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Introduction: Isaac Newton first discovered in 1687 that there is a mutual attractive force even if
objects do not touch each other, and he published this discovery in his book The Mathematical
Principles of Natural Philosophy. Although Newton's Law of Universal Gravitation has achieved
great success, he also left us with a difficult problem that has not yet been solved, that is, what the
physical mechanism of force transmission without any mutual contaction between objects or what
the transmission medium is. Initially, it was explained as the action at a distance, and then the field
was discovered, which was considered as the medium of all interactions, without any direct action
or action at a distance between objects. The discovery of gravitational field should be a major
progress in understanding the physical mechanism of gravitation. However, at present, our
understanding about gravitational field is still only limited to the mathematical description, and we
don’t know its physical mechanism. So some new theories have emerged to explain the physical
mechanism of gravity. For example, based on the gravitational field, quantum mechanics puts
forward the hypothesis of gravitons, which holds that the attraction between objects is realized by
exchanging gravitons, but the gravitons has not been detected so far. Likewise, the dark matter
with gravitational effects as envisioned has not been detected.

In 1916, Albert Einstein founded the general relativity, which is currently the most successful
theory of gravity. The correctness of the general relativity has been confirmed by many
observational experiments, which will not be repeated here. Unfortunately, general relativity still
does not answer the question of the physical mechanism by which gravity arises. From the
equivalence principle, one of the two fundamental principles of general relativity, namely, the
kinetic effects of the inertial force field and the gravitational field are locally indistinguishable. It
can be seen that general relativity ignores the basic fact that gravitational and inertial force fields
have fundamentally different physical mechanisms from the starting point of the study. So general
relativity deals only with the effects of gravitational fields, not with their causes. Therefore, it is
also impossible to find the answer in an in-depth study of general relativity. Nevertheless, general
relativity provides us with an important clue to find out the physical mechanism of forming
gravitational field. The famous physicist, John Archibald Wheeler, has a famous saying about
general relativity: "Spacetime tells matter how to move, matter tells spacetime how to curve”. That
is, general relativity believes that the gravitational force between objects is generated by the
curved spacetime. Then, if we find out what kind of physical factor exerts influence on the object
by curved spacetime or what kind of physical factor changes in space to produce the curved
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spacetime, we will also find the physical mechanism of forming the gravitational field.

1. Conjecture of the physical mechanism of gravitational field
If gravitational interaction is a real physical phenomenon, then there must be objective physical
factors in space that produces this physical phenomenon.
It is known that under the action of the solar gravitational field, the direction of light propagation
will be deflected ™, and according to the solar radar echo testing, it is found that there is an echo
delay phenomenon . Both of these two observations prove that the speed of light on the solar
side is indeed relatively reduced. According to the relationship between the speed of light ¢ and
the vacuum dielectric coefficient &, and vacuum permeability p,"":
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According to Equation (1), we can know that the relative decrease of the speed of light on the
solar side indicates the relative increase of uye, near the solar side. Based on these experimental
facts, the above phenomenon of light deflection can be explained only according to the principle
of refraction of light without considering the effect of gravitational field. Then, whether it is the
gravitational field that deflects the light, independent of the principle of refraction of light, or this
deflection is a phenomenon of refraction of light, independent of the gravitational field. Since both

CcC=

views have their own theoretical and experimental support, it would be wrong to deny either one
of them. Therefore, the only solution to this problem can be conceived as follows: the uye, of
spatial variation is not only the cause of refraction of light, but also the cause of the formation of
the gravitational field. Or, the mass (internal energy) of an object (such as the sun) causes an
incremental change of uye, in space from far to near, and this change results in both refraction of
light and gravitational field. So, how can the uye, of spatial variation apply the gravitational
force on the object, thus acting as a gravitational field? Let's explore this question below.

2. Physical mechanism of forming gravitational field
We know that the total energy E of an object is equal to the sum of its internal energy E; and
Kinetic energy E,,:
E=FE +E, (2)
When an object with a mass of m enters a space with increasing py&, at a uniform speed in a
straight line without any external force, the speed of light will decrease correspondingly due to the
increase of u,g,. According to the mass-energy formula ™ (6), the internal energy of the object
will be reduced accordingly. Since the object is not subjected to any external force, the total
energy change is zero:
The amount of change in the total energy of the object: AE = AE; + AE,
Because: AE=0
So: AE, +AE; =0
AE, = —AE; 3)

According to Equation (3), the reduced internal energy of the object is equal to the increased
kinetic energy of the object, which is also a manifestation of energy conservation. If we equate the
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increment of the Kinetic energy of the object to the work A done by the force E,, for a certain
distance As:

A=F-As = AE,

: : AE,
The equivalent force F,, is: F, = As 4
. . : . AE;
Substitute Equation (3) into Equation (4): F,, = s
S
R (5)
™ ds
Mass — energy equation: E; = mc? (6)
, _ dE; d®  ,dm
The rate of change of internal energy with space: —=m—+c¢"— (7)

ds ds ds

Since the objects we are discussing are moving at low speed or at rest, the mass is considered to be
the same

So: m =m,
dm =0
. L . dE; dc?
Equation (7) is simplifiedas: —=m— (8)
ds ds
dc?
Substitute Equation (8) into Equation (5): E, = —m-—— 9)

d /1
Substitute Equation (1) into Equation (8): F,, = —-m— (—) (10)
ds \Uo&g

After the above derivation, we get the conclusion expressed by Equation (10). That is, in the space
where puge, changes, the object is indeed subjected to a force E,, pointing in the direction where
UoEo increases. However, this force E, is from the object itself, and there is no direct
relationship with other objects. Specifically, when all objects increase the value of puyg, around
them by their own mass (energy), objects are actually moving in the direction where pge,
increases, at this time, what we can see is the attractive force between the objects with mutual
aggregation. Therefore, gravity is only the compound and equivalent of this force E,,.

The object will always spontaneously generate a force moving in the direction where pge,
increases, regardless of the reason for the change of u,e,. In essence, the direction where p,e,
increases is the direction where the internal energy of the object can decrease. Any object will
spontaneously move in a certain direction with a lower energy state. This is the natural attribute of
all matter, and the force E,, is just an external performance and measurement of this spontaneous
tendency. There is no need for us to find another force-applying object for this force F,, in a
non-inertial physical environment.

From Equation (9) (10), we can obtain the acceleration g of the object:

dc?
9=""75 (11)
d/ 1
g=—%(m) (12)
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From Equation (12), we can see that in a puyeg, changing space, objects have the same
acceleration regardless of their mass, which is the physical reason why they all have the same
acceleration in a gravitational field.

The "gravitational force" F,, and inertial force produced by the object are from the internal
energy of the object, so the gravitational mass and inertial mass of the object must be equivalent.
The gravitational field strength E; = g. As we can see from Equation (12), the gravitational field
strength E; is equal to the negative gradient of the reciprocal of p,e,. It can be seen that uoe,
that changes in space are the physical mechanism that forms the gravitational field. Gravitational
interaction and electromagnetic interaction are finally unified on the basis of electromagnetic
properties.

3. Relationship between pog, and time and space

The speed of light is relatively variable and also absolutely invariable. For example, pyg, on the
sun side is relatively increased. Outside of this changing area, we can measure that the speed of
light on the sun side is relatively slow. From this point of view, the speed of light is relatively
variable. The reason why we say that the speed of light is absolutely invariable is that in the area
where uyég, is relatively increased on the sun side, the measured speed of light is still ¢, which is
consistent with the speed of light outside the area. The fact that the speed of light is absolutely
invariable constitutes the principle of the invariance of the speed of light. The principle of the
invariance of the speed of light is a law that has been experimentally verified and is a law that we
must uphold. Otherwise, if the radar echo we measured comes from a space lower than the p,é,
of earth, the radar echo will not be delayed, but will be advanced, so we will mistakenly believe
that there is the superluminality in the area, which is obviously wrong.

Then, what is the correlation between the relative variation and the absolute invariance of the
speed of light with time and space? In other words, what effect will the relative change of pye,
have on space and time? For the sake of discussion, we assume that there are two adjacent vacuum
spaces, one is called Space A, the other is called Space B. Space A and B are uniformly
homogeneous in each direction, and time is also lost uniformly in each direction. The only
difference is that pye, of Space B is larger than that of Space A. Assume that there is an inertial
reference system respectively in Space A and B, according to the principle of relativity, all
physical laws in the two inertial reference systems are the same. If Space A and B are not
compared, no one can notice any difference between them.

Now, let's take the spatial interval and time of Space A as the benchmark and compare what is the
difference between Space B and Space A. Assume that in one second, the distance that light passes
in Space Ais s,, and the distance that the light passes in Space B is measured as s, according to
Space A. Because the py&, in Space B is larger than that in Space A, the speed of light in Space
B is lower than that in Space A, so we can get s, < s,. But according to the principle of the
invariance of the speed of light, the distance that light passes in Space B in one second is still the
speed of light ¢, and its value is the same as that in Space A. In other words, the 300,000
kilometers in Space B is shorter than the 300,000 kilometers in Space A measured by Space A.
This shows that the spacing distance of Space B has shrunk compared with Space A. Conversely,
if the poep in Space B is smaller than that in Space A, the 300,000 kilometers in Space A is
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shorter than that in Space B. At this time, we can't say that there is the superluminality in Space B,
only that the spacing distance of Space B is stretched relative to Space A. This is how the
difference of p,e, affects the spatial spacing distance. Let the relative expansion and contraction
coefficients of Space A and Space B be k;:

Sp_Cp
_Sa_ca

Sp = kiSq (13)

Hoa€oa
Sp =S5 ’— 14
b * Hab€ab ( )

It should be noted here that, according to the principle of the invariance of the speed of light, the
UoEo N the respective spaces measured in Space A or in Space B are equal. Only when pyg, in
Space B is measured indirectly in Space A will it be found there are relative changes. To facilitate
the distinction, let up €04 b€ Ho&o IN Space A, and pgpeqp IS Hogy Of Space B measured in
Space A.

ki (12)

Now let's discuss the influence of the difference of uye, on the speed of time loss. The pye, of
Space B is larger than that in Space A, so while the space distance of Space B is contracted
relative to that of Space A, the speed of time loss should also be slower than that of Space A to
ensure that its ratio is still the speed of light c. In other words, the time expansion and contraction
ratio k, and the space expansion and contraction ratio k; should be the same. Let this common
expansion and contraction ratio be k:

k=k =k (15)

tp = kt, (16)

HabE€ab
ty =t —— a7
b “ Hoa€oa

According to the relative variation of the speed of light and the absolute invariance of the speed of
light, we can easily get the above Equations (14) and (17). Simply put, when ugé,is relatively
increased, the space is relatively contracted, and the clock is relatively slow. When pge, is
relatively reduced, the space is relatively stretched, and the clock is relatively fast.

These simple equations above contain a lot of important physical information. It can be seen from
Equation (17) that pye, controls the speed of time loss in the local area. Since pye, is always a
positive number greater than zero, the time loss will never stop, let alone reverse. pye, is the
master factor of the speed of time loss.

If uoe, of Space B is greater than that of Space A, the clock in Space B is slower than that in
Space A. For the same photon, the frequency measured in Space A is lower than that measured in
Space B. In fact, the photon has not changed, but the time standard we use for measurement has
changed. Just as uqe, on the surface of the sun is greater than that on the surface of the earth, the
frequency of photons emitted from the surface of the sun will decrease when measured on the
surface of the earth. This phenomenon is also called gravitational redshift 1)

It can be seen from Equation (14) that uy,e, controls the expansion and contraction of the spatial
distance. For example, the distance of 1 meter in Space B is shorter than that in Space A, and the
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distance measured in Space B is the true distance in Space B, or it is called physical distance. The
distance measured in Space A is not the true distance in Space B, so it is called the observation
distance. Because the pgye, of Space A and Space B is different, the observation distance is
different from the physical distance. For example, the observation distance from the earth to the
sun is shorter than the physical distance. Vice versa, if uq,g, in Space B is much lower than that
in Space A, then K>>1, which means that the physical distance of 300,000 kilometers in Space B
at this time may be the observation distance of 3 million kilometers in Space A on the earth.
Although we cannot get the physical superluminality in Space B, it is completely possible to cross
the observation distance of 3 million kilometers in Space A within one second. Since the
distribution of pye, in the universe changes relatively, the physical distance of the universe also
changes relatively. When we make observations in a large range, we should fully consider the
difference between the observation distance and the physical distance. For example, the abnormal
revolution speed of the spiral galaxy arm should be due to the fact that uye, at the edge of the
galaxy is lower than that in the center of the galaxy, and the abnormally fast speed is only the
calculation error caused by the observation distance being longer than the physical distance. The
equal spatial distance from the center of the galaxy to the edge of the galaxy is the source of error
and has nothing to do with the influence of other matter.

4. Discussion on po&g

Experimental observations show that pye, in vacuum is relatively variable. On this basis, we
discussed the physical effects of gy, that change in space and reached some important
conclusions. For example, we explained the physical mechanism of forming gravitational field,
explained why the acceleration of the objects in the gravitational field are the same, and explained
why the gravitational mass and the inertial mass are equivalent. We also explained that the
gravitational interaction is just a fit of the object moving in the direction where uqg, increases, so
that the gravitational interaction and the electromagnetic interaction are unified on the basis of the
electromagnetic properties of the objects and space. In addition, we discussed the control effect of
o€y On space and time, and clarified that objects and space have a deep and inseparable internal
connection. Through an in-depth discussion on pge,, we explained a series of physical problems.
This is not a coincidence, nor is it groundless. As we all know, both the special theory of relativity
and the general theory of relativity have achieved great success, and the speed of light c is a
ubiquitous physical quantity. It is not only a speed parameter, it represents electromagnetic waves,
the electromagnetic properties of space, and the principle of the invariance of the speed of light. It
is this principle of invariance that makes the Lorentz transformation replace the Galilean
transformation, and since then makes us realize the internal connection between space and objects.
However, whether it is electromagnetic waves, the principle of the invariance of the speed of light,
or the Lorentz transformation, all involve uye,. Many of our discussions above are just a
continuation of the discussion on the physical effects of pge,.

5. Conclusion

The object makes uyg, form a changing scalar field in space, and the gravitational field strength
E, is equal to the negative gradient of the reciprocal of wuge,. This is the physical mechanism of
forming gravitational field formation. pye, controls the speed of time loss and the spacing
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distance between spaces. Objects and space are inseparably and intrinsically connected, and
gravitational interaction and electromagnetic interaction are unified on the electromagnetic
properties of objects and space. Now that we have realized the physical mechanism of forming
gravitational fields, we can realize the dream of forming the man-made anti-gravitational field
soon.
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