Effective range of gravitation

Cheng zhi
gzchengzhi@hotmail.com

Abstract: It is generally believed that both gravitational and electromagnetic forces belong to
macroscopic interactions. However, since the smallest unit of matter is impossible to be infinitely
small, the gravity or electromagnetic force cannot be infinitely small too. When these two
macroscopic interactions are less than a certain value, it can be considered that there is no longer
any interaction. How to determine the interaction range of gravitation, this article mainly analyzes
by using the Planck length as the smallest unit of spacetime. It is assumed that if the gravitational
potential changes across spacetime of Planck length less than a certain energy value, it indicates
that gravitational potential cannot cross the Planck length. The gravitation will disappear as a
result. From this, it is inferred that the effective interaction range of the gravitational force is
related to the size of the mass. According to the gravitational effective range of the sun, the
gravitational effective range of the huge mass of the galaxy's center can be calculated, and then the
diameter of the galaxy's core can be calculated.
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1 Introduction

There are two main theories about gravitation, which are Newton's gravity theory and general
relativity. Newton's theory of gravity is an approximation of general relativity in flat spacetime.
The general theory of relativity is mainly applied near very large masses. If you stay away from
large masses, the spacetime becomes flat, and general relativity can be approximated as Newton's
theory of gravity.

However, there is a problem with this approximation. According to Newton's gravitational theory
or general theory of relativity, the interaction distance of gravitation should be infinite, even
though the gravity is very, very small at infinite distance. This is in contradiction with the laws of
physics. After all, if the structure of matter is small enough, it will face the limitations of quantum
laws.

Another problem is the speed of gravity. Since an observing system can always be found to
observe that the mass is in a moving state, the main form of gravitation that can separate from the
mass of the object and interact with distant mass is gravitational waves. It's just that the frequency
of this gravitational wave is relatively low compared to ordinary mass motion.

Since it is the propagation of gravitational waves, it must carry energy. When this energy
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encounters other masses, it may be absorbed by these masses. This causes energy of gravitational
waves to experience the attenuation in the mass during propagation. In this case, when the
gravitational wave is relatively weak, this attenuation will cause the range of the gravitational
force to become limited.

Combining the above two situations, we can see that the scope of gravity is not able to affect
infinitely distant spacetime, as predicted by existing gravitational theories. There is a relatively
limited range of gravity. Of course, from the perspective of human observation, this limited range
of action may be as long as several light years. So relative to humans, this is still a very long
distance. However, relative to the entire spacetime, this limited range of influence will have a very
large impact on the composition of matter in the universe.

2 Estimating the lower energy limit using

solar system data

First, let's determine the minimum scale of space-time. As for the minimum scale of space-time,
from the perspective of virtual space-time physics [1], when the space-time scale is smaller than a
Planck length, it will enter virtual space-time. So we can use Planck length as the smallest unit of
scale in space-time. In other words, the continuous space-time we are seeing is actually
discontinuous, or jumping, from a very small scale. It's like an image is made up of the smallest
pixels. It's just that the pixel dimension of space-time is very small, about the length of a Planck.

After determining the minimum scale of space-time, we can make the following assumptions:

If the gravitational potential energy per unit mass across the smallest dimension of
space-time (Planck length) changes less than a certain value, the gravitational force will not
be able to propagate to the space-time beyond this Planck length.

Of course, gravity meets the requirements of the superposition principle. Therefore, although the
gravitational force generated by a certain mass cannot cross a certain Planck length, if other
masses provide a new gravitational gravity at this position, and the superimposed gravitational
gravity exceeds the minimum gravitational potential, the overall effect of the gravitational force
can still travel through the Planck length.

This can be expressed by the following formula:

First the gravitational potential difference:
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Among them, it is difficult to determine the minimum energy ¢ in theory. It is because this
energy is affected by many factors. This may include various quantum effects, as well as the
effects of various masses on the propagation of gravitational waves. In order to obtain a more
accurate minimum energy value, we can use the gravitational range of the solar system to
determine. At present, our research on the solar system still has some relatively direct observation
data. These figures are relatively accurate.

From the results of some observations or theoretical calculations, if the position of Neptune is
used as a standard, the radius of the solar system can stably bind the planet to 40AU. If the
boundary radius of the interaction between solar wind and interstellar wind is viewed, this radius
is about 120AU. If the calculation is based on the farthest Oort Cloud, the gravitational range of
the solar system is about 100,000AU, which is about

r~ 1.5x10m
In this way, we can determine that the minimum energy is approximately:

GMLl, 6.67x 107" x 2x10% x 1.6 x 107°°
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The M is the mass of the sun. This can be calculated:
£ =9.5x10"*8]/kg
This is a very small amount of energy. Such as 1eV= 1.6021766208(98)>10™"° J

Also note that the minimum energy solved here has taken into account all factors, including the
effects of quantum effects and galaxy mass on gravitational waves. Therefore, the data can be used
to estimate the gravitational range of a larger range of mass galaxies and even super clusters.



3 Estimation of core radius of spiral galaxy

For example, for the Milky Way, the core part reflects the radius of the core mass that can stably
bind the stars. This is similar to the planetary system of the solar system. Considering that the
mass of the galaxy's core is about 4 million solar masses, That is 4 x 10°M

If calculated according to formula (2), its radius is approximately
r=3x10%m

This distance is in the range of approximately 3,000 light-years.

Of course, this is calculated based on the Oort Cloud that exists around the solar system. The
reality is that with such weak gravity, the solar system cannot bind large planets. Therefore, in
order to effectively bind the large mass in the spiral galaxy, it can be calculated by referring to the
farthest planet restrained by the solar system. This distance is about 100AU, Thatis 1.5 x 10*3m.

According to the galaxy center's 4 x 10°Mg mass, it can be estimated that the radius of the
galaxy core is approximately

r=3x10%"m

That is about 3 light years. It is now known that the Milky Way’s core mass accumulation range is
about 10 light years. This reflects that the above estimation of about 3 light years is basically
applicable. The mass beyond the core of the Milky Way is mainly due to the vortex movement
around the core caused by each galaxy being pulled by nearby masses. It's like a whirlpool of
liquid.
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Figure 1 Structure of M74 galaxy
(Source: https://www.nasa.gov/multimedia/imagegallery/image_feature_2132.html)

Figure 1 shows the structure of a galaxy M74 galaxy. In its core part is about 10 light years. The
reason why it can show that the core part is significantly different from other parts is that the core
area is a region where gravitation can directly interact. The direct action of this gravitational force
also causes the core of the spiral galaxy to present a spherical structure, forming a "bulge” at the
center of the disc. At the periphery of the core area, because the gravity of the core area cannot
reach that far, the material flow in the periphery is actually pulled by the viscosity of the fluid
generated by the limited gravitational interaction, and the mass flow is generated. This mass flow
conforms to the basic laws of fluid mechanics. Therefore, it also accords with the law of
conservation of mass flow and particle flow. Like the following form

0 +V-Jj=0
Since the mass motion of the galaxy's periphery moves according to the law of fluid, rather than

the inverse square relationship of the central force, the speed of the stars' motion at all levels of the
galaxy's periphery is basically the same. It also avoids the assumption of dark matter.



4 Summary

From the above analysis, as a kind of macro force, universal gravity has a limited distance of
interaction. It does not extend to infinity as we imagined. The reason for this effect is that if
gravitation can work at infinity, the entire universe should be a very large structure moving around
a center of mass. However, in fact, our existing astronomical observation technology shows that
different galaxies and super clusters in the universe are equal to each other. Just like the different
molecular structures in a homogeneous liquid. To understand it from the viewpoint that the
gravitational action distance is limited. The matter in the entire universe can be understood as the
ions in the liquid that can move freely. There is an interaction between these "ions", but the
distance between the interactions is very limited, which makes the liquid viscous, which in turn
forms various motion structures in the galaxies.

If such a model is correct, it may bring us a new universe view. This new model of the universe is
very different from the existing model of the universe. That is, our current universe may be
infinite, rather than limited as claimed by old models of the universe. Dark matter may still exist,
but since some problems do not require dark matter to explain it now, these "dark matter" may be
rare, or it may be a completely different form.

Reference

[1] Cheng, Z (2019). Foundations of Virtual Spacetime Physics. LAP LAMBERT Academic
Publishing



AH5 I E ARG E

e

gzchengzhi@hotmail.com

T2 — BN NI 51 A R wE R T R AR EAE o SR e A8 e s ) g/ A AN
FIRETCPR/INI o WA 51 7 B FL R AN AT RETC IR AN o 243X I A 5 A ELAE /N € I8
ERIIE, S LAY SRR B 1. anferef e 738 51 70 AR AR Ve,
AN T HE A B AR BESRHEAT 2007 » R AR SRAE BB B 5 K BE I 22 (9 51 1 382 /N T 54
REREUE, RIS NS LFEF M WKL, 51K EImE k. b s 6510
A BRI LS PR I RINE 5 R o IR EA 5 8 R IV B AT DUHESE AR R b B
KIFER) 51 F3A7 %A PG, i HEA50 HE HRAT SR R ELAR

Amnnotarust: [IpuHATO cuMTaTh, YTO TPABUTANMOHHBIC M AIEKTPOMATHUTHBIE CHJIBI OTHOCSITCSI K
MaKpOCKOTIMYECKIUM B3anMonedcTBrusaM. OIHAaKO, MOCKOIBKY HAaMMEHBIIAsl eIUHUIA BEIIeCTBAa HE
MOXET OBITh OECKOHEYHO MAaJIOH, IPaBUTAITMOHHAS WIIH IEKTPOMArHUTHAs CHJIA TAKXkKe HE MOXKET
ObITh OeckoHeyHO Majod. Korma »TH 1Ba MaKpOCKONMYECKHX B3aUMOJICHCTBHS MEHBIIE
OIIPENICIICHHOTO 3HAYCHUsS, MOXKHO CUHMTAaTh, YTO B3aMMOJCHCTBHs Oonbline HeT. Kak ompeaenuTh
MUana3oH B3aWMOJACWUCTBHUS TpaBUTAIlMM, O3Ta CTaThsi B OCHOBHOM aHAJIU3UPYETCS C
WCTIONIb30BaHMEM JUIMHBI [I7aHKka Kkak HaWMEHbBIIEH eOWHHIBI POCTPAHCTBA-BPEMEHH.
[Ipeamomaraercs, 9To €ciiv TPaBUTAIMOHHBIN MOTEHIIMAT W3MEHSIETCSI B MPOCTPAHCTBE-BPEMEHHU
muHbl [Imanka MeHbIIe OMpeneleHHOTO 3HA4YeHUs JSHEPTud, O3TO YKa3blBa€T HA TO, YTO
TPABUTAIIMOHHEIN MMOTEHIMAT HE MOXET mepecedsr mnuHy [lmanka. B pesymprare rpaBuTarus
ncue3HeT. M3 atoro ciemyet, 4to 3¢ ¢EKTUBHBIA TUANa30H B3aUMOACHCTBHUS T'PaBUTAIIMOHHON
CWIBl CBSI3aH C pa3MepoM Macchl. B cooTBeTCTBHM ¢ 3(PQPEKTHBHBIM TPaBUTALMOHHBIM
muarmazoHoM ConHIa, 3(PQEKTHBHBIN TpaBUTAIIMOHHBIA IHANa30H OTPOMHOH MAacChl IIEHTpA

rajJakTHKA MOKET OBITh paccunTaH, a 3aT€M MOXKCT OBLITH pacCyuTaH TUaMETpP Aapa raJlakTUKH.
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