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Abstract: In analogy with the ultimate speed c, there is an ultimate acceleration f3, nobody's acceleration can
exceed this limit §, in the solar system, f=2.961520e+10(m/s?). Because this ultimate acceleration is large, any effect
related to 8 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 sunspot cycle is calculated to be 10.38
years due to the ultimate acceleration. The same approach is applied to pulsar microstructure problems. The
microstructures of pulsar PSR J0437-4715 at 436Mhz and PSR B0950+08 at 430Mhz are investigated, the
calculation results agree well with the observations. Under non-relativistic condition, the pulsar with 100 times solar
mass has a period of 2.09s; the pulsar with 10 solar times mass has a period of 0.2s; the pulsar with solar mass has a

period of 20ms; the pulsar with a tenth solar mass has a period of 2ms.

1. Introduction

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]. But ultimate
acceleration provides another scheme to deal with quantum gravity effects.

In analogy with the ultimate speed ¢, there is an ultimate acceleration S, nobody's
acceleration can exceed this limit £, in the solar system, $=2.961520e+10(m/s?). Because this
ultimate acceleration is large, any effect related to § will become easy to test, including quantum
gravity tests. In this paper, an approach is put forward to connect the ultimate acceleration with
guantum theory, as an application, the sunspot cycle is calculated to be 10.38 years due to the
ultimate acceleration. The same approach is applied to pulsar microstructure problems.

2. How to connect the ultimate acceleration with quantum theory

In relativity, the speed of light ¢ is the ultimate speed, nobody's speed can exceed this limit c.
The relativistic velocity u of a particle in the coordinate system (x;,x2,x3,xs=ict) satisfies
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U2 +u7 +ul +u’ =—C (1)

No matter what particles (electrons, molecules, neutrons, quarks), their 4-vector velocities all
have the same magnitude: |u|=ic. All particles gain equality because of the same magnitude of
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the 4-velocity u. The acceleration a of a particle is given by
a’+a;+a;=a’ (a,=0; -x, =ict) b)

Assume that particles have an ultimate acceleration £ as the limit, no particle can exceed this
acceleration limit £. Subtracting both sides of the above equation by 4°, we have

a +a,+a,—f =a’-f a,=0 3)

It can be rewritten as
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Now, the particle has an acceleration whose five components are specified by
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where ¢; is the newly defined acceleration in five-dimensional space-time (x;,x2,x3,x4=ict,xs).
Thus, we have

2 2 2 2 2 p2. _
o +o, +o,+a, +a; =—p° a,=0 (6)

It means that the magnitude of the newly defined acceleration « for every particle takes the
same value: ||=if (constant imaginary number), all particle accelerations gain equality for the
sake of the same magnitude.

How do resolve the velocity u and acceleration « into x, y, and z components? In a realistic
world, a hand can rotate a ball moving around a circular path at constant speed v with constant
centripetal acceleration a, as shown in Fig.1(a). Likewise, the u and « let the particle move

spirally, as shown in Fig.1(b), projecting out the real x, y, and z components.

\1 ifp\lral step

(a) (b) right hand chirality

Fig.1  (a) A hand rotates a ball moving around a circular path at constant speed v with constant centripetal
acceleration a. (b) The particle moves along the x; axis with the constant speed |u|=ic in u direction and constant

centripetal force in the x5 axis at the radius iR (imaginary number).
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In analogy with the ball in a circular path, consider a particle in one-dimensional motion
along the x; axis at the speed v, in Fig.1(b) it moves with the constant speed |u|=ic almost along
the x, axis and slightly along the x; axis, and the constant centripetal acceleration |a]=if in the
x5 axis at the constant radius iR (imaginary number); the coordinate system (x;,x,=ict,xs=iR)
establishes a cylinder coordinate system in which this particle moves spirally at the speed v
along the x; axis. According to the usual centripetal acceleration formula a=v*/r, the
acceleration in the x,-xs plane is given by

2 2 2
a=y ﬁ_|u| L L )
r iR IR R

Therefore, the track of the particle in the cylinder coordinate system (x;,xs=ict,x5=iR) forms a
shape, called acceleration-roll. The faster the particle moves along the x; axis, the longer the
spiral step is.

Like a steel spring that contains an elastic wave, the track in the acceleration-roll in Fig.1(b)
can be described by a wave function whose phase changes 27 for one spiral step. Apparently,

this wave is just the de Broglie's matter wave for electrons, protons or quarks, etc.

Theorem: the acceleration-roll bears matter wave.
} X
w =exp(i gjo (u,dx, +u,dx, +u,dx, +u,dx,)) . (8)

Proof: See ref. [28,30].

Depending on the particle under investigation, this wave function may have different
explanations. If the f is replaced by the Planck constant, the wave function of electrons is given
by

assume: f= E
)
W= exp(% J'OX (mu,dx, +mu,dx, + mu,dx, + mu,dx,))

where musdx,=-Edt, it strongly suggests that the wave function is just the de Broglie's matter
wave [4,5,6].

Considering another explanation to i for planets in the solar system, no Planck constant
can be involved. But, in a many-body system with the total mass M, the data analysis [28] tells
us that the ultimate acceleration can be rewritten in terms of Planck-constant-like constant /

as



C3
assume: f=——r0
h (10)

i '
v = exp(m IO (u,dx, +u,dx, +u,dx, +u,dx,))

The constant 4 will be determined by experimental observations. This paper will show that this
wave function is applicable to several many-body systems in the solar system, the wave
function is called the acceleration-roll wave.

Tip: actually, ones cannot get to see the acceleration-roll of a particle in the relativistic
space-time (x;,x2,x3x4=icf) ; only get to see it in the cylinder coordinate system
(x1,x4=ictxs=iR).

3. How to determine the ultimate acceleration

In Bohr's orbit model for planets or satellites, as shown in Fig.2, the circular quantization
condition is given in terms of relativistic matter wave in gravity by

£3q3Lv|dl =27n 3
¢ — Jr=—S% _n n=012.. . )
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acceleration-roll

Fig.2  Aplanet 2D orbit around the sun, an acceleration-roll winding around the planet.
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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.3, their ultimate accelerations are obtained in
Table 1. The predicted quantization blue-lines in Fig.3(a), Fig.3(b), Fig.3(c), Fig.3(d) and
Fig.3(e) agree well with experimental observations for those inner constituent planets or
satellites.
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Fig.3 The orbital radii are quantized for inner constituents. (a) the solar system with #=4.574635¢e-16 (m?s'kg™").
The relative error is less than 3.9%. (b) the Jupiter system with #=3.531903e-16 (m?s-'kg™"). 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 #=6.610920e-16 (m?s-'kg™"). The relative error is less than 1.1%. (d) the Uranus system with

h=1.567124e-16 (m?s”'kg™"). n=0 is assigned to Uranus. The relative error is less than 2.5%. (¢) the Neptune
system with #=1.277170e-16 (m?s'kg™"). n=0 is assigned to Neptune. The relative error is less than 0.17%.



Table 1

Planck-constant-like constant /, N is constituent particle number with smaller orbital inclination.

system N | M /Meartn S (/s2) h (m2s-1kg-1) | Prediction
Solar planets 9 | 333000 [ 2.961520e+10 | 4.574635e-16 | Fig.3(a)
Jupiter' satellites 7 318 4.016793e+13 | 3.531903e-16 | Fig.3(b)
Saturn's satellites 7 95 7.183397e+13 | 6.610920e-16 Fig.3(c)
Uranus' satellites 18 14.5 1.985382e+15 | 1.567124e-16 Fig.3(d)
Neptune 's satellites | 7 17 2.077868e+15 | 1.277170e-16 | Fig.3(e)

Besides every f, our interest shifts to the constant 4 in Table 1, which is defined as

3
h=—" = Jr=h/M,.
M3 G

In a many-body system with a total mass of M, a constituent particle has the mass of m and

(12)

moves at the speed of v, it is easy to find that the wavelength of de Broglie's matter wave should
be modified for planets and satellites as

1 _ 2rh
mv

de_ Broglie

27hM (13)

= modify= A=

where / 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 modified matter wave works for quantizing orbits
correctly in Fig.3 [28,29]. The key point is that the various systems have almost the same
Planck-constant-like constant /4 in Table 1 with a mean value of 3.51e-16 m?s’'kg’!, at least
having the same magnitude! The acceleration-roll wave is a generalized matter wave on a
planetary scale.

In Fig.3(a), the blue straight line expresses the linear regression relation among the Sun,
Mercury, Venus, Earth and Mars, their quantization parameters are 2M=9.098031e+14(m?/s).
The ultimate acceleration is fitted out to be f=2.961520e+10 (m/s?). Where, n=3,4,5,.. were
assigned to solar planets, the sun was assigned a quantum number n=0 because the sun is in the
central state.

4. Optical model of the central state

The acceleration-roll wave as the relativistic matter wave generalized in gravity is given by
2zhM  2zc®
Yy Vi3

In a central state n=0, if the coherent length of the acceleration-roll wave is long enough, its

Iopx L,
W:exp(mj‘o vdl); A= (14)

head may overlap with its tail when the particle moves in a closed orbit in space-time, as shown
in Fig.4, the interference of the acceleration-roll wave between its head and tail will occur in
the overlapping zone. The overlapped wave is given by



v _ 1-exp(iNg)

i26

NN=1+e“ +e'% +.. . +e
v(n) 1-exp(io) s
1 2o 2nfor?
o(r)=——¢ (v,)dl = =
(= ¢, () v =

where N is the overlapping number which is determined by the coherent length of the
acceleration-roll wave, dis the phase difference after one orbital motion, @ is the angular speed
of the solar rotation. The above equation is a multi-slit interference formula in optics, for a
larger N it is called the Fabry-Perot interference formula.

4 Time

Interferenc >
y
X Visualized wave
Fig.4 The head of the acceleration-roll wave may overlap with its tail.

The acceleration-roll wave function yneeds a further explanation. In quantum mechanics,
|yf* equals to the probability of finding an electron due to Max Burn's explanation; in
astrophysics, |yf* equals to the probability of finding a nucleon (proton or neutron) averagely
on an astronomic scale, because all mass is mainly made of nucleons, we have

|y [P oc nucleon _ density - (16)

It follows from the multi-slit interference formula that the interference intensity at maxima is
proportional to N°, that is

N 2 — | l//(o)multi—wavelet |2 .
| l//(o)one—wavelet |2

What matter plays the role of “one-wavelet” in the solar core or earth core? We choose air-

(17)

vapor at the sea level on the earth's surface as the “reference matter: one-wavelet”. Thus, the
overlapping number N is estimated by

2 _ | l//(o)multi—wavelet |2 ~ core _ nucleon — denSityr:O
| l//(o)one—wavelet |2 ai r — Vapor — denSityr:sea

(18)

Although today there is no air-vapor on the solar surface, does not hinder to select it as the
reference matter. The solar core has a maximum density of 1.5e+5kg/m? [31], comparing to the
air-vapor density of 1.29 kg/m? at the sea level on the earth, the solar overlapping number N is
estimated as N=341. The earth's core density is 5.53e+3kg/m?, the earth's overlapping number
N is estimated as N=65.

For the Sun, Earth and Mars, their central densities and their reference matter density are
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given in Table 2. Thus, their overlapping numbers are estimated also in this table.

Sun's angular speed at the equator is known as @=271/(25.05%24*3600), unit: s™'. Its mass
1.9891e+30 (kg), radius 6.95e+8 (m), mean density 1408 (kg/m?®), the solar core has a
maximum density of 1.5e+5kg/m® [31], the ultimate acceleration $=2.961520e+10 (m/s?), the
constant 2M= 9.100745¢e+14 (m?/s). According to the N=341, the matter distribution of the |y{*
is calculated in Fig.5, it agrees well with the general description of the sun's interior. The radius
of the sun is calculated to be r=7e+8 (m) with a relative error of 0.72% in Fig.5, which indicates

that the sun radius strongly depends on the sun's self-rotation.

Table 2  Estimating the overlapping number N by comparing solid core to reference matter, regarding protons

and neutrons as basis particles.

object Solid core, Reference matter, Overlapping B
density (kg/m?) density (kg/m®) number N (m/s?)
Sun 1.5e+5 (max.) 1.29 (vapor above the sea) 341 2.961520e+10
Earth 5530 1.29 (vapor above the sea) 65 1.377075¢e+14
Mars 3933.5 1.29 (vapor above the sea) 55 2.581555e+15
Jupiter 1326 4.016793¢+13
Saturn 687 7.183397e+13
Uranus 1270 1.985382e+15
Neptune 1638 2.077868e+15
Alien-planet 5500 1.29(has water on the surface) 65
12 WP

— nucleon_density

08
N=341
$=2.961520e+10
rc=7.000000e+08
04 rs=6.950000e+08
error=-0.72%
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Fig.5 The matter distribution |2 around the Sun has been calculated in the radius direction.
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5. Earth's central state and space debris distribution

Appling the acceleration-roll wave to the Moon, as illustrated in Fig.6(a), the Moon has been
assigned a quantum number of #=2 in the author's early study [28]. According to the quantum
condition, the ultimate acceleration is fitted out to be f=1.377075e+14 (m/s?) in the earth
system. Another consideration is to take the quasi-satellite's perigee into account, for the moon
and 2004 _GUO etc., as shown in Fig.6(b), but this consideration requires further understanding
of its five quasi-satellites [28].
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Fig.6  Orbital quantization for moon and quasi-satellites to the Earth, H=hM.
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The earth's angular speed is known as @=271/(24*3600), unit s'. Its mass 5.97237e+24(kg),
radius  6.371e+6(m), core density 5530(kg/m’), the ultimate acceleration
S=1.377075e+14(m/s?), the constant AM=1.956611e+11(m?/s).

We have estimated that the wave overlapping number in the central state of the earth is
N=65, the matter distribution ||? in radius direction is calculated as shown in Fig.7(a), where
the self-rotation near its equator has the period of 24 hours:

2
5 = ()l = 2 or = 2 (19
The matter distribution has a central maximum at the earth's heart, which gradually decreases
to zero near the earth surface, then rises the secondary peaks and attenuates down off. The
radius of the earth is calculated to be ¥=6.4328e+6 (m) with a relative error of 0.86% using the
interference of its acceleration-roll wave. Space debris over the atmosphere has a complicated
evolution [7,8], and has itself speed
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The secondary peaks over the atmosphere up to 2000km altitude are calculated in Fig.7(b)
which agree 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.7(c) and
(d). This prediction of secondary peaks also agrees well with other space debris observations
[24,25].
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Fig.7 (a) The radius of the Earth is calculated out r=6.4328e+6 (m) with a relative error of 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>//[26]
int 1,j,k,m,n,N,nP[10]; double H,B,M,v_r,, AU,r unit,x,y,z,delta,D[10],S[1000];
double rs,rc,rot,a,b,atm_height,beta; char str[100];
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=5.97237¢24;AU=1.496E11;r unit=1e-6*AU; rot=2*P1/(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 “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]y[#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,"#1fN#t=%d#n#i{B#t="%c# Yoettnrs=%e#tnerror=%.21%",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");
HVOT="7>A#t
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<Clet2020 Script>//[26]

int 1,,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=5.97237¢24;AU=1.496E11;r unit=1le4;

rot=2*P1/(24*60*60);//angular speed of the Earth

b=Pl/(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]=1;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,"#ifly[#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|y[#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=7>A#t

6. Sunspot cycle

The coherence length of waves is usually mentioned but the coherence width of waves is
rarely discussed in quantum mechanics, simply because the latter is not a matter for electrons,
nucleon, or photos, but it is a matter in astrophysics. The analysis of observation data tells us
that on the planetary scale, the coherence width of acceleration roll waves can be extended to
1000 kilometers or more, as illustrated in Fig.8(a), the overlap may even occur in the width
direction, thereby bringing new aspects to wave interference.

In the solar convective zone, adjacent convective arrays form a top-layer flow, a middle-
layer gas, and a ground-layer flow, similar to the concept of meolecular current in
electromagnetism. Considering one convective ring at the equator as shown in Fig.8(b), there
is an apparent velocity difference between the top-layer flow and the middle-layer gas, where
their acceleration-roll waves are denoted respectively by

Coherent length

Overlapping

dense core

top-layer o,

Opgat= 0y~

(a) (b)
Fig.8  (a) Illustration of overlapping in the coherent width direction. (b) In convective rings at the equator, the

speed difference causes a beat frequency.
<Clet2020 Script>// [26]
int 1, j, k, R,D[500];
main() {DrawFrame(FRAME NULL,1,0xafffaf);
R=60; SetPen(1,0xffff00);
D[0]=-R; D[1]=-R; D[2]=R; D[3]=R; Draw("ELLIPSE,1,2,XY,0",D);
R=85; k=15; SetPen(1,0xff0000);
D[0]=-R; D[1]=-R; D[2]=R; D[3]=R; Draw("ELLIPSE,0,2,XY,0",D);
D[0]=0; D[1]=0; D[2]=R-k; D[3]=0; D[4]=R-+k;D[5]=0;
Draw("SECTOR,1,3,XY,15,30,130,0",D);
R=95; k=15; SetPen(1,0x00ff);
D[0]=-R; D[1]=-R; D[2]=R; D[3]=R; Draw("ELLIPSE,0,2,XY,0",D);
D[0]=0; D[1]=0; D[2]=R-k; D[3]=0; D[4]=R-+k;D[5]=0;
Draw("SECTOR, 1,3,XY,15,0,100,0",D);D[4]=R+k+k;
Draw("SECTOR,3,3,XY,15,0,100,0",D);
TextHang(0,0,0,"dense core"); TextHang(R-k-k,-k,0,"Coherent width");
TextHang(0,R+k+k+k,0,"Coherent length"); TextHang(-R,R+k,0,"Overlapping");
Y HVOT=7>Att
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<Clet2020 Script>//Clet is a C compiler[26]
double beta,H,M,N,dP[20],D[2000],r,rs,rot,
int main() {beta=2.961520¢10; H=SPEEDC
M=1.9891E30; rs=6.95e8;rot=2*P1/(25.05%24*3600);v1=rot*rs;K1=v1*v1/2;//T1=2*PT*H/K1;
v2=0.7346*sqrt(BOLTZMANN*5700/MP)+0.2485*sqrt(BOLTZM ANN*5700/(MP+MP));
K2=v2*v2/2;T2=2*PI*H/(K2-K1);T=T2/24*3600%365.2422;
Lamda=2*PI*H/(v2-v1);V=Lamda/T2;

SetViewAngle("temp0,theta60,phi-60");

DrawFrame(FRAME LINE,1,0xafffaf);Overlook("2,1,60", D);

TextAt(10,10,"v1=%d, v2=%d, T=%.2fy, A=%e, V="%d",v1,v2,T, Lamda,V);
SetPen(1,0x4f4{fY); for(i=0;i<18;i+=1) {vl I/18; x=70*cos(v1);y=70*sin(v1);Ring();}
SetPen(2,0xff0000);Draw("ARROW,0,2,XYZ,15","80,0,0,80,60,0");
TextHang(100,20,0,"top-layer w#sd2#t"); SetPen(2,0x0000ff);
Draw("ARROW,0,2,XYZ,15","70,0,0,70,60,0");

TextHang(50,60,0,"center o#sd1#t");TextHang(140,-30,0," w#sdbeat#t=n#sd2#t-o#sd 1#t");

y,v1,v2,K1,K2,T1,T2,T,Lamda,V; int i,j,k;
PEEDC*SPEEDC/beta;

Ring(){ k=0;N=20; r=10;

for(j=0:j<N+2;j+=1) {k=j+j+j; v2=j*2*PI/N;
D[k]=x+r*cos(v2);D[k+1]=y+r*sin(v2); D[k+2]=0;}
Plot("POLYLINE,4,22,XYZ,8".D);}

#vOT=7>A#t

V= l//top +Cwmiddle
ip —°
o = Xp[=| (v,dl + t
l//t p p[C3 J‘L( 1 —Vlz /C2 . (21)

—C2

.
Y middle = eXp[C—3 Jl (v,dl + m dt)]

Their interference in the coherent width direction leads to a beat phenomenon

|7 = Vg + C¥ g =1+ C7 +2C cos[ 22 [ dll = Z2-1]
ﬂbeat t Tbeat
2 c? c? VA
_:ﬁ3 — . 2):é(é—%) _ (22)
T © \1-v2/c? \1-v,2/c?” C
27

:£3(V1_V2); \Y :%:E(Vf"vz)

beat

ﬂbeat

Their speeds are calculated by

v, #6200 (m/s) (= observed in Evershed flow)

(23)
V, =or 4. = 2017 (m/s) (solar rotation);

Where, regarding Evershed flow as the eruption of the top-layer flow, about 6km/s speed was
reported [31]. Alternatively, the top-layer speed vi also can be calculated by thermodynamics,
to be vi=6244 (m/s) [28]. Thus, their beat period T« is calculated to be a very remarkable value
of 10.38 (years), in agreement with the sunspot cycle value (say, mean 11 years).

4rc?

ﬂ(vlz - V22 )

The relative error to the mean 11 years is 5.6% for the beat period calculation using the

T, =10.38 (years) . (24)

eat —

acceleration-roll waves. This beat phenomenon turns out to be a nucleon density oscillation that
undergoes to drive the sunspot cycle evolution. The beat wavelength A is too long to observe,
only the beat period is easy to be observed. As shown in Fig.9, on the solar surface, the
equatorial circumference 2n7 only occupies a little part of the beat wavelength, what we see is

the expansion and contraction of the nucleon density.
12



27 _0.0032 | 25)

eat

This nucleon density oscillation is understood as a new type of nuclear reaction on an

astronomic scale.

beat

»
»

Fig.9  The equatorial circumference 2nr only occupies a little part of the beat wavelength, what we see is the

expansion and contraction of the nucleon density.

In the above calculation, although this seems to be a rough model, there is an obvious
correlation between solar radius, solar rotation, solar density, ultimate acceleration, and Planck-
constant-like constant /.

7. Space debris of neutron stars

Consider a neutron star in its central state with a quantum number #=0, the overlapped wave is

given by
w(r)=1+e" +e'% 4. +e"™? :W
1-exp(io) o6
1 27or? Zﬁﬂa)rz
()= )l == o ==

where N is the overlapping number which is determined by the coherent length of the
acceleration-roll wave, J1s the phase difference after one orbital motion, @ is the angular speed
of the neutron star rotation. The nucleon density |yf? is illustrated in Fig.10, the core is
surrounded by many rings that consists of numerous space debris.

13
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Fig.10  Illustration of the nucleon density |yf%, the core is surrounded by many rings.

The acceleration-roll wave of the core's shell has a coherent width which covers all the
rings, then a space debris ring has a beat phenomenon which is given by

V= Wring + Clr//shell

2

—C
‘//rmg = eXp[ ﬂj (V dl —dt)]
«/ 1-v, [ c? ) (27)
is —c°
Voo = XL [, (vl e

Where, the v; represents the space debris speed of the ring, the v, the neutron star's speed at the
equator, they are

=NGM T} V, =@l - (28)

The coupling constant C determines the strength of the beat phenomenon among the ring due
to the interference between the ring and the dense core's rotation. The nucleon density |yA?
shows an oscillation in the ring, which turns out to be an expansion and contraction of the
neutron particle density in the ring with a beat period

2n _p_ ¢ ©
T C \/1—v2/c2 \/1—v2/c2

(29)

2
| P=| W/ g + CW e P=1+C? +2C cos[ﬂTj dl —T—t]

eat beat

Since every neutron has a magnetic moment £, which has already aligned by the core's polar
magnetic field, the expansion and contraction of the ring will cause the electromagnetic field
in the ring to vary. Consider an area S perpendicular to neutron's magnetic moments z, in the

ring. An alternating electric field E around the area S is generated by Faraday law:

sin(z—”t) ) (30)

beat

ng dl = Cd(y PP sS)
dt

It emits an electromagnetic wave to the sky. All the rings together emit a pulsar that is

E:Aisin(_l_z—”t)+Azsin( 27 t)+ A, sin( 2% 4. 31

beatl beat2 beat3
14



Where, A represents amplitude of each wavelet. In space debris, because every neutron
magnetic moment has already aligned by the core's polar magnetic field, the alternating electric
field E is also aligned, therefore pulsar radio signals are often highly linearly polarized. There
are three approaches to calculate the pulsar.

(1) Fabry-Perot interference formula

Approximately, suppose every ring emits the same amplitude 4, the successive rings have the
same phase difference o, then the pulsar with N ring emissions is simplified by

E = Asin(27v,,,t) + ASIN(27zv,ut —0) + ASIN(27v, it —20) +... . (32)

o sin(Ns/2)[

- ;0 =27mAvt . (33)
sin(o'/2)

Where, Av denotes the frequency difference between successive rings. This formula gives out
a correct profile of a pulsar from neutron star at first glance, as shown in Fig.11, where the
maximal peaks have been truncated.

100 I(a.u.) 100 . I(a.u.)
—PSR J0437-4715, 436 MHz — PSR B0950+08, 430MHz
—Prediction, N=10 — Prediction, N=500
50 50
0 AN deg. 0 time(ms)
(a) 0 90 180 270 360 (b) 0 2 4 6 8

Fig.11 The simulation of pulsar microstructure, (a) PSR J0437-4715, 436Mhz; (b) PSR B0950+08, 430Mhz.
<Clet2020 Script>//[26]
int 1,j,k,m,N; double x,y,z,D[500],S[500];
double

D_Page217[80]={0.00,1.82,14.96,2.73,30.86,2.73,44.88,2.73,68.26,2.73,82.29,3.64,93.51,6.36,109.40,17.27,123.43,30.91,135.5
8,40.91,139.32,42.73,144.00,39.09,149.61,33.64,154.29,30.00,158.03,30.00,162.70,36.36,171.12,53.64,176. 7? 65.45,178.60,73.
64,182.34,76.36,186.08,78.18,192.62,70.00,199.17,54.55,203.84,43.64,209.45,33.64,214.13,30.00,216.94,30.00,225.35,32.73,22
9.09,34.55,235.64,30.91,244.05,21.82,252.47,10.91,260.88,7.27,266.49,4.55,280.52,4.55,298.29,3.64,317.92,5.45,331.01,3.64,3

51.58,3.64,358.13,2.73,};

main(){

SetAxis(X_ AXIS,0,0,360,"deg.;0;90;180;270;360;");

SetAxis(Y_AXIS,0,0,100 ”I(a u.);0; 5() 100;");

DrawFrame(FRAME SCALE, 1 ,()xa‘rffaﬂ;

j=40; SetPen(1,0xff); Polyline(j,D Page217,10,95,"PSR J0437-4715, 436MHz");

j:IXO:N: ):i=0;

fm(i i<j;it=1){ z=PI+i*2* Pl | 7’72; if(z>0) y=sin(N*z)/sin(z); else y=N;
y/= ()00/ *y; if(y>80) y D[i+i]=i+i; D[i+i+1]=y;}

Setl’en(l OxlIOOOO) I’ol\]me(] D ]0,85.”1’1’ediclionﬂ N=10");

FVOT=7>A#t

<Clet2020 Script>//[26]

int 1,j,k,m,N; double x,y,z,D[500],S[500];

double

D Page243[142]={0.06,3.58,0.30,3.23,0.48,1.79,0.62,1.08,0.68,4.66,0.94,6.81,0.98,3.94,1.06,4.66,1.20,3.94,1.32,3.23,1.40,3.58,
1.54,1.79,1 .66,0.36.1.76.3.58.1488,3,94,2,()6.6.45,2.2(),5‘02.2.42.13‘98,2.48,26 88,2.58,50.54,2.70,64.52,2.76,78.14 2. 8(7 84.59.2.
92,86.02,3.00,82.80,3.06,74.19,3.08,69.53,3.10,66.31,3.14,62.01,3.20,57.71,3.24,48.75,3.28,39.07,3.34,31.90,3.40,29.03,3.46,39

43,3.54,50.54,3.62,48.39,3.66,42.65,3.82, 2I 51,3.92,16.49,4.02,25.45,4.26,9.32,4.38,5.38,4.54,33.33,4.60,37.99,4.72,31.90,4.86
,16.85,5.02,6.81,5.14,8.60,5.24,27. ()() 5.30,30.11,5.34,26.88,5.48,12.90,5.60,7.17,5.74,7.17,5.88, 19.64,5,‘)2.19,71,6,08,13.2(),()42
2,5.73,6.38,5.02,6.54,10.75,6.74,6.45,7.04,6.81,7.22,5.73,7.30,6.45,7.40,6.45,7.50,9.68,7.62,5.38,7.78,7.53,7.84,6.45,7.98,6.45,}
1’1min()(

SetAxis(X AXIS,0,0,8,"time(ms);0;2;4;6;8;");

SetAxis(Y AXIS,0,0,100,"I(a.u.);0;50;100;");

DrawFrame(FRAME SCALE,1,0xafffaf);

j=71; SetPen(1,0xff); Polyline(j,D_Page243,3.5,95,"PSR B0950+08, 430MHz");

15



If you are not satisfied with the accuracy of this method, refer to the next approach.
(2) Visualization of Riemann's hypothesis [28]
Apparently, each ring emits an amplitude, the phase difference o between successive rings is
also varying. In practice, the pulsar consists of a series of attenuating wavelets with smaller
phase differences, may be given by

1 —iot-iktinn 1 —iot-ibinn
E:ZLFe t-iktl :ZLFe ST a8

Where @ and k are two experimental constants depicting the amplitude attenuation and phase
variation, by re-arranging these symbols, we find that.

—iof N 1 —iot . H H
E=e™) i~ =€ "¢(s); s=a+ib=a+ik s

|EP=[¢(s)

When N=o0, this is the physical picture of the famous zeta function in terms of optics. Defining
x=In(#n), when n=1, we get x=0; to note that

dn=d(e*) =e*dx (36)
The zeta function can be written as
C(s,N) = Z:‘:lefX(anb) < J-:N eX(@1) (6X) gy — IQInN oy gy
¢(8)=<¢(s:N)

Obviously, some error has involved for the first several terms, at a later moment, improvement

(37

will be made to fix the error.

é/(S, N) = Z:‘zle‘x(a”b) ~ J:nN e—x(a+ib) (ex)dX — J':N e(l—a—ib)xdx
— 1 (1-a-ib)x |x=InN
1-a—ib x=0
= ;[e“’e‘)X cos(—bx) +ie®™* sin(—bx)] [*=" (%)
" 1-a-ib w0
B p-a)hN COS(b In N) _l_,_i _g-a)nN sin(b In N)
1-a-ib 1-a-ib

Due to these sin and cos terms, ones have seen obvious oscillations of the zeta function at
infinity domain where {(s,N) produces many zeros. This is

1 -a)ln
§(S, N) :m{(l—a)[e(l JInN COS(bIn N)—l]
b (I-a)InN .3 bl N
+be 1 sin(bInN)} o)
+i (PaOW{b[e“‘f")In N cos(bIn N)—1]

—(1-a)e™ " sin(bIn N)}
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When the real part and the imaginary part of the zeta function both go to zero, then {{(s) equals
to zero, they need

(1—a)[e™™®" cos(bIn N) 1]+ be®™™"™" sin(bIn N) =0

ble®™ "™ cos(bIn N)—-1]—(1—a)e "V sin(bInN) =0 0
It is easy to find the zeros of £(s,/V) function at
sin(bInN) =0,e*"" cos(bInN) =1
- a:Lb:iljni:\l[’ ]=0123,.. @b

For example, the N rings whose wavelets overlap on the viewing screen under the rule of ¢(s, V),
then x=In(N); the zeros of zeta function correspond to the minima of light intensity on the view
screen. Actually, after improvement on the first several terms in the zeta function, a should be
less than 1. All zeros indeed fall on the straight-line s=a+ib in the complex space as the
Reimann's hypothesis expects. This is an issue of visualization of Reimann' hypothesis that was
discussed in Ref. [28].

(3) Numerical calculation

Computer can be employed to carry out calculation of any type of pulsars, for any purpose.

In this model, the star's core rotates slowly, while the space debris in rings has a very high
speed close to the speed of light ¢, this pulsar electromagnetic radiation has the relativistic
period Tuse that is estimated from the first ring by

3 2 2

T :27zc C C ):Zﬂcm;

use /( -
" B \1-viict (L-v2ictT B

(42)
3

c
Pt
where / denotes the Planck-constant-like constant with a value of 3.51e-16 m*s'kg™!, and M

denotes the mass of the neutron star. By ignoring the v/c factor under non-relativistic condition,
we estimate the periods for various stars as followings

M =100M,; T, =2.09s
M=10M_; T, =0.2s
(43)
M=Mg; T, =20ms
M=0IMg; T, =2.09ms

In fact, the space debris in a ring has a very high speed, which cannot be neglected, thus the
final pulsar period will be inevitably determined by the v/c factor.

Three distinct classes of pulsars are currently known to astronomers, according to the
source of the power of the electromagnetic radiation: (1) rotation-powered pulsars, where the
loss of rotational energy of the star provides the power; (2) accretion-powered pulsars
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(accounting for most but not all X-ray pulsars), where the gravitational potential energy of
accreted matter is the power source (producing X-rays that are observable from the Earth); (3)
magnetars, where the decay of an extremely strong magnetic field provides the electromagnetic
power. Although all three classes of objects are neutron stars, their observable behavior and the
underlying physics are quite different [39]. Arming with the acceleration-roll wave and the
Planck-constant-like constant, all imaginary spins of neutron stars are not true, instead, neutron
star's rings rotate at high speeds.

8. Conclusions

In analogy with the ultimate speed c, there is an ultimate acceleration /5, nobody's acceleration
can exceed this limit B, in the solar system, $=2.961520e+10(m/s?). Because this ultimate
acceleration is large, any effect related to f will become easy to test, including quantum gravity
tests. In this paper, an approach is put forward to connect the ultimate acceleration with
guantum theory, as an application, the sunspot cycle is calculated to be 10.38 years due to the
ultimate acceleration. The same approach is applied to pulsar microstructure problems. The
microstructures of pulsar PSR J0437-4715 at 436Mhz and PSR B0950+08 at 430Mhz are
investigated, the calculation results agree well with the observations. Under non-relativistic
condition, the pulsar with 100 times solar mass has a period of 2.09s; the pulsar with 10 solar
times mass has a period of 0.2s; the pulsar with solar mass has a period of 20ms; the pulsar with
a tenth solar mass has a period of 2ms.
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