelerated
functions; carbohydrate and fatty foods inhibit the internal secretion of the
pancreas, etc. The latter, in turn, affects the general state of mental activ-
ity, stimulating or inhibiting it. Consequently, one of the important elements
that create the final result of a person’s neuropsychic activity, his behaviour,
must also be considered the chemical functions of his internal organs. All
this gives rise to a complex set of interdependent phenomena of external and
internal order.
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The act of thinking is accompanied by a physico-chemical
reaction that exhibits periodicity. These reactions, which take
place in the nerve centres of the cerebral cortex, are accompa-
nied by the appearance of periodic electromotive forces that
cause electromagnetic processes in the surrounding space.

The above provisions are a consequence of the totality of
data available to modern biophysics and a necessary conclu-
sion of Lazarev’s ionic theory of excitation.

But if every act of thinking is accompanied by electro-
magnetic waves, it must be assumed that the corresponding
nerve centres can serve as successors to these waves and thus
directly perceive thought.

The hypothesis of direct transmission of thought has al-
ready been repeatedly expressed from the point of view of
other theories, and this question can be considered close to a
final solution. V. M. Bekhterev, a fellow of the Russian Acad-
emy of Sciences, wrote on this subject: “Is it possible for one
individual to directly induce another, i.e., for one person to
influence another without the use of any signs or other inter-
mediaries in this matter? The question posed in this way, as
it seems to me, has been resolved in a positive sense.” 1

In order to discover the direct transmission of thought,
many researchers have conducted experiments on animals
and humans, which confirmed the possibility of direct com-
munication (Richet, Lehmann, Bekhterev, etc.). In this case,
the phenomena of suggestion — individual and mass sugges-
tions — can be explained by electromagnetic excitation of
the centres of one individual by the corresponding centres of
another.

History abounds with eloquent facts of mass suggestion.
In fact, not a single historical event has occurred with the par-
ticipation of masses of people, where suggestion suppressing
the will of individuals could not be noted. This suggestion
in some cases was not limited to just a certain group of peo-
ple, but covered cities and entire countries, and traces of it
were preserved for a long time in political or military parties,
passed on from generation to generation and reflected in var-
ious artworks. Thus, suggestion in the course of the histor-
ical process and the psychic evolution of Mankind acquires
enormous significance of primary importance. Its role was
formulated by [Gabriel] Tarde.2

Based on known data, which still need verification and
substantiation, it can be assumed that the power of suggestion
— the influence of individuals on human masses — increases
with the intensification of the sunspot-forming activity. Our
analysis of numerous historical events has shown that the in-
fluence of orators, popular leaders, and military leaders on
human masses does not always have the same strength and
fluctuates not only periodically according to the stages of the
solar cycle, but even according to the seasons. The first can

1Ibid., pages 122–123.
2Tarde G. Les Lois de l’imitation: étude sociologique. Ed. Félix Alcan,

Paris, 1890.

be obtained from the fact of the integration of the masses in
the 2nd period of the cycle and their unity during the period of
maximum excitement. The second was noted by sociologists
who studied the behaviour of crowds.3

Therefore, the assumption arises that the increase in the
sunspot activity associated with the increase in its electrical
energy has a very strong effect on the state of the electro-
magnetic field of the Earth, in one way or another exciting
human masses to action and promoting suggestion. Chemi-
cal reactions within the human organism, taken as a whole,
with sharp fluctuations or disturbances in the voltage of the
electrical state of the atmosphere and soil, inevitably undergo
changes, which should be reflected in the general state of the
organism all the more sharply and quickly, the stronger and
more sudden these changes are. In addition, perturbations of
the magnetic and electrical fields of the Earth should produce
quite direct, corresponding paroxysms in the nervous, as well
as vascular systems of the organism. Thus, a complex of in-
direct and direct effects is obtained.

Significant disturbances on the Sun, accompanied by the
radiation of electromagnetic waves and radioactive decay of
solar matter, cause in human masses, in the presence of a
factor uniting them, an explosion of unity, unanimity, im-
mediately disposing them to certain actions. Consequently,
increases in solar activity transform the potential energy (en-
ergy of accumulation) of human masses into their kinetic en-
ergy (energy of movement).

Studying ancient annals, chronicles and annals of Asian
and European peoples, we often encountered descriptions of
social or military movements, linked to simultaneously oc-
curring celestial phenomena, mainly with the northern lights,
halos around the Sun or Moon and other optical effects that
occur during large spots across the central meridian of the
Sun. Ancient superstition attributed mysterious forces influ-
encing people to these celestial phenomena, considering them
— signs (signum). In the quivering lights of the polar lights
(aurora borealis), in the circles around the Sun (fascia), etc.,
our ancestors saw omens of wars, natural disasters and pesti-
lence. The noises accompanying meteorological phenomena
were taken by them for threatening and punishing “voices of
prophecy” (voces exprobationis).

During World War I, we observed strange coincidences of
the appearance of large spots on the Sun and the immediate
intensification of military actions on many fronts. We made
the first observation in mid-June 1915, when a large group of
spots passed the central meridian of the Sun, when the polar
lights, seen in Russia and North America, shone in the north,
and magnetic storms continuously disrupted the movement of
telegrams and people stubbornly and cruelly measured their
strength in sea and land battles: Germans vs Russians, Aus-
trians vs Montenegrins, Germans vs Englishmen. These ob-
servations laid the foundation for our research in this field.

3Tarde G. L’opinion et la foule. Ed. Félix Alcan, Paris, 1901.
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We can also cite two striking examples, noticed by many,
confirming the above in the most illustrative way: let us recall
that the February and October revolutions in Russia, as well
as the revolutions in Germany and Austria, were preceded by
unusually powerful upsurges of the sunspot-forming process
on the Sun.

There are indications that on days of a large number of
sunspots, the number of psychomotor excesses increases sig-
nificantly. In order to discover such a connexion, I conducted
a special study, which showed that the days of the greatest
unrest among the masses of people, the days of mass socio-
political movements coincided in time with major perturba-
tions in the substance of the Sun. These amazing coinci-
dences in their significance give such a probability to the
positions we express that they fully justify a thorough and
painstaking study of the subject.

Thus, historical events develop by means of a series of
shocks caused by fluctuations in the sunspot-forming process
on the Sun. The speed of action of these shocks, as well as the
magnitude of their intensity, in all probability, are in a certain
dependence on the elements of each individual fluctuation in
the substance of the Sun, also caused by the position in a
particular period of the sunspot-forming cycle.

Fig. 5 graphically depicts the complete coincidence of
outbreaks of revolutionary activity of the human masses in
Russia in the period 1905–1906 with episodic jumps in solar
activity. True, the mathematical theory of correlation, when
applied to these curves, will not give indications of a linear
dependence, but the latter nevertheless perfectly illustrate the
above formula. It can be said that social evolution, like evo-
lution in the inorganic (shift laws, quantum theory) and or-
ganic (mutation theory) world, does not occur smoothly, but
by means of sharp disturbances.

Thus, rapid episodic increases in solar activity can cause
sharp changes in the mental state of human masses and sharp-
ly change their behaviour. Equally rapid falls in solar activity
obviously cause changes in the mental state of the opposite
nature. In other words, the state of predisposition to the be-
haviuor of organized masses of people is a function of the
activity of the Sun.

Consequently, the critical resolution of mass movements
of people is in a certain dependence on the course of the
sunspot-forming processes on the Sun, as well as on the ro-
tation of the Sun around its axis. This latter is noted by us
because the rotation of the Sun can cause the disappearance
or appearance of disturbed areas of solar matter, disrupting
the course of some processes on the Earth.

There is every reason to recognize that there is a direct
relationship between the periodic activity of the Sun and the
social activity of humanity.

The possibility of such a dependence was perfectly fore-
seen by P. P. Lazarev, a fellow of the Russian Academy of
Sciences, on the basis of his works in the field of his ionic
theory of excitation: “The mechanical view of the nature of

higher nervous activity, which controls all human actions, has
made such great strides in the field of natural science in re-
cent times that it should become the basis for the study of
mass phenomena in human society in the future. The study of
social phenomena in connexion with geophysical and cosmic
phenomena should shed some light on the general law gov-
erning the mass actions of people, and provide the possibility
of scientific substantiation of the laws of human society” (here
the Italic is mine A. L. Chizhevsky).1

Perhaps, to an absolutely objective observer, the mass ac-
tivity of people would appear to us as jumping elder balls in
the simplest experiment proving electrical influence, or mov-
ing iron filings obeying every displacement of a magnet. The
known properties inherent in the elder balls or filings can
manifest themselves only when they receive a certain impulse
from the conductor of an electrostatic machine or a magnet.

Therefore, it would be completely erroneous to assume
that the periodic activity of the Sun is the main cause of these
or those historical events. Every such event is a dynamic re-
action of human masses from all the political and economic,
as well as natural stimuli acting on them, changing their be-
haviour and determining the intellectual and social develop-
ment of Mankind. The term “behaviour” applied to military-
political movements of human masses would be entirely ap-
propriate and should signify an attempt not at a historical-
sociological, but at an objective natural-scientific study of
mass phenomena among humanity.

V Prospects and conclusion

The theory of the dependence of human mass behavior on
cosmic influence that we are substantiating is a conclusion
from the main provisions of modern biophysics and can serve
as some confirmation of them. The remarkable successes of
this science in the field of studying higher nervous activity
by means of physical and mathematical analysis force us to
assume that Man, with his entire being, must be under the
influence of powerful cosmic and geophysical factors.

And despite the fact that the greatest minds, beginning
with Newton (1642–1727) and Kant (1724–1804) and ending
with von Helmholtz (1821–1894) and Poincaré (1854–1912),
have long recognized the physical-mathematical method as
the highest and only scientific way of knowing Nature, even
in our time there are scientists who hold opposing views and
consider introspection and direct impression to be the best
way of knowing Man and Nature, and naive realism to be the
best philosophy. Convictions of this kind, devoid of a seri-
ous scientific basis, have an extremely detrimental effect on
the development of some sciences, which to this day are filled
with pseudo-scientific terms and an overwhelming abundance
of dialectical material. But it is to be hoped that the social sci-
ences, important to Man, will soon, thanks to the advances of

1Lazarev P. P. Physicochemical Foundations of Higher Nervous Activity.
Moscow, 1922, pages 59–60.
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biophysics, be able to establish their positions on human re-
lationships by applying precise disciplines. This will be an
important step forward towards discovering the regularity in
the social evolution of Mankind, the laws of which are un-
doubtedly no exception to the general principles of Nature.

Since the time of the ancient Chaldean thinkers, regularity
has been elevated to the basis of the world process, and mod-
ern science with each of its forward movements only confirms
this philosophical view of ancientry. Indeed, if chaos were
realized in the world, obviously, not only would we, thinking
beings who appeared as a result of a million-year manifesta-
tion of regularity, not exist, but also less complex, but equally
amazingly coordinated organic and inorganic formations. We
observe regularity both in the motion of celestial bodies that
make up the visible stellar world, and in the motion of elec-
trons that make up the atoms of matter. The functions of liv-
ing organisms, which have their own periods and phases, are
also subject to it. Indeed, the surrounding nature has been
the source of the conviction in the human mind since ancient
times that the regular periodicity or recurrence of phenomena
in space and time is the fundamental property of the world,
which is governed by the same laws, which apply equally to
all parts of nature, regardless of how Man divides and dissects
them: both inorganic and organic matter, with all its mental
activity, are subject to the same principles common to the en-
tire Universe.

Therefore, with necessary compulsion, the consequence
follows that the historical development of humanity, taken as
a whole, must proceed in a certain, completely lawful manner,
according to the resultant of all the internal forces of social
order and external forces of the surrounding nature acting on
humanity.

The theory of the physical foundations of the historical
process that here allows us to state the fact of the presence of
a certain kind of rhythm in the mental activity of all humanity
and periodic fluctuations in the course of the world-historical
process, as an expression of this rhythm. Consequently, both
the collective life of all Mankind and the life of individuals
are subject to strict and unchanging laws of rhythm, which
can be discovered through research that covers in its mate-
rial the actions of large human masses and large periods of
historical time.

Various phenomena and events of the world history of
Mankind, in the light of the theory presented here, acquire
a new meaning and significance. Of extreme importance,
both in a purely scientific and practical sense, is the establish-
ment of the fact that historical and social phenomena occur
not arbitrarily, not whenever, not indifferently with respect
to time, but are subject to physical laws in connection with
the physical phenomena of the world around us and can arise
only when the entire complex set of interactions of political,
economic and other factors in the human world and physical
factors in the world of inorganic nature is favorable to this.
Thanks to the regularity to which the course of events in time

is subject, every phenomenon in the life of individual com-
munities or in the international life of all Mankind receives
a certain explanation, elevating history to the level of exact
disciplines endowed with exact laws. We have already said
above that science is knowledge of the measurable. To make
history a science, and not a “conventional fairy tale”, to free
it from metaphysics, from the arbitrariness of subjectivism,
from everything incommensurable, to give it, as well as its
sister, sociology, measuring units and laws — this is the di-
rect task of the near future.

On the way to this, even with the first experiments, per-
haps weak and insufficient, the changes and gradations of the
mood of the masses of people and the military or political
events associated with them become clear to us. We see that
all of them are not accidental, but, on the contrary, are subject
to laws that compel the masses of humanity, in the presence
of disposing reasons, to strictly defined actions. Thus, little
by little, the exact sciences begin to penetrate the chaos of his-
tory, to measure it with units of historical time that have equal
significance and to explain phenomena that occurred in very
distant epochs. History is turning into a science of the living,
of the necessary, of the near. Events covered with centuries of
dust come to life again and begin live intensively and signif-
icantly. Every historical figure, every historical phenomenon
becomes understandable to us. All of them occurred under the
direct influence of the same periodic disturbances or calms in
the nature of the Earth that are occurring now and will most
likely occur in the distant future of humanity. Now history is
given a place not next to Nature, but in it itself, as Karl Ritter
said. Therefore, in our opinion, it will be necessary to create
other methods for studying history than those that have been
accepted until now.

A deep and comprehensive formulation of this problem
reveals a whole series of facts, large and small, requiring the
most careful scientific analysis. I have considered a signifi-
cant part of them, to the best of my ability, in my other works.
Therefore, here I consider it necessary only to briefly dwell
on those points that urgently require illumination, study and
resolution.

From the above, it was easy to conclude how amazingly
flexible historical events, accomplished by human masses,
follow the imperative orders of our daily luminary.

Elemental changes in processes on the Sun, in one way
or another, entail changes in material processes in the organs
of higher nervous activity, and these latter violate the line of
behaviour of all Mankind, the line that we call the historical
process. Therefore, the question arises: are we not in bondage
to the Sun, are we not in slavery to its electrical forces? If you
like — yes, but our bondage is relative, and we ourselves can
control the chains that are put on our wrists and the work that
is destined for us to do. The Sun does not enforce us to do this
or that, but it makes us do something. But humanity follows
the line of least resistance and plunges itself into the oceans
of its own blood.
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As we have seen before, the maximum of solar activity
promotes the excitement and unification of the masses in the
name of fulfilling some general need, put forward by eco-
nomic and other reasons. During this period, rulers, military
leaders, and leaders appear and mass actions begin: wars, up-
risings, etc. However, all these movements are not necessary:
everything depends on the events that preceded them. Thus,
for example, if a war has already been waged before the pe-
riod of maximum excitability, then the general excitement can
result in the desire for peace — peace at any cost. The conclu-
sion of peace in the 3rd period of the cycle is not an exception
to this theory; on the contrary, in this case it was the result of
the same manifestation of human masses, the general demand
of the masses. History knows excellent examples of mass agi-
tations of people during the period of maximum, having noth-
ing in common with bloody events, namely: religious move-
ments, pilgrimages, the rise of parliamentarism, localization
of public attention on trials, reforms, constructions, etc. This
gives reason to cherish the wonderful hope that the future cul-
ture will find ways of humanely using mass upsurge by means
of preliminary propaganda of some socially important and in-
teresting matter, and its implementation during the period of
maximum excitability. Then collective theatrical art, collec-
tive artistic creativity, with the participation of the masses of
people, scientific expeditions, sports competitions, the orga-
nization of grandiose structures, cities, canals and so on will
have to replace the bloody slaughter usual to Mankind.

It is easy to conclude what an important rôle propaganda
or the presence of some idea in the masses of people plays.
In the brief essay on the 2nd period of the cycle, we indicated
that in most cases it is precisely in this period that certain
ideological trends arise in human masses, which determine
the course of the entire cycle, manifesting themselves in the
form of popular movements during the period of maximum
excitability. The life of ideas in human masses during the 2nd
period of the cycle is what should interest every statesman.

Indeed, if an idea is given and implanted which is readily
accepted by the masses of people as an expression of their
desires at the given moment, the government’s cause will be
won, because the masses will be with them. The harmonious
balance of the people and the government will be maintained.
But if there is disagreement among the statesmen who give
tone and direction to all the [governmental] apparatus of the
country, if they fail to approach the human masses psycho-
logically and skillfully and introduce into their midst some
ideas which symbolize their aspirations and needs, and fi-
nally, if this or that mechanism which unites the masses func-
tions poorly, this government will never succeed in achieving
the precise realization of its goals. The relationship between
the government and the people is subject to fluctuations de-
pending on the period of sunspot activity. Taking this point of
view, one can understand the true significance of the official
mass media and political literature in general. At moments
of maximum excitement, when sensitivity to the perception

of ideas reaches its highest degree, the slightest fluctuation
in the political situation is sometimes enough to undermine
the old and give birth to a new object of social concentra-
tion and thereby change the mood of human masses and lead
them to other decisions, to other political results. We do not
yet know, but we dare to assume that the movement of ideas
and teachings in the human masses is in a certain relationship
with the gradual changes in the influence of the cosmic factor
considered here. A comparative study of this problem would
allow us to establish the laws of their evolution and resolve
one of the most interesting and important problems of soci-
ology. The question of whether all possible manifestations
of the intellectual and social activity of Mankind are depen-
dent on a series of influences of cosmic factors and even on
a certain number of them is also not without scientific sig-
nificance. There is nothing incredible in the assumption that
the presence of a periodically acting factor causes a number
of such phenomena which, although they do not have precise
boundaries in time, the periodicity of which can be discov-
ered through careful research.1

Thus, the significance of the presented theory should be
considered from the point of view of political science. This
theory indicates to the state authorities the methods of action
that are in accordance with the mental state of the masses
of people who are dependent on the fluctuations of the elec-
tric energy of the Sun. The greatest mistakes and failures of
rulers, military leaders, and leaders of the people could of-
ten be caused by the fact that, without taking into account
the state of the mental predisposition of the human masses,
they either demanded from them the impossible, not corre-
sponding to the state of their psyche, or mistakenly counted
on their support at a time when the masses were deprived of
the unity that binds them together, external factors had not be-
gun to exert their influence on them, or the latter was already
ending. From this assumption, which has good grounds, it is
not difficult to draw a conclusion about the horizons that are
opening up for the leaders of the people, diplomacy, strategy,
etc. Without fear of falling into the spirit of science fiction
novels, one could say that from now on there will be no more
false steps, unsuccessful attempts, illegitimate aspirations!

The state power must know about the state of the Sun
at any given moment. Before making this or that decision,
the government must know about the state of our daylight:
is its face bright, clear or darkened by spots? The Sun is
a great military-political indicator: its readings are infallible
and universal. Therefore, the state power must align itself
with its arrows: diplomacy — by the monthly arrow, strategy

1Attempts have been made repeatedly to find and define these princi-
ples of periods that are constant for all cultures and peoples, beginning with
Giambattista Vico (1668–1744) and his work Principi di una scienza nuova
intorno alia commune natura delle nazioni (1726) and ending with Ottokar
Lorenz (1832–1904) "Die Geschichtswissenschaft in their Hauptrichtungen
und Aufgaben kritisch erortert" (1886) and the bold concepts of our contem-
porary Oswald Spengler in his Der Untergang des Abendlandes (1920).
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— by the daily arrow. Before each battle, military comman-
ders must know what is happening on the Sun. Consequently,
the immediate branches of historiography should become one
of the most important experimental sciences of political sci-
ence, and astronomy — an applied science. The time before
the historiometric understanding of social phenomena can be,
in all fairness, compared with those distant epochs when the
navigator did not yet know the compass and had not learned
to distinguish directions by the stars. His fragile ship was ar-
bitrarily drawn by the water element, and he did not know
where to return the rudder, so as not to wander on the waves,
exposing himself to danger at any moment.

The division of all history into cycles — units of histori-
cal time — has the task, as we have already seen above, of a
comparative study of the four main parts of each cycle and the
derivation of laws of behaviour of large human masses. In the
work cited earlier, I show, on the basis of well-known data,
the possibility of establishing such laws. Of course, even the
most detailed analysis of general history is by no means suf-
ficient for this. Direct observation and study of the behaviour
of human masses in all states on the Earth from the point of
view of the principles briefly outlined here are also necessary.

Then, when these laws will be established empirically,
carefully verified and converted into causal ones, by intro-
ducing causal connections, Mankind will acquire new knowl-
edge — foresight of the near future. This knowledge is so
far characteristic only of the exact sciences, which predeter-
mine the entire course of this or that phenomenon. It is easy
to conclude about the greatest consequences that follow from
the implementation of the above: tantum possumus quantum
scimus.

Then the possibility of forecasting the near future will
open up, both in relation to time, and in relation to the quality
and intensity of military or political events, which until now
neither knowledge of history nor the wisdom of statesmen has
provided. Now we have in our hands a simple but effective
scheme: the nature of the Sun and the Earth rages — people
are agitated; the nature of the Sun and the Earth has calmed
down — people have calmed down. Therefore, politicians or
military leaders should not cherish hopes for the possibility
of this or that event. They must know what will really ap-
pear with that immutable necessity which characterizes the
phenomena of the physical world, completely independent of
personal hopes or governmental plans.

Not only the field of military or political science will gain
from the study of the behaviour of human masses accord-
ing to the periods of solar activity — the establishment of
laws governing each period will entail a revision of many as-
pects of human life and the establishment of firm limits for
diverse collective and individual activity. Then it will be pos-
sible, with the aim of greater productivity of work, to estab-
lish norms and forms of activity for each individual in the
field of his special profession. Such a delimitation of human
life according to the hours of solar activity may give Man

the means of extracting from his psyche the maximum of its
energy. Then the methods of upbringing, education and pro-
fessional work will have to be radically modified.

Moreover, we are convinced that further study of the in-
fluence of cosmic and related geophysical factors on human
behaviour will have to open up the most extensive horizons
for amazingly curious research. Perhaps the eternal and ev-
eryday episodes in the life of individual human groups, fam-
ilies, clans, societies, not to mention peoples, nations, states,
— are in direct connection with one or another influence of
these factors.

Discords and agreements in families, associations, part-
nerships; the stormy or peaceful course of parliamentary ses-
sions, at which state questions of primary importance are dis-
cussed, leading the country to one or another decision; the
height of battles or truce on the fronts of wars or revolutions
— all of them, on the average, depend on the given state of
the central body of our system, on the changes it introduces
into the physical environment of the Earth.

Fluctuations in the personal life of individuals are to one
degree or another subordinated to the course of the periodic
activity of the Sun or are even caused by it. This is especially
clear and distinct in the lives of great statesmen, rulers, mili-
tary leaders, reformers, etc. It is enough to take the biography
of any of them to be convinced of the constant correlation be-
tween the life of a given person and the changes in the course
of the synchronous curve of relative Wolff numbers. This is a
fact worthy of astonishing attention and study. Let us take as
an example the life of Napoleon Bonaparte (Napoleon I), who
troubled Europe for such a long time. It turns out that he, this
giant of personal tyranny, had to submit with precision and
obedience in his actions to the inexorable influence of the cos-
mic factor. Thus, the height of his activity can be attributed
to the era of maximum solar activity; conversely, the mini-
mum of the military-political activity of this Corsican coin-
cides with the minimum of sunspot formation. This is clearly
evident in the period from the end of 1809 to the beginning of
1811, when, according to Wolf’s table, we have a minimum
of spots and Napoleon did not undertake a single campaign of
conquest, only made a number of bloodless acquisitions, and
Napoleon himself found time in this era to think “pro domo
sua”. This period was the apogee of his peaceful autocracy
and a time of quiet cabinet work. Meanwhile, the year of the
preceding maximum (1804) raised the name of Napoleon to
an unattainable height of glory and crowned him with the im-
perial crown, and the year of the following maximum (1816)
placed him on the island of St. Helena. Napoleon’s consulate
began precisely at the minimum of solar activity (1799), when
the revolutionary masses of France had become quiet, and
absolutist inclinations could freely flare up in this ambitious
artillery officer.

From this it is easy to understand what a great signifi-
cance for many social sciences a comprehensive study of the
question touched upon here must have; the solution of the lat-
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ter may entail a radical break in the most diverse aspects of
social life that have taken root among Mankind. Its solution
will immediately have to be reflected in jurisprudence, diplo-
macy, labor, artistic and scientific creativity, not to mention,
of course, the military or political branches of knowledge.

We do not at all pretend to the absolute reliability and,
even less, the categorical nature of our considerations and
statements on this subject. They must only show that an ob-
jective study of the connexion between some and other phe-
nomena of Nature, which have hitherto been considered in-
dependent of each other, can throw light on the most diverse
cases of the mental and social life of Man.

Of course, no truth is obtained immediately, like “deus
ex machina”; a whole series of diverse, sometimes mutually
contradictory and mutually exclusive hypotheses and theories
precede it. Even in such an exact science as the “queen of
sciences” — astronomy — we encounter essentially diamet-
rically opposed opinions on the most important astronomi-
cal problems; this is especially evident on the question of
the structure of Mars. But the task of a synthetic judgment
is precisely to embark on the path of broad generalizations
and find a relationship between the phenomena that seem to
belong to completely different areas of knowledge and life
without fear or apprehension before a judgement of blindly
prejudiced, sometimes ignorant criticism. These attempts are
led by a combined knowledge of philosophical, natural and
historical disciplines.

Therefore, if one may not agree with some of the proposi-
tions briefly expressed in this work, this only shows that every
truth is necessarily preceded by a time of searching, experi-
mentation, disagreement, and debate. I am also sure that there
will be skeptics who, without taking the trouble to familiarize
themselves in detail with the theory and other of my studies,
on which this theory is based, will deny and dispute it. But
we know that bare denial is always fruitless. It is better to
doubt something than to refute it, for doubts lead to discover-
ies. The most unsuccessful assumptions also indirectly direct
us to them, stimulating our minds to research.

In the field of exact knowledge, discoveries can be divided
into two categories. The first of these are those which repre-
sent additions to previously established truth, its continuation,
an extension of its boundaries. To verify them, only a certain
amount of patience and a quite ordinary mind are required.
But there are discoveries which involve a radical break with
old views on the nature of a given phenomenon. To evaluate
such a discovery, an appropriate expert with a broad intellec-
tual horizon must be selected, a kind of “knight without fear
and reproach”, who, without fear of the loud judgments of the
ignorant, could defend the discovered facts in the face of an
astonished and distrustful world. Such knights are not often
encountered: the history of science is full of examples of the
opposite nature. We meet such examples everywhere; there
are many of them in the last century. At the end of the 1840s,
ideas about the conservation of energy met with a harsh atti-

tude from their contemporaries, and the most important sci-
entific journal Annalen der Physik und Chemie did not accept
von Helmholtz’s famous memoir. Robert Mayer has had his
share of troubles. And there are tons of such facts! I believe
that a favorable attitude toward a new, sufficiently substanti-
ated theory or a new method is an indispensable sign of a high
mind, for it indicates the breadth of its intellectual sphere and
the ability to think independently. Most people are not en-
dowed with these qualities: their knowledge conceals in its
foundation school rules, forever memorized, and their minds
do not know how to respond with due sensitivity to newly
discovered truths, which always seem false to them and the
facts cited in their confirmation, a simple accident or, even
worse, a manipulation. It would be completely unfounded to
think that the materials cited in this article were chosen with
the calculation to produce an effect. Due to the novelty of
the issue under study, mistrust and surprise at the conclusions
obtained, we foresee such judgments. It would also be un-
founded to think that our curves, which, in fact, can easily
be given any form, pursue the same goal and do not corre-
spond to the actual state of affairs. More credulous people
may assume, however, that when proving something, a per-
son involuntarily strives to choose for proof what he needs,
discarding everything that hinders or harms the course of the
proof.

I consider it my duty to categorically reject such assump-
tions and accusations, and I refer anyone who will not con-
sider it a hassle to check the materials to my main research
cited in the Introduction. From this point of view, I consider
the question exhausted in a positive sense, despite the addi-
tions and corrections that may follow in future work in this
direction (for my work is by no means finished), but which
will only change the configuration of the mentioned curves
to an insignificant degree. The probability of the reliability
of the main provisions of the question under study is so great
that it leaves no room for fundamental objections. I do not
overestimate the results of my work and regard my work as
the first modest initiative that can give rise to deeper and more
complete research. However, no matter how successful the
objections made to me, no matter how convincing and even
supported by appropriate arguments, I still have every rea-
son to think that no dialectic, no matter how talented it may
be, is capable of belittling conclusions based on facts, nu-
merical relationships and the latest achievements of science.
These achievements, I repeat here once again, require an ex-
act explanation of all the phenomena of Nature, devoid of any
metaphysical premises, including Man with his diverse men-
tal activity. And in the field of the exact sciences, nothing
should be astonished, nothing should be denied a priori and
nothing should be neglected. The history of scientific thought
abounds in examples of gross errors. Let us recall at least the
most prominent philosopher and scientist of the last century,
Auguste Comte, who in 1842, several years before the bril-
liant works of Bunsen and Kirchhoff, in his work Cours de

Chizhevsky A. L. Physical Factors of the Historical Process 45



Volume 20 (2024) PROGRESS IN PHYSICS Issue 3 (Special Issue)

philosohie positive denied the possibility of ever accurately
knowing the chemical composition of celestial bodies.

Science is moving forward with slow steps, revealing the
regularity in all manifestations of the organic and inorganic
world. The time has not yet come to subject the social evolu-
tion of Mankind to precise laws and embrace one general uni-
versal theory, as has been done for the cosmic bodies of the
Solar System, but we must believe that this time will come,
as it is already approaching, to establish the regularity of stel-
lar movements, previously considered to be unrelated to each
other and arbitrarily occurring in the infinity of space. And
just as a number of astronomers in many conutries of the
world diligently accumulate materials about the stars in the
form of radial velocities, proper motions and distances to the
stars, so the immediate task facing scientists is to study the
influence of the slightest fluctuations in the environment on
human mood and behaviour.

For these purposes, special scientific institutes should be
organized in all countries of the world to keep the most accu-
rate records of all social fluctuations and movements in their
origins, development, and modifications. Strikes at factories
and plants, walkouts, meetings, peasant unrest, manifesta-
tions of mass enthusiasm, demonstrations, episodes involv-
ing crowds of people, and so on, not to mention, of course,
larger events, should be subject to accurate records, diag-
nosis, and classification. The methodology for this work is
currently being developed by me1. From the data collected,
graphs of fluctuations in individual types of mass human ac-
tivity in each country, and then on the entire Earth, will be
constructed. Finally, daily data on various types of mass ac-
tivity will be compared with daily data from astronomy and
meteorology. These comparisons will have to reveal the re-
lationship that exists between these two phenomena — and
in this way provide access to the field of studying the laws
governing human actions under the influence of cosmic and
geophysical factors.

In the international and national organization of such in-
stitutions I see the guarantee of the future well-being of all
Mankind. We must remember that the influence of cosmic
factors is reflected more or less uniformly on all the billions
of human individuals who now inhabit the Earth — sol lucit
omnibus, — and it would be crime to ignore the study of their
influence, no matter how subtle and elusive at first glance it
may not be.

In 1927–1929 we should expect the onset of the maxi-
mum of solar activity. If we allow the existence of periods
of 60 years (Young) and 35 years (Lockyer), which are added
to the main oscillation of 11 years, then the nearest future
maximum should be especially intense (maximum maximo-
rum), since the maximum of 1870 was distinguished by great
strength. In all probability, in these years, due to the presence

1See the work to be published: Chizhevsky A. L. The Necessity of Cre-
ating International Scientific Institutes to Study the Influence of Natural Fac-
tors on the Behavior of Individuals and Collectives.

of factors of a socio-political nature, major historical events
will occur that will again change the geographical map. It
would be very desirable by this time to prepare the possibil-
ity of a scientific experiment in the field of research into the
behavior of individuals and human masses. The latter can be
realized only if the researchers meet with sympathy from the
government. Otherwise, such an important field of knowl-
edge for humanity will languish in vain for a long time, re-
maining unnoticed and unstudied by anyone.

It may take many decades of hard work before the plans
that are only being projected now are realized. Much work
remains to be done, and it is not we who will have to reap the
fruits from the tree that we have planted and nurtured. But
such is the lot of workers in science: it bears fruit not to those
who are ready to die for it and, indeed, sacrifice their lives,
but to those who treat it, if without hatred, then, probably,
without love and filial devotion.

But those who, in the name of science, are ready to endure
all privations and all troubles, starving for years and walking
in rags, have one great consolation, one great joy, worth all
the blessings and all the pleasures of the world, making them
independent of human vulgarity and human judgments, and
elevating them: they are closest to the knowledge of the se-
cret laws that govern the mighty life activity of Nature. They
already know its internal mechanisms, grasp the connections
between shafts and wheels and, in indescribable delight, ap-
proach that lever, one push of which is capable of immedi-
ately changing the distribution of the parts of the eternally
working mechanism and thereby regulating the phenomena
of Nature itself — phenomena that until that moment moved
in mysterious ways. They are approaching the possibility of
controlling great events.

In unity there is strength! I believe that the world soli-
darity of scientists will help to overcome all difficulties and
break down all barriers in the name of protecting life on the
Earth and transforming it.

When Man acquires the ability to control the events of his
social life entirely, those qualities and impulses will develop
in him which sometimes even now shine on his forehead, but
which will shine ever brighter and stronger, and finally will
completely illuminate with a light similar to the light of the
Sun the paths of perfection and well-being of the human race.
And then it will be justified and proclaimed: the closer to the
Sun, the closer to the Truth.

November 1922, supplemented in 1923
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