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Abstract: In analogy with the ultimate speed ¢, there is an ultimate acceleration 3, nobody's acceleration can
exceed this limit B, for electrons and quarks, p=2.327421e+29(m/s?). Because this ultimate acceleration is a large
number, any effect connecting to B will become easy to test. In this paper, an approach is put forward to connect the
ultimate acceleration with quantum theory, consequently, the matter wave can bear the spin concept. This paper also
carefully explains how the matter wave to display its spin effect in Stern-Gerlach experiments. It is completely a

new aspect to quantum mechanics for the relativistic matter wave to contain spin.

1. Introduction

This year is 99th anniversary of the initiative of de Broglie's matter wave. In 1922, the Louis de
Broglie considered blackbody radiation as a gas of light quanta [4], he tried to reconcile the concept
of light quanta with the phenomena of interference and diffraction. In 1923 and 1924, the concept
that matter behaves like a wave was proposed by Louis de Broglie [5,6]. It is also referred to as the
de Broglie hypothesis, matter waves are referred to as de Broglie waves.

In analogy with the ultimate speed c, there is an ultimate acceleration S, nobody's acceleration
can exceed this limit 5, for electrons and quarks, f=2.327421e+29(m/s2). Because this ultimate
acceleration is a large number, any effect connecting to £ will become easy to test. In this paper, an
approach is put forward to connect the ultimate acceleration with quantum theory, consequently, the
matter wave can bear the spin concept. This paper also carefully explains how the matter wave to
display its spin effect in Stern-Gerlach experiments. It is completely a new aspect to quantum
mechanics for the relativistic matter wave to contain spin.

2. How to connect the ultimate acceleration with quantum theory

In the relativity, the speed of light ¢ is an ultimate speed, nobody's speed can exceed this limit c.
The relativistic velocity u of a particle in the coordinate system (x;,x2,x3,x4=ict) satisfies

U’ +uf +u’+uf =—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 the 4-
velocity u. The acceleration a of a particle is given by

a’+a+a’=a’ (a, =0; - x,=ict) )



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

a’+a,+ai-p=a’-p45 a,=0 3)
It can be rewritten as
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Now, the particle subjects to an acceleration whose five components are specified by
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where o5 is the newly defined acceleration in five dimensional space-time (x;,x2,x3,x4=ict,xs). Thus,
we have

2 2 2 2 2 2. _
o +a, +oy+a, +o; == 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 to resolve the velocity u and acceleration « into x, y, and z components? In 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).

\1 ﬂal 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 x1 axis with the constant speed [u[=ic in the 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 the Fig.1(b) it moves with the constant speed |u|=ic almost along the x4
axis and slightly along the x; axis, and the constant centripetal acceleration |¢|=if in the x5 axis at
the constant radius iR (imaginary number); the coordinate system (x;,xs=ict,x5=iR) establishes a
cylinder coordinate system in which this particle moves spirally at the speed v along the x; axis.
According to usual centripetal acceleration formula a=v*/r, the acceleration in the x4-xs5 plane is
given by

2 2 2
a=y = |ﬂ_|u| —F—zic— : (N
r iR R
Therefore, the track of the particle in the cylinder coordinate system (x;,x4s=ict,xs=iR) forms a shape,
called as acceleration-roll. The faster the particle moves along the x; axis, the longer the spiral step
is.

As like a steel spring with elastic wave, the track in the acceleration-roll in Fig.1(b) can be

described by a wave function whose phase changes 2r for one spiral step. Apparently, this wave is

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

Theorem: the acceleration-roll bears the matter wave.
Proof: The wave function phase changes 2n for one spiral circumference 27(iR), then a small
displacement of the particle on the spiral track is |u|dr=icdt in the 4-vector u direction, thus this

wave phase along the spiral track is evaluated by

phase = j icdr = [/ —dz . ®)

Substituting the radius R into it, the wave function y is given by
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In the theory of relativity, we known that the integral along dzneeds to transform into realistic line

integral, that is

dr =—c? d— = (U +u? +U; +u2)—

(10)
= (u,dx, +u,dx, +u,dx, +u,dx,) —

Therefore, the wave function y is evaluated by

w =exp(— |—I dr)
(11)

_exp(l—J' (u dx, +u,dx, +u,dx, +u dx4))

This wave function may have different explanations, depending on the particle under investigation.
Ifthe /3 is replaced by the Planck constant, the wave function of electrons is given by



3
assume: f= %
(12)

W= exp(% on (mu,dx; +mu,dx, + mu,dx, + mu,dx,))

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

In Fig.1(b), the acceleration-roll of particle moves with two distinctions: right-hand chirality
and left-hand chirality. The direction of the angular momentum J would be slightly different from
the x; due to spiral precession. It is easy to calculate the ultimate acceleration £ , the radius R and
the angular momentum J in the plane x4-x; for a spiraling electron as

c’m
B= == 2.327421e+29 (M/s?)

c? . (13)
R= Z =3.861593e-13 (M)

J=+m|u|iR=Fh
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Considering another explanation to  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

3
assume: f= L
hM (14)
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W= exp(m jo (u,dx, +u,dx, +u,dx, +u,dx,))

The constant # 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
as the acceleration-roll wave.

Tip: actually, ones cannot get to see the acceleration-roll of particle in the relativistic space-

time (x;,x2,x3,x4=ict) ; only get to see it in the cylinder coordinate system (x;,x4s=ict,xs=iR).

3. How to determine the ultimate acceleration

In the 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
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Fig.2 A planet 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, 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=4.574635e-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 the Uranus. The relative error is less than 2.5%. () the Neptune

system with A=1.277170e-16 (m?s'kg™!). n=0 is assigned to the Neptune. The relative error is less than 0.17%.

Table 1

Planck-constant-like constant %, N is constituent particle number with smaller inclination.
system N | M /Mear B (m/s?) h (m?*s''kg!) | Prediction
Solar planets 9 | 333000 | 2.961520e+10 | 4.574635¢-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

h
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In a many-body system with the total mass M, a constituent particle has the mass m and moves at
the speed v, it is easy to find that the wavelength of de Broglie's matter wave should be modified
for planets and satellites as

A zzmih - modify= 1= 2ZM
\

de_ Broglie

a7

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 same Planck-constant-like
constant / in Table 1 with a mean value of 3.51e-16 m?s-'kg™!, at least have the same magnitude!
The acceleration-roll wave is a generalized matter wave as a planetary scale wave.

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 AM=9.098031e+14(m?/s). The
ultimate acceleration is fitted out to be £=2.961520e+10 (m/s?). Where, n=3,4,5,.. were assigned to
solar planets, the sun was assigned a quantum number #=0 because the sun is in the central state.

4. Influence of the ultimate distance in all directions

Position, velocity and acceleration are three basic concepts in particle physics, correspondingly, we
have ultimate distance, ultimate velocity, and ultimate acceleration, respectively. Consider there
exists an ultimate distance D which is automatically recognized as the diameter of our universe:
among the D rang nobody can escape. The ultimate distance provides us a useful insight into cosmic
microwave background, the Hubble law and dark matter.

Consider a star that have distance » to the sun (to us), we establish a frame of reference with
the origin at the sun, as shown in Fig.4 in the Cartesian coordinates (x,),z), the Pythagorean theorem
tells us

X +y +28 =r? (18)

v
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Fig.4 A star in the solar reference frame.
Because the distance is a very large quantity for the star, we worry about non-Euclidian effect that
may involve within, we modify it by Taylor expansion with the first order small quantity
X2 +y?+2° =r’ +kr (19)

where the k7 term represents the non-Euclidian effect. Suppose there is the ultimate distance D in

the universe, then we have



X +y>+2°—D*=-D*+r° +kr

or (20)
2
X*+y?+12° -D?* =-D’( —%—#)
It can be rewritten as
2 2
+
J1-kr/D?-r?/D?*) \1-kr/D?-r?/D? o
2 . 2
J1-kr/D?-r? | D? J1-kr/D?-r? | D?
Then, new coordinates can be established, are specified by
X' = X y'= y
J1-kr/D?—r?/ D? J1-kr/D?—r? | D? @)
' z . iD
Z = d =
J1-kr/D?-r? | D? J1-kr/D?—r?/D?
In the new coordinates (x’,y’,z’,d’), all stars to the origin are the same for their same distance:
|x?+y?+2%+d"?|=iD (23)

The magnitude of the distance is a constant! All positions gain equality for the sake of the same
distance D. The new coordinates (x’,y’,z’,d’) is named as the position equality space in the
followings.

Notice that a star moving at the classical position (x,y,z) will never be able escape from us in
the position equality space (x,y’,z",d’), simply because

: X .
X'= = |x'|<xD
J1-kr/D?—r? | D?
r__ y 1
kDD V<P oy
z' Z = |z'|<kD

J1-kr/D?-r?/ D?
In other words, all distance stars are confined in an equivalent cavity with the diameter D. Our

universe is a blackbody cavity in terms of the position equality space, in which all electromagnetic
radiations warm up our universe, as shown in Fig.5.

classical cavity cavity confined by r<D

Fig.5 A classical cavity, and an equivalent cavity confined by r<D in the position equality space (x’,y’,z’,d’).
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Fig.6 The measurement of the cosmic microwave background.
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According to the blackbody theory, our universe has a mean temperature 7" with a standard
blackbody spectrum in the cavity »<D, experimental observations confirmed the profile of cosmic
microwave background radiation to be an exact blackbody radiation spectrum at the temperature
T=2.725K, as shown in Fig.6.

Now, let us test the position equality space using the Hubble law. Consider an atom at far
distance x=r, emitting an electromagnetic wave of wavelength A. All stars are in the position
equality space, so actually we live in the new coordinate system (x’,y’,z’,d’), what we see is

, X
X =
J1—kr/D?—r?/D?
y'=y=0 (25)
2'=2=0
d4 iD

J1-kr/D?—r?/ D?
Thus, we at the origin receive the wave length 4’ of the electromagnetic wave as

A=y 26)
2D?

This is the Hubble law for far stars, the 2D”/k equals to the Hubble constant, in fact the Hubble law
happens in all directions in the sky like cosmic microwave background in all directions. The
advantage of the position equality space is that it is not necessary for stars to recede as the prediction
by the Doppler effect theory for frequency shift. For last many decades, our vision to the cosmology
has been misguided by the abuse of the Doppler effect for electromagnetic wave over the Hubble

9



law, the later leads to the expansion of the universe and the big bang hypothesis. Now, sleeping in

the position equality space, it is time for the universe to become quiet [28].

5. How 2D matter wave to obtain spin

Dimension is defined as the number of independent parameters in a mathematical space. In the field
of physics, dimension is defined as the number of independent space-time coordinates. 0D is an
infinitesimal point with no length. 1D is an infinite line, only length. 2D is a plane, which is
composed of length and width. 3D is 2D plus height component, has volume.

In this section we at first discuss how to measure dimension by wave. In Fig.7(a), one puts

earphone into ear, one gets 1D wave in the ear tunnel.
. A .
1D: y=Asin(kr —at) = r—osm(kr —wt)- 27)

where r is the distance between the wave emitter and the receiver. In Fig.7(b), one touches a guitar

spring, one gets 2D cylinder wave.

2D: y= A 75 Sin(kr — at) - (28)
In Fig.7(c), one turns on a music speaker, one gets 3D spherical wave.
3D: y= ?sin(kr —wt) - (29)
1D tunnel wave 2D cylinder wave 3D spheric wave

(a) 1D tunnel wave (b) 2D cylinder wave (c) 3D spherical wave

Fig.7 The wave behavior in various dimensional spaces.
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In general, we can write a wave in the form
A .
y =—sin(kr - at) - (30)
r

It is easy to get the dimension of the space in where the wave lives, the dimension is D=2w+1.
Nevertheless, wave can be used to measure the dimension of space, just by determining the
parameter w.

Waves all contain a core oscillation (vibration invariance)

10
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9Y ey -0, 31
dr

Substituting y into the core oscillation, we obtain the radial wave equation

d’y 2wd w(w—1
dy 2wy gz, W=Dy g (32)
dr rdr r

This equation expresses the wave behavior modulated by the spatial dimension parameter w. For
1D wave w=0, it is trivial, but for 2D wave w=1/2, it reduces to the Bessel equation in a cylinder
coordinate system (r, )

2
d_y+lﬂ+(k2 _%)yzo (2D wave)
r

dr®> rdr

comparing to the Schrodinger's equation: . (33)
2

d Rgr) +g dR(r) f[KP - Il ;Ll)]R(r) 0
dr rodr r

In quantum mechanics, y is an electronic wave function, comparing to the Schrodinger radial wave
equation in textbooks, we find that the -1/4/? term represents the electronic spin effect. However,
here according to the above radial Bessel equation we can simply conclude that sound wave,
electromagnetic wave, or any wave can have spin effect in 2D space! Let us use k denote the wave-
vector, then the above 2D wave equation tells us

20 L1

krzzkz—k(pz; k:7; k =+ (34)

The k, causes the 2D wave-vector k to spin little by little as illustrated Fig.8. The positive and
negative k, corresponds to spin up and spin down respectively; as 7 goes to the infinity, the spin
effect vanishes off.

k ko S

@ﬁﬁ N

(a) (b)
Fig.8 (a) 2D wave-vector £ spins little by little in the cylinder coordinates (7, ¢). (b) from 1D to 2D, the spin

works to split the electron beam due to double-value k.
<Clet2020 Script>// Clet is a C compiler [26]
int 1,j,k;double r,x,y,a,D[100];
int main() {DrawFrame(FRAME_LINE, 1,0xafffaf); SetPen(1,0x0000ff);
for(i=0;i<90;i+=20) {D[0]=-i;D[1]=-i;D[2]=i;D[3]=i; Draw("ELLIPSE,0,2,XY,0",D);}
for(i=0;i<90;1+=20) {a=0.2*(i-1*1/200)*P1/180;r=i;D[0]=r*cos(a); D[ 1 ]=r*sin(a);
r+=18;D[2]=r*cos(a);D[3]=r*sin(a); SetPen(2,0xff0000);
Draw("ARROW,0,2,XY,8",D); TextHang(D[2]-10,D[3]+5,0,"#ifk");}
LHVOT=7>A

If the 2D wave is the de Broglie matter wave for a particle beam, in a cylinder coordinate (7, ),

then the matter wave has a spin angular momentum given by
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k=P e 5

r : 1, (35)
h  h rn v 2

According to the angular momentum formula in general physics, it is recognized that the particle
total momentum p is a constant given by

2 2 2
14748
h h h). (36)
k? =k +k,* = const.

Since the particle total wave vector £ is a constant, the wave-vector k- must vary as » changes. The
wave-vector in the radial direction would change as the wave attenuates.

6. How matter wave to obtain atomic spin

As shown in Fig.9(a), if the coherent length of the electron in a hydrogen atom is long enough, it
will wind around the time axis, the matter wave in the circle will overlap, and interfere with itself
at every location. The overlapping number N depends on the coherent length L; if N=oo, the matter
wave has the interference like the Fabry-Perot interference in optics.

A Time axis

178

Interference

v

Visualized wave
(a) (b)
Fig.9 (a)The matter wave winds around the time axis, overlap and interfere with itself. (b)The distribution of

overlapped 2D matter wave about its Bohr' radius.

The overlapped matter wave is given by
i i i(N-Ds 1-exp(iNo
w=w+we” +we'? +.. we'™ P’ = W#
1—exp(io) 37)

5:%@pm

where, Jis the phase shift after one circle retardation for the matter wave. Obviously, the Bohr orbits
can survive only if the denominator of the above equation is satisfied by

1
= — = * = . 38
5 h@pm 27n; n=123,... (38)

For a 2D Bohr orbit, in the ¢ direction and in the » direction, the 2D wave function expresses as

y=0O(p)R(r). The self-interference of the winding matter wave would enhance its attenuation about

the Bohr radius 7y in the radial direction, shown in Fig.9(b). For the slope-up side and the slope-
12



down side about the 7y, as shown in Fig.10, it easily estimates the wave function in a composite state
as follows

r<r,: R(r,t)= (r—o)*ji (r—“)l’2 sin(kr — wt)
r r

(39)
r>r: RN~ ()% ()2 sintkr - wt)
r r

where the parameter j determines the slope of the attenuation in the » direction, the half number 1/2
is prepared for the spin concept.

Slope-down .‘"‘g_
side
0 -

(a)a pair (b)spin-up occupation (c)spin-down occupation

Slope-up

side

ro

Fig.10  The orbit accommodates one spin-up and another spin-down electrons.

To note that the vibration-function is invariant core oscillation
d* 2 40
(—+k*)R=0 - (40)
dr

which holds vibration invariance by keeping k=constant. Substituting R into it, these wave functions
actually have to satisfy the Bessel-like equations:

.1
r<ry:w=-—j+=,

2
.1 1,001
2 2(=J,+7) (h+2)—7)
d|§+ 12d—R+k2+12212]R=0
dr r dr
4D
r>r'w—j+1
0" 2 27
.1 1. 1
2 2(]2"'*) (Jz"‘*)(Jz_*)
d |§+ 2R e 22 21R=0
dr r dr

Because the total wave vector &? is a constant, these equations become governing equations that

dominate the wave behavior. Their solutions are approximately given by

13



r<r:

b G+ 0 =) .
R(r,t) = (-2) % () Y2sin(ry[k ? - _ — ot +¢)+0(5)
r r r r
r>r,:
1 1
(Jz+*)(12_*)
R(r,t):(r—:)h(r?“)”zsin(r R —a)t)+O(r31+j)

42)
The slope-up range accommodates the spin-up electron; the slope-down range accommodates the
spin-down electron; thus, one orbit accommodates a pair of electrons.

Comparing to the Schrodinger wave equation, it is easy to find that j takes place at the site
"orbital angular momentum quantum number". In a spherical 3D coordinate (7, 6, @), we find that j
was called as the quantum number in the @direction. Indeed, here the attenuating parameter j would
automatically be quantized in this quantum system as it plays the role of angular momentum in the
above equations.

We argue that there is not motion in the € direction in our 2D planet model in the cylinder
coordinates (7 ¢); the j is just an attenuating parameter of the composite matter wave about its Bohr
radius 7y, depending on the overlapping number N. So that the attenuating parameter j is a disguised
freedom, because of this disguised freedom, the electron motion in atoms was mistakenly explained
as 3D motion for a hundred years.

Experimental evidence shows: magnetic needles would flip in a magnetic field; the magnetic
moment corresponding to the motion in the @ direction in the 3D mode cannot been flipped in
external magnetic field, this experimental observation indicates that the atomic angular momentum
in the @ direction in 3D model does not exist; only the attenuating parameter j enable to allow the
magnetic moment no-flipping in external field, because the j represents a disguised freedom.

Electron in atoms is 2D motion like in planetary orbits, but for a hundred years the electron
motion in atoms was mistakenly explained as 3D motion in modern physics, actually this big
mistake had made serious harm to the modern physics.

How to calculate atomic magnetic moment? If the orbit accommodates a pair of electrons, the
two electrons must chase each other in the ¢ direction, because heading to each other would collide
with each other frequently and exhaustedly. The total angular momentum should take both

contributions into account as follows

I R | I A |
J(p:\/(JI+E)(Jl_§)hi\/(JZ+E)(12_§)h ) 43)
=mh; m=0,%1,...

Experiments tell us there is not magnetic moment for the pair of electrons, that is
J,=0; J=1];; m=0; . (44)

Although the total angular momentum and total magnetic moment are zero, the electrons both still
have their chasing motion in the ¢ direction (if parameter j>+1/2 is defined as the positive direction,
then parameter -j;+1/2 is defined as the negative direction), i.e. their combined spin angular

14



momentum is invisible for external magnetic field.

If the orbit accommodates a single spin-down electron, its angular momentum is

. 1,. 1
J(p:\/(Jz""_)(Jz__)h:mh ’ (43)
2 2
where, the electron must subject to the orbital quantization conditions

gjrm“ p,dx=2zn, n =0,12,...
7 r r r
) (46)

1 2
%Jo p,rdp=2zm, m=x1+2,..

The single electron spin is towed up by the dimension parameter j>. The atomic magnetic moment

is given by
€ e €
H Zme total Zme [ 2me ( )
1 1 1
‘]total = J(p =mh= [(m _E)h + E h] = [(m - E)h+ | ‘]spin |] ’ (48)

The spin angular momentum is enveloped by the total angular momentum.

7. Stern-Gerlach experiment and Lander factor

In general, it is hard in macroscopic scale to separate the left-turn electrons and right-turn electrons
in a 2D matter wave, except under certain conditions in some deliberately designed magnetic
apparatus. In Stern-Gerlach experiments, as shown in Fig.11(a), silver (Ag) atoms are heated in an
oven, the oven has a small hole through which some silver atoms escape. The silver vapor busts out
the oven and go through a slit as the collimator and is then subjected to an inhomogeneous magnetic
field. In this experiment, the single valent election of silver atom moves in its Bohr orbit, as shown

in Fig.11(b), we adopt a cylinder coordinates (r,p) with the origin at the sliver center.

Magnet

slit Screen

— |
/ ~ two spots
gun

(a) (b)
Fig.11  The Stern-Gerlach experiment apparatus.

As shown in Fig.12(a), if the coherent length of the electron in a hydrogen atom is long enough, it
will wind around the time axis, the matter wave in the circle will overlap, and interfere with itself
at every location. The overlapping number N depends on the coherent length L; if N=co, the matter
wave has the interference like the Fabry-Perot interference in optics.
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k Time axis

|yf?

Interference

Visualized wave

(@ (b)
Fig.12  (a)The matter wave winds around the time axis, overlap and interfere with itself. (b)The distribution of

overlapped 2D matter wave about its Bohr' radius.

The overlapped matter wave is given by

i(N-1)6 _ Wl_eXp(iN5)

w =w+we” +we'” +..we _
1—exp(io)

_%gsl_ pdl

where, 01s the phase shift after one circle retardation for the matter wave. Obviously, the Bohr orbits

(49)

can survive only if the denominator of the above equation is satisfied by
o=2mn; n=123.. - (50)

For a 2D Bohr orbit, in the ¢ direction and in the r direction, the 2D wave function is written as
y=0O(@)R(r), consider a simplest case as shown in Fig.12(b), the overlapped matter wave of a silver
atom with a finite N is approximately given by

\/7exp(prr) ?0 p,=0 r>r

i
() =exp(% ), R(r)= | : . (51)
\/:exp( P, r)= p,=0 r<r

Iy
Although p,=0, the fact was omitted by almost all of us, the wave function in a 2D cylinder wave
(r>ro) satisfies

3G 2
dR+1dR [k2+2 22 R=0 (52)
dr> rdr r

Because the single valent election of silver atom lives in a 2D orbital space, acquiring the extra spin

angular momentum, the Ag atom has a magnetic moment

1 e
Jo =t h = p—g-—23J_ . (53)
2 =90

spin spin

where g is the Lander factor, g=2. Because the interaction energy of the magnetic moment with the

magnetic field is just -uB, the z-component of the force experienced by the silver atom is given by
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fzzg(ﬂB):ﬂ@. (54)
0z oz
where we have ignored the components of B in direction other than the z- direction. In the z direction,
the silver atom beams, 50% atoms experience an upward force, and other 50% atoms experience a
downward force, thus on the screen we get the view there are two spots, in agreement with the
theoretical prediction.
Why did physics introduce the Lander factor? In fact, there are two kinds of angular momentum

we should consider in the ¢ direction

4

1 (55)
2

The spin needs to occupy the half of the total angular momentum in this case, in other words the
total angular momentum contains the spin angular momentum, that is

J

total

1, 1 1
=J =t(=h+=h)=x(=n+|J,,. ) (56)
o =G S H) =2 I )

In other words, the spin angular momentum is enveloped by the total angular momentum. Thus, we
obtain the normal magnetic moment which should be
€ e € €
ﬂzﬁ‘]total :%‘](p =%ZJSpin =ﬂg‘]spin. (57)
g=2

The external magnetic field can only probe the total magnetic moment, but fails to directly detect
the enveloped spin angular momentum, we need the Lander factor to grip on the spin concept.

8. Conclusions

This year is 99th anniversary of the initiative of de Broglie's matter wave, it is a good time for
rediscovering the matter wave. In analogy with the ultimate speed c, there is an ultimate acceleration
p, nobody's acceleration can exceed this limit f, for electrons and quarks, £=2.327421e+29(m/s2).
Because this ultimate acceleration is a large number, any effect connecting to § will become easy to
test. In this paper, an approach is put forward to connect the ultimate acceleration with quantum
theory, consequently, the matter wave can bear the spin concept. This paper also carefully explains
how the matter wave to display its spin effect in Stern-Gerlach experiments. It is completely a new

aspect to quantum mechanics for the relativistic matter wave to contain spin.
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