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Abstract: In analogy with the ultimate speed c, there is an ultimate acceleration β, nobody's acceleration can 

exceed this limit β, in the solar system, β=2.956391e+10(m/s2). Because this ultimate acceleration is a large 

number, any effect connecting to β will become easy to test, including quantum gravity tests. In this paper, an 

approach is put forward to connect the ultimate acceleration with quantum theory, as an application, the quantum 

gravity theory with the ultimate acceleration provides a useful formula to calculate the space debris distribution 

around the earth, in this paper the calculation results agree well with the experimental observation. Between 

February 2018 and 2022, SpaceX successfully launched 2,091 satellites into orbit. In March 2020, SpaceX 

reported producing six satellites per day. Comparing to the space debris distribution, Starlink satellite altitudes are 

analyzed, some suggestions can be made to improve the Starlink constellation design and status by the quantum 

gravity theory with the ultimate acceleration. 

 

 

1. Introduction 

Some quantum gravity proposals [1,2] are extremely hard to test in practice, as quantum 

gravitational effects are appreciable only at the Planck scale [3]. But ultimate acceleration 

gives another scheme to deal with quantum gravity effects.  

In analogy with the ultimate speed c, there is an ultimate acceleration β, nobody's 

acceleration can exceed this limit β, in the solar system, β=2.956391e+10(m/s
2
). Because this 

ultimate acceleration is a large number, any effect connecting to β will become easy to test, 

including quantum gravity tests.  

In recent years, de Broglie matter wave has been generalized in terms of the ultimate 

acceleration, and applied to the solar system to explain quantum gravity effects [28,29]. 

Consider a particle, its relativistic matter wave is given by the path integral 
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where u is the 4-velocity of the particle,  is the ultimate acceleration determined by 

experiments. The  replaces the Planck constant in this quantum gravity theory so that its 

wavelength becomes a length on planetary-scale. The early paper [30] shows that this 

generalized matter wave can explain the solar quantum gravity effects correctly, such as 

sunspot cycle, atmospheric circulation and human lifespan. The present paper shows that this 

quantum gravity theory with the ultimate acceleration provides a useful formula to calculate 
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the space debris distribution around the earth, in this paper the calculation results agree well 

with the experimental observation.  

Between February 2018 and 2022, SpaceX successfully launched 2,091 satellites into 

orbit. In March 2020, SpaceX reported producing six satellites per day. The deployment of the 

first 1,440 satellites was planned in 72 orbital planes of 20 satellites each, with a requested 

lower minimum elevation angle of beams to improve reception [34]. Comparing to the space 

debris distribution, Starlink satellite altitudes are analyzed, some suggestions can be made to 

improve the Starlink constellation design and status by the quantum gravity theory with the 

ultimate acceleration. 

 

2. Extracting ultimate acceleration from the solar system 

In the orbital model as shown in Fig.1(a), the orbital circumference is n multiple of the 

wavelength of the planetary-scale relativistic matter wave, according to Eq. (1), consider a 

planet, we have 
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This orbital quantization rule only achieves a half success in the solar system, as shown in 

Fig.1(b), the Sun, Mercury, Venus, Earth and Mars satisfy the quantization equation; while 

other outer planets fail. But, since we only study quantum gravity effects among the Sun, 

Mercury, Venus, Earth and Mars, so this orbital quantization rule is good enough as a 

foundational quantum theory. In Fig.1(b), the blue straight line expresses a linear regression 

relation among the quantized orbits, so it gives β=2.956391e+10 (m/s
2
) by fitting the line. The 

quantum numbers n=3,4,5,... were assigned to the solar planets, the sun was assigned a 

quantum number n=0 because the sun is in the central state. 

 (b)  

Fig.1   (a)The head of the relativistic matter wave may overlap with its tail. (b) The inner planets are quantized. 

 

In the solar interior, if the coherent length of the relativistic matter wave is long enough, 

its head may overlap with its tail when the particle moves in a closed orbit, as shown in Fig.1(a). 
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Consider a point on the solar equatorial plane, the overlapped wave is given by 
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where N is the overlapping number which is determined by the coherent length of the 

relativistic matter wave,  is the phase difference after one orbital motion,  is the angular 

speed of the solar self-rotation. The above equation is a multi-slit interference formula in 

optics, for a larger N it is called as the Fabry-Perot interference formula. 

The relativistic matter wave function  needs a further explanation. In quantum 

mechanics, ||
2
 equals to the probability of finding an electron due to Max Born's explanation; 

in astrophysics, ||
2
 equals to the probability of finding a nucleon (proton or neutron) 

averagely on an astronomic scale, we have 

 
2| | nucleon-density    . (4) 

It follows from the multi-slit interference formula that the overlapping number N is 

estimated by 
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The solar core has a mean density of 1408 (kg/m
3
), the surface of the sun is comprised of 

convective zone with a mean density of 2e-3 (kg/m
3
) [7]. In this paper, the sun's radius is 

chosen at a location where density is 4e-3 (kg/m
3
), thus the solar overlapping number N is 

calculated to be N=593. Since the mass density (r) has spherical symmetry, then the (r) has 

the spherical symmetry. 

Sun's angular speed at its equator is known as =2/(25.05x24x3600) (s
-1

). Its mass 

1.9891e+30 (kg), well-known radius 6.95e+8 (m), mean density 1408 (kg/m
3
), the constant 

β=2.956391e+10 (m/s
2
). According to the N=593, the matter distribution of the ||

2
 is 

calculated in Fig.2(a), it agrees well with the general description of star's interior. The radius 

of the sun is determined as r=7e+8 (m) with a relative error of 0.72% in Fig.2, which indicates 

that the sun radius strongly depends on the sun's self-rotation. 
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Fig.2    (a)The nucleon distribution ||2 in the Sun is calculated in the radius direction. (b) As contrast, sodium 

Fabry-Perot interference (=const.). 

<Clet2020 Script>//C source code [26] 
int i,j,k,m,n,N,nP[10]; 
double beta,H,B,M,r,r_unit,x,y,z,delta,D[1000],S[1000], a,b,rs,rc,omega,atm_height; char str[100]; 
main(){k=150;rs=6.95e8;rc=0;x=25.05;omega=2*PI/(x*24*3600);n=0; a=1408/0.004; N=sqrt(a);  
beta=2.956391e10;H=SPEEDC*SPEEDC*SPEEDC/beta;M=1.9891E30; atm_height=2e6; r_unit=1E7; 
for(i=-k;i<k;i+=1) {r=abs(i)*r_unit; 
if(r<rs+atm_height) delta=2*PI*omega*r*r/H; else delta=2*PI*sqrt(GRAVITYC*M*r)/H;//around the star 
x=1;y=0; for(j=1;j<N;j+=1) { z=delta*j; x+=cos(z);y+=sin(z);} z=x*x+y*y; z=z/(N*N);  
S[n]=i;S[n+1]=z; if(i>0 && rc==0 && z<0.0001) rc=r; n+=2;} 
SetAxis(X_AXIS,-k,0,k,"#ifr; ; ; ;");SetAxis(Y_AXIS,0,0,1.2,"#if|ψ|#su2#t;0;0.4;0.8;1.2;"); 
DrawFrame(FRAME_SCALE,1,0xafffaf); z=100*(rs-rc)/rs; 
SetPen(1,0xff0000);Polyline(k+k,S,k/2,1," nucleon_density"); SetPen(1,0x0000ff);  
r=rs/r_unit;y=-0.05;D[0]=-r;D[1]=y;D[2]=r;D[3]=y; Draw("ARROW,3,2,XY,10,100,10,10,",D);  
Format(str,"#ifN#t=%d#n#ifβ#t=%e#nrc=%e#nrs=%e#nerror=%.2f%",N,beta,rc,rs,z); 
TextHang(k/2,0.7,0,str);TextHang(r+5,y/2,0,"#ifr#sds#t");TextHang(-r,y+y,0,"Sun diameter"); 
}#v07=?>A 

 

3. Extracting ultimate acceleration from the earth 

Appling the planetary-scale relativistic matter wave to the Moon, as illustrated in Fig.3, 

The moon is assigned a quantum number of n=2 because some quasi-satellite's perigees have 

reached a depth almost at n=1 orbit, as shown in Fig.3. Here, the ultimate acceleration 

=1.377075e+14(m/s
2
) is determined uniquely by the line between the earth and moon in Fig.3 

by Eq. (2).  

(a)   

Fig.3   Orbital quantization for the moon.  

<Clet2020 Script>// C source code [26] 
char str[200];int i,j,k,N,nP[10]; double x,y,z,M,r_unit,a,b,B,H,r_ave[20],dP[10],D[1000]; 
double orbit[10]={0,2.57,0,}; double e[10]={0, 0.0549,0,0,0,0,0,0,0,0,}; 
int qn[10]={0,2,3,4,5,6,7,8,9.,10,}; 
char Stars[100]={"Earth;Moon;"}; 
int main(){ N=2; M=5.97237E24; r_unit=1.495978707e8; 
for(i=0;i<N;i+=1) {x=orbit[i];y=e[i]; z=x*(1+sqrt(1-y*y))/2;r_ave[i]=z;//average_radius 
D[i+i]=qn[i];D[i+i+1]=sqrt(z); } 
DataJob("REGRESSION,2",D,dP);b=dP[0];a=dP[1]; 
SetAxis(X_AXIS,0,0,3,"n;0;1;2;3;"); 
SetAxis(Y_AXIS,0,0,3," #if#rsr#t (average radius unit:0.001AU);0;1;2;3;"); 
DrawFrame(0x0166,1,0xafffaf); Polyline(N,D); 
SetPen(2,0xff0000); Plot("OVALFILL,0,2,XY,3,3,",D); 
for(i=0;i<N;i+=1) {nP[0]=TAKE;nP[1]=i;TextJob(nP,Stars,str);x=qn[i]+0.2; 
y=sqrt(orbit[i])-0.05;TextHang(x,y,0,str);} 
x=GRAVITYC*M*r_unit;z=sqrt(x);H=z*a;B=-z*b; 
TextAt(100,450,"#ifH#t=%e  #ifB#t=%e",H,B);  
for(i=0;i<N;i+=1) {y=b+a*qn[i];D[i+i]=qn[i];D[i+i+1]=y;} 
SetPen(1,0x0000ff);Polyline(N,D,0.5,2.2,"quantization");//check 
}}#v07=?>A#t 

 

Now let us talk about the earth’s interior, the earth has a mean density of 5530 (kg/m
3
), its 

surface is covered with air and vapor with a density of 1.29 (kg/m
3
). The earth's radius is 

chosen at the sea level, it follows Eq.(5) that the earth's overlapping number N is calculated to 
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be N=65. 

The earth's angular speed is known as =2/(24x3600) (s
-1

), its mass 5.97237e+24 (kg), 

the well-known radius is 6.378e+6 (m), the earth's constant =1.377075e+14 (m/s
2
). The 

matter distribution ||
2
 in radius direction is calculated by Eq.(3), as shown in Fig.4(a). The 

radius of the earth is determined as r=6.4328e+6 (m) with a relative error of 0.86%, it agrees 

well with common knowledge. Space debris over the atmosphere has a complicated evolution 

[7,8], has itself speed 
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The secondary peaks over the atmosphere up to 2000km altitude are calculated out in Fig.4(b) 

which agrees well with the space debris observations [16]; the peak near 890 km altitude is due 

principally to the January 2007 intentional destruction of the Fengyun-1C weather spacecraft, 

while the peak centered at approximately 770 km altitude was created by the February 2009 

accidental collision of Iridium 33 (active) and Cosmos 2251 (derelict) communication 

spacecraft [16,18]. The observations based on the incoherent scattering radar EISCAT ESR 

located at 78°N in Jul. 2006 and in Oct. 2015 [21,22,23] are respectively shown in Fig.4(c) and 

(d). This prediction to secondary peaks also agrees well with other space debris observations 

[24,25]. 

(a)  (b)  

(c) (d)  

Fig.4 (a) The radius of the Earth is calculated out r=6.4328e+6 (m) with a relative error 0.86% by the 

interference of its acceleration-roll wave; (b) The prediction of the space debris distribution up to 2000km altitude; (c) 

The pace debris distribution in Jul. 2006, Joint observation based on the incoherent scattering radar EISCAT ESR 

located at 78°N [21]; (d) The space debris distribution in Oct. 2015, Joint observation based on the incoherent 

scattering radar EISCAT ESR located at 78°N [21]. 

<Clet2020 Script>//C source code [26] 
int i,j,k,m,n,N,nP[10]; double H,B,M,v_r,r,AU,r_unit,x,y,z,delta,D[10],S[1000]; 
double rs,rc,rot,a,b,atm_height,beta; char str[100]; 

r

   

|ψ|2

0

0.4

0.8

1.2

 nucleon_density

N=65

β=1.377075e+14

rc=6.432800e+06

rs=6.378000e+06

error=-0.86%

r
sEarth diameter

altitude

 r
s

500 1000 1500 2000km 

|ψ|2

0

 

1e-3

|ψ|2 (density, prediction)

Space debris (2018, observation) 



 

6 

 

 

main(){k=80;rs=6.378e6;rc=0;atm_height=1.5e5;n=0; N=65; 
beta=1.377075e+14;H=SPEEDC*SPEEDC*SPEEDC/beta;  
M=5.97237e24;AU=1.496E11;r_unit=1e-6*AU; rot=2*PI/(24*60*60);//angular speed of the Earth 
for(i=-k;i<k;i+=1) {r=abs(i)*r_unit; 
if(r<rs+atm_height) v_r=rot*r*r; else v_r=sqrt(GRAVITYC*M*r);//around the Earth 
delta=2*PI* v_r/H; y=SumJob("SLIT_ADD,@N,@delta",D); y=y/(N*N); 
if(y>1) y=1; S[n]=i;S[n+1]=y; if(i>0 && rc==0 && y<0.001) rc=r;  n+=2;} 
SetAxis(X_AXIS,-k,0,k,"r; ; ; ;");SetAxis(Y_AXIS,0,0,1.2,"#if|ψ|#su2#t;0;0.4;0.8;1.2;"); 
DrawFrame(FRAME_SCALE,1,0xafffaf); x=50;z=100*(rs-rc)/rs; 
SetPen(1,0xff0000);Polyline(k+k,S,k/2,1," nucleon_density"); 
r=rs/r_unit;y=-0.05;D[0]=-r;D[1]=y;D[2]=r;D[3]=y; 
SetPen(2,0x0000ff); Draw("ARROW,3,2,XY,10,100,10,10,",D); 
Format(str,"#ifN#t=%d#n#ifβ#t=%e#nrc=%e#nrs=%e#nerror=%.2f%",N,beta,rc,rs,z); 
TextHang(k/2,0.7,0,str);TextHang(r+5,y/2,0,"r#sds#t");TextHang(-r,y+y,0,"Earth diameter"); 
}#v07=?>A#t 
<Clet2020 Script>//C source code [9] 
int i,j,k,m,n,N,nP[10]; double H,B,M,v_r,r,AU,r_unit,x,y,z,delta,D[10],S[10000]; 
double rs,rc,rot,a,b,atm_height,p,T,R1,R2,R3; char str[100]; int 
Debris[96]={110,0,237,0,287,0,317,2,320,1,357,5,380,1,387,4,420,2,440,3,454,14,474,9,497,45,507,26,527,19,557,17,597,34,63
4,37,664,37,697,51,727,55,781,98,808,67,851,94,871,71,901,50,938,44,958,44,991,37,1028,21,1078,17,1148,10,1202,9,1225,6,
1268,12,1302,9,1325,5,1395,7,1395,18,1415,36,1429,12,1469,22,1499,19,1529,9,1559,5,1656,4,1779,1,1976,1,}; 
main(){k=80;rs=6.378e6;rc=0;atm_height=1.5e5;n=0; N=65; 
H=1.956611e11;M=5.97237e24;AU=1.496E11;r_unit=1e4; 
rot=2*PI/(24*60*60);//angular speed of the Earth 
b=PI/(2*PI*rot*rs*rs/H); R1=rs/r_unit;R2=(rs+atm_height)/r_unit;R3=(rs+2e6)/r_unit; 
for(i=R2;i<R3;i+=1) {r=abs(i)*r_unit; delta=2*PI*sqrt(GRAVITYC*M*r)/H; 
y=SumJob("SLIT_ADD,@N,@delta",D); y=1e3*y/(N*N);// visualization scale:1000 
if(y>1) y=1; S[n]=i;S[n+1]=y;n+=2;} 
SetAxis(X_AXIS,R1,R1,R3,"altitude; r#sds#t;500;1000;1500;2000km ;"); 
SetAxis(Y_AXIS,0,0,1,"#if|ψ|#su2#t;0; ;1e-3;");DrawFrame(FRAME_SCALE,1,0xafffaf); x=R1+(R3-R1)/5; 
SetPen(1,0xff0000);Polyline(n/2,S,x,0.8,"#if|ψ|#su2#t (density, prediction)"); 
for(i=0;i<48;i+=1) {S[i+i]=R1+(R3-R1)*Debris[i+i]/2000; S[i+i+1]=Debris[i+i+1]/300;} 
SetPen(1,0x0000ff);Polyline(48,S,x,0.7,"Space debris (2018, observation) "); }#v07=?>A#t 

 

4. Planck-Constant-like Constant 

The solar system, Jupiter's satellites, Saturn's satellites, Uranus' satellites, and Neptune's 

satellites as five different many-body systems are investigated with the Bohr's orbit model. 

After fitting observational data as shown in Fig.5, their ultimate accelerations are obtained and 

listed in Table 1. The predicted quantization blue-lines in Fig.5(a), Fig.5(b), Fig.5(c), Fig.5(d) 

and Fig.5(e) agree well with experimental observations for those inner constituent planets or 

satellites. 
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(c)  (d)  

(e)  

Fig.5  The orbital radii are quantized for inner constituents. (a) the solar system with h=4.574635e-16 

(m2s-1kg-1), the relative error is less than 3.9%. (b) the Jupiter system with h=3.531903e-16 (m2s-1kg-1). Metis and 

Adrastea are assigned the same quantum number for their almost same radius, the relative error is less than 1.9%. (c) 

the Saturn system with h=6.610920e-16 (m2s-1kg-1), the relative error is less than 1.1%. (d) the Uranus system with 

h=1.567124e-16 (m2s-1kg-1). n=0 is assigned to Uranus, the relative error is less than 2.5%. (e) the Neptune system 

with h=1.277170e-16 (m2s-1kg-1). n=0 is assigned to Neptune, the relative error is less than 0.17%. 

 

Table 1   Planck-constant-like constant h, N is constituent particle number with smaller inclination. 

system N M /Mearth  (m/s2) h (m2s-1kg-1) Prediction 

Solar planets  9 333000 2.961520e+10 4.574635e-16 Fig.5(a) 

Jupiter' satellites  7 318 4.016793e+13 3.531903e-16 Fig.5(b) 

Saturn's satellites  7 95 7.183397e+13 6.610920e-16 Fig.5(c) 

Uranus' satellites  18 14.5 1.985382e+15 1.567124e-16 Fig.5(d) 

Neptune 's satellites  7 17 2.077868e+15 1.277170e-16 Fig.5(e) 

 

Besides every , our interest shifts to the constant h in Table 1, which is defined as  
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In a many-body system with a total mass of M, the wavelength of the planetary-scale 

relativistic matter for a moving particle with the speed v becomes 

 
1 1 2 2 3 3 4 4

0

2
; exp( ( ))

xhM i
u dx u dx u dx u dx

v hM


       . (8) 

where h is a Planck-constant-like constant. Usually, the total mass M is approximately equal 

to the central-star's mass. It is found that this generalized matter wave works for quantizing 

orbits correctly for inner constituents in Fig.5. The key point is that the various systems have 

almost the same Planck-constant-like constant h in Table 1 with a mean value of 3.51e-16 

m
2
s

-1
kg

-1
, at least having the same order of magnitude! 

 

5. Shells of Starlink Satellite altitudes 

SpaceX's plans in 2019 were for the initial 12,000 satellites to orbit in three orbital shells: 

First shell: 1,440 in a 550 km (340 mi) altitude shell. Second shell: 2,825 Ku-band and 

Ka-band spectrum satellites at 1,110 km (690 mi). Third shell: 7,500 V-band satellites at 340 

km (210 mi). In total, nearly 12,000 satellites were planned to be deployed, with (as of 2019) 

a possible later extension to 42,000 [34]. As shown in Fig.6. 

 

Fig.6   Satellite shell distribution of Starlink, 2019. 

 
<Clet2020 Script>//Clet is a C compiler[26] 
int i,j,k,m,n,N,nP[10]; double H,B,M,v_r,r,AU,r_unit,x,y,z,delta,D[10],S[10000]; 
double rs,rc,rot,a,b,atm_height,p,T,R1,R2,R3; char str[100]; 
int 
Debris[96]={110,0,237,0,287,0,317,2,320,1,357,5,380,1,387,4,420,2,440,3,454,14,474,9,497,45,507,26,527,19,557,17,597,34,63
4,37,664,37,697,51,727,55,781,98,808,67,851,94,871,71,901,50,938,44,958,44,991,37,1028,21,1078,17,1148,10,1202,9,1225,6,
1268,12,1302,9,1325,5,1395,7,1395,18,1415,36,1429,12,1469,22,1499,19,1529,9,1559,5,1656,4,1779,1,1976,1,}; 
int Shell19[20]={550,0,550,1440, 1100,0,1110,2825,  340,0,340,7500,0}; 
int Shell20[40]={550,0,550,1440, 540,0,540,1440, 570,0,570,720, 560,0,560,336, 560,0,560,172,}; 
main(){k=80;rs=6.371e6;rc=0;atm_height=1.5e5;n=0; N=65; 
H=1.956611e11;M=5.97237e24;AU=1.496E11;r_unit=1e4; 
rot=2*PI/(24*60*60);//angular speed of the Earth 
b=PI/(2*PI*rot*rs*rs/H); R1=rs/r_unit;R2=(rs+atm_height)/r_unit;R3=(rs+2e6)/r_unit; 
for(i=R2;i<R3;i+=1) {r=abs(i)*r_unit; delta=2*PI*sqrt(GRAVITYC*M*r)/H; 
y=SumJob("SLIT_ADD,@N,@delta",D); y=1e3*y/(N*N);// visualization scale:1000 
if(y>1) y=1; S[n]=i;S[n+1]=y;n+=2;} 
SetAxis(X_AXIS,R1,R1,R3,"altitude; r#sds#t;500;1000;1500;2000km ;"); 
SetAxis(Y_AXIS,0,0,1,"#if|ψ|#su2#t;0; ;1e-3;");DrawFrame(FRAME_SCALE,1,0xafffaf); x=R1+(R3-R1)/5; 
SetPen(1,0xff0000);Polyline(n/2,S,x,0.8,"#if|ψ|#su2#t (density, prediction)"); 
for(i=0;i<48;i+=1) {S[i+i]=R1+(R3-R1)*Debris[i+i]/2000; S[i+i+1]=Debris[i+i+1]/300;} 
SetPen(1,0x0000ff);Polyline(48,S,x,0.7,"Space debris (2018, observation) "); 
SetPen(3,0xff4fff);Satellite();//Satellite2(); 
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500 1000 1500 2000km 
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Space debris (2018, observation) 

1440 satellites
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} 
Satellite() 
{for(i=0;i<3;i+=1) { j=i*4; D[0]=(Shell19[j]*1000+rs)/r_unit;D[1]=Shell19[j+1]; 
D[2]=D[0];D[3]=Shell19[j+3]/7500; Format(str,"%d satellites",Shell19[j+3]); 
Polyline(2,D,D[0]+5,D[3],str); 
}} 
Satellite2() 
{for(i=0;i<5;i+=1) { j=i*4; D[0]=(Shell20[j]*1000+rs)/r_unit;D[1]=Shell20[j+1]; 
D[2]=D[0];D[3]=Shell20[j+3]/7500; Format(str,"%d satellites",Shell20[j+3]); 
Polyline(2,D,D[0]+5,D[3],str); 
}} 
#v07=?>A#t 

 

Comparing to the distribution ||
2
 of the planetary-scale relativistic matter wave with the 

space debris distribution, the Starlink satellite shells run almost in the ranges of destructive 

interference of , it means these orbits may need more energy and efforts to maintain their 

altitudes. 

In April 2020, SpaceX modified the architecture of the Starlink network. SpaceX 

submitted an application to the FCC proposing to operate more satellites in lower orbits in the 

first phase than the FCC previously authorized. The first phase will still include 1,440 

satellites in the first shell orbiting at 550 km (340 mi) in planes inclined 53.0°, with no change 

to the first shell of the constellation launched largely in 2020: 

First shell: 1,440 in a 550 km (341.8 mi) altitude shell at 53.0° inclination 

Second shell: 1,440 in a 540 km (335.5 mi) shell at 53.2° inclination 

Third shell: 720 in a 570 km (354.2 mi) shell at 70° inclination 

Fourth shell: 336 in a 560 km (348.0 mi) shell at 97.6° inclination 

Fifth shell: 172 satellites in a 560 km (348.0 mi) shell at 97.6° inclination 

SpaceX previously had regulatory approval from the FCC to operate another 2,825 satellites 

in higher orbits between 1,110 km (690 mi) and 1,325 km (823 mi), in orbital planes inclined 

at 53.8°, 70.0°, 74.0° and 81.0° [34]. 

Up to now, Starlink's effort of the modification and FCC seem in a direction that is not 

the expectation that this quantum gravity theory predicts. This quantum gravity theory 

suggests the Starlink constellation should be in constructive interference with the 

acceleration-roll wave [28].  

 

6. Conclusions 

In general, some quantum gravity proposals [1,2] are extremely hard to test in practice, 

as quantum gravitational effects are appreciable only at the Planck scale [3]. The early study 

[28-30] shown that ultimate acceleration can enhance the quantum gravity effects for test. In 

analogy with the ultimate speed c, there is an ultimate acceleration β, nobody's acceleration 

can exceed this limit β, in the solar system, β=2.956391e+10(m/s
2
). Because this ultimate 

acceleration is a large number, any effect connecting to β will become easy to test, including 

quantum gravity tests. In this paper, an approach is put forward to connect the ultimate 

acceleration with quantum theory, as an application, the quantum gravity theory with the 

ultimate acceleration provides a useful formula to calculate the space debris distribution 

around the earth, in this paper the calculation results agree well with the experimental 

observation. Between February 2018 and 2022, SpaceX successfully launched 2,091 satellites 

into orbit. In March 2020, SpaceX reported producing six satellites per day. Comparing to the 
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space debris distribution, Starlink satellite altitudes are analyzed, some suggestions can be 

made to improve the Starlink constellation design and status by the quantum gravity theory 

with the ultimate acceleration. 
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