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Abstract

1) Many QM text books showed that the matter wave has the relationship of v, ,, = %Vn,gr , my research result

suggested that vy, ,,, = gvn,gr may be the more Eigen description. My research result revealed that the non-Born probability

(NBP) or de Broglie wave can be used for either the group wave, or the phase wave. My research result also revealed that it is
the phase wave that reflects each single electron/object’s true matter wave property, the group wave only reflects the property
of all electrons/objects as a group. 2) The paired up/down spin information of the electron and the nucleon may have already
been presented by the positive/negative wave peaks (of the phase wave) in either the Schrodinger equation/solution (in form
of NBP), or in the de Broglie wave in the Bohr H-atom model. 3) The spin of both the electron and the nucleon (in an atom)
may originate from the face-to-face tidal-locked binary circular orbital rotation between them. This hypothesis also perfectly
fits to the new “proton-electron mirror-coupled orbit” model (in SUNQM-6s6). The result of Bohr-QM formula Ln orbit = MValy
= nh may directly support this hypothesis. 4) Ultimately, the real meaning of spin ¥# for an electron may be: the electron
always has an effective orbital angular momentum (between the inner and outer edges of the n shell) that is ¥2h higher than
the value at the inner edge of the n orbit. And because of the face-to-face tidal-locked, this YA effective orbital angular
momentum is carried over by the electron as the electron’s effective spin angular momentum. 5) For a pair of spin up/down
electrons, their (electron-proton face-to-face tidal-locked) orbital movement in ¢-1D (in the opposite +m directions) may
have transformed into a uni-directional orbital movement in 6-1D. 6) A spin configuration for each of the four nucleons in an
alpha particle has been proposed. 7) Planets’ spin origin may also can be explained by using the similar Bohr-QM formula
Lnorit = MVnln = Nhg,,, (that is specified for the Solar system). 8) This analysis again showed that, the quantum phenomenon
is produced by the interference of the 3D spherical wave of a point-centered field (of force, mass, energy, etc.) to become a
spherical 3D wave packet, so that the NBP (= wave) peaks at some positions and valleys at some other positions.

Key Words: Quantum mechanics, {N,n} QM, Schrodinger equation, spin.

Introduction

In August 2016, | discovered that the Solar system follows a brand new {N,n//6} quantum mechanical structure 41,
Based on that result, (during the 10 years of the closed-door research), | further (independently) developed the {N,n} QM
theory, and showed that not only the formation of Solar system M~ 16 but also the formation of the whole universe 71~ 125,
may can be described by the {N,n} QM. (Note: As an independent scientist, some of my research work may belong to a
citizen scientist leveled work). As part of the {N,n} QM development, | (independently) designed a completely new {N,n}
QM field theory 2311241, [261 - [30] The foundation of this theory includes: the four fundamental forces (Gravity,
Electromagnetic, Strong, Weak, abbreviated as G-, E/M-, S-, W-forces) have been re-classified into three pairs of force
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(E/RFe-force, G/RFg-force; S/RFs-force, see SunQM-6); all point-centered fields (including the mass field, the force field,
and the energy field) can be represented by the Schrodinger equation/solution (in form of non-Born probability as well as in
the form of 3D spherical wave packet, see SUunQM-6s4); the non-Born probability description that equals to the re-
explanation of the Born probability density as the collection of all elliptical orbital tracks (or, the Born probability density
map’s contour lines can be re-explained as the trajectory of the motion electron, see SuUnQM-6s2’s Fig-2), the 3D wave
packet description and the dis-entanglement of the outmost shell (i.e., the “general decaying” process, see SUnQM-6s1, -6s2,
-6s3), the “[nL0> elliptical/parabolic/hyperbolic orbital transition model” (see SUnQM-6s2, -6s3), and the trick that using the
high-frequency n’ quantum number to pin-point any small region in the {N,n} QM field (see SunQM-3s11, -6s1, etc.). In the
current paper, | hypothesized that the spin of both electron and nucleon may be originated from the face-to-face tidal-locked
binary circular orbital motion between them. Some preliminary evidences have been explained here.

Note: QM means Quantum Mechanics. For {N,n} QM nomenclature as well as the general notes, please see
SunQM-1’s sections VII & VIII. Note: Microsoft Excel’s number format is often used in this paper, for example: x2 = x2,
3.4E+12 = 3.4%10%2 = 3.4%x10%, 5.6E-9 = 5.6*10°. Note: The easiest reading sequence for the (30 posted) SUnQM series
papers is: SunQM-1, 1s1, 1s2, 1s3, 2, 3, 3s1, 3s2, 3s6, 3s7, 3s8, 3s3, 3s9, 3s4, 3s10, 3s11, 4, 4s1, 4s2, 5, 5s1, 552, 7, 6, 651,
6s2, 6s3, 654, 6s5, and 6s6. Note: for all SunQM series papers, reader should check “SunQM-9s1: Updates and Q/A for
SunQM series papers” for the most recent updates and corrections. Note: |[nlm> means |n,I,m> QM state, “nLL” or [nLL>
means |n,l,m> QM state with | =n-1 =L, and m = n-1 = L. “nL0” or [nL0O> means |n,|,m> QM state with | =n-1=L,and m =
0. Note: In the current paper, the cited SunQM series numbers of those pre-posted SUnQM papers may not be the final
SunQM series numbers (after posting), so, readers may need to match the right SUnQM series number (for those pre-posting
SunQM papers after they are posted, according to the list of “A series of SunQM papers that I am working on” at the end of
current paper) before reading those (pre-posted) citations.

I. Re-deduce the relationship between phase wave and group wave parameters by using vy, pp = gvn‘gr , and then the

Vph = %vgr in QM text books may need to be replaced accordingly

In many QM text books 1~ 32, a matter wave’s phase velocity and group velocity were described as v, p, =
;V“rgr’ and | had used this relationship for deducing the (bound state) orbital movement of the group wave and the phase

wave (see SunQM-6s1’s eq-1 though eqg-26). However, when | tried to used that result for constructing Table 1, the general
physical rule of the orbital angular frequency wnph = Vnpn /fn become not applicable. This means, SUnQM-6s1’s eq-1 though
eq-26 are not the Eigen description in physics. On the other hand, in SunQM-4’s work, | already realized that w, pp = gwn‘gr

(see SunQM-4’s eq-40) must be a more generalized form of w,, ,p, = imn_gr (see SUnQM-4’s eq-41). Based on that, now |

start to believe that v, ,, = gvn,gr , (rather than v, ,,, = %Vn,gr), is the more Eigen description for matter wave’s (bound state)
orbital motion. Therefore, | re-did the deduction, and the result was shown in eg-1 through eg-21 below. (Note: the following
deduction are based on v, ,,, = gvn,gr).

Vnph = gvn_gr , based on SUNQM-4’s eq-40, and from my “first principle thinking” eq-1
Angr = 2Try/n or 2mr, = nA, 4 , From Bohr-de Broglie’s 1D circular orbit QM eqg-2
Vngr = 27ty Togr = Nhngrfngr , from the definition of the wave mechanics, and using eg-2 eq-3

Vngr = Vlr'lgr from Bohr QM eq-4
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Vaph = Viph eg-5
_n o 1 _ Vigr _n _nVigr _ 1 o
deduced from v, ,,, = ZVngr = Viph = 5Vigr » Vngr = 1 Vaph = 5 Vngr = 52 = S Vigr = Vigh
2 2 2
Angr = Mg , deduced from A, g = =% = =25 = 21y = nhy g eq-6
_ _ 2mry _
O, Apgr = 2Tr N, Ay gr = = o N, = 271, eq-7
)\n,ph = nz}‘l,ph , Or, )\n,ph = 2T[r1n2 eq-8
fipn 2
deduced from Vn,ph = Vl,ph e }\n,phfn,ph = Al,phfl,ph s }\n,ph = Al,ph £ on =n }\LPh
Anph = 2mry , deduced from A, ,, = 2mryn? = 2mr, , this correlates to Vaph = Viph eg-9
Vnph = Anphfnpn » from the definition of the wave mechanics, or, vy, pp, = 2mr,f, o, eq-10
Anph = DA, g , deduced from A, oy, = 27r, = nA, g eq-11
fopn = B2 12
nph — n2 ' eq_

- - o o . 1 _ f1,ph ..
deduced from , v, o, = 21y fy oh = Appnfnph = Vipn = 271y gy — tfy pn = rifipn — fopn = r_nfl'Ph =5 This is

expected, because it must satisfy the wave energy formula for a photon:

1 1
B = En’ = —Hmfn'ph = (—Hmfn,,ph) = —Hmfl_ph (F = m) eq'13
I:n,ph = gfn,gr ) deduced Vn,ph = gvn,gr - }\n,phfn,ph = g(n}\n,gr)fn,gr = %()‘n,ph)fn,gr eq'14
£ _figr
ngr = 3 eq-15
deduced from v, 5, = nA,f, r & Vi gr = Aify gr &V gr = Vlr'fr s Aty gr = @ iy fy g = @ , this is completely

unexpected, but it has been confirmed by the pseudo n orbit number calculation (in SunQM-6s1’s Fig-1a): Define f; ,;, —

foph = —~fngr  USE fopn = 20 o =260 and fge =85 £y~ on = fipn (- 5) = (3) fugr (5 ) =
On,gr = 27tfngr = Vngr /n eq-16

@nph = 27tfnph = Vinph /Tn = (NV12)Vngr I eq-17

®n,ph = (0/2)Ongr , OF, Faph = (N12)Fagr eg-18

To confirm:

f
— — — 2 1gr __ —
Vigr = NVpgr = n(n)\n,grfn,gr) = nnhy g = Avgrfigr = Vigr , COMTECL.

f1,pn
Vnph = Zﬂrnfn,ph = }\n,phfn,ph = nle’ph 11;—]; = Al,phfl,ph = Viph s correct.

Under {N,n} QM, a mass body’s momentum pn has a de Broglie matter wave :
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Hm

Pngr = MVpgr = eqg-19

where H =h/m’ is the “quasi-Planck constant”, m’ is a factor with the unit of mass (kg), m is the mass of the object, see
SumQM-2. Then, for the bound state,

An,gr '

2

En=K+V="mv,, eq-20

1

En = —Hmf, ,, = —Hmf, ,p (n—z) eq-21
1 -1 -1( H 2 -1 2

Deduced from: En =K + V = va"vgrz = TPII,gI’VTl,gT = —< o ) (; Vn,ph) = —< I Hm) (; )\n,phfn,ph) =

2 ln,gr 2 /ln,ph
- - 1
—Hmfn,ph = —Hmfl_ph (n_z)

Then, apply above equations to Bohr model’s H-atom, we obtained Table 1. It not only fits o, = v /1y perfectly, but also fits
the Bohr-de Broglie atom model perfectly (see section I11), and also fits the Schrodinger equation/solution perfectly (see

. . 1 . . .
section V). From this work, | am sure that for matter wave, vy, ,, = > Vngr 1S also only a special case of the more generalized

form vy, = gvn,gr . Therefore, | believed that all QM text books may need to be updated accordingly.

Table 1. Using vy, pp, = gvn,gr and eg-1 through eg-21 for the calculation of electron and photon (in Bohr model’s H-atom).

photon’s photon’s
Bohr model, H-atom particle E wave E |transition Afgh Af use of For orbital electron For photon, V-, pn = Vi-a,ers
foor= O n= Wnn =
Voo Ao Aohnon= Frer 2tf, o= angular  differ.
Vogesart] En-1/2 = /g observed foe=  fao=  *(nY2)- Wng= VoI @, = moment  BLy= Lo~ |yirtual n frvon= W ph =
orbit = en2¥z/(an (1/aneg)* A, o= Vo n/2/ Ey= =hc/ (E.- or Ritz Mop=  |Vogd g /2 Fope M= |2fg= (0/2Woge (n/2) L= L correlate frg=  Awg= 2y =
e~ Zin= n™r/z emr,)]  ze'fr, |omr, (2nr,)  H=h/m' -Hmf, E,) Ao fon Foon™ Ao [(270) = Hn/2) = [c/Bfyy |Vagdta e Wy Awypn=  MrVoe  =h/2m) [toaf, = Afpn= Apg/2 2nfeo
unit m m/s ] m s Js/ke ] nm nm s s s /s s om | ar/s  arc/s  ar/s  arc/s kg*m*m/skg*m*m/: s nm arc/s
e 1 1 529E-11 2196406 -2.18E-18| 3.32E-10 3.29E+15 7.274E-04 -2.18E-18] 6.58E+15 3.29E+15 4.13E+16 2.07E+16 2.07E+16 1.05E-34 1.055€-34)
e 1 2 212610 109E+06 -5.45E-19| 133E-09| 8.22E+14 7.274E-04 -5.45E-19[A,5, = 12150 12157 8.226+14 8.22E+14 121.50) 5.17E+15 5.17E+15 5.17E+15 -1556+16 2.11E-34 1.0556-34|  1.387) 60.75 1.55E+16)
e 1 3 476610 7.29E+05 -2.42E-19| 2.99E-09| 3.66E+14 7.274E-04 -2.42€-19[ Ay, = 10252 10257 2.44E+14. 3.66E+14 102.52] 1.53E+15 2.30E+15 2.30E+15 -184E+16 3.16E-34 1.0556-34|  1.310 51.26 1.84E+16)
Ais,= 65612 656.28) 656.12) -2.87E+15 2.433 328.06 2.87E+15)
e 1 4 847610 547E+05 -1.36E-19| 4.22-34

Note: This table should be used to update SunQM-6s1’s Table-1, and also SUNQM-2’s Table-2.

Table 2. Using vy, pp, = gvn,gr and eg-1 through eg-21 to update SUnQM-2’s Table-1 (that is, using E, = -Hmf; on to calculate

the planet's orbit energy in Solar system's G-force field, and comparing the results between classical, QM particle, and QM
wave calculations).

dlassical_|am
INASA's data of planets. particle E_|(N,n} QWi model calculated data [particle E, [wave, set (0,1} as total n=1, calc Ay f,, H, m’, £, [wave, set {1,1) as total n=1, calch,, £, H,m’ E,, [wave, set (2,1) as total n=1, calch,, f, H,m E,, [wave, set m'=electron’s mass, calc total n=?

Sun's fom® foon™ fosn™ n=

radius or iNn) (N} WNn) AN Vg Vo ash He hfm'= VoMo e h/m'= VoMo = h/m'= W nlngr

planet  planet |orbitE= |model model period model, model sqrt(GM/ [En=-(1/2) =n/2%Vy5, 2n¥sart( Ep= =N/2*n g0 2m*sart( E.= =0/2%V, 50 2m*sart( E.= o=+ =2 prfn |

mass  orbit-r orbitv [(1/2)mv' |,N= ,n= factor= totaln= rern? r) mv,? |alen A e2nn, Ay GM)  ME/H O Hmf,  [calen A eomr, A GM)  mEh/H o Hmf,  [calen A, eamr A, GME)  mEH O Hmfy, [msm,  Heh/m'oE/(HM) A2, v,
unit kg m ms i m ms m vs  ishe kg ) m Ys  ishe kg ) m s dshke kg ) e ssike 15 m
sun core 1748408 o 1 6 1 1746108 873647 1 1/6 1/6%
lsun 199430 6.96E+08 o 2 6 2 6966108 436821| 2 276 2/6%2
11 6 6 6.266409 145608 6 1 1/6

Mercury 3306423 5796410 4700 371432 1 3 6 18 S6ME410  48536| -389E+32 18 350E411 12306 95SE+4 6.94E-49 380432 3 354E411 206607 573645 116E49 -3.89Es32[3/6  354E+1l 343608 344416 193650 -3.89+32 91IE31 7.27E.04 L626+12 35MEH1 2366419
Venus 487424 108E+11  35000| -2.98E+3: 14 6 20 100E411  36402| -3236+33 2 629E+11 6.94E07 95SE+IA 6.94E-49 323433 4 6.29E+11 LIGEQ7 5736415 116649 -3.23+33[4/6  6.29E+1l 193608 3.44E416 193E-50 -3.23£433) 91IE31 7.27E-04 9.11E+1l 629E+1 3156419
Earth  5976+24 1491l 20800 2656433 1 5 6 30 1576411 29122 -2536+33 30 O.84E‘11 A.44E-07 95SE+IA 6.94E-49 253433 5 OBAEI1 7.40E-08 5736415 L16E49 -2.53E+33[5/6  0.84E+1l 123608 3.44E416 193650 -2.53£433) O.11E-31 7.27E-04 5.83E+1l 9.84EH1  3.94E+19|
Mars 642423 2286411 20100 -186E32] 1 6 6 36 2256411 24266] -189E+32| 36 1426412 3.08E-07 95SEHIA 6.94E-49 -189E+32] 6 1A2E412 5.14E-08 S73E4S 116649 -L89Es32| 1 1426412 BSTE09 3.44E416 193E-50 -189E432| O11E-31 7.27E-04 40SE+1L LAEH2 473619
bupiter | 190427 7786411 13100 -1636435] 2 2 533 640 7126411  13659) -L77Es35| 64.0 4.47E+12 9.77E-08 O.5SE14 GO4EA9 -L77E35| 107 4.47E+12 L63E08 S73E1S LIGEA9 -L77E43| 18 4476412 271609 3446416 19350 -177E+35| O.11E31 727604 128E11 4.47E+12  8.39E4I
Saturn | 5686426 143E412 9700 2.67E+34] 2 3 533 959 LGOEV2 9106 -2356+3a| 959 101E+13 43408 95SEHIA 6.94E-49 -2.35E+34| 160 LOIEVI3 72609 573645 L16EA9 -235E+3( 27 LOIE#13 121609 3.44E416 193E-50 -2.35E434) 91E31 7.27E-04 570410 LOIEH3  1.26E420)
Uranus  8.68E+25 2976412 6800] 2016433 2 4 533 127.9 2856412 6830 -2026+33] 127.0 179E+13 2.44E-08 9.5SE+14 6.94E-49 -2.026+33) 213 179E+13 407E-09 5736415 L1649 2026433 36 L79E+13 679610 3.44E416 193650 -2.026433 O.11E-31 7.27E-04 321E+10 179E+I3  168Es20)
Neptune 1026426 4516412  5400| -1496+33] 2 5 533 1599 445er12  S464f -1526+33] 1599 2.79E+13 156E-08 9.SSEHIA 6.94E-49 -LS2E433| 267 279E+13 261609 S73EHS 116649 -LSZEs33{ 4.4 2796413 434610 3.44E16 193E-S0 -152E433) O11E-31 7.276-04 2056410 279E+13  2.106420)
Pluto 1466+22 5916412 4700 -1616s29] 2 6 533 1919 640E+12 4553 -1516+29] 1919 4026413 109608 9.55E+14 6.94E-49 -L51E+29] 320 4.026413 181E-09 573EHS 116609 -L51ES29| 53 4.026+13 302610 3.44E416 193E-50 -151E429) O1IE31 7.27E-04 1426+10 026413 2.526420)

(Note: The key difference between the two results was that, while v, p,, = %Vn,gr produced A, pn = 1A pp (iN

SunQM-6s1’s eq-9 & eg-10), the new v, ,p, = %Vn,gr produced A, o, = n*A, pp (See eg-8). As shown in section 111 and
section 1V, it is this n? that gives the key physical meaning of the phase wave in the matter wave).
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(Note: Under {N,n} QM, eqg-1 through eg-21 should work for both micro-world and macro-world (see Table 1 and
Table 2). For Bohr model’s particle mechanics, we should use eq-20 and the related group velocity for the calculation, and
the Angr and fogr is not much useful; For Bohr model’s wave mechanics, we should use eq-21 and the related phase wave
parameters for the calculation. Similarly, for macro-world’s particle mechanics, we should use eq-20 and the related group
velocity for the calculation, and the Angr and fygr is not much useful; For macro world’s wave mechanics, we should use eq-21
and the related phase wave parameters for the calculation).

(Note: For Bohr atom’s particle description version and/or (de Broglie) matter wave description version, see
Appendix A for the updated SunQM-6s1’s eq-1 through eq-20). (Note: For the same reason, the deduction of SUnQM-4’s eq-

19 through eg-41 should also be re-do accordingly by using vy, ,p, = Evn.gr , (rather than vy, o, = %Vn,gr)l see Appendix B for
details).

According to wiki “Matter wave (2023/09/22 version)”, “Electromagnetic waves also obey vp * vy = ¢?, as both
[vp|= ¢ and |vg|= c”. Then for a photon, we can use eg-1 through eg-21 with n = 2 to describe:

Vn,ph = gvn,gr (eq'l) - VZ,ph = VZ,gr , or Vphot,ph = Vphot,gr =c, EQ'ZZ'phOton
}\H.Ph = n)\n,gr (eq_ll) - )\Z,ph = 2)\Z,gr , Or, )‘phot,ph = Z)\phot_gr ) eq-23-photon
fn,ph = gfn,gr (eq-14) — photph = fphot,gr ) eq-24-photon

Thus, using Vngr = nhngrfngr (€9-3) and vy, pi, = Ap pnfnpn (€9-10), we have
Vn=2,ph = )\n=2,phfn=2,ph =C=Vn=2gr = 2}\n=2,grfn=2,gr ) eq-25-photon

and everything fit well. Then, according the eg-10, v, ,, = A, pnfnpn = ¢ , the base wavelength of a photon (that we used
every day) must be the phase wavelength! Then, a photon’s (unused) group wavelength is half of the commonly used
(phase) wavelength (see Table 1 columns 25 ~ 26).

(Note: In SUnQM-6’s section-V, a photon was also assigned to have a fixed n = 2 QM state for the explanation of
the propagation).

1. Re-explain the difference between Bohr model (of 1D-circular QM) and a general 1D-circular QM model

In SunQM-4s1’s Fig-2 and Fig-3, | explained the difference between Bohr model (of 1D-circular QM) and a general
model of 1D-circular QM. Now | need to re-explain it with some minor modifications: while Bohr model (of 1D-circular
QM) is always limited to n = j, a general model of 1D-circular QM can have j =%, 1, 3/2, 2,5/2, 3, 7/2, 4, ... etc. for each of
any n orbit (see Figure 1 and Figure 4 for more detailed explanations). For example, for Earth’s orbit in the Solar system
{1,5//6} = {0,30//6}, we can use Bohr model with n=j =5, or n = j = 30 to describe this orbit; we also can use a general 1D-
circular QM model with n =5 and j =1, or even with n =1 and j =1, or even with n = 1 and j =1/2 to describe this single orbit
that has a single planet in it, (and with the sacrifice that all other planets’ quantum numbers have been messed up).

I11. de Broglie wave in the Bohr atom model may have already included the paired (up/down) spin information of the
electrons

First, let me explain one simplest case. All text books showed us that in any (atomic number) Z > 1 atom’s ground
state n=1 orbit, there are always two electrons (one spin-up and one spin-down). Here we can use n=1 and j=1 QM state (see
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in Figure 1a) to describe them. Because in n=1 orbit it has to have one complete wave (i.e., the rule of de Broglie wave), and
one complete wave always contains one positive peak and one negative peak (see in Figure 1a, the j=1 wave in grey line). In
Born probability density, this pair of positive/negative peaks becomes two positive probability peaks (see in Figure 1a, the
j=1 wave in black line), and these two Born probability peaks represents the two electrons in the n=1 orbit (as explained in all
QM text books). Now, if we use the NBP (that directly equals to the wave function (see SunQM-4 and SunQM-4s1), or
directly equals to the matter wave, i.e., grey line wave in Figure 1a the j=1 wave), and then let’s define that the positive peak
represents the spin-up 1 electron, and the negative peak t represents the spin-down | electron, and then, this NBP density’s
positive/negative peak pair (or, a pair of positive/negative peak in one de Broglie wave) represents a pair of spin 1 electrons.
Then, for all other n > 2 orbits (of any Z > 1 atom’s ground state), the de Broglie matter wave in a Bohr atom orbit always
has the integer number of the complete wave in @-1D. That means it always has an integer number of pairs of
positive/negative peaks, thus the integer number of pairs 1| electrons. Therefore, using Figure 1, | explained why the de
Broglie wave in the Bohr atom model already includes the paired (up/down) spin information.

a Born probability | |2 b de Broglie wave in Bohr atomic orbit
&
JUCTTLLL LTS
V=w V=w ~ XY e
‘ 0 3 I
i=5 N\
JAVAN j-a
AN j=3

L_MM“ i=1/2

point B point A point B
b=n $=0 b=n

orx='=mr, orx=0 orx=/'=nmr,

Figure 1a. The Born probability (BP) and the non-Born probability (NBP) in a 1D infinitely deep potential well (that equals
to the 1D-circular QM’s potential well). Copied and modified from SunQM-4s1’s Fig-3d.

Figure 1b. de Broglie wave in Bohr atomic orbit, represented by the NBP, and in phase wave (so that each positive/negative
wave peak represents a pair of spin up-down electrons). Copied and modified from SunQM-4s1’s Fig-2b.

Table 3. Pair number of spin 1 electrons in each n orbit.

n orbit shell electron density

ground state electron configuration electron pair number electron number | volume =4/3*n* per n orbit
orbitn= nA\2= in each n orbit in each n orbit in each n orbit (roea3-r,3) shell volume
1 1 15 1 2 263.9 0.00758
2 4 25725° 4 8 2785.5 0.00287
3 9 35235°3d"° 9 18 14103.7 0.00128
4 16 45°45°4d ™04 16 32 48292.6 0.00066
5 25 5525555005 45g18 25 50 129982.3 0.00038
6 36 6s°6s°6d 6 *6g 86> 36 72 297374.8 0.00024
7 49 75%75°7d'07F 78" 72271 %° 49 98

After digging more, | found that the pair number of electrons in each n orbit (of Bohr-like atom model) is directly
correlated to the phase wavelength’s formula of A, ,, = nzkl_ph = 2mr;n? (eg-8). In this formula, if we treat each 2mr; =
A1ph (i.€., one complete phase wave at n=1 orbit) contains one pair of spin 1| electrons, then, as shown in the calculation in
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Table 3, at orbits of n=1, 2, 3, 4, 5, 6, 7, eq-8 predicted that there are n? number (i.e., 1, 4, 9, 16, 25, 36, 49) pairs of electrons
in each n orbit. These pair numbers (in column 2) are perfectly matched to the number given from QM text books (see in
column 3 and column 4 of Table 3).

After further digging, | further found that the phase wavelength formula eq-8 is able to explain not only the electron
number in each n shell orbit, but also the electron number in each | sub-shell orbit. See in Figure 1b, for n=1 orbit, it should
be described by n=1 and j=1 QM state, with one pair of positive/negative NBP peak and thus one pair of spin 1| electrons;
Then, for n=3 shell orbit’s 1=0 (3s?) sub-shell, it should be described by n=3 and j=1 QM state, with one pair of
positive/negative NBP peak and thus one pair of spin 1| electrons; for n=3 shell orbit’s 1=1 (3p®) sub-shell, it should be
described by n=3 and j=3 QM state, with three pair of positive/negative NBP peaks and thus three pair of spin 1| electrons;
for n=3 shell orbit’s I=2 (3d'%) sub-shell, it should be described by n=3 and j=5 QM state, with five pair of positive/negative
NBP peaks and thus five pair of spin 1| electrons; and so on so forth.

Furthermore, it seems that the de Broglie wave description for each n orbit can be used for either the group wave or
the phase wave. For example, for n=1 orbit, it has circumference of 2nry; for the n=3 orbit, it has circumference of 2znr, =
2mrin? = 18x(2xry), under the electron ground state with 100% electron occupancy, it correlates to 18 electrons (3s23p%3d*°,
or 9 pairs of 1]):

1) If using phase wave to represent, then eq-8 (An—3 p1, = 2mr,n?) directly presents 9 pairs of electron (total =18 electrons).
So, the physical meaning of the phase wave is that it correlates to the pair number of electrons (that paired as spin 1) in the n
orbit;

2) If using group wave to represent, then eg-6 (Ap—3 gr = 3 X 21r; = 3 X A, 4, ) has the physical meaning of, the n=3 orbit
contains three de Broglie waves (this is the original definition of de Broglie wave in Bohr orbit, see [3), and each n=3 de
Broglie wave has a length at 3 times of the length at n=1’s de Broglie wave.

3) This means, it is the phase wave that reflects each single electron/object’s true matter wave property, the group wave only
reflects the property of all electrons/objects as a group.

IVV. Schrodinger equation/solution (in form of the non-Born probability) may also already include the paired
(up/down) spin information of the electrons

Because all electrons in n=3 8¢p-2D space must be in RF (RotaFusion, or rotation diffusion) mode, under a snap-
shot, all electrons in n=3 0¢p-2D space must be (roughly) evenly distributed in the n=3 6¢-2D space. Based on this idea, |
constructed Figure 2, in which Re[Y(I’,m")] is chosentobe m’=n=1,2,3,4,5,6, 7,

Re[Y(I’=1,m=1)] has one pair of positive/negative peak, equals to n=1 orbit shell, or 1s? electrons, see Figure 2a;
Re[Y(1'=3,m '=2)] has total 4 pairs of positive/negative peak, 2 pairs per layer and there are 2 layers totally, equals to n=2
orbit shell, or 2s?2s° electrons, see Figure 2b;

Re[Y(1’=5,m=3)] has total 9 pairs, 3 pairs per layer, and 3 layers total, equals to n=3 orbit shell, 3s23s83d*°, see Figure 2c;
Re[Y(1’=7,m =4)] has total 16 pairs, 4 pairs per layer, 4 layers total, equals to n=4 orbit shell, 4s24s54d'°4f'*, see Figure 2d;
Re[Y(I1'=9,m ’=5)] has total 25 pairs, 5 pairs per layer, 5 layers total, see Figure 2e;

Re[Y(I'=11,m =6)] has total 36 pairs, 6 pairs per layer, 6 layers total, see Figure 2f;

Re[Y(I'=13,m '=7)] has total 49 pairs, 7 pairs per layer, 7 layers total, see Figure 2g;

Thus, m’ means how many pair of electrons per ¢-1D space (per one layer in 6-1D); and (I’ — m +1) means how many layers
in 6-1D space. (Note: the | =0, 1, 2, ... in the normal Re[Y(I,m)] seems do not have any direct meaning in Figure 2). After
adding Im[Y(I’,m )], it makes those positive/negative peaks to rotate around z axis.

While Figure 1b is able to present electrons in each | sub-shell (that within one n orbital shell, but only presented in
¢-1D space), Figure 2 can only present all electrons (within one n orbital shell) on one 8¢-2D spherical surface, (that is, all
electrons in all | sub-shells have to be merged onto a single spherical surface), it does not provide any information on the
electron pairs in each | sub-shell. However, we may can force it to add this information by using our imagination: for
example, in the n=3 shell, for the repulsive force within 6¢p-2D space (like the electrons in an atom), you can imagine that in
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Figure 2c, one pair of positive/negative peak is a little bit below the spherical surface, three pair of positive/negative peaks
are at exactly the spherical surface, and the rest five pair of positive/negative peaks are at a little bit outside of the spherical
surface (Note: this should be allowed, because 3s, 3p, 3d sub-shells do overlap mostly in the r-1D space, see SUNQM-6s4’s
Fig-1a). Of cause, you need to make these two, six, and ten electrons roughly evenly distributed in each own | sub-shell’s 6¢-
2D space.

Therefore, the phase wavelength formula of A,, ,,, = n®A, ,, = 2mr;n? (eq-8) has different meaning in Figure 2 than
in Figure 1b. In Figure 2, it means that there are n phase waves in (one layer of) ¢-1D space and n layers in 6-1D space, so it
formed n X n = n? of phase waves in the 0¢-2D space; while in Figure 1b, it means that there are total n? phase waves in ¢-
1D space (if all I sub-shells are merged into one). Again this means, it is the phase wave that reflects each single
electron/object’s true matter wave property, the group wave only reflects the property of all electrons/objects as a group.

Figure 2 (a, b, c, d, e, f, g, h, i, and j). Spherical surface (or solid) plot of Re[Y(I'=1,m '=1)], Re[Y (I'=3,m '=2)],
Re[Y(1'=5,m=3)], Re[Y(I'=7,m '=4)], Re[Y (1'=9,m '=5)], Re[Y (I’=11,m '=6)], Re[Y (1'=13,m=7)], Re[Y (I '=3,m =3)],
Re[Y(1'=5,m=5)] , and Re[Y(/'=18,m '=18)]. Plotted by using the (free) online plotter at “http://icgem.gfz-
potsdam.de/vis3d/tutorial”.

Can we use 0¢-2D wave function (or NBP) to present Figure 1b? I tried, the answer is “No”. For example, for n=3,
if using Re[Y(I",m°)], we can only use nLL mode (such as Re[Y(I'=1,m'=1)], Re[Y (I'=3,m’=3)], Re[Y (I '=5,m =5)],
Re[Y(/’=18,m'=18)], shown in Figure 2 (a, h, i, j)) to present. (Note: For Re[Y(/",m")] in nLL mode, /"= m’ = ]). Obviously,
electrons are impossible to distribute in the n=3 0¢-2D space in this way. Only the normal Re[Y(I,m)] with 1 =0, 1,2, 3 ...
can represent s, p, d, f ... sub-shell within each n shell. Then, why the | in the normal R(n,l) is different than the 1" in
Re[Y(I’,m")] ? The answer is: because the Re[Y(I’,m )] only presents the all | sub-shells merged wave function, so its I’ does
not correlate anymore to the 1 =0, 1, 2, 3, or s, p, d, f sub-shell within each n shell.

Then, how to explain that, for n=2, there are |2,0,0>, |2,1, m=0,£1>, total 4 states; For n=3, there are |3,0,0>, |3,1,
m=0,+1>, |3,2, m=0,£1,+2>, total 9 states; For n=4, there are |4,0,0>, |4,1,m=0,+1> , [4,2,m=0,£1,+2>, |4,3,m=0,+1,£2,+3> ,
total 16 states? Remember each state contain two electrons (spin 7). This description is exactly same as the description of
1s%2522p%3s23p®3d*0. The answer is, all these QM states were obtained from the Schrodinger equation/solution. As shown in
Griffiths book p152, eq-4.85, for each n shell (or state), there are | =0, 1, 2, ... n-1 sub-shells (or sub-states); and for each |
sub-shell, there are m = 21+1 sub-states. So, the total degeneracy of the energy level E, is

d(n) = X5 Q2L+ 1) =n? eq-26 (Griffiths’ eq-4.85)

After all, the physical meaning of the phase wavelength formula of A, ,, = nz)\l‘ph = 2mryn? (eq-8) is directly come from

eq-26. Therefore, this may be a new way to use NBP (or the Re[Y(I’,m’)] wave function) to present the electron (including
the spin state) distribution in each n shell.


http://icgem.gfz-potsdam.de/vis3d/tutorial
http://icgem.gfz-potsdam.de/vis3d/tutorial

Yi Cao, SunQM-6s7: The Face-to-face Tidal-locked Binary Orbital Rotation May Be the Origin of the Electron Spin and the Nucleon Spin 9

The next question is, because in the {N,n} QM, the Schrodinger equation/solution (in forms of NBP) does contain
the paired up/down spin information of two electrons, will it do the function of the Pauli spin matrices (see Griffiths’ p174
eq-4.148)?

V. Schrodinger equation’s solution (in BP or NBP density) may already show that the fermion density has a spherical
multiple shell-like structure that equivalent to the 3D wave packet

Column 3 of Table 3 showed the electron number per each I sub-shell. (Notice that this number was obtained from
Schrodinger equation/solution). In column 6 of Table 3, the shell volume of each n orbital shell was calculated (by assuming
r=1rn=rin?=n%and Vi - Vo = (4/3)n(rn+1® — 1) = (4/3)n{[(n+1)?]® — [(N)?]®} = (4/3)n[(n+1)® —n]). In column 7, the
electron density per each n orbital shell was estimated (based on the rule of “all mass between r, and rn+1 belongs to orbit n
(see paper SunQM-3s2)”). Figure 3a illustrated the electron density (at an arbitrary scale) that not only based on the n shells,
but also based on the (estimated) I sub-shells. (Note: From the previous result of the repulsive force in 6p-2D space (see
SunQM-6s6), here | assumed that within each n shell, the higher the I, the higher the electron density. Notice that this is a
citizen scientist leveled assumption). In Figure 3b, I replaced the electrons with the general fermions that have the attractive
force in 0p-2D space (just like the mass in a pre-Sun ball), and then showed the fermion density (or mass density) not only
based on the n shells, but also based on the (estimated) | sub-shells. (Note: | assumed that there are same number of fermions
per each | sub-shell in both Figure 3b and Figure 3a, and this is a citizen scientist leveled assumption). (Note: From the basic
physical knowledge, the attractive force in 8¢-2D space must cause that the inner the I sub-shell, the higher the fermion
density, as shown in Figure 3b. Then, using the result obtained in SUNQM-6s6’s section 111, the inner the | sub-shell under the
attractive force will have higher | number, as shown in Figure 3b).

In both Figure 3a and Figure 3b, we see that besides the major r-1D E-force (or r-1D G-force) caused electron
density major decreasing (see the red dotted-line), there is a minor 8¢-2D E-force (or 8¢p-2D G-force) caused density ripples
in r-1D (see the red solid wave-line in Figure 3). Combining these two curves produces a stepped-downward (r-1D density)
curve as shown in SUnQM-6s4’s Fig-1b curve of “X(n=1..5)". This means that for fermions (note: both electron and the
matter in the pre-Sun ball are all belong to fermion), Schrodinger equation’s solution (in Born probability density) already
produced that the fermion density has a spherical multi-shell like structure (based on each n shell, for all n shells), so that we
can see clearly the onion-like shell structure (based only on the fermion density). For the repulsive force in 6¢p-2D space, the
highest fermion density (i.e., the electron density) may be close to the outer-edge of each n shell (see Figure 3a); while for the
attractive force in 8¢-2D space, the highest fermion density (or the pre-Sun’s mass density) may be close to the inner-edge of
each n shell (see Figure 3b). This makes sense (according to the basic physics): the repulsive electrons (in the same n shell)
makes them concentrated at the outer edge of the n shell, and the attractive matter (in the same n shell) makes them
concentrated at the inner edge of the n shell.

This (n-shell based) fermion density shell structure also correlates well with the 3D wave packet description (that is
also a n-shell based NBP or BP density shell structure). So now we see that the 3D wave packet is not only a mathematical
model for the description of {N,n} QM structure, but it also may have been supported by the real physical structure that
based on the fermion density.

Thus, this analysis again showed that, the quantum phenomenon is produced by the interference of the 3D spherical
wave of a point-centered field (of force, mass, energy, etc.) to become a spherical 3D wave packet, so that the NBP (= wave)
peaks at some positions and valleys at some other positions, (also see SUNQM-2’s section IV for the similar description).

If this is correct, then (from Figure 3b) we can further predict that the (fermion) mass density of the residue |n,L,L>
QM state (stream-like) mass (that under the attractive force in 6¢-2D space) may should have a little bit higher mass density
than the surrounding |(n-1),0,0> QM state mass. For example,

1) As shown in SunQM-3s3’s Fig-4, on the Jupiter surface, the (stream-like) zonal bands |5,4,m> may have mass density
higher than the surrounding |4,0,0> QM state belt band mass;
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2) As shown in SunQM-4s2’s Fig-3, in the Earth atmosphere, the (stream-like) polar jet (that may be the effective |3,2,0>
QM state) and the subtropical jet (that may be the effective |3,2,1> QM state) may have mass density higher than the
surrounding tropopause layer mass (that may be the effective |2,0,0> QM state);

3) As shown in SunQM-3s9’s Fig-10, in the Earth mantle layer’s outer edge, the residue [2,1,1> (then to |4,3,3>, then to
higher n of |n,L,L>) mode stream-like mass (that in phase-1) may have mass density higher than the surrounding mantle
layer mass (that may be the effective |1,0,0> QM state);

4) As shown in SunQM-3s9’s Fig-1, in the Sun surface layer, the residue |2,1,1> (then to |4,3,3>, then to higher n of |n,L,L>
) mode stream-like mass (that in phase-1) may have mass density higher than the surrounding mass (that may be in the
effective |1,0,0> QM state).

a Electron density spherical shells b Mass density spherical shells
i i - attractive force in 8¢d-2Dspace
A (repulsive force in 8¢-2Dspace) Fermion A ( [} pace) Fermion
density density
- r-1D wave r-1D wave
s _ equivalent z3 equivalent
§ 2 to 3D wave R to3D wave
T2 ... packet’s 3 § packet’s
s2 | B O 4 4 spherical 8= spherical
5 s _,\f §  shells s 3 shells
w a ~ ~ -'
r r
n=1 2 3 4 5 n n= 1 2 3 4 5 n
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Figure 3a. Qualitatively estimated electron density per each n shell, and per each | sub-shell (under the repulsive 6¢-2D
force). Note: y-axis is in arbitrary scale.

Figure 3b. Qualitatively estimated fermion density per each n shell, and per each | sub-shell (under the attractive 6¢-2D
force).

V1. “Mobius strip” effect may can be explained by using the general 1D-circular QM with the half integer j =1/2, 3/2,
etc. and Vi pn = > Vo gr

So far | have explained three different ways to present the same (bound state orbital moving) NBP density peaks.
The first way is either directly using the 1D-circular QM’s de Broglie wave (see section I11), or directly using Schrodinger
equation’s solution to present the NBP density (positive/negative) peaks (see section 1V that using Y(/’,m’)). Although the
first way is the simplest way, it has an obvious limitation: it can only be used to present even number of electrons (or objects)
per n orbit with the physical property that can be correlated to the positive/negative peak of the NBP density (like spin up-
down for electrons). It can’t be used to present the odd number of electron per n orbit (or, a planet Earth in the orbit of {1,5}
in Solar system). (Note: This result also explains why all Z = even number atoms have higher abundancy (= high stability)
than their neighboring Z = odd number atoms (see in SUnQM-5’s Fig-2), it is because every Z = even number nucleus
contains a integer number (= Z/2) of electron pair, so these nucleus are in the comfortable state and have the relative high
nuclear stability (relative to the Z = odd number nucleus).

The second way also uses de Broglie wave in 1D-circular QM and/or uses Y (I,m) in the Schrodinger QM, but
indirectly: it needs to “to lift-up wave function by one to make its min =0, and then divided by two to make its max =1, so its
NBP = [1 + cos(x)]/2”, see SunQM-4s1. A more generalized model is shown in SunQM-4s1’s Fig-2b, in which for any n
orbit, thereare j =1, j =2, j =3, ... of de Broglie waves can be used to present one, or two, or three NBP in this n orbit (see
SunQM-4’s Fig-4c). The advantage of doing this is now we can use it to present either odd or even number particle/planet in
a single n orbit (or n shell). For example, a planet Earth in the orbit of {1,5} in Solar system now can be presented in this way
(notice that it doesn’t has the “Mobius strip” effect). Another example: In SunQM-4s2’s Fig-8b, | treated the positive peak of
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Y (I,m) as the baseline, then the negative peaks can be used to present the low (air) mass density centers (that eventually forms
an extreme quantum weather). (Note: In SunQM-4s2, | used Y(l,m), and it is different than the Y (/’,m’) in section 1V).

The third way is specifically used for a single object moving in the n=1 orbit (or any n orbit) that appeared to have
the “Mobius strip” effect in its physical property. In this case, instead of using Figure 1, we have to use the more generalized
1D-circular QM maodel (that is mentioned in section 11): as shown in Figure 4a, for each n orbit in the 1D-circular QM, there
arej=1'%,1,3/2,2,5/2,3,7/2,4, ... de Broglie waves that are possible to exist in this n orbit. For j equals the integer number,
the result is the same as in Figure 1, and there is no Mobius strip effect. For j equals to the half integers (likes %2, 3/2, 5/2,
etc.), all of them showed up the Mobius strip effect: one circular orbital movement (360°) does not return to the original QM
state, it needs two circular movement (720°) to return to the original QM state (see Figure 4c). For example, in Figure 4a (and
Figure 4b) in the j = Y2 mode, a circular movement of ¢ = 0° — 180° — 360° (following the red arrows) causes the QM state
from the positive peak of NBP to the negative peak of NBP, then, after the second circular movement of ¢ = 360° — 720°
(following the green arrows), the QM state will return to the original positive peak of NBP. In the same way, we can use
Figure 4a to explain “high order Mobius strip” at j = 3/2, 5/2, etc.

Using eg-1, vy pp = gvn,gr (and/or wy, pp, = gmn_gr), we may can explain the physical meaning of the “Mobius strip”

effect. Atn=1, v, pp = %VI,gr means phase velocity is only half of the group velocity, so that when the object (that correspond

to vi,gr) moved 360°, its phase wave only moved 180°, and after the object moved 720°, its phase wave finishes 360°. (Note:
According to the result from section I11 and 1V, it is the phase wave that reflects each single electron/object’s true matter
wave property, the group wave only reflects the property of all electrons/objects as a group. So we need to wait for the phase
wave to finish the whole wave before we can say the whole process is finished). (Note: See the alternative explanation in
Figure 5c, in which a single electron’s phase wave moved 360° while the group electrons only moved 180°). For the high
order Mobius strip at j = 3/2, we may can explain it as: at n=3, v ,p, = ;v3_gr means phase velocity is 1.5x of the group

velocity, so that when the object (that correspond to vi4) moved 360°, its phase wave overshot to 1.5x360°, and after the
object moved 720°, its phase wave finishes 3x360°, and it needs the both the group wave and the phase wave to finish
integer number rounds to return to the original QM state. | hope that Figure 4 can be helpful in explaining Robert Boyd’s
result 34 on the “Mobius strips of polarization having 3/2 or 5/2 twists”.

a non-Born probability b Mobius strip effect C Mobius strip
in the 1D circularQM in the 1D circularQM
with Mobius strip effect
A A
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j=4/2=2
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b= $=0 b=
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Figure 4a. The non-Born probability (NBP) in a 1D infinitely deep potential well (that equals to the 1D-circular QM’s
potential well), including the half integer j. Copied and modified from SunQM-4s1’s Fig-3d.

Figure 4b. Illustration of the Mobius strip effect in the 1D-circular QM with n=1 and j=%.

Figure 4c. A Mobius strip.

Thus, the wave function (or NBP) is only a general mathematic description, and it can be further explained in
different ways in physics (as needed): 1) In the case of describing one pair or many pairs of spin 1| electrons in one n orbit,
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we can choose the NBP to be directly equals to the wave function, so that the positive/negative wave peak is used to
represent the paired spin 1| electrons; 2) In the case of describing only a single planet in single one n orbit, | used SunQM-
4’s eq-10 (or SUNQM-4s1’s eq-26) to transform the wave function’s positive/negative wave peaks into the positive-only
probability density peak.

Here are the more examples that the NBP can be used differently for different purpose: First, for the Schrodinger
equation’s 6¢-2D solution Y(I,m), we can use NBP to represent either the air mass density, or the air pressure, or the air
temperature (see more explanation in SunQM-4s2); Second, in SUNQM-6s4’s eq-2, NBP can be used to fit for a point
charge’s either static electric field E o« 1/r*2 curve, or the potential field U o« 1/r curve.

VII. A possible origin of the electron’s spin and the nucleon’s spin

According to all the QM text books, the origin of the electron’s spin is unclear. In this section, | proposed a possible
origin of the electron spin and the nucleon spin in an atom. (Note: All work in this section belongs to a citizen scientist
leveled work, because it completely violates the mainstream’s spin theory).

Vll-a. Hypothesis: the face-to-face tidal-locked state is the Eigen state (or the global energy minimum state) of a
binary orbital movement.

In SunQM-6s2’s Appendix-B, I had guessed that ... In the case of H-atom... the E vector is formed from proton to

electron, and the rotation of the E is caused by the orbital moving of electron around the proton. ... in a H-atom, both the
proton and the electron are always face-to-face tidal-locked, and both are doing anti-clock orbital motion around their
reduced mass center ...”.

In the macro world, the Pluton-Chiron binary is the most iconic example of the face-to-face tidal-locked binary
orbital motion (see wiki “Pluto””). However, more often we see only the “slave” celestial body is doing the face-tidal-locked
binary orbital rotation around the “master” celestial body. For example, the Moon (the “slave”) is doing the exact face-tidal-
locked binary orbital rotation around the Earth (the “master”), and both Venus (with a day of -5832 hours, the “slave”) and
Mercury (with a day of 1407 hours, the “slave”) are doing (nearly) the face-tidal-locked binary orbital rotation around the
Sun (the “master”). It looks like the stronger the attractive force, the more chance that the “slave” object will do the face-
tidal-locked binary orbital rotation around the “master” object If the “slave” object has the comparable mass as that of the
“master” object, then (without the external disturbance), the strong attractive force will eventually make the two objects to do
the face-to-face tidal-locked binary orbital rotation (like the Pluton-Chiron pair does). (Note: | guess that this must have been
proved in the classical physics over 100 years ago. If readers know, please tell me). From this analysis, | hypothesized that
for the G/RFg-forced binary orbital movement, the face-to-face tidal-locked configuration is the global energy-minimum
configuration.

VII-b. Hypothesis: The origin of the electron spin may come from the face-to-face tidal-locked binary orbital motion
between an electron and a nuclear proton (using H-atom as the example), and it perfectly fits to the “proton-electron
mirror-coupled orbit” model

Similarly, for the E/RFe-forced binary orbital motion, | hypothesized that the face-to-face tidal-locked configuration
is also the global energy-minimum configuration (or, the default configuration). It is named here as the “face-to-face tidal-
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locked binary” model. This hypothesis also perfectly fits to the new “proton-electron mirror-coupled orbit” model (see
SunQM-6s6’s section IV-b).

Now let’s apply this hypothesis to the H-atom. When the proton-electron pair is face-to-face tidal-locked, while
doing the binary mutual orbital movement, both proton and electron have to do the spin movement with the same spin-speed
(Note: Here the spin-speed is defined as the angular velocity/frequency wspin), and this spin-speed wspin must equals to the
electron’s orbital angular velocity mormitelec. SO, for both electron and proton (in an H-atom), its spin speed ®spin.elec = spin,prot =
orbitelec - Figure 5a showed a single electron is doing orbital rotation in an H-atom (with its spin face-to-face locked to
proton’s spin).

Based on this hypothesis, column 21 of Table 1 showed that an n=3 electron (in an H-atom) should have spin speed
®n=3,ph = 27Vn=3,pn/Tn=3 = 2.30E+15 arc/s, an n=2 electron should have spin ®n=2,ph = 27tVn=2,ph/n=2 = 5.17E+15 arc/s, and an n=1
electron should have spin ®n=1,ph = 27Vn=1,pn/fn=1 = 2.07E+16 arc/s. Then, an electron transition from n=3 to n=2 should
produce a difference of the electron spin @n=2,pn - ®n=3pn = 2.87E+15 arc/s (see column 23), and, according to for the
conservation of spin angular momentum, this difference should be carried away by the emitted 656.1 nm photon. This means,
a 656.1 nm photon has the spin speed of wpnot,pn = 2.87E+15 arc/s. Notice that this spin speed value is exactly a 656.1 nm
photon’s frequency fnph = onpn /(27) = 4.57E+14 Hz (see Table 1 column 14, now we name it as a photon’s spin-frequency).
Similarly, from Table 1 column 23, we see that a 121.5 nm photon (that emitted from n=2 to n=1 electron transition) has the
spin speed ®n=1ph - On=2,pn = 1.55E+16 arc/s, a 102.5 nm photon (that emitted from n=3 to n=1 electron transition) has the spin
speed n=1,pn - ®n=3pn = 1.84E+16 arc/s, and both photons have the spin-frequencies equal to photon’s frequency (see column
14).

If this hypothesis is correct, then above calculations brought us some new results:

1) Although all electrons are said to have either spin +% A or spin —% h, in an H-atom, under the face-to-face tidal-locked
binary model, a bound state electron in different n orbit should have different spin-speed (regardless of +%#). This means, an
electron (in an H-atom) has its true value of spin-speed ®spinelec = Worbit-elec,ph that completely depends on its n orbit QM state,
and this n orbital rotation electron’s spin-speed is the same as this electron’s orbital rotation frequency. This is only for the
atom-bound electrons. For the (unbound) free motion electrons, because its r, — oo relative to its “mother” atom’s center, so
its QM state equals to n = oo, and its “orbital velocity” around its “mother” atom is vy, = V1/n = vi/oo = 0. Thus, for the purpose
of electron spin, a free electron’s free motion speed cannot be treated as the orbital velocity.

2) Although all photons are always said to have spin +1#, each photon should have its real value of spin-speed wnpn that only
depends on its wavelength or frequency. A photon’s spin-speed equals to this photon’s frequency (because of wnph = 27fhph),
and also equals to the ABCBA cycle frequency (see SunQM-6s5) of this photon. This means, different colored photon has
different spin-speed, just like different colored photon has different frequency. For example, a 656.1 nm photon has
frequency of fonotph = 4.57E+14 Hz, thus it has spin-frequency at 4.57E+14 Hz, or spin-speed ®photph = 27tfphotph = 2.87E+15
arc/s (see Table 1); a 589 nm photon (that from a Sodium-vapor lamp) should have the spin-frequency at fyhotph = ¢ / Aphotph =
5.09E+14 Hz, or spin-speed wphotph = 2mfphotph = 3.20E+15 arc/s. Notice that a photon’s spin frequency (or spin speed) can be
intuitively depicted as the rotation frequency of an electric field E vector between a nuclear proton and a virtual electron
(that is doing orbital rotation at a virtual orbital number n””) in an H-atom (see SunQM-6s1’s Fig-1a). Notice that the spin
vector of a photon is (initially, or originally) in perpendicular to the moving direction (see SunQM-6s5’s Fig-5), although it
can be reoriented to any new direction relative to the moving direction (see SUnQM-6s5’s section-V).

3) Similarly, (regardless to spin +%h), the real spin-speed of a nuclear proton in an H-atom completely depends on (or
equals to) the spin-speed of the orbital moving electron (that face-to-face tidal locked in the binary orbital movement. Or
similarly, based on the “proton-electron mirror-coupled orbit” model). This means, the n=3 to n=2 transition causes the
increasing of spin-speed not only for the electron, but also for the proton. Because the nuclear proton is at almost the center
of the reduced mass, the angular momentum change of the proton is only about 1/2000 of that of the electron. Then, for the
moment, we can ignore it here. (Note: It is deduced as: For a proton-electron binary system, the reduced mass p at r, = 0, then

FeMe = pMp — Ip/fe= Me/Mp; Ve = e e, Vp = @p Iy, Tace-to-face tidal locked, we = wp ; Electron’s angular momentum |Lelec| =



Yi Cao, SunQM-6s7: The Face-to-face Tidal-locked Binary Orbital Rotation May Be the Origin of the Electron Spin and the Nucleon Spin 14

. 2 2
s s ) Ly MpVpTy My WpTpTp my (Tp my [(m m 1 .
MeVe fe , and proton’s |Lyroe| = Mpvp I, then, 2= —FER = —PPPP — —P(2) ——E(=¢) ==~ _—) (Note: In
Le MeVeTe MeWeTele Me \Te me \mp mp 2000

Figure 5a, due to the face-to-face tidal-locking, the proton has the same physical spin as electron, but due to the opposite
charge, it has the opposite (electric) spin 1|, (because the spin of an electron or a proton is defined as the electric spin that
may or may not be the same as the physical spin of the particle) ).

4) According to the Bohr-QM formula %,
|Lnorbic| = MVan = nh, (Where i = mvars, m is the mass) eq-27 (Bohr-QM formula)

the electron’s orbital angular momentum |in,elec| in H-atom at each n orbit was calculated (see Table 1 column 24). Column
25 (of Table 1) showed the orbital angular momentum difference between n+1 and n (i.e., A|i(n+1)_n| ) for all different n (in
asingle N super shell), and they all have the same value as that of the |L,_;| = 1.055E-34 (kg*m*m/s) = = = #. This is

27

exactly what the Bohr-QM formula eg-27 means. Now | try to use this result to prove the hypothesis that “the face-to-face
tidal locked binary orbital motion should be the default state for the orbital electron in an H-atom”. Let’s imagine that in n

shell, one electron is evenly distributed in a small solid-cubic-bar-like 3D space within ry < Ar <rtp+1, g —0<AB< g + 9,

and —6 < A < +68. When this solid-cubic-bar (i.e., the “slave” object of the binary) doing the (binary) circular orbital
motion in n orbital shell, its one end (at ry) is always pointing to the circular orbit’s center, and its another end (at rn+1) is
always pointing away from the circular orbit’s center (due to A|i(n+1)_n| = +1h). Then, the n=1 spherical surface (i.e., the
“master” object of the binary) is also self-spinning at |f,n=1| = +1A. Thus, after one round of circular motion, the “master”
object (i.e,, the n=1 spherical surface) finishes one spin of |in=1| = +1h, and the “slave” object (i.e., the solid-cubic-bar) also
finishes one spin of |§n| = A|i(n+1)—n| = +1h. Therefore, this analysis support that the “master” object and the “slave” object
are naturally doing the face-to-face tidal locked binary orbital motion. Furthermore, not only Bohr-QM formula eq-27, but
also Schrodinger equation/solution may can be used similarly to prove this hypothesis. (Note: If fixed at one end of the solid-

cubic-bar, then this solid-cubic-bar has spin angular momentum of +1x. However, if fixed at the (reduced mass) center of the
solid-cubic-bar, then this solid-cubic-bar should have the spin angular momentum of %2#).

5) Noticed that an electron at n=1 orbit’s inner edge r1 = 5.29E-11 (meters) will have orbital angular momentum of 1A =
1.05E-34 (kg*m*m/s), but the same electron at n=1 orbit’s outer edge r> = 4x 5.29E-11 meters will have orbital angular
momentum of 2Aa = 2.11E-34 (kg*m*m/s). Because the electron has 100% occupancy in the orbital space between r; and r»,
neither of these two values can be used to accurately present an electron’s orbital angular momentum in the n=1 orbital space,
and the true value must be in between these two values. After averaging (by integrating) an electron’s elliptical orbital

angular momentum within n shell (with the perihelion at r, and the aphelion at rn+1), it showed that |i.n| ~ (n + i) h, and as
n — oo, |f,,,| = (n + %) h, (see Appendix C for the calculations). Following this analysis, the best values for a bound state

electron’s orbital angular momentum in the n=1, 2, 3, ... orbital shell spaces should be < %h, gh, %h, etc., (instead of the
inner edge’s values of 1A, 2k, 3h, etc.).

6) So, ultimately, what is the real meaning of the spin %k for an electron? First, the spin of +%#h was determined in the
Stern-Gerlach experiment for the free motion electrons, and these electrons must be in the n ~ o QM state (relative to their

“mother” atom’s center), thus they have the orbital angular momentum |L,,| = (n + %) h. Second, during the free motion,
these n state electrons are moving from the inner edge to the outer edge of the n shell (or from r, to ry+1), S0, as we said
previously, the difference of the orbital angular momentum between the two edges A|i(n+1)_n| = %h is carried over by the

electrons as their spin angular momentum |§| = gh. This is the best explanation that | can give.
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7) For photon’s spin +1#, it is clear that it comes from the electron’s orbital angular momentum change from n+1 to n (in
Bohr-QM, see Table 1), or more accurately, from the selection rule Al = +1 (in the Schrodinger equation/solution).

VIl-c. For a pair of spin 1| electrons, their (electron-proton) face-to-face tidal-locked orbital rotation in ¢-1D (in the
opposite +m directions) may have transformed into a 0-1D uni-directional orbital rotation.

For one pair of spin 1| electrons’ orbital rotation trajectory, let’s use Helium atom’s two n=1 electrons (in 1s> QM
state) as the example. Due to their negative charged repulsive force, two electrons have the anti-parallel (electric) spin 1.
(Note: It is equivalent to the (proton-electron) positive-negative charge pair’s parallel physical spin in H-atom). According to
the Schrodinger equation’s solution (i.e., the NBP, or the Y(I,m) function, for example, by comparing Y (I=1,m=1) =

—\/g e'™® sin 0, with, Y(I=1,m=-1) = \/ge‘im‘/’ sin @ ), I guessed that these two 1| spin n=1 electrons should be doing

orbital rotation in opposite directions (meaning, one in +m direction, one in -m direction, both in ¢-1D). As shown in Figure
5b, the blue line represent the orbital rotation trajectory of the electron-2 (that supposed to have the down-spin, and
represented by the blue thick arrow |) that moving in +m direction (from -x axis to -y axis, or from position-6 to -7), and the
red line represent the orbital rotation trajectory of the electron-1 (that has the up-spin, represented by the red thick arrow 1)
that moving in -m direction (from +x axis to -y axis, or from position-1 to -2). If they are continues moving like this (along
the equator of the n=1 orbital shell), they will collide at the -y axis. However, the repulsive force of these two electrons will
not only prevent this collide, but also will keep the farthest distance in between these two electron. Then one of these two
electrons has to go through the north pole (let’s assuming it is the red electron-1, from the position-1, to 2, 3, 4, 5), and the
second one has to go through the south pole (let’s assuming it is the blue electron-2, from position-6 to 7, 8, 9, 10). This is the
explanation for Figure 5b.

Then let’s explain the Figure 5c. Because the E/RFe repulsive force (between the two electrons in n=1 orbit shell
space) is so strong, the distance (between the two electrons) smaller than the half circumference is not allowed at any time
during the orbital rotation, so that the movement (of the electron-1 from position-1 to position-2 in -m direction in ¢-1D, and
the movement of the electron-2 from position-6 to position-7 in -m direction in ¢-1D) in Figure 5b is not allowed (because
the resulted distance between position-2 to position-7 is smaller than the half circumference). So, even at the beginning, the
two electrons’ =m ¢-1D orbital movement (along the equator, or along the latitude line) has to be along longitude line (in 6-
1D), as shown in Figure 5c. Thus, an original ¢-1D orbital rotation is now transformed into a 8-1D orbital rotation. After
carefully tracing (in Figure 5c), we will find that both electrons’ spin vectors (one is up at the initial position-1, and one is
down at the initial position-6) will have to keep overlapping with the longitude line on the n=1 sphere and pointing in the
same (circular tangential) direction at all time during the orbital movement. This is perfect to keep spin 1| anti-parallel for
these two electrons at all time. And it is also perfect to keep a half circumference distance between these two electrons at all
time during the orbital movement.

I believed that we can also use eq-1 at n=1 (v, pp = ivl_gr) to explain Figure 5c. At the initial state (let’s define it as

state-1), the electron-1 is at position-1 with spin-up, and the electron-2 is at position-6 with spin-down. After moving %
circumference, the electron-1 moved to position-6 with spin-down and the electron-2 moved to position-1 with spin-up (let’s
define it as state-2). After moving the second % circumference, the electron-1 moves back to position-1 with spin-up and the
electron-2 moved back to position-6 with spin-down, and thus, it goes back to state-1 and finishes one cycle. However, if the
identity of these two electrons are indistinguishable (meaning electron-1 = electron-2), then state-2 equals to state-1 (because
both have one electron at position-1 with spin-up and one electron at position-6 with spin-down), and thus, only %
circumference will finish one cycle. Now let’s define each individual electron’s orbital velocity (in Figure 5b) as viph , and
define the sum of the two electrons’ orbital (relative) velocity (in Figure 5c) as vig , then we have vi g = 2vipn , that is,

Viph = %Vl,gr . (Note: Why | define vi,pn as each individual electron’s orbital velocity? Because each individual electron’s

orbital velocity has either +m direction, or -m direction (see in Figure 5b), and this two opposite directional orbital wave
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motion is more like a phase wave’s behavior. Why I define v1 ¢4 as the sum of the two electrons’ orbital velocity? Because in
Figure 5b, the opposite directional motion makes the relative speed between two electrons = 2vy . Furthermore, as a group,
these two electrons are indistinguishable (or, electron-1 = electron-2), thus, only ¥ circumference will finish one cycle). If
this explanation is correct, then the group velocity must correlate to a velocity of a group of electrons (with each electron’s
identity indistinguishable), and the phase velocity must correlate to a velocity of each single electron (with each electron’s
identity is distinguishable among any of other electrons).

One of the key results of this analysis is, a pure @-1D orbital rotation (in +m opposite directions) for a pair of spin 1|
electrons (with the spin vectors perpendicular to the orbital moving direction), under the repulsion, it will be transformed into
a pure 0-1D orbital rotation (in uni-direction, with the both spin vectors lying in the orbital moving direction). This kind of
dynamic space transformation, (i.e., ¢-1D orbital rotation transformed into 6-1D orbital rotation), is similar as that we have
seen before: a nLLL’s mode (in ¢-1D space) transformed into nLO (in pseudo r-1D space, see SUnQM-6). This transformation
of a pure @-1D orbital rotation to a pure 0-1D orbital rotation may also be the origin of the RF.
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Figure 5a. One single electron is doing orbital rotation in an H-atom (with its spin face-to-face tidal-locked to proton’s spin).
The thick solid light-blue arrow represents electron’s spin vector, the hollow dark-blue arrow represents proton’s spin vector.
Notice that the spin vector of electron is perpendicular to the orbital trajectory at all time.

Figure 5b. A pair of spin 1| electrons in a He-atom (that are doing the opposite +m orbital rotation in ¢-1D) will be forced to
go through two opposite poles to avoid the crash. The thick solid dark-orange arrow represents electron-1’s spin vector, and
the thick solid light-blue arrow represents electron-2’s spin vector (both only for the first half cycle of the orbital rotation).
Figure 5¢. A pair of spin 1| electrons (that are doing the opposite £m orbital rotation in ¢-1D) will be eventually forced to do
a pure 0-1D orbital rotation to avoid the crash. Notice that the spin vectors of electrons are now in-line within the orbital
trajectory.

Figure 5d. A guessed spin configuration of (1) (UUl) for each of four nucleons in an alpha particle.

VII-d. A guessed spin configuration for each of four nucleons in an alpha particle

Inside an alpha particle, the E/RFe-force wants to separate the two protons as far as possible. So, | guessed that this
caused the even-stronger S/RFs-force to bind one neutron to one proton (but not the two neutrons nor the two protons) to
form a sub-structure. Thus, | guessed that there are two neutron-proton pairs of sub-structures inside one alpha particle, and
here we name them as neutron-proton-pair-1, and, neutron-proton-pair-2. Within each one neutron-proton pair, the face-
to-face tidal-locked orbital rotation around the reduced mass center (of this neutron-proton pair) makes these two nucleons to
have spin in parallel, for example, 1, (let’s use ff to represent each nucleon’s internal spin, and use 1 to represent each
nuclear proton’s electric spin and each electron’s spin). Then, after adding the E/RFe-force field spin of the proton (that T
should be in the same direction as this proton’s nucleon spin direction N because of proton has the positive charge), one pair
of neutron-proton will have spin of either 44! or ™T. Then, | guessed that two pairs of neutron-proton will have the spin
configuration of (MM T)(UU1), or, in anti-parallel (see Figure 5d). (Note: Although the RFs-RFs interaction is stronger than
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the RFe-RFe interaction, the RFs-RFs interaction is already consumed by the two nucleons (within one neutron-proton pair)’s
M1 spin-spin interaction, so the leftover RFs-force (we named it as the residue RFs-force) of the neutron-proton-pair-1 that
can be used to interact with the residue RFs-force of the neutron-proton-pair-2 become weak, and it is guessed even weaker
than the RFe-RFe interaction force between the two pairs of neutron-proton (because that the RFe-force of each pair of
neutron-proton has not been consumed). In this case, the RFe-RFe interaction force overcome the residue RFs-force, and
caused (M) (UUL) spin configuration for the four nucleons inside an alpha particle). (Note: If the residue RFs-force still
overcome the RFe-RFe interaction, then it would become ("0 T)(M1MT), then two parallel spin 11 protons inside the nucleus
would be unable to match the two anti-parallel spin 1| electrons to do the face-to-face tidal-locked orbital rotation).

If the face-to-face tidal-locked theory is correct, then the neutron-proton-pair-1 (suppose it has spin U41) will have
to face-to-face tidal-locked with electron-1 (with spin 1) to do the binary orbital rotation, and simultaneously, the neutron-
proton-pair-2 (that must have spin 11'T) will have to face-to-face tidal-locked with electron-2 (with spin |) to do the binary
orbital rotation. (Note: proton | electron T means these two particles are physically spinning in parallel 11, so it becomes
face-to-face tidal-locked). Then, because electron-1’s and electron-2’s @-1D orbital rotation (in +m opposite directions) has
been transformed into a pure 6-1D orbital rotation (in uni-direction), the neutron-proton-pair-1’s and the neutron-proton-pair-
2’s @-1D orbital rotation inside the nucleus (in £m opposite directions, with the spin vectors of 441 and 1T perpendicular to
the orbital motion direction) must also have been transformed into a pure 6-1D orbital rotation (in uni-direction, with the spin
vectors of U4l and N7 lying in the orbital moving direction). This explanation also fits to the “proton-electron mirror-
coupled orbit” model.

(Note: In a Helium atom, among three levels of face-to-face tidal-locked binary motions, that is, the strongest S/RFs
within each neutron-proton-pair, the second strongest E/RFe between neutron-proton-pair-1 to neutron-proton-pair-2, and the
third strongest E/RFe between each proton-electron-pair, | guessed that it should be the neutron-proton pair’s orbital rotation
at inside the nucleus that drives the electron’s orbital movement at outside the nucleus, and not the opposite way). (Note:
Because the major spin is around each neutron-proton-pair, and the minor spin is around two of neutron-proton-pairs that
formed a pseudo alpha particle, so for the spins in a large Z# (atomic number) nucleus (that supposed to have many pseudo
alpha articles inside it), there is not much difference between the pseudo alpha particle that at the center, or at the surface of
the nucleus). (Note: In this case, the Pauli principle of electric spin 1| is actually driven by the global E/RFe electric energy
minimization).

(Note: The Schrodinger equation for a proton-electron system (in an H-atom) may can be constructed, and it may
also include the spin information. See Appendix D for details).

VIII. The possible origin of the Sun’s spin and the planet’s spin

First, for the Solar system, there is no more one-to-one face-to-face tidal-locking, simply because there are many
“slave” planets and only one “master” Sun. Instead, the Solar system’s spin-reference-frame may follow SunQM-3s1’s eq-1,
®n-spin = ®1-spin / N"X, Where X is a real number within 1 <x <4.

The origin of the spin of our Sun had been guessed in SunQM-3s2, “An orphan Jupiter-sized planet (or even a red
dwarf) flew by pass the nebula and was captured by one of these local mass centers; Spiraled in and then super positioned to
the local mass center, this orphan planet seeded a formation of our pre-Sun ball, and determined our Solar system's spin axis
direction and angular momentum”.

There are two different ways to explain the initial spin of all planets in our Solar system: one using classical physics
(see Figure 6), and one using Bohr-QM (see Table 4 columns 13~17).

Here is the first way for the explanation. According to the {N,n} QM theory, for our pre-Sun ball, after a major
collapsing of the N super-shell matter, > 99% of mass in this N super shell (including {N,n=1..5//6}0 orbital shells) was
collapsed into the N-1 super shell, and only < 1% mass was leftover in each of the n orbital spherical shells (see SUnQM-
1s1). In view of the classical physics, the spinning of the pre-Sun ball made the matter at the equator to move outward a little
bit to form an oblate shape (for the pre-Sun ball at both N super shell and N-1 super shell, see the “step-1” in Figure 6a).
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Meanwhile the nLL-force (see SunQM-3s1’s “nLL effect”) pushed the matter from the high latitude to the equator at the
inner edge of the n orbital shell, and the higher the latitude it come from, the inner the edge it will go (see the “step-2” in
Figure 6a). All mass in the same n orbital shell should have same spin frequency onspin along z-axis (see SUNQM-3s1’s eq-1),
and the higher the latitude, the short the distance from the spin axis the mass location (see d’, d”, and d”’ in Figure 6a), the
slower the tangential velocity it will be (Vnspin = onspinXd ). So, after fully disk-lyzed (to 6 = n/2), in the same n orbital shell
disk, the mass in the inner edge will have the slower tangential velocity than that of the mass in the outer edge. (Note:
Because all mass in n shell should have the same Vi gr.orbit to start with, the newly added vispin is @ smaller value than the initial
Vingromit - AlSO see the similar explanation in SUnQM-3s9’s Fig-5b). After accreting all mass in this n orbital shell, this
difference of the tangential velocity causes the formed planet to have the spin direction in the same spin direction of the Sun,
and also in the same direction of its own orbital rotation (see Figure 6b). In this way, all eight original planets (or twelve
planets, if including the {3,2} {3,3}, {3,4}, {3,5} undiscovered ones) should have their original spin vectors in the same spin
direction of the Sun. (Note: | figured out this explanation in 2018).

Here is the second way for the explanation. (Note: If a pre-Sun ball collapsed and only formed a single planet, then
the explanation in Table 4 may provide a perfect mechanism for the formation of the face-to-face tidal-locked binary system.
Here is a citizen-scientist-leveled prove). According to the {N,n} QM theory, suppose a {N,n=1..5//6}0 = {N+1,1//6} sized
spinning pre-Sun ball collapsed to a {N,1//6} = {N-1,n=1..5//6}0 sized spinning pre-Sun ball, at the surface equator of this
new {N,n=1//6} sized spinning pre-Sun ball, it should have the spin frequency of wspinn=1. Then, according to the Bohr-QM
formula of eq-27, but wait, according to SUnQM-2, in the macro-world {N,n} QM, we need to use the hgen to replace the
Planck constant h (for both Bohr-QM and Schrodinger-QM). Thus, for the pre-Sun ball (or the Solar system), eq-27 becomes

L orbit| = MVarn = n/(Hm)/(2)] = Nhigen eq-28 (Bohr-QM formula for pre-Sun ball)

where H=h/m’ is the “quasi-Planck constant”, m’ is a scaling factor (with unit of mass), m is the mass of the object, hgen =

Hm is the “general Planck constant”, and fize, = Z—: =muv,r; (See SUNQM-2’s section I-c). Then, according to the Bohr-

QM formula of eg-28, at the surface equator of this n=1 sized pre-Sun ball (i.e., the “master” of the binary), it has the orbital
angular momentum at n=1, or |in=1‘pre_5un‘orbit| = MVnly = Nhge, = +1hg.,, that also equals to this pre-Sun ball’s spin
angular momentum |§pre—Sun,spin| = |f,n=1,pre_5un,orbit| = +1hgep. Then, let’s assuming that among n= 2, 3, 4, 5 shells, only
one n shell has < 1% mass left, the rest three of n shells have zero mass left. (Note: During the pre-Sun ball collapsing and
disk-lysing, the n=1 orbital shell between rn=1 to rn=> must be empty because of the “ball-torus-6-11-gap effect”, see SunQM-
1s17s section-V). Under the same Bohr-QM, the mass at the inner edge of this n orbital shell has the orbital angular
momentum |in,0rbit| = nhgyen, and the mass at the outer edge of this n orbital shell has the orbital angular momentum

Lo+ 1.0rbit| = (0+1)72g0n. SO, there is a difference of the orbital angular momentum A|Ly 4 1)-norbic|= (N+1)Agen - Nhgen =
+1h.,, between the mass (in the same n shell) at the n edge and n+1 edge. After accreting all mass in this n orbital shell, the
newly formed planet (i.e., the “slave” of the binary) must be located at the inner edge of the n orbital shell (because it has <
1% mass occupancy in the n orbital shell), so that it must have the orbital angular momentum |in_orbit| = MValn = N ge,.

Then, the differential orbital angular momentum A|i.(n+1)_n,orbit|: +1h,, is carried over by the newly formed planet as the
spin angular momentum |Spianet spin| = A|Ln+1)-norbit| = +1f,en, With the spin vector in the same direction as that of the

orbital angular momentum’s vector |in‘orbit| =nh,,,. Now, after the circular orbital rotation for one complete around, both

gen*
the “master” pre-Sun (at the size of n=1) and the “slave” planet (at the orbit of n) have a complete spin of +1#,,,, therefore
they must be in a face-to-face tidal-locked binary motion. (Note: In this case, we ignored “the closed arm makes the skater’s
body spin faster” effect for the accretion of the planet).

(Note: Why here we use Bohr-QM? Because for the < 1% leftover mass, the RF is completely removed, so it should
can be described by the Bohr-QM).

Now let’s explain the data in Table 4. Columns 1 ~12 were copied from Table 2. Column 13 showed that after the N
super shell of the pre-Sun ball collapsed, and after the < 1% leftover mass disk-lyzed, the orbital angular momentum of 1 kg
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mass (or per 1 kg) at each ry , i.e., |Ly,orpit| = MraVrgr /M = raVigr . Column 14 showed the difference of |Ly,orpie| at fne1 @nd ry
for this 1 kg mass, notice that it equals to H/(2w). To confirm it, multiplying column 14 by 2n becomes column 15, and notice
that the yellow cells (9.55E+14 J*s/kg) in column 15 equals to Table 2’s column 16, the green cells (5.73E+15 J*s/kg) in
column 15 equals to Table 2’s column 22. (Note: the blue cells in column 15 does not equal to Table 2’s column 28
(3.44E+16 J*s/kg), because the “period factor” it used was 5.33, not 6, (see Table 4 column 8). If had used 6, then the blue
cells in column 15 would have equaled to Table 2’s column 28). Then, the physical meaning of Table 4’s column 13 ~ 17 is
exactly the Bohr-QM formula of eq-28. Columns 16 ~ 17 were used to check for eq-28: When the pre-Sun ball collapsed
(from {2,1//6} size) to {1,1//6} size, and after disk-lyzed, 1 kg of mass at either r,-1 = {1,1//6} nLL orbit, or r,-> = {1,2//6}
nLL orbit, or ry=s = {1,3//6} nLL orbit, or up to rn-s = {1,6//6} nLL orbit, will have the orbital angular momentum of n=1, 2,
3, ... 6 (see column 17), with the unit of H/(2m) = 9.12E+14 (J*s/kg), and this unit is same as the |Ly—q orpie| at N=1; When
the pre-Sun ball collapsed (from {1,1//6} size) to {0,1//6} size, and after disk-lyzed, 1 kg of mass at either r,-1 = {0,1//6} nLL
orbit, or rn=» = {0,2//6} nLL orbit, or rn-3 = {0,3//6} nLL orbit, or up to rn-s = {0,6//6} nLL orbit, will have the orbital angular
momentum of n=1, 2, 3, ... 6 (see column 16, top cells), with the unit of H/(2n) = 1.52E+14 (J*s/kg), and this unit is same as
the |in=1,orbit| at N=0. (Note: In this sense, H= 3.44E+16 J*s/kg may be not perfect for {2,n=1..5//6}0 super shell, because it
does not bring Lnorbit = n(Hm)/(27) into integer number of n, see column 16 of Table 4, bottom cells).

Columns 18 of Table 4 showed the planet size of the original planets (that copied from SunQM-3s6’s Table-2
column-11). Based on the rule of "all mass between r, and rn+1 belongs to orbit n (see paper SunQM-3s2)", and assuming that
during the accretion 1 kg of mass from the outer edge of n shell at rn+1 is brought to the planet’s far site surface (relative to the

Sun) and still carries its original orbital angular momentum |in+1‘orbit|, and 1 kg of mass from the inner edge of n shell at r,

is brought to the planet’s near site surface and still carries its original orbital angular momentum |in‘orbit|, then, column 19 of
Table 4 calculated if these two (1 kg) objects paired (with the distance of the planet’s diameter in column 18) and then doing
binary circular orbital rotation, and then, what is the tangential speed of this binary circular orbital rotation. Finally, column
20 of Table 4 calculated the period of this two (1 kg) objects’ binary circular orbital rotation. The result was 1 ~ 15 seconds,
too fast in comparison with the known spin-period of the eight planets. The reason of the un-match is obvious: a planet at r,
accretes most of the mass from nearby r,, the mass accreted from ry.1 is negligible. With this in mind, | made the re-
calculation by assuming that the 2"@ 1 kg mass is not accreted from rn.1, but from r, + Ar. Using Neptune as the example
(because among all eight planets, Neptune is the only one that still keeps the original mass, see SunQM-1s1), it showed that if
the 2" 1 kg mass is originally at r, + Ar = 4.45E+12 (meters) + 3.66E+7 (meters), and it is accreted to Neptune’s far site
surface rn + rnepune = 4.45E+12 (meters) + 2.00E+7 (meters), then the resulted two of 1 kg objects binary will have the
circular orbit rotation period ~ 5.0E+4 (sec) ~ 16.1 days, the same spin period of Neptune. This result supported the previous
saying: a planet at r, accretes most of the mass from nearby r, . (Note: A more sophisticated method was explored, but not
finished, and thus was not shown here).

n orbital spherical shell’s matter is n orbital spherical shell’s matter
disk-lyzing from high latitude to equator has been disk-lyzed to the equator

a Z b y
O
e

n orbital shell
n orbital shell

Figure 6a. lllustration of how an n orbital spherical shell’s matter (in a newly collapsed pre-Sun ball) is disk-lyzing (to form a
disk-shape) from the high latitude to the equator (viewed in xz-2D).
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Figure 6b. Illustration of how the differential orbital angular momentum at the inner and outer edge of the same n shell will
cause all objects (in the n shell) to do the spin (in the same direction of orbital rotation, viewed in xy-2D).

Table 4. To show that the initial spin of all original planets in our Solar system follows Bohr-QM.

NASA's data of planets {N,n} QM model calculated data orbit angular momentum planet spin angular momentum
Sun's original  planet equator planet's
radius or classic Vogr=  (N}OM L= ALy Lyl Lo/BL= L/BL= e tangential max spin
planet  planet orbitE=- period total sqrt(GM E=-(1/2) |mrv,./m =H/(2n) H=h/m' Lo/(H/( L/(H/(|(from speed Vg, = period =
mass orbit-r  orbit-v (1/2)mv? |N= n= factor= n= r=rn’ /r) m\,rwz (perkg) (perkg) (perkg) 2n))  2m)) model) (BLo/2)/Totanet  2Mtanes /Vspin
meter*m/s meter*m/s
unit kg meter m/s J meter m/s J *(kg/kg) *(kg/kg) J.s/kg meter m/s s
Sun core 1.74E+08 01 6 1 1.74E+08 873647 1.52E+14 1.52E+14 9.55E+14 1
SUN 1.99E+30 6.96E+08 0 2 6 2 6.96E+08 436824 3.04E+14 1.52E+14 9.55E+14 2
0 3 6 3 1.57E+09 291216 4.56E+14  1.52E+14 9.55E+14 3
0 4 6 4 2.78E+09 218412 6.08E+14 1.52E+14 9.55E+14 4
0 5 6 5 4.35E+09 174729 7.60E+14  1.52E+14 9.55E+14 5
11 6 6 6.26E+09 145608 9.12E+14 9.12E+14 5.73E+15 6 1i
1 2 6 12 2.50E+10 72804 1.82E+15 9.12E+14 5.73E+15 2| 3.36E+07 1.36E+07 15.59)
Mercury = 3.30E+23 5.79E+10 47400 -3.71E+32| 1 3 6 18 5.64E+10 48536 -3.89E+32| 2.74E+15 9.12E+14 5.73E+15 3| 2.98E+07 1.53E+07 12.28]
Venus 4.87E+24 1.08E+11 35000 -2.98E+33| 1 4 6 24 1.00E+11 36402 -3.23E+433| 3.65E+15 9.12E+14 5.73E+15 4| 2.76E+07 1.65E+07 10.46)
Earth 5.97E+24 1.49E+11 29800 -2.65E+33| 1 5 6 30 1.57E+11 29122 -2.53E+33| 4.56E+15 9.12E+14 5.73E+15 5| 2.58E+07 1.76E+07 9.20
Mars 6.42E+23 2.28E+11 24100 -1.86E+32| 2 1 6 36 2.25E+11 24268 -1.89E+32| 5.47E+15 4.25E+15 1.00 6)
Jupiter 1.90E+27 7.78E+11 13100 -1.63E+35 2 2 533 64.0 7.12E+11 13659 -1.77E+35| 9.72E+15 4.86E+15 1.78 3.04E+07 8.00E+07 2.38]
Saturn 5.68E+26 1.43E+12 9700 -2.67E+34] 2 3 533 959 1.60E+12 9106 -2.35E+34] 1.46E+16 4.86E+15 2.67 2.53E+07 9.61E+07 1.65]
Uranus  8.68E+25 2.97E+12 6800 -2.01E+33| 2 4 533 127.9 2.85E+12 6830 -2.02E+33| 1.94E+16  4.86E+15 3.55 2.22E+07 1.09E+08 1.28
Neptune 1.02E+26 4.51E+12 5400 -1.49E+33| 2 5 533 159.9 4.45E+12 5464 -1.52E+33| 2.43E+16 4.86E+15 4.44 2.00E+07 1.22E+08 1.03]
Pluto 1.46E+22 5.91E+12 4700 -1.61E+29] 2 6 5.33 191.9 6.40E+12 4553 -1.51E+29| 2.92E+16

nt

Conclusion

For matter wave, v, ,;, = Evn.gr is the more Eigen description than vy, ,, = %Vn,gr . The paired (up/down) spin

information of the electron may have already been presented by the positive/negative wave peaks in either the Schrodinger
equation/solution (in form of the non-Born probability), or in the de Broglie wave in the Bohr H-atom model. The spin of
electron and nucleon may be originated from the face-to-face tidal-locked binary circular orbital rotation between them.
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Appendix A. Using v, pp = gvnygr to update SUnQM-6s1’s eq-1 through eqg-20

Velassical = Vgr = %Vph SunQM-6s1’s-updated-eqg-1

1) Bohr atom’s particle description version:
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1 q? V2 1 q? V2 1 g2
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— _1 2 1 9% _1 2 2 _ -1 2
En—Kn+Vn—Emvn —4ﬂ€0;—5mvn —mv,° =—mv,~,

— Yigr
=22,
An,gr = A4 gy , defined from Bohr Model’s and de Broglie wave,

Vi gr known from traditional QM,

Vigr = Mn,grfngr
f1,gr

fn,gr -

n3 '’
_ -1 2 -1 2 _ -1 2 (1 1
En — Enl = van — vanl = val (F_ﬁ) y
2) Bohr atom’s (de Broglie) matter wave description version:
)‘n,ph = 21Trn
— — 2
)\n,ph =n Al,ph , Or, }\n,ph = 21'[r1n
Vn,ph = }\nfn,ph .

£ _ Vnph _ nVngr _ 1
nph — 5 — 5 ngr

An,ph T2 DApgr
En = —Hmfn,ph y

Vaph = Vipn
— 2
fn,ph - f1,ph/n
ann,ph = U)n,ph y
1 1
En — Eny = —Hmfy = Hmfy, on = —Hmfy o (55— =),

nz o2
1 1
- n—z) , deduced,

Afn—»nl,ph = 1:nl,ph “Ihph = fl.ph (
c c

Aponr = Ff =7 T 1
n,ph™'n’/ ph 1ph\2 702

n
fn,ph = ;fn,gr

Appendix B. Using v, ,, = Evn,gr to re-deduce equations in SUnQM-4’s section I-C.

[i(kx—ﬁt)] i E .
Y (x,t) = Ae 2mr)| = Ae[‘(kx‘zt)] = Aeli(Px-E0)/A]
— _ _ l 7.2
Eqj =Kgj 1 Vgj =Kgj =;m",
_ _-1_4 2
En - Erecp,n - 71’1’1 Vn,gr
_Fo,
T(t) xe " n
_ied
T(t) x e "gen
j— ! —
Epj =Hm'fjpn = hgenfjpn
_Eoj _hgenfjpn_ .
T(t) < e ‘hgen — @  hgen = — @~i2Tfjpnt

21 pn = Wjpn

ann,ph = wn,ph
E

i@ .
T(t) X e hgen = e—lZT[fn,pht

H, = %“./C,Mrn

SunQM-6s1’s-updated-eq-2

SunQM-6s1’s-updated-eg-3

SunQM-6s1’s-updated-eq-4
SunQM-6s1’s-updated-eqg-5
SunQM-6s1’s-updated-eq-6
SunQM-6s1’s-updated-eq-7
SunQM-6s1’s-updated-eg-8

SunQM-6s1’s-updated-eq-9

SunQM-6s1’s-updated-eg-10
SunQM-6s1’s-updated-eq-11
SunQM-6s1’s-updated-eqg-12
SunQM-6s1’s-updated-eq-13
SunQM-6s1’s-updated-eq-14
SunQM-6s1’s-updated-eg-15
SunQM-6s1’s-updated-eq-16
SunQM-6s1’s-updated-eq-17
SunQM-6s1’s-updated-eq-18
SunQM-6s1’s-updated-eq-19

SunQM-6s1’s-updated-eq-20

SunQM-4’s-updated-eq-19
SunQM-4’s-updated-eq-20
SunQM-4’s-updated-eq-21

SunQM-4’s-updated-eq-22

SunQM-4’s-updated-eqg-23
SunQM-4’s-updated-eqg-24

SunQM-4’s-updated-eqg-25
SunQM-4’s-updated-eq-26
SunQM-4’s-updated-eq-27

SunQM-4’s-updated-eq-28
SunQM-4’s-updated-eg-29
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1 2 2 2 2
Epj _ 3™Vngr® _ Tngr®  Tngr® _ n Vngr® _ (1) Vngr e L
. H;:, = e T oM T (2) - SunQM-4’s-updated-eq-30
2mfy pn = (g) V:fr = Wnph SunQM-4’s-updated-eq-31
P (x,t) = Aeli(e7o)] = pgilx-wnpnt) — pgilxg=ionpnt SunQM-4’s-updated-eqg-32
T(t) o e~ @npht SunQM-4’s-updated-eg-33
V:fr = Wpgr = Wpgr SunQM-4’s-updated-eq-34
Vclassical = Vgr = %Vph SunQM-4’s—updated—eq—35
2 b
Velassical = Vn = Vn,gr = 7 Vnph SunQM-4’s-updated-eq-36
Vn,ph = kn,phfn,ph SunQM-4’s-updated-eq-37
Wn,ph = 2“Tfn,ph = (g) Vl;_ngr = V:—:h SunQM-4’s-updated—eq—38
Wp = Wpgr = V:fr = :_: SunQM-4’s-updated-eg-39
Vn,gr 5
@nph = 27Ty pp = (2) r_ng = (g) Ongr = (g) W gr SunQM-4’s-updated-eg-40
Wpph = (')[;,gr SunQM-4’s-updated-eg-41

Appendix C. Integration of elliptical orbital angular momentum between rn and rn+1 within n shell

Analytical equation of an ellipse centered at the origin with width 2a and height 2b is: Z—z + Z—z = 1. Ifa>Db, the foci

are at (xc, 0) with ¢ = Va? — b?, eccentricity e = % Then, polar equation of the ellipse with one focus at the origin and the
a(1-e?)
1—e cos(6)
(https://math.stackexchange.com/questions/3107249/the-average-radius-of-an-elIipse#:~:text:which%ZOgives%20r%3D%E2%88%9Aa,r%SDa%ZBbZ). For an eIIipticaI
orbital angular momentum within n shell (with the perihelion at r, and the aphelion at rn+1), €q-27 can be re-written as,

other at the positive real axis isr = , the average radius can be calculated by using the integral ifomr(e) deo.

|in,0rbit| = MVnty = (MVv1r)n = (Mvairy) \/% = \/T—Z‘h , Where both r; and 2 = mvar; are the fixed values, and r, = r(0) is the

only variable. Then, using the integration

1 p2mz _ 1 r2m |y _ h 2m @ _ h rom a(1-e?) )
Efo |L"’°rbit| do = 2m J.0 1 h do = 2 fO L dg = 2m fo \l (1-e cos(8))ry d6 eq-29

we can calculate out the averaged |in_0rbit| for an elliptical orbital motion within n shell (from ry to rns1).
For n = 1 shell between r1 and r, = 4r4, the elliptical orbit’s a = (r1 + 4r1)/2 = (5/2)r1 = 2.5r1, ¢ = (5r1 — 2r)/2 =

_ _ _ 1 pr2mpe _ h pom 2.571(1-0.62) _ h com 2.5(1-0.62) _
(3/2)r1, & = [(3/2)ra)/[ (5/2)r:] = (3/5) = 0.6. Jy |Ln=1,0rbic| d6 = — Jy /—(1_0.“03 o d6 = - Jy Ry do =

1.37h, itis close (but not equals) to (n + ¥%2)h = 1.5A.
For n = 2 shell between r, = 4r1, and rz = 9ry, the elliptical orbit’s a = (4r1 + 9r1)/2 = (13/2)r1 = 6.5r1, ¢ = (13r1 —

2x4r1)/2 = (5/2)r1 , e = ¢/a = (5/13). i S Lncz orbie] @6 = 2.42h, itis < (n +¥2)h = 2.5h.

Forn=3shell, a=125r, ¢ = (7/2)r1, € = 7/25, — [ [Luoz orpie| d6 = 3.45h, itis < (n + ¥2)h = 3.5,

For n = 36 shell between rss = 36*36r1 and rs7 = 37*37ry, the elliptical orbit’s a = (36*36r; + 37*37r1)/2 = (2665/2)r1
= 1332511, ¢ = (26651, — 2*36*36r1)/2 = (73/2)r1 , € = [(73/2)ra]/[ (2665/2)r1] = (73/2665). Then, — [ |Lu-36,0rbie| d6 =
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2
h 21 1332.5(1—(%) ) _ L. 1 _ I 2 :
Efo T cos0) dO = 36.4949h, it is very close to (n + ¥%)i = 36.5x. The “Wolfram Alpha” calculations are shown
2665

in below:

Jm [ 65({5P) | (L) 13925 1-( 2P
I r 1-0.6 cos(x)

_ Soosix) 1 Zeosix) | ZEeostx)

|
2r \ 1 13 "2 \ 25 i Nl 2665
j ——— dx = 1.37288 j ——— dx = 242456 J ——————— dx = 3.44627 J — X = 36.4949
0 27 0 2r 0 2m (] 2

Appendix D. Construction of Schrodinger equation’s solution for a proton-electron system (in an H-atom)

(Note: This is a citizen-scientist-leveled work, only for myself to read). If it is in nLL mode (and with high n”), then
we can use SunQM-3s11’s eq-45 for the planet, SUnQM-3s11°s eq-5 for the Sun, and SUnQM-3s11’s eq-65 for the
superposition. (Alternatively, we can use SUnQM-4’s eq-44 for the planet, SUnQM-4’s eq-63 for the Sun, SUNnQM-4’s eq-80
for the superposition. But it is too complicated, and is ignored here).

2n

r? |W(r,0, d — W) pranet|? & (i e(l‘ﬁ)) sin(8)2™~Y cos(¢ — wt)?@~V eq-30 (SunQM-3s11’s eq-45)

For the electron, if use n=1 as the base n, and use Bohr radial ap = r1, then r? |¥(r, 0, d — wt) electron|? X

r\y 2n r\\ 2
(é e(l_ﬁ)> sin(0)2=Y cos(¢p — wt)?®D = (i e(1'£)> . Itis not a nLL mode, because the n=1 QM state is always
doing 100% RF movement. It lost the orbital angular-speed (and the spin-speed) information of (¢ — wt). If we force x’y’z’
coordinate (or the correlated 1’0’¢’ coordinate) to do the same RF as the n=1 electron’s RF movement, so that the trajectory
of electron’s orbit is forced to be fixed in the x’y’-2D plane, and proton’s spin axis is force to be fixed along +z’ axis, then it
is a nLL mode, it forced sin(8")2®~V = 1, but still retained cos(¢’ — wt)2®~V_ Therefore, it may retain electron’s orbital
angular-speed (and the spin-speed) information of (¢’ — wt).

Then, we need to use the high-frequency n’, with the Eigen description of an electron size at {-17,1//6}, (see
SunQM-7’s Table-1). Now let’s use {-17,1//6} size (or the electron size) as r1, and define a new interior {N,n//6} QM system
as elec{0,1//6}. Then, elec{0,1//6} = Sun{-17,1//6} = prot{-2,1//6} = el {-5,1//6}.

Notice that atomic n=1 orbit is in the {-12,1//6}o orbital space, which equals to the {-13,n=6..11//6}0 orbital space,
or {-12,1//6}0 = {-13,n=6..11//6}0 = {-14,n=(6..11)*6//6"2}0 = {-15,n=(6..11)*6"2//6"3}0 = {-16,n=(6..11)*6"3//6"4}0 = {-
17,n=(6..11)*6"4//6"5}0 orbital spaces. So, if using elec{0,1/6} = Sun{-17,1//6} to mimic the electron’s size, then the
atomic n=1 orbital space e1{0,1//6}0 should have a high-frequency n’ collection from n’ = 6*¥6"4 = 1*6"5 ton’ = 12*6"4 -1
= (2*6”5) - 1. Using eg-30, it becomes

T’ 2n/

2 r_ AE_ - .
r'’? |L]J(r” 0, ¢"— mt)electron,n=1| e Z’;ETSG o [(rr_, e(1 rrn,)> sin(6)2™~1 cos(¢' — wt) 2D

"ns

eqg-31

where o is the orbital angular-speed of the n =1 electron in the H-atom (with the r’y = ap = 5.29E-11 meters and Vn=1 =
2.19E+6 m/s). (Note: According to SunQM-4’s-updated-eg-32, this @ should be wph). This is the Eigen description, with the
BP (or NBP) density size that is the same as the size of an electron (i.e., the size of {-17,1//6}), with the collective (of all
circular and elliptical) orbital trajectories cover all of the atomic n=1 orbital space (i.e., the orbital space of {-12,1//6}0 = {-
17, n=(1*6"5.. (2*6"5)-1)//6"5}), and with the retained electron’s spin-speed as well as the orbital angular-speed information
of (¢’ — wt). This Schrodinger equation’s solution may also contain the electron’s spin information (as the positive/negative
peaks of the NBP, or the wave function). Notice that this is in the RF-eliminated x’y’z’ coordinate with nLL mode. In theory
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(or only in imagination?), we may can put x’y’z’ (or r’0’¢’) back into the RF-retained xyz (or rb¢) coordinate, and obtain the
atomic n=1 electron’s spin information at 100% RF state.

For the proton in the H-atom, also using the electron size {-17,1//6} = elec{0,1//6} =~ prot{-2,1//6} = e1 {-5,1//6} as
r1, then prot{0,1//6} = elec{2,1//6} = elec{0,36//6} in size, that means the size of a proton prot{0,1//6} can be described
within the orbital space of elec{0,n=1..35//6}0. Then, the proton’s Born probability density function may can be described as

T 2n/
r'? @, e, ¢ — oot)pmton|2 ~ Y1, =6"2-1 [(rr—' e(l_m)) sin(8")%™ =1 cos(¢’ — wt)z(“"l)] eq-32

r_—
n'=1 ot

where o is the same as that in eq-31, and it is the spin-speed of both the electron’s and the proton’s (in the H-atom). Notice
that eg-32 is also in the (RF motion eliminated) x’y’z’ coordinate, and both the proton and electron are doing nLL mode
movement in this coordinate.

Notice that in both eq-31 and eg-32, the motion in r’-1D is in the (bi-directional) steady state (with either r = ao for
2n/

r/
. . .. . . oqe 1-—— .
electron’s orbit, or rp=1 <1 < ry=g¢ for the proton’s size), so it is described with Born probability (rlL e( f’n')) ; the motion
n/

in 0°-1D is also in the (bi-directional) steady state (with 8 = m/2), so it is also described with Born probability sin(8")2™'~1;
however, the motion in ¢’-1D is in the uni-direction, it is always rotating with @' = wt, so it is described with the non-Born
probability (NBP) as cos(¢’ — wt)?™~1 that uses only half circle within -1/2 < (¢’ — wt) < +m/2. (Note: the same
explanation should also can be applied to the similar equations in SunQM-3s11 and in SunQM-4).



