
Journal of Modern Physics, 2019, 10, 344-361 
http://www.scirp.org/journal/jmp 

ISSN Online: 2153-120X 
ISSN Print: 2153-1196 

 

DOI: 10.4236/jmp.2019.103023  Mar. 14, 2019 344 Journal of Modern Physics 
 

 
 
 

Two Physical Constraints upon the Motions  
of Celestial Bodies 

Xiaobai Ai 

Shanghai Institute of Applied Physics, The Chinese Academy of Sciences, Shanghai, China 

 
 
 

Abstract 
There exist two physical constraints upon the motions of celestial systems. 
Constraint 1 reveals during collapse or explosion motion of celestial bodies 
that there would be an unattainability upper limit for their compact intensity 
(total mass M/scale size R), which arises from the Lorentz invariance of the 
time-like metric in local four-dimensional continuum in Einstein’s theory of 
special relativity. Constraint 2 points that the average mass density of 
nucleon would be an unsurpassed upper limit for bulk normal matter in na-
ture, which arises from Heisenberg’s uncertainty principle. A very important 
effect is that the combination of these two physical constraints would prevent 
the formation of black holes. 
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1. Introduction 

Hawking (1942-2018) in his last few years continued to issue negative voices on 
the black hole theory [1] [2] that he had participated in as a leading scholar. 
However, the lack of convincing physical arguments is a prominent weakness in 
his last works, especially in the “smooth inflation exiting” article written by 
Hawking, S. and Hertog, T. [2]. Many physicists believe that their new idea was 
not practical: “their research results being in an empty mathematical frame-
work”, “ignoring many details of the development of the universe”, “only being 
speculations without any practical basis”. Other scholars who did deny the black 
hole theory have similar deficiencies, for instance, see [3] [4]. 

It is well known that since 1916 Schwarzschild firstly solved a solution of 
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Einstein’s gravitational field equation for outside a static and spherically sym-
metric vacuum field with central mass M i.e. the Schwarzschild metric: 

( )
1

2 2 2 2 2 2 2 2
2 2

2 2d 1 d 1 d sin d dGM GMs c t R R
Rc Rc

θ φ θ
−

   = − − − − +   
   

,  (1) 

where , ,r θ φ  are the usual polar coordinates, G being the constant of gravita-
tion, R is the scale of radius, c is the speed of light in vacuum. If there are no 
physical constraints, there would be two singularities in Equation (1): the singu-
larity of Schwarzschild ( 2 2SR c G= ) and the singularity of centre ( 0R = ). In 
the 1920s, some famous physicists, including Einstein and Eddington, did not 
believe the outcome from Equation (1) and a used famous opinion was that 
“there should be certain laws in nature to prevent the stars from evolving into 
such absurd outcomes”. But scholars had been looking for the laws over a decade, 
and didn’t still know what they were. Therefore, during an unstoppable gravita-
tional collapse, the formation of singularities would be inevitable physical state. 

By the 1930s, there seemed to be a consensus in astronomical community that 
the singularity of Schwarzschild could be eliminated by re-selecting coordinates. 
In 1933, Lemaître, G. used a moving metric, the infinite red-shift horizon was 
eliminated, but the white hole would be created [5]. In 1935, Einstein and Rosen 
showed that they applied the Einstein-Rosen Bridge (or Schwarzschild worm-
hole) to replace the singularity of Schwarzschild [6]. During 1960, Kruskal ap-
plied the dynamic metric instead of Schwarzschild coordinate, then the 
space-time would be divided into four regions, and the white hole would appear 
[7]. On the surface of the collapsing body, they used coordinate transformations 
to eliminate Schwarzschild singularity. In fact, they just used new puzzles instead 
of old ones. Almost at the same time, Finkelstein wanted to use the Edding-
ton-Finkelstein coordinates to eliminate the singularity of Schwarzschild, but 
he gave birth to the white hole monster [8]. Mei, X.C. pointed out that “black 
holes with singularities” “caused by the mathematical description of curved 
space-time”, but he could not give the physical principles to study gravitational 
collapse only in the flat space-time [9] [10] [11]. 

Recently the most sensational event for physical world is that physicists in 
United States and Europe have announced that: from February 11, 2016 to August, 
2017, they have observed GW150914, GW151226, GW170104 and GW170817 
four gravitational wave (GW) events. In 2017, the Nobel Prize in Physics was 
awarded to Weiss, R., Thorne, K. and Barish, B. for their role in the direct detec-
tion of GW. It is a firm fact that GW has been detected. Taking GW150914 [12] 
[13] as an example which has been modeled with the techniques of numerical 
relativity [14] [15] [16], the GW is strictly credible to be measured, but the re-
sulting analysis confirmation is not yet convincing and still in doubt. Question is 
mainly from two points: a) The numerical simulation method usually uses pre-
conceived premises to construct the model, then the “computer experiment” is 
used to adjust repeatedly until the parameters suitable for or matching the ob-
served data would be found. The existence of black holes in nature is the premise 
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of numerical simulation, if there are no black holes in nature world, what shall 
we do? It is a pity, the published results of GW150914 lacked key data to confirm 
black holes, i.e. lacked the scales 1R  of 1M  (29M☉) and 2R  of 2M  (36M☉) 
from the parameters provided in the analysis paper [12] [13]. The scale of 62M☉ 
might not be obtained until the final merging stage. In short, it is very important 
to get 1 1M R  and 2 2M R  firstly. b) It is generally believed that the energy of 
gravitational wave comes from the sum of the conversion of various kinetic 
energy and the release of gravitational binding energy from collapsing celestial 
bodies which would have a higher conversion efficiency [17]. Gursky, H. toke a 
single proton as an example and pointed out that in [18]: “We can get a clue by 
calculating the potential energy of a single proton on the surface of stars of de-
creasing size but of 1M☉, thus of increasing density, as given by 

2 3 1 3p
p

GM m
GM m

R
φ ρΘ

Θ= = .                 (2) 

Hence, even if a single proton landed on the surface of stars might release all 
its gravitational binding energy, which would be still less than half of its rest 
energy. So do other materials. 

Consequently, in [12] and [13], a small part of the energy of 3.2M☉c2 radiates 
as a gravitational wave, but where is the most part of the matter of 3.2M☉? Or 
where do the most part of the matter of 3.2M☉ go? 

Because gamma-ray bursts were not monitored synchronously in the final 
merger stage and subsequently no gamma-ray burst were detected [12]. Is there 
a new pattern of material disappearance to be recognized? Or through some 
unknown mechanism, 3.2M☉ of matter has been converted into the energy of a 
short gamma-ray burst and the afterglow which have been missed? Obviously 
some alternative conclusion may be considered also. A temporary and more 
reasonable explanation for the gravitational wave event GW150914 should be 
that a pair of merged objects with 29M☉ and 36M☉ merging into a single col-
lapsed object with 62M☉, and a small part of the energy of 3.2M☉c2 has been ra-
diated as a gravitational wave in the following “circular” motions. The above ar-
guments are also applicable to the events of GW 151226, GW 170104 and GW 
170817. 

Recently, the STAR Collaboration at Brookhaven National Laboratory’s Rela-
tivistic Heavy Ion Collider (RIHC) measured the polarization of the decay 
products of Λ hyperons which are emitted from the quark-gluon plasma (QGP) 
produced by ultra-relativistic collisions between heavy atomic nuclei traveling 
close to the speed of light and has determined the rotational speed of QGP were 
about ( ) 219 1 10 times sec± ×  [19]. Scientists at the Thomas Jefferson National 
Accelerator Institute in the United States found, firstly, that the pressure in the 
center of the proton is around 3510 aP  (i.e. 36 310 erg cm ) [20]. Although with 
larger statistical uncertainties, the high rotation rate of bulk QGP material and 
high pressure states resemble white dwarfs and neutron stars, hence [19] and [20] 
not only provide experimental insights into the physics of the strong nuclear 
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force, but also forces us to ponder: because of R cω < , where ω  being is the 
rotation rate of QGP in [19], as long as the natural normal matter, such as ele-
mentary particles, has a geometric scale R, [19] and [20] would imply that, for 
the high-density normal material in nature, there would exist some upper limits 
of physical property such as the material density, the energy density, high pres-
sure and etc. which would not be reached or be unsurpassed. Anyhow, [19] and 
[20] prompt the author to re-examine the theory of relativity and quantum me-
chanics and to find that the keys to unlock the mysteries of black hole would 
hide in our neglected life experience and the careless research style. 

In Section 2, the present author argues that at least two criteria might be used 
to judge whether an observed celestial body being as a “black hole candidate”. In 
Section 3, the careless style of study and some neglected experiences in previous 
studies are pointed. In Section 4, the first restriction on the motions of celescial 
systems is derived from the Lorentz invariance of the time-like metric in local 
four-dimensional continuum in Einstein’s theory of special relativity (SR) which 
prevents the gravitational collapse of compact object reached general relativistic 
instability stage from Schwarzschild radius. In Section 5, the second restriction 
on the motions of celescial systems is derived from Heisenberg’s uncertainty 
principle which reveals that the mean density of normal matter in nature has an 
unsurpassed upper limit. In Section 6, the new physics included in Constraint 1 
and Constraint 2 will be discussed. In Section 7, some remarks are given. 

2. Available Criterion 

If the gravitational collapse to a black hole is unavoidable during the late evolu-
tion of a massive celestial body, then observers standing outside and far away 
from Schwarzschild radius will never be able to observe it, the reason was 
pointed out by Weinberg G.: “The collapse to the Schwarzschild radius therefore 
appears to an outside observer to take an infinite time” [21]. As we all know, the 
collapsing celestial body still has a strong gravitational field and during the col-
lapsing process there will be a variety of external substances that will continue to 
be pulled into. Hence the community of astronomy and physics are still con-
cerned about whether indirect evidence of the existence of black holes can be 
obtained from astronomical observations. Therefore, many indirect methods to 
identify black holes were proposed: such as Hawking’s black hole radiation; the 
gravitational waves generated by the non-spherical symmetric component of 
gravitational field changing sharply with time or a merger of two celestial bodies; 
X-ray or X-ray bursts from accretion disks around black holes; radiations or 
emissions of matter from the accretion disk falling into a black hole, and so on. 
Unfortunately, these phenomena of expectation are only the criteria for 
pre-selection, but the credible evidence has not yet been found, because the sim-
ilar phenomena may also occur in the movement of other celestial bodies. How-
ever, if one wants to deny many candidates for black holes, there exists available 
compact intensity (M/R) criterion. 
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For an unknown compact celestial body, its total mass M and its scale of ra-
dius R (or diameter 2R) usually are measured firstly. According to Equation (1), 
if celestial bodies can reach or break through Schwarzschild radius in gravita-
tional collapse, the compact intensity (M/R) should be 

( )
2

276.75 10 g cm
2

M c
R G

> ≈ × .                (3) 

Otherwise, some material or most material of the candidate would be still out-
side of “Schwarzschild radius” of an expected black hole. Hence, the magnitude 
of M/R should be an important criterion. 

Example 1: The giant elliptical galaxy Messier 87 (M87) at the center of the 
Virgo cluster of galaxies is a strong radio source, an active galaxy and a very 
strong source of gamma rays. The Hubble Faint Object Spectrograph (FOS) was 
used to measure the rotation velocity of the ionized gas disk at the center of M87, 
the FOS data indicated a central mass of 2.4 billion solar masses, with 30% un-
certainty [22]. In the past, M87 was thought as a 50 billion solar masses center 
span about 300 light-years across. Recently, using the High Energy Stereoscopic 
System Cherenkov telescopes, scientists measured the variations of the gamma 
ray flux coming from M87 and found that the flux changed over a matter of days, 
which might suggest the diameter of M87 being only round 0.1 ly [23]. Even so, 
the evaluating values of compact intensity is only 261.0 10 g cmM R ≈ × , in fact, 
which does not support M87 being a reliable candidate of the black hole. 

Example 2, let us Sagittarius A* at the centre of our Milky Way. [24] gave that 
Sagittarius A* weights 4.3 million times of the Suns, [25] gave that an intrinsic size of 
the radio-emitting region of the galactic center compact non-thermal radio source of 
only 1 AU in diameter at 3.5 mm. For 131 AU 1.496 10 cm≈ × , the evaluating re-
sults are: 271.14 10 g cmM R ≈ × , the mean density 34.8 g cmρ ≈ . At least, 
the present measured result of M/R does not support Sagittarius A* being a reli-
able candidate of a super-massive black hole. May be, a consolation argument 
says: the radio-emitting region being outside the center of “black hole”, the gra-
vitational collapse in Sagittarius A* still continues, its scale R would be further 
reduced and more accurate measurements should be awaited in the future. 
However, the negative opinions will be supported by another two astronomical 
observations. 

a) Red-shift 
If there is a black hole, the gravitational potential energy near the event hori-

zon varies greatly. It is generally believed that the linear spectrum of iron may be 
detected in the region closest to the black hole. More scholars estimate that 
X-ray or gamma radiation should be the dominant radiation near the event ho-
rizon. In fact, if radiation would be measured, regardless of the form of radiation, 
the gravitational red shift value must be considerable. Therefore, the value of 
gravitational red-shift should be another important criterion. 

The compact intensity M/R might be expressed in terms of gravitational 
red-shift as 
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( )

2

2

11
2 1

M c
R G z

 
= − 

+  
,                   (4) 

where z is red-shift which may be evaluate by 

0

0 0

1z
λ λ λ
λ λ
−

= = − ,                     (5) 

where 0λ  is the characteristic wavelength of the emitter and λ  the observed 
apparent wavelength respectively. If there are no spectral lines of distinguishable 
wavelengths, the red shift should be calculated by energy also: 

0 0 0

0

1
E

z
E

ν νλ
λ ν ν

+ = = → =




,                 (6) 

where 0E  is the energy of the emitting radiation and E the energy of observed 
radiation respectively. One may see that as long as the measured red-shift z is a 
limit value, which would only indicate that the scale size of the collapsing bodies 
is always greater than “Schwarzschild radius”. 

As an example, let us consider a quasar with a large red-shift value. For 
0.25z ≥ , the red-shift-apparent visual magnitude diagram in [26] displays dis-

persion, which seems to imply that there is no correlation between apparent 
visual magnitude and red shift, which is very different from a better linear dis-
tance-red-shift relation for z in the range from 0.003 to 0.2 [27]. As a matter of 
fact, it only implies that: i) the simple linear Hubble’s law no longer gives the 
correct distant radical scale; ii) the dispersion in red shift-apparent magnitude 
diagram in [26] means that for distant objects with 0.25z ≥  there exists sever-
al very different physical red shift mechanisms: cosmological red-shift, gravita-
tional red-shift, due to high speed ejecting, the influence of the deceleration pa-
rameter 0q  in cosmology, the effect of evolution and some new kind principles of 
physics. Hence, regardless the details of debate about the nature of the red shifts of 
the distant objects, the gravitational red-shifts would be always involved. As long 
as the above arguments are accepted, even with red-shift greater than 0.25, the 
core of the distant celestial objects cannot be associated with any black hole model. 
For example, S50014 + 813 with 40 billion solar masses [28] and 3.366z ≈  [29] 
[30], its gravitational red-shift must undoubtedly be less than 3.366. If a misuse 

of 3.366z ≈  as its gravitational red shift to estimate 276.39 10 g cmM
R

≈ × , still 

276.75 10 g cm< × . 

Generally speaking, As long as the red shift data are available, it would just 
prove that the scale of the collapsed object is still larger than “Schwarzschild ra-
dius ( )2 2SR c G= ”. 

b) X-ray or Gamma ray 
Can we determine the physical properties of the sources from the characteris-

tics of the energy spectra of the measured X-rays or gamma rays? May the 
measured X-rays or gamma rays radiations be used as signs for black hole can-
didates or other origins? The mechanisms of gamma-ray emission are diverse, 
including electron-positron annihilation, the inverse Compton Effect, from the 
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gamma decay of radioactive nuclei in supernovae, hyper-novae, pulsars, blazars 
and active galaxies and etc. Of course the energy spectra from compact objects 
and their surrounding environments are cluttered and difficult to measure, even 
the highest photon energy reaches the TeV level, but the energy spectra of gam-
ma rays produced from the gravitational collapse would still regularly searchable. 
For example, proton fall to a star, the more regular energy spectra around 100 
keV implies that radiations may come from white dwarfs; 100 MeV radiations 
from neutron stars, 300 - 400 MeV radiations might produced in more compact 
object—quark star (or called QGP star) that has been speculated for a long time. 
In fact, as long as the energy spectra of regular rays can be distinguished from 
the measured messy spectra, whether it is about 100 MeV or 300 - 400 MeV, 
which would certainly mean that the scale size of the collapsing celestial object is 
still greater than Schwarzschild radius. 

3. Deficiencies in Previous Studies 

As we all know, Minkowski delivered his famous “space-time” speech at the 
Conference of Scientists held in Cologne on September 21, 1908 [31]. In this 
speech, Minkowski extended Einstein’s theory of special relativity (SR) [32] to 
space-like ( 2d 0s < ), light-like ( 2d 0s = ) as well as time-like ( 2d 0s > ) three 
statuses for space-time continuum, where 2 2 2 2 2 2d d d d ds c t x y z= − − − . Later, 
Einstein accepted Minkowski’s contribution and laid the foundation of general 
theory of relativity (GR) and he pointed out in his book “The Meaning of Relativi-
ty” wrote in 1922, that “As in the special theory of relativity, we have to discrimi-
nate between time-like and space-like line elements in the four-dimensional con-
tinuum” [33]. I don’t know why the predecessors, including Einstein himself, 
forgot this statement, which contained the power they were looking for to pre-
vent the gravitational collapsing of catastrophe. When applying GR to study the 
gravitational problems, is there any guarantee of physical laws to implement 
Einstein’s “distinction”? The answer is yes, because human beings have not only 
thousands of years of practical experience, but have GR already. 

Practical Experience: 
1) Since the beginning of human ancestors, we have been pursuing the un-

iversality of natural laws and have realized the universality from the practice of 
thousands of years and astronomical observation in different places on the earth. 
In the progress of the civilization, we have far more knowledge of astronomy 
than our ancestors from four channels for astronomical information: electro-
magnetic radiation, cosmic ray particles, neutrinos (anti-neutrinos) and gravita-
tional waves. In addition to extreme physical states, we have thought that, the 
production mechanism of those events happened in distant celestial bodies 
would be contained within the physical laws obtained by various research insti-
tutions (local inertial systems) on Earth. In other words, at present, we have ap-
plied the knowledge of physics obtained in local inertial systems on Earth to 
study events occurring on distant celestial bodies. Above historical experience 
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should not be forgotten, the summary of worth recalling is roughly as follows: 
Particle Physics → origin of the universe, dark matter, compact stars, active 

galactic nuclei, supernova explosions and etc.; 
Nuclear Physics → elemental origins, star structure and evolution, neutron star 

cooling, solar and cosmic neutrinos, cosmic rays and etc.; 
Atomic, Molecular → interstellar molecules, astrochemistry, interstellar mi-

crowave sources and etc.; 
Plasma and Beam Physics → radiation power structures, Supernova remnants, 

pulsar magnetosphere, star wind, cosmic particle acceleration mechanism and 
etc.; 

Condensed Matter → interstellar dust, Nebula, white dwarf structure, neutron 
star structure and etc.; 

… 
and so on and so forth. 

The most gratifying thing is that bold use has achieved a great success. This 
point proves that in any space locality or time period in the universe, no matter 
the event being a slow process or a violent explosion, which would be considered 
as an event occurring in a flat local inertial system. 

2) As we all know, matter is not only the basic substance of physics, but also 
includes measurable electromagnetic field, gravitational field and vacuum field 
of various virtual particles which cannot be measured directly. However, since 
there is no indisputable evidence to hint that those accompaniments such as 
electromagnetic field, gravitational field and/or background vacuum field do 
take part into gravitational collapse, consequently, during the catastrophic gra-
vitational collapsing processes, only those wrecks with non-zero rest mass torn 
apart by tidal action such as “dust” grains, gas-dust complex, material molecular 
clusters, nuclei, and individual elementary particles are the leading role. So that 
the universal speed limit in Einstein’s time-like SR must be considered. In other 
words, we must adhere the Lorentz invariance of Minkowski local time-like me-
tric as one of the axioms needed in studying the collapsing or exploding process. 

Un-negligible Theoretical Pillar: 
1) Let’s think about the progress of physics from the perspective of episte-

mology. 
It took about 300 years to express the universality of knowledge in theory and 

practice. Because the success of electromagnetic field theory promoted the de-
velopment of Galileo’s principle of relativity (Galileo transformation) into Eins-
tein’s principle of relativity (Lorentz transformation), and then to inertia relati-
vistic principle (the principle of equivalence), which led to the birth of GR. In 
this process, it was found that there were many restrictive functional relation-
ships (relativistic effects) between physical quantities. It was found that algebra 
and geometry may be used as mathematical tools to express physical laws equi-
valently. Of course, algebra expressions and the algebraic expressions of geome-
try concepts have their own characteristics, but just being tools. GR is generally 

https://doi.org/10.4236/jmp.2019.103023


X. B. Ai 
 

 

DOI: 10.4236/jmp.2019.103023 352 Journal of Modern Physics 
 

regarded as a satisfactory modern theory of gravity with tensor potential. In fact, 
the greatest contribution of GR to whole (!) physics system is to expound and to 
prove that any locality in the universe would be a flat inertial system, where any 
laws of physics found on Earth could be applied. This is the theoretical pillar of 
using the laws of physics found in earth within the mass and distance scales of 
the universe. 

2) SR is not a special branch of physics like nuclear physics, particle physics 
and etc., but the restrictive relationship between physical quantities revealed by 
SR would apply to all branches of physics. Einstein and many physicists mod-
ified mechanics, optics, electrodynamics, statistical mechanics and quantum 
mechanics with the constraints of these discoveries, so that the original branches 
of physics may be applied to low-speed and high-speed motion conditions, as 
well as physical states under extreme conditions. The establishment of GR seems 
to expand the concept of inertial system, but it also reduces the concept of iner-
tial system to locality. However, we may rest assured that SR would be used in 
any processes of any locality in our observable universe. One may see that the 
rest of this article will prove that the story of black holes should be rewritten, 
because the scale size of collapsing objects would be always larger than the old 
concept—Schwarzschild radius. 

4. Constraint 1 

This section deals with another feature of the axiomatic system. The SR and the 
GR are axiom systems, which are the systems with formal logic. All the theoreti-
cal inferences are included in their premises and are determined uniquely by its 
premises with consistence, independence as well as completeness. From the 
arguments mentioned in Sections (2) and (3), one may see that without the li-
mitations of certain physical principles, the use of GR will inevitably lead to 
the infinite collapse of late celestial bodies in evolution, firstly crossing the 
Schwarzschild radius and until to the singularity of centre ( 0R = ). However, 
coupled with the Lorentz invariance of Minkowski’s time-like metric, some 
new physical results different from the current black hole theory should be 
obtained. 

Combine Equation (1) and condition 2d 0s > , one may have an algebraic eq-
uations (7) with a “greater sign (>)”: 

( )
1

2 2 2 2 2 2 2
2 2

2 21 d 1 d sin d dGM GMc t R R
Rc Rc

θ φ θ
−

   − > − − +   
   

.    (7) 

In order to keep the inequality direction of Equation (7), the following posi-
tive condition are necessary: 

2

21 0GM
Rc

− > ,                       (8) 

or 
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2

2GMR
c

> .                        (9) 

or 

( )2 272 6.75 10 g cmM R c G< ≈ × .             (10) 

Thus, the first constraint upon the motion of late celestial bodies may be 
obtained naturally. Obviously, this restriction eliminates the singularity of 
Schwarzschild: 

Constraint 1—During collapse or explosion motion of celestial bodies, a spe-
cial constant 2 2c G  is an unattainability upper limit of the compact intensity 
M R , i.e. ( )2 272 6.75 10 g cmM R c G< ≈ × . 

As long as to note that comparing with M and R, such as angular momentum 
J, charge Q and cosmic constant L involved in other metrics are negligible phys-
ical quantities, so that, the above Constraint 1 would apply not only to 
Schwarzschild metric, but also to other metrics, such as Kerr metric and etc. 

According to Equation (10), the following properties of average density may 
be obtained: 

( )
6

32 82
3

3 7.3 10 g cm
32πm

cM
G

ρ < ≈ × ,             (11) 

where mρ  is mass density. If change mρ  to energy density Eρ , E is total 
energy, then 

( )
12

32 145
3

3 5.3 10 erg cm
32πE

cE
G

ρ < ≈ × .            (12) 

One may find that the motion of celestial bodies is governed by Equations (11) 
and (12). A derivable conclusion beyond expectation is that Constraint 1 also 
reveals that during the process of an expansion or an explosion of celestial body 
system, the continuous creation of matter from vacuum (?) is inevitable. It is re-
ally “something comes from nothing”! On the contrary, in the process of col-
lapse, with the increase of mass density and energy density it would lead to the 
decrease of total mass (energy). Except various radiations (including infrared, 
optical, radio, X-ray and gamma rays), energetic particles or spurted material 
(e.g. the jets) ejected from the accreted disks and gravitational waves generated 
by the release of gravitational binding energy etc., a new losing way of mass un-
folds, because the disappearance of 3.2 M☉ in [12] and [13] is apparently pro-
ceeding rapidly through some unknown mechanisms. That is to say, as long as 
the Equations (11) and (12) are met, the matter should continuously disappear 
into the vacuum, “something goes back to nothing”, which might also be a rea-
sonable physical channel. Maybe a very short gamma-ray burst would originate 
here. What actually happens? This should be confirmed by the energy spectra of 
short gamma-ray bursts. 

It should be recalled that Weinberg used to have a similar result ( ) 4 9MG R <  
[i.e. 20.89M R c G< ] [34]. Although Weinberg’s upper limit was slightly dif-
ferent from Constraint 1, but careful reading [34], one may find that in order to 
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obtain ( ) 4 9MG R < , Weinberg used a non-physical “to have 2r∞  negative” 
condition (i.e. imaginary value of point). As one read the following words: “It is 
difficult to imagine that a fluid sphere with a large density near the surface than 
near the center could be stable” [35], one may know that Weinberg still consi-
dered the infinite collapse, hence, his mistakes in [34] [35] are obvious. 

Some people once believed that the contribution of variables to mathematics 
was attributed to Descartes, R. In fact, when the sign of inequality entered ma-
thematics, the variables, the motion of variables, the moving direction of va-
riables and the limit of motion were all brought into mathematics. All physical 
equations expressed by inequalities imply that there must be “unattainable” or 
“insurmountable” restrictions on a certain physical state. It is noteworthy that 
conditional Equations (3) and (10) have dynamic characteristics already, and the 
calculated Schwarzschild radius would be a variable now and only with instan-
taneous value. However, “Constraint 1” and Equation (11) would still not pre-
vent collapse, but only impose one strong restriction on the collapsing of com-
pact bodies. According to Equation (11), even for late evolving celestial bodies, if 
the collapsing time is long enough, their volume will collapse to a small enough 
size, and it seems inevitable that they would still collapse to a state with very 
high mass density, even onto or pass Schwarzschild singularity. In fact, this is 
impossible, because the new achievement of high energy physics [19] implies 
that Heisenberg’s uncertainty principle will give one more physical constraint. 

5. Constraint 2 

A quark-gluon plasma (QGP) or quark soup is a state of matter in quantum 
chromodynamics (QCD) which exists at extremely high temperature and/or 
density. This state is thought to consist of asymptotically free strong-interacting 
quarks and gluons, which are ordinarily confined by color confinement inside 
atomic nuclei or other hadrons. Although they are all complex QCD systems 
[36], the order of magnitude of their bulk properties may still be estimated by 
basic natural constants. 

According to the theoretical principle, the density of micro QGP in [19] might 
be estimated from its rotational speed data. Because of the universal speed limit 
given by time-like SR, the upper limit on the rotational speed of micro QGP 
would mean that there should be an upper limit on the mass density and energy 
density of micro QGP. Obviously, the formation mechanism of micro QGP 
might be different from that of white dwarfs, neutron stars and the presumed 
quark stars (QGP stars). The former is formed by strong-interaction, the latter 
by gravitation. Therefore, for micro QGP, there might be a “strong interaction 
gravitational constant” SG  similar to the gravitational constant G. The author 
will present a detailed discussion of this topic at a later date. 

Let us turn to see [20]. The pressure in the center of the proton was measured 
around 3510 aP P=  (i.e. 1036 erg/cm3) [20], its mass density pmρ  may be esti-
mated as 
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15 3
2 10 g cmpm

P
c

ρ = ≈ . 

Atoms, nuclei and sub-nuclear particles do not have clear boundaries. What is 
the calculated value of proton radius? Tell the truth, the proton radius remains a 
puzzle today. However, there are indeed ambiguous physical scales. At present, 
it is generally accepted that the charge radius of protons is about  
( ) 130.84 ~ 0.87 10 cm−× . According to [20], an equivalent radius pR  of protons 
would be estimated as: 

133~ 3 4π 0.736 10 cmp p mR m ρ −≈ ×  

which is obviously smaller than its charge radius and much larger than the gen-
erally accepted proton Compton wavelength. Therefore, the proton mass density 

pmρ  calculated from the normal proton’s Compton scale size should be larger 
than the data obtained from the present measured value [20]. 

The smallest possible scale r of a microscopic object being bound up with mo-
lecule, atom or nucleus must be related to the Heisenberg uncertainty principle: 

r p∆ ⋅∆ ≥  , 

where ( )p mv=  is its momentum. In history, both Davisson-Germer experi-
ment and Heisenberg uncertainty principle were all published in 1927 [37] [38]. 
The Davisson-Germer experiment equivalently gave another expression of the 
uncertainty principle for microscopic objects: 

sin nd n h pθ λ λ= > =  

where d, for nickel, is line spacing, λ is the wavelength associated with electrons 
with average momentum p, n is an integer. A first-order maximum of intensity 
is to be expected at an angle θ1 (n = 1) [37]. Written in the following form com-
monly used in discussing micro-objects: 

r p⋅ ≥  . 

Take notice 

i i

r
m v m c

≥ >
 

, 

where im c  is the Compton wavelength of the discussing micro-object im , 
its mean density imρ  has the following relation 

4 3

3 3
3

3
~

4 4π4π π3 3

i i i
im

i

m m m c

r
m c

ρ
 

= <  
   
 
 





.             (13) 

An estimative figure might be carried out only for current matter—normal 
elementary particles, for instance, the “absolutely stable” proton ( pm ), or slowly 
decaying neutron ( nm ), the calculating results are the same in the order of mag-
nitude: 

( )
4 3

16 3
3

3
~ 4.3 10 g cm

4π
i

im
m c

ρ < ×


,              (14) 
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where im  is the mass of proton ( pm ) or the mass of neutron nm . If substitut-
ing the mass of Higgs particle into Equation (14), the resulting upper limit 
would be much larger than Equation (14). Nevertheless, even if there would exist 
Higgs condensation (?) Which would be in vacuum, unlike the normal sub-
stances in our directly observable nature world. 

Is there any inkling in nature to support Equation (14)? In recent decades in 
order to create and study vacuum excitations, vacuum phase transitions as well as 
a sheer surmise of mini black-hole, the ultra-relativistic heavy ions collision is con-
sidered as an effective way. The earlier data have been confirmed that QGP exist at 
an approximate extremely high temperature of 4 trillion ( 122 10× ) degree Cel-
sius [39], the evaluating mass density of QGP fireball has almost reached 

( )2 31GeV c fm⋅ , i.e. around 15 31.8 10 g fm× , which is less than the mass den-
sity of nucleon. Therefore QGP (quark soup) likes a big nucleus, and a nucleon 
likes a small bowl of quark soup. Consequently, the observational mass density 
of QGP in [39] agrees with Equation (11). This point would seem that “quark 
confinement” state and Equation (11) suggest following constraint: 

Constraint 2—The average mass density of nucleon may be an unsurpassed 
upper limit for the normal matter in nature world. 

Let Equation (11) / M2 < Equation (14), it turns that 
4 36

3 2 3

33
32π 4π

im cc
G M

<


, 

it is clear that 
3 2

2 ~ 0.65
2i

i

cM m M
Gm

 
> ⋅ × 

 


 .              (15) 

Seemingly, Constraint 2 or Equation (14) still could not stop the formation of 
black hole, however, a very important effect of combining two constraints re-
veals that there would exist an unattainability lower limit of total mass 0.65 ×M☉ 
for a compact object made up of normal matter. If the “strong interaction gravi-
tational constant” SG  might be determined, the limit of mass of micro QGP 
would be determined also. Will there be any evidence? Aford, M. et al. took note 
“the observed absence of fast-spinning young stars” and tried to solve it [40]. 
Since the rotation speed is related to the mass density, the limit of the rotation 
speed indicates that there is an upper limit of the mass density. Therefore, it is 
absolutely impossible for late-type evolving celestial bodies to collapse to the 
singularity of centre ( 0R = ), in other words, the singularity of centre ( 0R = ) in 
Schwarzschild metric has been eliminated. 

6. More New Physics 

Except for the generation and annihilation of matter and antimatter, we have 
never seen many substances created or disappeared during a very short time in-
terval. Our common sense approach in the past may negate the possibility of the 
continuous creation or continuous extinction of vast substance. However, SR 
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and GR combine with Heisenberg’s uncertainty principle reveal some new phys-
ics knowledge which we still do not know so far: 

1) In the traditional understanding of gravitational collapse, the collapsing 
body only collapses. Although the system has reached the instability of general 
relativity, the uncontrolled gravitational collapse would not stop, even if the 
scale size of the collapsed body approaches Schwarzschild radius, the total mass 
M would not decrease. Constraint 1 and Equation (10) give another dynamic 
model of gravitational collapse, that is, with the decrease of scale size, the total 
mass M of gravitational collapsed body also decreases, so as to ensure that com-
pact intensity of the collapsed body always conforms to the laws within Con-
straint 1 and Equation (10). 

2) Constraint 1 pointed out that this total mass reduction would be possible, 
but it is not yet clear about the detailed physical mechanisms and processes. At 
present, this article is just a guess that the new place might be vacuum, but it still 
does not known how to use astronomical observations to confirm this guess. 

3) Around 1970s, Penrose, R. and Hawking, S. proved that under certain con-
ditions (the validity of general relativity, the positive of energy, the universality 
of matter, and causality), gravitational collapse and physical singularity may be 
the inevitable fate of massive objects [41]-[47]. However, adding the Lorentz in-
variance of time-like metric, those concepts such as photon balls, event horizons, 
capture surfaces, white holes, wormholes, Einstein–Rosen bridges and so on 
would be all gone with negating the black hole. In addition, from Equation (14) 
and Equation (15), it may see that the big bang model of the universe still exists, 
and the expansion of the universe and the creation of matter also exist, and there 
does not exist the big bang model with the singularity of centre ( 0R = ) in na-
ture. Equations (14) and (15) favor Gamow’s fireball big bang model [48], which 
was based on and developed the “hypothèse de l’atome primitif” (hypothesis of 
the primeval atom) proposed by Lemaître in 1931. 

4) Take advantage of derivatives d dM t , d dtρ , d dR t , Constraint 1 and 
Equation (11) also manifests some new relations between relative rate of matter 
creation (or extinction) with the relative variable rates of scale R and mean den-
sity ρ : 

During the expanding motion ( d d 0,d d 0,d d 0M t R t tρ> > < ): 

2 d 2 d 1 d
d d d
M R

M t R t t
ρ

ρ
< < − ,                 (16) 

and during the collapsing motion( d d 0,d d 0,d d 0M t R t tρ< < > ): 

2 d 2 d 1 d
d d d
M R

M t R t t
ρ

ρ
− > − > .                (17) 

5) It deserve to be mentioned that thinking of the expansion process of the 
universe, by means of Hubble’s empirical law, link the velocity of recession of a 
distant celestial body and its distance from us 0d dr t H r=  (where 0H  is the 
Hubble constant at present), it turns 
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( )
0

dd d 3
d d d

M V M H
t t M t
ρ ρ ρ= = −                (18) 

Combining Equation (16) and Equation (18), One may find that in cosmic 
expansion, the upper limit of the relative matter creation rate and the lower limit 
of the relative mass density decreasing rate would be controlled by Hubble con-
stant at present 0H . 

0
1 d 2

d
H

t
ρ

ρ
− >  and 0

1 d
d
M H

M t
< .              (19) 

6) From the arguments mentioned above, we can see that the characteristics of 
the creation of matter in the process of expansion of universe are different from 
the steady-state cosmological model [49] [50], but the common point is that new 
substances are constantly created from vacuum. If vacuum is a physical channel 
for observing the disappearance of matter in the universe, it should also be a 
physical channel for the creation of matter, which may be one of the physical 
reasons for the expansion of the universe and producing dark matter. 

7. Remarks 

Some remarks should give as follows: 
1) We study systems that would be large or small systems, or closed systems 

or open systems, and the impact of the environment on the systems is often very 
important. It is now recognized that a complete nature world (Universe) con-
tains an observable universe incorporated with an infinite vacuum. With the 
passage of time, we now know that although vacuum has Lorentz invariance, but 
it is actually quite complicated. If some matter disappears or creates without a 
trace as the collapses or expands takes place, how do we describe the laws of 
conservation in the universe (including conservation of mass-energy, of baryons, 
of leptons, of electric charge and etc.)? 

2) From a universal point of view, the law of conservation of energy should 
now be expressed as follows: The total energy of the Universe is conserved. If 
one part of the Universe obtains some form of energy, the other part will inevit-
ably lose the same energy. No violations of this principle were found. In short, 
the observable universe and vacuum constitute an infinite, circular, and mutual-
ly transformed natural world. 

3) Exactly as we know that Lorentz invariance is the inevitable outcome of two 
original postulates of SR. Bietenholz gave an introductory review about the on-
going search over more than 12 years for the evidence of Lorentz invariance vi-
olation (LIV) in ultro-high energy cosmic rays [39]. The extreme Lorentz factors 
with the order of 2 111 1 ~ 10γ β= − , but no LIV has been observed so far. So 
there’s no need to waste any more time on the search for LIV. 

4) Constraint 1, Constraint 2 and the combination of them expose the exis-
tence of new physics, and put forward a lot of open questions also: 

a) In the observable universe, if matter would be created from vacuum, why 
does vacuum only create matter not antimatter? 
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b) What is the spatial structural feature of new creating matter? Does it show 
some analogy with the structure of filaments in the supernova remnant or the 
reticular behavior in the very large-scale of an evolving universe? 

c) May the forming new matter be one of the candidates for dark matter and 
dark energy? 

d) Are we fortunate enough to make some morphological observations before 
and after the supernova explosion to confirm that if there might also be material 
creation in an explosion in a local area of the universe? 

8. Conclusion 

Theory without practice is empty theory, and practice without theoretical guid-
ance is blind practice. Therefore, we must sum up practical experience by theory. 
On the basis of historical experience, supported by SR and GR, inspired by the 
latest developments in particle physics and high energy physics, the mystery of 
the singularity of Schwarzschild and the singularity of centre over the past cen-
tury would be able to eliminate by adding only two physical restrictions on the 
Schwarzschild metric. This work fully proves the ancient Chinese motto: “Truth 
is simple”, like the Ockham’s Razor quote, which is worth thinking about. 
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