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Abstract

Based on the analogical analysis of the gravitational field and the electrostatic
field, along with the hypothesis of the superluminally spiral motion of space
during the inflationary phase of the Big Bang, we have formulated the rela-
tionship formulas that strictly defines the connections among the gravitational
field, mass/density, and the speed of light. The findings indicate that mass rep-
resents the gravitational flux across the global surface, the density of an object
is the divergence of this gravitational flux, and the fundamental nature of the
gravitational field is the vector sum of half the square of the speed of light
gradient and the acceleration field of spatial motion at any given instant. These
results not only elucidate the fundamental nature of mass, density, and the
gravitational field but also lay a theoretical foundation for the unification of
the four fundamental forces in the universe.
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1. Introduction

According to Newton’s law of universal gravitation, any object with mass gener-
ates a gravitational field around it, and other masses are attracted by this field,
while the speed of light is a fundamental constant in nature, representing the max-
imum speed at which light can travel in a vacuum. From the perspective of classi-
cal physics, the gravitational field and the speed of light belong to different phys-
ical categories, thus they seem to have no direct connection. However, in the de-
velopment of modern physics, scientists have gradually realized that there might

be a deeper relationship between them. For instance, in general relativity, Einstein
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proposed that gravity is not a traditional “force”, but rather a geometric effect
caused by the curvature of spacetime due to mass and energy. Under this theoret-
ical framework, the path of light is also affected by the gravitational field, exhibit-
ing a phenomenon similar to refraction. This phenomenon has been verified in
multiple astronomical observations, such as the measurement of starlight deflec-
tion during a total solar eclipse. Additionally, some theoretical studies have at-
tempted to explore the potential connection between gravity and the speed of light
through the Planck time, a fundamental unit based on the combination of Planck’s
constant, the speed of light, and the gravitational constant, which is considered
the time scale at which quantum gravitational effects might become apparent. Alt-
hough some have tried to derive the relationship between the gravitational field
and the speed of light from the Planck time expression, this approach often falls
into the problem of circular reasoning because its premise already assumes a cer-
tain connection between these physical quantities, thus leading to a lack of inde-
pendence and logical rigor in the conclusion.

To overcome these issues and further explore the essential relationship between
the gravitational field and the speed of light, this paper adopts a new research
method—by making an analogy between the gravitational field and the electro-
static field. The electrostatic field is generated by electric charges and exerts a force
on other charges; similarly, the gravitational field is produced by mass and exerts
a gravitational force on other masses. These two fields are highly similar in math-
ematical form, both following the inverse-square law and can be described by po-
tential functions for their spatial distribution. By leveraging this analogy, we can
introduce some mature theories and methods from electrostatics into the study of
the gravitational field, thereby providing new ideas for establishing a quantitative
relationship between the gravitational field and the speed of light. Based on this,
we attempt to construct a theoretical model that connects the intensity of the grav-
itational field with the speed of light from a strict mathematical perspective. This
model not only considers the basic principles of classical gravitational theory but
also incorporates concepts from relativity and quantum mechanics, aiming to re-
veal the possible intrinsic connection between gravity and the speed of light. If
this relationship can be successfully established and experimentally verified, it will
provide an important theoretical basis for unifying the four fundamental forces of
nature (Ze., gravity, electromagnetic force, weak nuclear force, and strong nuclear
force), and may also offer a new perspective for understanding the basic structure

and evolution of the universe.

2. An Analogical Analysis of the Gravitational Field and the
Electrostatic Field

According to Table 1, the gravitational field and the electrostatic field exhibit the
following similarities. Similarity in the form of force expressions: Both expres-
sions indicate that the force is inversely proportional to the square of the distance.
Specifically, the gravitational force is proportional to the product of the mass,
while the electrostatic force is proportional to the product of the charge. Moreo-
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ver, both of them are long-range forces. Similarity in the applicable conditions of
the forces: The law of universal gravitation is applicable to the gravitational inter-
action between two point masses, and Coulomb’s law for the electrostatic force is
applicable to the interaction between two point charges.

With reference to Table 1, based on the definitions of relevant physical quanti-
ties in the electrostatic field of a stationary electric charge @ in a stationary
spherical vacuum space Ras depicted in Figure 1, we define the gravitational field
a, gravitational potential ¢, , vacuum gravitational constant ¢, gravitational
displacement vector F , and the total gravitational flux ¢, over the entire
spherical surface generated by a spherical object with mass M where the radius,
density, surface area, and volume are 1, p,, Sand Vrespectively located at the

center O of the space R as follows

M
a=—G2 e, (1)
r
@, =—GM|r, (2)
¢ =1/4nG, (3)
M
F=ca=- e., 4
0 4mpr? " @)
M 1
¢,=<QSS—F~<1SZE 7S =M. (5)

Here, G is the universal gravitational constant, and » is the radial distance
from the center O of the spherical space R. At this instant, the motion velocity of
the space R is zero. The relationship between the gravitational field o and the

gravitational potential ¢, can be expressed as
a=—Veo, =V(GM/r). (6)

According to the divergence theorem, taking the spherical surface S of object

M as the Gaussian surface, Equation (5) can also be expressed as

gp,-F-dS=-[ V-Fdr=| p,dv. 7)
Based on Equation (7), we can obtain
1
V-F=—Va=—p,. 8
e Py (8)

From the above-mentioned theoretical analysis, it can be concluded that Equa-
tion (5) implies that mass is equivalent to the gravitational flux over the entire
spherical surface generated by it. Equation (8) implies that the density of an object

is the divergence of the gravitational flux generated by the mass of that object.

Table 1. An analogical analysis of gravitational field and electrostatic field in a vacuum.

The gravitational field The electrostatic field
GM ki
The formula for the force field a=-—-e, E= ——ger
r r
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Continued
Gravitational potential /electromagnetic
P Pe § @, =—GM|[r o=—kQ/r
scalar potential ¢
Vacuum gravitational constant ¢ /vacuum
o 6 =1/4nG &, =1/4mk
permittivity &£,
Gravitationa‘l displacement vector F /electric Fe 1 4= E = M e, Do 1 E=cE-- 0 e,
displacement vector D 4nG 4mr 4k 4mr

Total gravitational flux ¢, /total electric flux ¢

The curls of gravitational displacement
vector/electric displacement vector

The force field represented by potentials

M g 1
¢, =qp,—F-ds :Hgtﬁs?ds =M

V-F=¢V-a=—-p

g

a=-Vo, -0V, |ot

—§p-p-as =24 Las-
p=gp-D dS74n<f_'f>Sr2dS7Q

V-D=¢gV-E=p

E=-Vp-0A4/ot

Notes

V. is the motion speed of vacuum space, A4 is the magnetic vector po-

tential, k& is the electrostatic force constant.

F(a)

F(a) F(a)
F(a) To¢ F(a)
—~———— 0 ——

M.
F(a) F(a)

| Fa

Figure 1. Gravitational field and displacement vector produced by a mass A

3. The Gravitational Fields of a Black Hole and a Moving Space

In the framework of the general theory of relativity, when the radius » of an ob-

ject with a mass M satisfies a radius R, , the object collapses into a black hole.
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Here, R

s

is the Schwarzschild radius [1], which is expressed as
R, =2GM/C>. 9)

Substituting Equation (9) into Equation (6), it can be deduced that when

r < R, the gravitational field of the black hole can be written as
a=V(GM/[R)=V(C*/2). (10)

At this instant, the black hole is in a stable equilibrium state, and the space in

which it resides is stationary.

E=-Vop-04/ot. (11)

In accordance with the relationship Equation (11) between the electric field and
the magnetic vector potential A /electromagnetic scalar ¢ and the hypothesis
that Equation (10) also holds true when ris greater than R, the gravitational

field of a moving space can be expressed as

a=-Vo, 0oV, [ot=V(C*[2)-oV,[or. (12)

In Equation (12), the first term on the right-hand side represents the static grav-
itational field component generated by the stationary mass M located at the
center of space. Its value is equal to the gradient of C” / 2. The second term rep-
resents the dynamic gravitational field component arising from the motion speed

V. of space.

s

4. The Hypothesis of the Superluminally Spiral Motion in the
Inflationary Period after the Big Bang

It is hypothesized that in the earliest phase (inflationary period) after the Big Bang
(within 1 - 10" ), that is, within the cosmic epoch from 107 sto 107! s[2], space
moved in a right-handed spiral at the superluminal speed of C [3] (see Figure 2),
expanding to a spherical space R(R,H,qo) with a radius of R, . The period of
the moving spiral line of space R is Planck time ¢, its step length 1 and fre-
quency are Planck length 7, and C/i, . Meanwhile, its polar angular coordinate
@ is constantly equal to ¢, and tends to zero [4]. Thus, in the spherical coordi-
nate system R, the radial velocity V), tangential velocity V,, and polar velocity

V, of this spiral motion of space can be described as follows|5]

V,=0R/ot=C, (13)

V, = R, sing, 06/6t = R, sinp, C/1 =C, (14)
V,=R.w=R_/t,=R.C/A=C, (15)

V, =R, cosp, 0¢, [0t = R, 0¢, [0t = 0. (16)

From Equation (14) and Equation (15), we can obtain that
@, =sing, = A/R, . (17)
R =A=1, (18)

Here, R_ is.the spiral radius when r=Rg,.
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2R, = 2i1p
[ Ty
@y = Orad
N
I
lp
R
et 5 —
7
Vo= + Ceq
R,
V VR = Ce.,.

Figure 2. The superluminally spiral motion of space R during the inflationary period of the
universal Big Bang.

5. The Relationship between the Gravitational Field and the
Speed of Light

5.1. The Gravitational Field at the Singularity before the Big Bang

At this instant, the Big Bang has not taken place yet, space R has not come into
being and there is no motion of space when the singularity is analogous to a black
hole. As is analyzed in Section 3, the gravitational field at this moment can be

expressed as

a:V(CZ/Z):oo. (19)

5.2. The Gravitational Field during the Inflationary Period of the
Big Bang

According to the mass-energy conversion equation of special relativity, during the

inflationary process of the Big Bang, the potential energy of the singularity was

continuously transformed into the kinetic energy of the motion of space R, while

this kinetic energy was constantly converted into the matter in the early stage of
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the universe. Consequently, this kind of spatial motion speed was constantly de-
creasing [5].
From the definition of the Planck time [6], we have

Gh=12C". (20)

where i is the reduced Planck constant. Suppose that G7 is a constant under
all circumstances. The only variable parameters are the contemporaneous speed
oflight C and the period ¢, of the spiral motion of space R.

During the inflationary period of the Big Bang, the period of the spiral motion
of space is the Planck time 7, 5.39121x107*s. At this instant, space has just
emerged from the singularity explosion, and the gravitational field of space can be
approximated as that of a black hole. In the early stage of the Big Bang after infla-
tion, when the strong nuclear force has just separated from the “primeval unified
force” [5], the period of the spiral motion of space R is 0.8854x107's. At this
moment, the superluminal speed C decreased to the current speed of light C
and kept invariable. Combining with Equation (20), we can obtain that the super-
luminal speed C and the expansion distance R, of space during the inflation-

ary period of the Big Bang can be expressed as

0.8854x10" Y’
C= i/(mj C, =7.69x10*C,, (21)

R, =C10"t, =7.69x10"Cyt, ~107"" m, (22)

where C, =2.98x10° m/ s> . Equation (21) indicates that in extremely strong
gravitational fields, such as those near black holes, the variation of the speed of
light becomes particularly evident. This conclusion has been corroborated by rel-
evant theories and observational results [7]. According to Equation (12), the grav-

itational field of space at this moment can be expressed as

“:V(C2/2)—ac/az=—c—2e+ ¢ :—[ ¢ ¢ je,
(23)

S . _
2R, " 10%z, 2x10°Ct, 10%¢,
C ~ 7.69x10*C,

= e = e ~10%e m/s*.
2x10%¢, 7 2x10%¢, 7 -/

Equation (23) reveals that during the inflationary epoch of the Big Bang, the
magnitude of the gravitational field in space was 10* times that of the strong nu-
clear force field, with its direction radially outward. In this stage, the immense
potential energy of the gravitational field caused the space to expand rapidly to
10*-10% times its initial scale [8]. Ultimately, this led to the formation of the

space-time structure of our present-day universe.

5.3. The Gravitational Field When the Strong Nuclear Force
Completed its Separation from the “Primeval Unified Force”

Supposing that approximately one second after the Big Bang, it dropped from the
superluminal speed C to C;;whileit corresponding expansion acceleration de-

clined to 10* m/s* and the strong nuclear force completed its separation from the
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“ primeval unified force” [5], gradually transforming energy into elementary par-
ticles, successively generating quark-antiquark pairs, gluon-antigluon pairs, and
electron-positron pairs, ultimately forming a plasma known as “quark soup” [9].
At this juncture, the spiral light-speed motion of space R needed to drive the
motion of massive particles in space. The tangentially spiral velocity V7, was
equivalent to the tangential spiral motion velocity of particles in space and could
not exceed the speed of light [5]. Assuming that the mechanism of particles re-
volving around the core of radially spatial motion at this moment was consistent
with that of electrons in the ground state revolving around the hydrogen nucleus

[10], we could obtain:
V,=C,/137. (24)

As known from ref. [5], the spiral light-speed motion frequency of space R at
this moment was the spiral motion period 7, of the vacuum scalar wave, that is,
T, =w, = O'O/a)zeo =0.8854x107""'s. Here, @, is the oscillation frequency of
the vacuum scalar wave, @~ 10" Hz is the frequency of the source light wave
generating the vacuum scalar wave, o, ~10"*S/m and &, =8.854x10™"* F/m
are the vacuum conductivity and vacuum permittivity respectively.

Consequently, the spiral motion frequency of space at this moment was
w=1/r, =1.129x10" Hz, (25)
and its step length was shown as
A=C,r, =2.654x10" m. (26)

Simultaneously, the expansion radius R, of space R had to reach the range of

the strong nuclear force, e, 2 x 107 m [11]. From Figure 3, we can be given that

V., =0R/ot=C,, (27)

V, =R, sing, 00/0t = R sing, C,/A=C, /137, (28)
V,=R.w=R_Jt,=R.C,/2=C,/137, (29)

R =2x10"m, (30)

R =2/137=1.937x10" m, (31)

@y ~sing, =R, [(137R) ~107" rad. (32)
cosg, ~ 1. (33)

According to Equation (12), the gravitational field of space at this moment can
be expressed as
a=V(C;[2)-oV,[ot=—aV, [ot—0oV, ot
=—e OV, /0t—e, 0V, [0t -V, de, [0t -V, de, [0t
=—-e C,/1,—¢,C, /1371, —e, C,sing, /7, (34)
+e, C,sing, /1377, +e, C, cos ¢, /1377,

~-10"¢ —10" (eg —e¢)+1026er m/s?.
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Equation (34) reveals the relationship between the gravitational field and the
speed of light C;, when the strong nuclear force completed its separation from
the “primeval unified force”. In Equation (34), the first term C,/7, corresponds
to the strong nuclear force field generated by the radial linear motion Cje, ; the
second term C,/137z, undoubtedly represents the electromagnetic fields pro-
duced by its tangential rotational motion V,e, of R.Owing to the presence of
two mutually perpendicular forces within the electromagnetic forces, namely the
electric field force and the magnetic field force, the electromagnetic forces in Equa-
tion (34) exhibits two directions: e, and e, ; the third term C,sing,/137r,
might be the weak nuclear force field associated with the cone angle ¢, of the

spatial micro-conical spiral motion of R.

2R,~10"25p

@y = 107 ad

A~10723y,

R,~10%m

v Vg = Cye,

Figure 3. The spiral light speed motion of space R when the strong nuclear force completed
its separation from the “primeval unified force”.

5.4. The Gravitational Field When the Electromagnetic Forces
Completed Their Separation from the “Primeval Unified Force”

About one minute after the Big Bang, the radial motion speed of spacein R de-

creased to C,/137, and the electromagnetic forces (10¥m/s?) completed its sep-
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aration from the “ primeval unified force”. Owing to the absorption of a consid-
erable amount of energy, quarks and gluons continued to coalesce into protons
and antiprotons under the action of the spirally centripetal force fields generated
by the space motions [5]. Subsequently, protons and electrons combined to form
neutrons, while antiquarks, anti-gluons, antiprotons and positrons were repelled
to the fringes of space R due to the repulsion property between opposite torsion
fields and did not participate in the constitution of our universe [12]. The conclu-
sion that the vacuum was filled with neutrons and protons for a certain period
after the Big Bang, as believed by scientists, is derived from nuclear tests, nuclear

fusion experiments, and long-term observations of stars and cosmic rays [13].

5.5. The Gravitational Field When the Weak Nuclear Force
Completed Its Separation from the “Primeval Unified Force”

Approximately 380,000 years after the Big Bang, the radial moving speed of space
R decreased to 107" times the speed of light, namely 107 m/s. The weak nuclear
force (with a magnitude of 10* m/s?) completed its separation from the “original
single force”. At this time, a proton captured an electron to form the first hydro-
gen atom, and electrically neutral gas clouds gradually started to form in the uni-
verse. Photons were freed from their confinement and began to be released, caus-
ing the universe to start emitting light and brightening up. As space R contin-
ued to expand, the temperature of the universe dropped rapidly. When it dropped
to 1 billion degrees Celsius, neutrons could no longer exist freely. Under the action
of the weak nuclear force, hydrogen nuclear fusion was initiated, and neutrons
began to combine with hydrogen atoms to form deuterium, helium, or other light
elements. Chemical elements started to form during this period, and approxi-
mately 30% of the helium abundance in the universe [14] was formed at this

time.

5.6. The Gravitational Field When Gravity Completed Its
Separation from the “Primeval Unified Force”

Around one billion years after the Big Bang, the radial moving speed of space R
decreased to 107" m/s [5]. At this moment, gravity completed its separation from
the “primeval unified force”, and the gravitational field of space R can be ex-
pressed as
a=-0Vg/ot
=—e, OV, /0t—e, OV, |0t—V, de, [0t -V, Ce, [0t
V[t e, —Vs[1371,e,+V[1371,e, (35)

~ —10’30/72 e =—ge,.

That is to say, the acceleration field of the radial expanding motion of the cur-
rent space R is precisely the gravitational field of the Earth at present. As time
went on, under the influence of the gravitational force —ge, , the first galaxy
emerged in space R. Subsequently, numerous other galaxies, stars, planets, and

various celestial bodies came into being, leading to the vast and boundless uni-
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verse that we humans observe today [15].

6. Conclusion

Based on the analogical analysis of the gravitational field and the electric field, we

formulate the relational equations among the gravitational field, mass, density,

and the speed of light. The findings not only elucidate the nature of mass and the

gravitational field but also discover the relationship between the gravitational field

and the speed of light, which present an interesting hint on intrinsic relationship

of the four fundamental forces in the universe.
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