On the space-time structure of the Milky
Way

Zhi Cheng
gzchengzhi@hotmail.com

Abstract: This article uses a new space-time model to analyze the space-time distribution of the
Milky Way. The new space-time model can better explain the three-layer structure of the Milky
Way. These three-layer structures are the kernel, the bulge and the disc. The analysis results show
that the gravitational force of the galactic kernel s substance can act on all the masses in it. The
gravitational force generated by the bulge § substance can only cover most of the masses in it, but
the substance at the edge of the bulge cannot be covered. The density of matter on the disc is very
low, which causes the galaxies in the low-density regions of the MW disc to basically move freely.
The galaxies on the spiral arms will have a strong gravitational interaction. However, the new
model has to explain why many galaxies can still maintain a disc-like structure when many
galaxies are in free motion, and may need to use the concept of dark matter.

1 Introduction

For the origin of spacetime, there are few papers involved. | have analyzed the electrostatic energy
carried by elementary particles during this period and found that this energy is ignored in various
standard physical models. If we regard this kind of electrostatic energy as the same thing as the
mass, we can find that the electrostatic energy distribution range of the substance far exceeds the
corresponding mass distribution range. With the existence of such a large range of energy
distribution, the only physical quantity that can correspond is spacetime. In this way, a brand new
model of spacetime was established. If this new model of spacetime structure is applied to the
structure of galaxies, we can find that the spacetime structure formed by galaxy matter is limited.
And the limited space-time coverage may mean the limited scope of gravity.

The spacetime structure of the solar system can basically cover the entire solar system, so it can be
analyzed with the help of Newtonian mechanics or general relativity. The solar system can form a
fixed orbit around the sun.

Judging from the analysis results of the paper [1], the spacetime structure of the solar system has a
radius of approximately 10™m. This spacetime coverage can also be confirmed from the data
analysis of Mercury's perihelion precession .

However, when this model is applied to the Milky Way, it can be found that the spacetime

structure of all the matter in the Milky Way is much smaller than the radius of the Milky Way. This
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means that the spacetime structure formed by the Milky Way's matter cannot cover the entire
Milky Way. So what is the reason for maintaining the structure of the Milky Way? This is a
question worthy of in-depth discussion. Perhaps dark matter is indeed needed for restraint. Due to
the limited scope of gravity, it means that the structure of matter in the Milky Way is more similar
to fluid. Of course, the range of space-time distribution does not mean that the range of gravity
will be limited by this range of space-time. If there is dark matter, perhaps dark matter can also
become a medium for gravitational transmission.

2 Estimation of the range of space-time
structure formed by various parts of the
Milky Way

For the kernel of the Milky Way, the current estimate of its mass is about 2 million suns. Therefore,
the radius of the solar system's spacetime structure is about 10**m as the standard, and then it can
be estimated from the formula in !

M
Ruwx = eMpwrts = 3’ A IM g ~ 2 %10 x 10Ym ~ 1.4 x 107m
sun
That is, it covers about 14 light years. This part of the substance should be able to maintain a
complete spherical shape.

If estimated according to the bulge of the Milky Way, this part has about 15% of the mass of the
Milky Way. If we consider that the total mass of the Milky Way is about 1.5 X 10*%mg,

It can be estimated that the space-time coverage of this part is approximately

Rywe =~ 10.15 X 1.5 X 1012 x 10™m ~ 4.7 x 10*%m

The space-time coverage is approximately 4700 light-years. The lateral diameter of this part
observed so far is about 20,000 light-years, and the height of the bulge is about 10,000 light-years.
It can be seen that this calculated value is basically the same as the bulge height of the center of
the Milky Way.

For the entire Milky Way, the distribution range of the space-time structure that can be formed by
the total mass of the Milky Way can be calculated:

Ryw = V1.5 % 1012 x 10*m ~ 1.2 x 102°m
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It can be seen that if all the matter in the Milky Way is gathered together, the radius of the
space-time structure formed will only be 12,000 light years.

The radius of the entire Milky Way as we know it now reaches more than 100,000 light years.
Therefore, the distribution of matter in the Milky Way has far exceeded the scope of the
space-time structure formed by the total mass of the Milky Way. This also means that these stars
outside of the MW bugle can no longer move in a closed elliptical orbit according to Newton's law
or the principle of general relativity like in a galaxy like the solar system.
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Figure 1. The spacetime structure of Milky Way

Figure 1 shows three layer space-time structures of the Milky Way. The innermost core is the
kernel of the Milky Way, which has a mass of about 2 million solar masses and a radius of about 1
light-year. The kernel of the Milky Way is a complete spherical structure. After leaving the kernel,
matter began to appear discretely distributed. The range of mass distribution has exceeded the
range of spacetime structure formed by these substances. The mass of this part is about 1.5 trillian
solar masses, the radius is about 10,000 light years, and the height of the bulge is about 10,000
light years. At the periphery of the Milky Way, the mass distribution is far beyond the space-time
structure formed by these substances, so these masses form a flat distribution in the direction that
they were initially ejected from the center of the Milky Way. However, because the distribution of
matter is very discrete, the scope of the space-time structure formed by local matter is limited,
which directly leads to a very limited range of gravitational force generated by these matter. This
makes the galaxy matter present in a fluid state.

3 The range of gravity of the masses inside
the MW disc

From the above analysis, it can be seen that in the three-layer structure of the Milky Way, the
kernel of the Milky Way and the bulge part of the Milky Way, basically all matter is within the
range of gravity generated by the internal mass of these structures. To the outside of the bulge of
the Milky Way, the gravity of the kernel and bulge of the Milky Way will not be able to extend
out.

Considering that the mass of the Milky Way's disc accounts for about 80% of the total mass of the
Milky Way, it can be estimated that the mass of the MW disc is approximately1.2 x 10'2my,
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According to the MW disc, the radius is about 100,000 light-years and the thickness is 2,000
light-years. Excluding the 20,000 light-year dense substances in the bulge part, the volume of the
disc can be calculated to be approximately

V =3.14x100% x 2 x 10% = 6.28 x 10131y3
So the mass density of the disc is
p=19%x10"2mgply3

Therefore, in order to achieve the corresponding mass-generated space-time structure range just in
line with the mass distribution range, it needs to meet (length units are converted to light years)

v
R = 3/p—x 10721y
me

Where v is the volume of the space-time structure radius R formed by this part of the mass, so
v =13.14 % 0.2 X R?
So

v
R3 = T/:l— X107 =19x%x 1072 x 107° x 3.14 x 0.2 X R?
®

Then
R=19%x10"2x107°%3.14 X 0.2ly = 1.2 X 1078ly = 1.2 X 10®m

It can be seen that such a space-time distribution range does not exceed the galaxy masses
coverage of the solar system. Therefore, if the galaxies in the Milky Way are scattered in locations
where galaxies such as the Solar System are located, the galaxies in the Milky Way basically move
independently and freely in the Milky Way, and will not be affected by the gravity of the galactic
bulge or surrounding galaxies.

However, since the Milky Way is a spiral galaxy, the mass density of the galaxies in the spiral
arms of the spiral will far exceed the mass density of the galaxies at the position of the solar
system. In this case, the spiral galaxies with spiral arms will have a limited distance of
gravitational interaction, thereby restricting the shape of the spiral arms.

4 summary

It can be seen from the above analysis that the new space-time structure can be used to better
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explain the distribution of matter in the Milky Way. The matter distribution of the Milky Way
mainly consists of three parts, namely the kernel part, the bulge part and the disc part. The radius
of the spacetime structure formed by the kernel material can reach 14 light years. Considering that
the material in this part of the kernel is very dense, the kernel part should be able to maintain a
relatively complete spherical shape.

The bulge in the center of the Milky Way has a spacetime structure distribution radius of 4,700
light years. Therefore, within a radius of 4700 light-years, galaxies should be able to feel the
gravitational force generated by all the masses within this radius, and the matter or galaxies in this
part should be able to maintain a spherical shape. The height of the bulge of the Milky Way
currently observed is about 10,000 light-years, which is very close to this calculation. On the other
hand, there is a radius of 20,000 light-years in the horizontal direction, which means that in the
horizontal direction, some matter in the bugle is outside the gravitational range formed by all the
matter in the bugle. This may also be the reason why the bulge cannot form a complete spherical
shape.

The density of matter in the disc of the Milky Way is relatively small. The calculated average
spacetime radius is only 120 million meters according to this density. It can be seen that a large
part of the matter in the disc is in a very free state of motion, and there is almost no gravitational
interaction with the surrounding galaxies. This is also similar to the space-time structure of our
solar system. The solar system appears to be basically unaffected by the gravitational interaction
of neighboring galaxies. Otherwise, we should consider the influence of the mass of these
neighboring galaxies when calculating the orbital motion of the planets in the solar system.

If the galaxies in the disc are basically in a state of free motion, this can explain why the galaxies
on the MW disc have abnormal velocity curves. But here comes a new question, that is, if this is
the case, how can the Milky Way and other galaxies maintain their current disc structure? Perhaps
it is like a water droplet in a weightless state, relying entirely on the interaction between adjacent
molecules to maintain the spherical shape?

Thanks

During my period of thinking about the change of the gravitational constant and the new
spacetime model, | had a very useful discussion with Dr. Rupert Sheldrake on the change of the
gravitational constant. Under his prompt, | reconsidered other factors that affect the change of the
gravitational constant. | also want to thank Lev Verkhovsky from Russia. | discussed with him
about the change of the frame of reference and found that some of his ideas are closer to mine.
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Figure 1. The spacetime structure of Milky Way
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