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MATERIALITY OF THE GRAVITATIONAL FIELD AND THE PROCESS
OF DEVELOPMENT OF MACROSCALE GRAVITATIONAL COLLAPSE

Abstract. The materiality of the gravitational field is taken into account on the basis of the law of universal
gravitation, accepted as an exact law describing the pairwise interactions of massive bodies. Unlike
Brillouin and Lucas, who were the first to carry out such an account and obtain a negative value of the
field mass, the field mass in our work has the same sign as the mass itself. Replacing the "mass-gravitational
field" representation with "mass-field mass™ distinguishes gravity from other interactions, leads to an
increase in mass in such interactions, indicates the existence of a double effect of gravity and allows its
physical modeling. In particular, it has been shown that, despite the small value of the relative mass gain
in pair interactions, during the formation of clusters of stars with a large number of bodies, the relative
mass gain increases nonlinearly. Under certain conditions, this increase becomes infinite, symbolizing the
onset of a macroscale gravitational collapse, resulting in the formation of supermassive black holes.
Attention is focused on the fact that the final mass of a supermassive black hole (invisible mass) can be tens
and hundreds of times greater than the initial mass of the cluster (visible mass). Moreover, half of the black
hole's mass is outside the gravitational radius of the black hole, forming a massive invisible halo. According
to the authors, a macroscale collapse based on taking into account the materiality of the gravitational field
can be considered as one of the effective mechanisms for the formation of invisible (dark) matter in the
Universe.
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Problem statement

The materiality of the gravitational field was first
considered by L. Brillouin [1; 2]. At the same time, the
idea of the nonlinearity of the mass of bodies in
gravitational interaction appeared and the concept of the
field mass of bodies arose. The proposed approach was
later used rarely, for example in [3]. And the reason for
this was a methodological error — Brillouin's field mass
was considered negative in the light of the ideas of
constructing Maxwell-like theories of gravity, begun by
Heaviside [4] and continued by others [5; 6]. In these
theories, a negative value was chosen as the equivalent of
the dielectric constant ¢ = — 1/y. At the same time,
physical logic dictates that the field mass of bodies
should only increase their inert properties, as well as their
ability to gravitational interaction.

The law of universal gravitation was assessed by
Laplace as an extremely accurate law for describing the
interaction of two bodies. Therefore, we also considered
it necessary to use it to calculate only pair interactions.
Despite the inconveniences of this application of the law
for many-body systems, we hoped that this would not
entail the appearance of errors due to generalizations
such as Maxwell-like theories. Because, as shown by a
preliminary examination, the idea of the materiality of
the gravitational field leads, first of all, to the
inapplicability of the Gauss theorem for the gravitational
field. Hence the conclusion follows: calculations of
systems of many massive bodies should be carried out on
the basis of the application of the law of universal
gravitation separately for each pair of interacting masses.
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Purpose of the work

Taking into account the materiality of the
gravitational field limits the applicability of Maxwellian
theories of gravity (including Gauss's theorem) when
calculating the set of many massive bodies. Therefore, an
attempt was made in this work to take into account the
nonlinearity of mass on the basis of calculations of
pairwise gravitational interactions between all massive
bodies of the set.

Basic material

The increase in the mass of bodies
in a gravitational field

In this work, the law of universal gravitation will be
considered as an exact law describing the 2-particle
interaction of mass M, with mass my, the values of which
are determined at their maximum distance from other
bodies:

Fy =y, )

9 r.2

The modulus of the force of gravitational interaction (1)
will always be determined by the unchanged masses Mo
and my at any distance between the bodies.

If the point mass mo, whose gravitational field we
neglect, approaches the massive body M, at a certain
distance r, part of the field mass of the massive body will
be excluded from the interaction (a property of fields
with central symmetry), so that we can write.

M,m, (r)

2 )

Fo=v
where M, is the mass of the body M, without that part of
the field mass, which is outside the sphere of radius 7. It
can be defined as follows

M, =M, - [wadV, (3)
c r

where wy = G?(r)/4my is the volumetric energy density of
the gravitational field around a massive body, and G(r) is
the intensity of this field.

After integrating (3), we get

M, =M,|1-

oy 0@

where (pg(r):|(1)g(r)|/c2 is the module of the

Mo
g

relative gravitational potential, and |q)g(r)| is the

modulus of the gravitational potential of the body M, at
the point 7, calculated in the usual way for us (provided
that the test mass mo remains unchanged). Equating (1),
(2) and taking into account (4), we obtain the relation

My
my (1)

from which we find the exact expression for the
magnitude of the test mass in the gravitational field mg(r):

mg(r):m0(1+(pg(r)). (6)
Taking into account (6), we obtain a very simple formula

for the remainder of the body mass M, without part of its
field mass (4):

my(r)=m, /[1— -(pg(r)} (35)

Mo (4a)
1+¢ g (n

A simple conclusion follows from equation (6): the
mass of a body "immersed" in the gravitational field of
another body always increases. Let us note only two
circumstances. First, the relative mass gain in
gravitational fields is generally very small. In particular,
in our solar system near the surface of the Earth, it is
Pg(N 6 10710 only, and the largest it is at the surface

r

of the Sun — (Pg(r) [12.10°% . However, it cannot be

neglected.

Secondly, if two massive bodies interact, the
gravitational fields of which we cannot neglect, then the
increase in mass, according to (6), will be observed for
both bodies. We emphasize that the increment in the mass
of the first body is determined by the relative
gravitational potential of the second body at the point
where the first body is located:

M, (r) D MO’1(1+ (sz(r))‘ And vice versa:
Mg, ()0 Mg, (1+(Pg1(r))-

Double action of the gravitational field

The increase in the mass of bodies (6) appeared in
our consideration on the basis of ideas about the
materiality of the gravitational field. At first glance, the
result seems completely understandable and physically
sound. Because there is an obvious explanation for it that
should be called the dynamic effect of gravity. Indeed, the
work of moving the body Mo, from infinity to a given
point of the field, performed by the gravitational forces
of the second body, is numerically equal to a decrease in
potential energy by the value of My D, and is equal to
the same increase in its kinetic energy. Then the dynamic
relative increase in the energy-mass of this body in
comparison with the energy-mass at rest is exactly equal
to pg2 = Dyo/c?, in full accordance with (6).

However, when deriving (6), no dynamic effects
were taken into account and, therefore, such an
understandable dynamic effect remained generally
unaccounted for. And the resulting mass gain (6) looks
like a kind of static effect of gravity. For the first time we
drew attention to this in work [7], having come to the
conclusion that (6) means an increase in the rest mass of
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the body. Mach's principle [8] was used to explain this
effect. We emphasize that in the formation of general
relativity, Einstein [9] many times returned to the
questions of whether Mach's principle was taken into
account and whether it was correctly taken into account
in the formation of the theory. These questions are not
easy, because Mach's principle does not have a specific
mathematical expression with which other mathematical
formulas could be compared.

The modern interpretation of Mach's principle is
reduced to three statements:

1. The existence of space and time is inextricably
linked with the existence of physical bodies. Removal of
all physical bodies ceases to exist space and time.

2. The reason for the existence of inertial reference
systems is the presence of distant cosmic bodies.

3. The inert properties of each physical body are
determined by all other bodies in the Universe and
depend on their location.

We tried [7] to give a mathematical form to the third
proposition, which is directly related to our problematics.
All material bodies of our Universe at any point in its
space form an averaged (universal) gravitational
potential q)zni" . Usually for all terrestrial and even

space problems, we choose this average potential equal
to "0". Although, in reality, some separate body of mass
mo at a point in space remote from all bodies has a
significant negative potential energy of gravitational
interaction with all remote bodies mq (I)‘é”i" . If the body

my is brought closer to some i-th remote body at a finite
distance r, then the negative potential energy of the body
mo will increase in proportion to the total potential

q)l;niv + q)g‘i (r) of a given point in space.

Then, having defined the rest mass of the body as
the potential energy of the gravitational interaction,
taken with a minus sign, divided by ¢, we obtain the
mathematical expression of the third statement of the
Mach principle:

W, (1)

my(r) =— (7)

In the case of a remote body, this equation should give a
mass that is identically equal to the rest mass of the body
mo.

which leads to an averaged gravitational potential
q)‘é”i" = _c? (arguments in favor of this result are

given in [7]), and when our test body approaches some
i-th massive body, we have
My (@™ + D (1))
m(r) = - 29
C
which coincides with (6).

= m0(1+ (Pg,i)9 (8)

By the same rule, it is possible to determine the
mass of moving bodies by adding in the formula (7) the
kinetic energy of the body Wk(u) (necessarily with a plus
sign!):

W, () + W (u)

. ©)

This means that the dynamic and static effects exist
independently and in fact are always present in the
gravitational interactions of a cosmic scale. And
according to (9), both of them should be taken into
account. Therefore, we performed all subsequent
calculations taking into account the total effect of the
gravitational field, which leads to a modification of
formula (6) — the appearance of the number 2 in it:

my(r,u) =my (1+294(r).  (6a)

Let us dwell on the number 2 and its connection
with the gravitational field in more detail. All physical
fields, "charges" of which form around themselves a
force characteristic — intensity — are material, that is, the
fields have energy and, accordingly, field mass. The
difference of the gravitational field is that it has a
"charge" mass, which forms the field mass, which in turn
is the "charge" of this field. But not only this
distinguishes the gravitational field. According to the
Mach principle, the mass of a body m (aka "charge") is
formed by the Universe as a whole. That is, in the model
representation, this mass should be thought of as a body-
"charge", always connected to a huge "battery"-universe,

mgyu(r, u) =

which forms it, with an equivalent potential (I)‘S”iv.

It is easy to imagine such an equivalent circuit for
the formation of an electric charge in electrostatics. If one
electrode of a battery with an electromotive force U is
grounded, and the other is connected with a conductor
with a spherical body, a certain charge ¢ will be
accumulated on it and a corresponding energy reserve
will be created: W, = qU/2, which does not depend on the
sign of the charge. The energy consumption of the battery
to create a charge is 2 times higher: W, = qU. Similarly,
the energy consumption of the equivalent gravitational
battery for the formation of charge-mass is equal to
We=m| q):"iv |. At the same time, the energy associated

with this mass-charge is the same: W = mc? = m| puniv |.
9

That is, for gravity, the ratio between the corresponding
energies is 2 times greater than in electrostatics. This
ratio applies to the entire "mass-charge", including its
field mass. That is why in formula (3), taking into
account the field mass, we used the volumetric energy
density of the gravitational field in the form
wy = G*(r)/4my, which is 2 times more than in [1].

In conclusion, the double action of the field in a
special way affects the deflection of light when it
propagates near massive bodies. And all because the
dynamic effect is not applicable to a photon.
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The gravitational field in a peculiar way "compensates"
for the absence of such an effect — by a double force that
changes the component of the impulse transverse to the
direction of motion. That is why the deflection of light
should be 2 times greater than according to the
calculations of such a deflection by Soldner [10], which
is confirmed by the general theory of relativity.

The growth of the mass
of bodies in clusters

We will consider the gravitational interaction of
bodies in a cluster not to determine the magnitude of the
forces, but only to calculate the growth of the mass of
each of them. For this, we introduce the coefficient of
mass growth 0, equal to the ratio of the mass of this body
surrounded by other bodies M, to its mass Mo, determined
at the maximum distance from them: g = \ o/ My This

coefficient can be easily calculated only when two bodies
interact. Then, according to (6a), the coefficients are
determined as follows
e1 = (1 + 2(Pg,12)’ e2 = (1 + 2(pg,21)9 (10)

where @g,12 is the relative potential that body 2 creates at
the point where body 1 is, a @g2: is the relative potential
that body 1 creates at the point where body 2 is.

Calculation of a system of only 3 bodies, as shown
in [7], becomes a rather difficult task. This is even more
true if the system includes N, > 10°...10° bodies. It is
easy to understand the reason for this — the number of pair
interactions that need to be taken into account for each
body is proportional to N, the number of bodies is also
N;, which gives N factors. But the most difficult thing
here is the impossibility of taking these interactions into
account simultaneously. A large number of interactions,
despite a small increase in mass in a separate act of
interaction, under certain conditions can lead to an
unlimited increase in the mass of each of the bodies.

Therefore, in order to obtain reliable calculations,
we have chosen this way — to form a reliable algorithm
for carrying out numerical modeling. Suppose we have a
model (or real) cluster of N, + 1 bodies, the masses Mo;
of which are given (or estimated by their luminosity). In
particular, it may be part of a cluster with the densest
arrangement of bodies. Let this cluster occupy a spatial
region of radius R,. In addition to these macro
characteristics, for further modeling, all bodies must be
numbered (indices i, j range from 1 to N+ 1 and have
the same value for each body) and fixed in space to
accurately determine the distances r; between them.

At the preparatory stage, the modules of all relative
gravitational potentials Pyl are calculated by the

magnitude of the masses My,; and distances r;. These
potentials are recorded as a separate constant data set,
because their values will be used in the future, despite the
fact that the masses of the bodies will change. This

change will be taken into account by the corresponding
growth factors 0. That is, at the preparatory stage, the
initial value of the growth coefficient for all masses was
selected: 0o, = 1.

At the first stage of calculations, for any i-th body,
all N pairs of its interactions with other bodies of the
cluster are taken into account. Each such interaction

introduces a factor of type (10), and therefore
N, +1
0, =110 +2¢4)-
j=1
iJ:tj

(11)

Such calculations according to (11) must be performed
N, + 1 times, one by one going through all the bodies of
the set. The obtained values of this coefficient 0;; form a
variable data array, which will be used at the second stage
of calculations and replaced with a new array of 0;
values, and so on. Having denoted an additional variable
index with the letter n, which numbers the stages of
calculations, we write a general formula for any stage

N +1

0, = 1_{ (1426, _4; '(Pg,ij)
1=
i#]

if 0, =1,and 1SN<o0

(12)

We emphasize that at each stage, formula (12) must
be applied N; + 1 times, that is, exactly as many times as
there are bodies in this cluster or its parts. In addition, it
is impossible to determine in advance how many stages
should be applied. We can only recommend to envisage
stopping the program in two cases: a small relative
increase in 0,,; or its unlimited growth. Formally, n can be
considered as tending to infinity.

Macroscale gravitational collapse

The above calculation scheme, in fact, is too
laborious for its use in model calculations, especially
since it is not applicable to real clusters, because those
clusters that we observe are just remnants of the initial
ones, which certain metamorphoses occurred with. The
absence of areas that, according to the mechanism under
consideration, could become the embryos of a macro-
scale gravitational collapse, means one thing — such a
process has already taken place in them before.
Therefore, we consider the given calculation scheme as
one, in the details of the algorithm of which there are
hints that make it possible to obtain a more general and
universal way of evaluating such systems.

First, it is known from mathematics [11] that
products like formula (11) do not actually depend on
specific values of Dgii> but only on their sum. And the

accuracy of the calculations is of the order of magnitude
of the average value of (_Pg i and most of them are very

small. Then the total potential of the i-th body can be
represented as follows:
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N,+1
> Pgiij = N, "Pgij> (13)
=1
J#
and the formula (11) is
—_— NS
0, ; :(1+2(Pg,ij) . (14)

Secondly, the algorithm emphasizes an important
circumstance for determining the relative potentials
Pyij- They are calculated only once at the preparatory

stage, and the calculations are based on the values of the
masses Mo, which have not yet been distorted by the
influence of the gravitational field. This allows us to
estimate the total relative potential in the vicinity of the
selected cluster radius through the sum of the masses of
its bodies, that is, in the traditional way for us.

Thirdly, only one assumption can be made, which
will lead to a complete and accurate calculation formula:
consider this total relative potential to be the same for all
bodies located inside a cluster of radius R,. This
assumption will be fulfilled only with a special
distribution of the masses of bodies over the cluster —
when all bodies are concentrated in a thin layer near the
radius R;. It is these model bodies (shells) that were
considered in [1]. Then for all bodies of the cluster

N,+1
D Py =const=N;-¢,.

j=1
J=i

s)

Under this condition, the entire system of N,+ 1
equations (12) will collapse into one formula, which is
valid for each body in the cluster:

NS
0n = lim(1+20,,-9,)", (5
the only inconvenience of which is that the result is found
as the limit of the sequence.
Analysis shows that from the point of view of
mathematics (16) has a special point that physicists
would call critical. The critical point satisfies the

following condition: if N, -§, =1/2e, where e is the

base of the natural logarithm, then function (16)
transforms into a function known in mathematics —
Second Special Limit [11] (now it is also a double limit!):

0

n

= lim lim (l+h-

Ns
Lj =e (17
n—oo N, —o0 e N s
if NG, =1/2e, and 0 =1.
The critical point separates two solution ranges. An
area of end values en :

6,=>1...e
if Ny -9, <1/ 2e.

(18)

An area of catastrophic growth On :

(19)

0, >
if N, Qg4 >1/2e.
The range of catastrophic growth Q , Willbe called

macroscale gravitational collapse. This is a range with
formally unlimited growth of the masses of each of the
bodies in the cluster, and, accordingly, a quadratic growth
of the forces of interaction between them. In fact, as
shown in [7], no unlimited increase in mass occurs. Such
a macroscale gravitational collapse will result in the
formation of an invisible object — a supermassive black

hole. Moreover, the final value On for such a model
cluster is precisely known: 0, =2e~5.43.

The analysis shows that the increase in mass
0, =2e in the gravitational collapse is inherent only in

the model cluster described by us and, in fact, is minimal.
The fact is that real clusters have a different form of the
distribution of the masses of bodies over the volume —
usually with an increase in the density of masses when
approaching the center of the cluster. For example, all
clusters with radius R, and number of bodies N, with a
certain mass distribution can turn into a supermassive
black hole even if a certain value of the modulus of the
relative gravitational potential according to (15) is only
0.01. It is enough only that in the central part of this
cluster there is at least one spherical region R << R, in
which the condition for gravitational collapse
(N(R) Py =1 /2€) is fulfilled. It is important that such

an area can arise by accident, without requiring special
efforts. Then the gravitational collapse will spread to the

entire cluster, and the average final value O _ of the

n
mass gain over the cluster will be equal to 100.

Discussion of results

In this work, we drew on the idea of the materiality
of the gravitational field and focused on how this will
affect the value of the mass of individual bodies when
they form clusters. We believe that the main result is the
emergence of a significant nonlinearity in the behavior of
mass with an increase in the number of bodies in the
cluster. The main consequence of such a nonlinear
behavior of mass, as is clear from the results of the work,
is a significant "softening” of the conditions for the
emergence of a macroscale gravitational collapse and the
formation of supermassive black hole clusters in place.

Actually, with the term "macroscale gravitational
collapse", we wanted to emphasize its difference from the
widely used term "gravitational collapse”, which
provides for the consideration of the gravitational self-
pulling of the mass of an individual body, which can
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result in a transition to a black hole or a thermal explosion
of a supernova. With a macroscale gravitational collapse,
we are always talking about the participation in the
gravitational contraction of a large number of stars,
which ends exclusively in the transition to a
supermassive black hole.

The features of the results that have attracted our
attention, and we, in turn, focus the attention of everyone,
include the following. First, if a certain visible mass
disappears from our field of view as a result of a
macroscale gravitational collapse of the cluster, then §n

times greater mass of an invisible black hole will appear
in its place. At the same time, the smallest value of such
growth is 5.43, and the largest values are not limited by
anything. That is, we have an amazing efficiency of
converting the visible mass to many times greater
invisible mass.

Second, only half of this invisible mass is within the
radius of the cluster Rs, which after a macroscale
gravitational collapse will become the radius of the black
hole's horizon. And the other half — the field mass of the
black hole — is outside the radius Rs, forming a kind of
invisible massive halo. The aforesaid follows from
formula (4a), taking into account that on the horizon of
the black hole the modulus of the relative gravitational
potential is 0y = 1. Such a distribution of invisible mass

is one of the characteristic features of dark matter [12].
Third, we tried to assess how reasonable our
assumption can be that the presence of a macroscale
gravitational collapse with the transition of some clusters
into supermassive black holes can explain the existence
of such a large amount of invisible (i.e. dark) matter in
our Universe. Today, the ratio of dark matter to ordinary

matter is roughly 9 [0 6 [12]. Then the part of the visible

matter x, which has passed into the state of black holes
with the mass gain @n, can be determined from the

obvious relation:

X-0,
= , 20
1 x (20)

whence we obtain the formula
X = 0/(6, +0). (21)

In particular, for §n =100, , this proportion is less

than 6%, which makes our assumption realistic.

Finally, the materiality of the gravitational field and
the double action of the field emphasizes one more
feature inherent in formula (6a). It concerns the accretion
of surrounding bodies onto a black hole. Any visible
body of mass mo, falling into a black hole, disappears
from our eyes; instead, the mass of the black hole,
according to (6a), increases by 3mo. That is, even with
ordinary accretion, per unit of decrease in visible mass,
there are three units of increase in invisible mass.

Conclusion

1. When considering any problems associated with
the gravitational interaction, we consider it necessary to
involve in consideration the idea of the materiality of the
gravitational field.

2. We also consider it necessary to submit for the
consideration of specialists directly involved in the
problem of dark matter, the question of whether the
considered mechanism of macroscale gravitational
collapse can be useful for clarifying the concept of the
origin of dark matter.
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NAPHUX 83AEMOOISIX, NPU YMBOPEHHI CKYNUEHb 3IPOK 3 EIUKOI KIIbKICIMIO Ml BIOHOCHUL NPUPICM MACU HENIHIIHO 3pocmae. 3a
NeGHUX YMO8 Yell Npupicm CMae HeCKiHYeHHUM, CUMBONI3YIOUU HACAHHA MAKPOMACUMAOHO20 Spasimayitino2o Koaancy, aKuil
3AKIHYYEMbCS YMBOPEHHAM HAOMACUBHUX YOPHUX OIp. AKYeHmOo8aHo ysazy Ha MoMy, wjo KiHyesa Maca HAOMAacusHoi YopHoi dipu
(Hesuouma maca) modice 8 decAmKy i COMHI pa3zie nepesuwy8amu NoYamKo8y Macy ckynuenHs (euoumy macy). Ilpuwomy nonosuna
Macu 4opHoi dipu nepedysace 3a mexcamu epagimayiliiHozo padiyca YopHoi 0ipu, ymeopioryu macusHe Heguoume 2ano. Ha oymky
agmopis, MakpoMacuimadHuil Koianc Ha OCHOBI 8PAXYB8AHHs MAMEPIANbHOCI 2PAGIMAYIHO20 NOJIS MOJCE PO32TAOAMUCH K OOUH
3 egheKmuBHUX MeXaHizmie popMy8aHHs HesuOuMoi (memnoi) mamepii' y Bceceimi.

Kntouogi cnoea: zpasimauiiine none; neninitnuii npupicm macu; zpagimayiiiHuil Konanc; cKynueHHa 3ipoK; memHa
Mmamepisn
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