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Abstract

Based on paper SunQM-6s1, | re-designed the description for an H-atom’s electron movement, the orbital transition,
and a photon’s emission and propagation. We first used the “nlm> elliptical orbital model” to replace the Born probability,
then used the “InL0> elliptical orbital transition model” to explain all transition and emission related processes. Therefore,
instead of using the electron cloud description, we moved back to the semi-classical physics’ orbital description (by using a
group of elliptical orbital tracks). We narrowed the (general) QM probability description (i.e., the Copenhagen interpretation)
down to the high uncertainty of the momentum vector Ap at the perihelion region of the elliptical orbital track, so that an
orbital moving electron can switch (within the same |nIm> QM state), or even transit (between different n of |nlm>) between
the different elliptical orbital tracks at the perihelion region. We hypothesized that during the orbital transition, the orbital
electron spins-off its outmost shell of its 3D wave packet to form a photon. We hypothesized that it is the uncertainty
principle ApAx (that equivalent to a QM-force) that first symmetrized the 3D wave packet of a photon (from an un-
symmetric newborn photon), and then further trimmed the over-grown 3D wave packet of an old photon (by splitting-out the
outmost shell to form a new low-f photon). Then we re-calculated that (to satisfy Hubble constant ~70 (km/s)/Mpc), a 656.1
nm photon, after propagating each ~2.7E+10 meters (about a half distance from Sun to Mercury), it will split-out a 0.02 Hz
low-f photon. We emphasized that it is the natural attribute of an old photon to “decay” by red-shifting. Thus, we may have
an alternative explanation (other than the “expanding Universe”) for the cosmic red-shift. (Note: this is only a citizen
scientist-leveled guess). We mathematically built up a 1D-wave packet for a photon, and correlated its emission to the
electron orbital movement. We also (qualitatively) described a photon’s 3D wave and 3D wave packet. Thus, we
(conceptually) unified all four different kinds of wave explanations (1D-wave, 1D-wavepacket, 3D-wave, and 3D wave
packet) for a photon’s emission and propagation, and also correlated it to the electron’s orbital movement in H-atom. This
model revealed that a 3D wave packet should have the size about one wavelength.

Key Words: Quantum mechanics, {N,n} QM, |nIm> elliptical orbit, photon emission and propagation, 1D wave packet, 3D
wave packet, hydrogen atom, uncertainty principle.

Introduction

In memory of Werner Heisenberg (who proposed the uncertainty principle in 1927).
The SunQM study have demonstrated that not only the formation of Solar system [ -8 byt also the formation of
the whole universe 171~ 1251 was governed by its {N,n} QM, and the non-Born probability (NBP) can be used to describe
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many macro- and micro-world’s phenomena 171~ [191 241 The success of the SunQM study makes us to believe that “all mass
entities (from the whole universe to a single quark) can be described by Schrodinger equation and solution” (see SunQM-
3511 section 1X). Then we extend this idea to the force field, re-classified the four fundamental forces into three pairs:
G/RFg-force, E/RFe-force and S/RFs-force, and proposed a new {N,n} QM field theory (i.e., all force fields can also be
described by Schrodinger equation and solution 1), In SunQM-7, we said that we need to expand the Schrodinger equation-
based (NBP trajectory) description from the circular orbit to elliptical/parabolic/hyperbolic orbits. In the current paper, we
used the newly designed “|nlm> elliptical orbit” to describe the orbital electron movement in H-atom, and used the “|nL0>
elliptical orbital transition model” to describe a photon’s emission and propagation process.

Note: for {N,n} QM nomenclature as well as the general notes for {N,n} QM model, please see SunQM-1 sections
VIl & VIII. Note: Microsoft Excel’s number format is often used in this paper, for example: x*2 = x?, 3.4E+12 = 3.4*10%? =
3.4x10'?, 5.6E-9 = 5.6*10°°. Note: The reading sequence for SUunQM series papers is: SUnQM-1, 1s1, 1s2, 1s3, 2, 3, 3s1, 3s2,
3s6, 3s7, 3s8, 3s3, 339, 3s4, 3510, 3511, 4, 4s1, 4s2, 5, 551, 552, 7, 6 and 6s1. 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:
[nIm> means |n,I,m> QM state, “nLL” or |nLL> means |n,I,m> QM state with | =n-1 =L, and m =n-1=L. “nL0” or |nL0>
means |n,I,m> QM state with | =n-1 =L, and m = 0. Note: RF means “RotaFusion”, or “rotation diffusion”. Note: in
SunQM-7, the current paper was cited as “SunQM-6s2: Using Bohr atom, {N,n} QM field theory, and non-Born probability
to describe a photon’s emission and propagation (part 2)”.

I. Using the (semi-classical and semi-QM) electron orbital theory to explain electron’s motion in H-atom

Even though I am working as a {N,n} QM scientist, but most time my thinking is still based on the classical physics.
It is worthwhile to re-explain electron cloud and photon emission by using the semi-classical and semi-QM method because it
really helps us to understand better.

I-a. The n=1 electron cloud in hydrogen atom may should be explained by the classical orbit (or a single electron’s
uni-directional motion) with precession and RF in different eccentricities and inclinations

(Note: this section was mostly explained in SUnQM-7’s section-I1-b. It is re-explained here (with some major
modifications) for the integrated explanation of the whole concept in both section I and section Il of current paper). Figure 1la
showed a motion electron’s Born probability density (only in 8¢-2D dimension, or |Y(0,0)|*2, in H-atom) in the n=1, or
|1,0,0> QM state. Here we re-explained the 3D Born probability density as the collection of many single orbital tracks. (Note:
Electron orbital tracks like the railway tracks, they are fixed. Here we simplify them as the enclosed circles or ellipses.
Electron’s motion trajectory likes a train that moving along one of many tracks during one period of time). In Figure 1b, we
showed one set of orbit tracks: one circular orbit (with rn = r1), and many elliptical orbits with different eccentricity (Note:
They all have the same semi-major axis that equals to r1 of the circular orbit, and in the classical elliptical orbital theory, this
means all these elliptical and circular orbits have the same orbital energy), and with their major axis on +x axis. (Note: the
value of the eccentricity changes continuously, not in discrete, all these tracks are in xz-plane). The electron likes to stay in
the dark/thick-line tracks more than in the grey/thin-line tracks. Figure 1c showed that there are many this kind of orbital
track sets, each pointing to the different direction to fill all 4w solid angle (just like a single point charge’s countless electric
force lines filled all 4= solid angle). Notice that Figure 1c only used x’-axis and x”-axis to represent the countless orbital track
sets, each pointing to the different direction to fill all 4z solid angle. After we rotate the orbital track sets about the x’ axis (in
both + and — directions, so they form prolate spheroid), and then use many of them to fill all 4z solid angle, the collected
orbit tracks are equivalent to the Born probability density (as shown in Figure 1d).



Yi Cao, SunQM-6s2: A Unified Description Of 1D-Wave, 1D-Wave Packet, 3D-Wave, 3D-Wave Packet, and [nIm> Elliptical Orbital Transition for A Photon ... 3

We hypothesized that the electron (in H-atom) can only pick one track to do orbit movement at one time. It can
switch to its neighboring track at the “most uncertain position” (see more detailed explanation in Figure 3). After the electron
went through many (e.g., 10'°, notice that this is a randomly guessed number) orbital periods, the collected trajectory also
becomes the Born probability density (as shown in Figure 1d). Here we named this hypothesis as the “electron orbital track
model”. | prefer the “electron orbital track model” (it contains more classical physics description component, even it still
contains the orbital Ap uncertainty, see the next two sections) more than the “electron cloud” description (it is purely
quantum probability under the Copenhagen interpretation), because | believe that whenever we can use the classical physics
to explain, we should use it.
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Figure 1a. Plot of |Y(0,0)["2 by using MathStudio (http://mathstud.io/) software.

Figure 1(b, c, d). To illustrate that in {N,n} QM, how a single orbital track (in H-atom, at n=1 QM state) can have many
different eccentricities (in Figure 1b), and many orbital tracks (of n=1) with all kinds of eccentricities, inclinations, and
precessions (in Figure 1c) can be averaged and represented statistically as the Born probability at n=1 (in Figure 1d).

Note-1: The elliptical orbits are drawn following the following rule: a) A fixed n quantum number has a fixed length of semi-
major axis thus a fixed orbit energy, although it may have many eccentricities; b) In comparison to a low eccentricity orbit,
the high eccentricity orbit has its aphelion more outside, so it may have a higher (I quantum number) orbital energy. (Is this
the same as Sommerfeld’s theory? I don’t know, although I guess not. If yes, readers please tell me).

Note-2: in Figure 1d, the r-dimensional probability density distribution is a smooth curve (as shown in the red curve along x-
axis), and it is not a quantumly changing curve. Sorry as a citizen scientist, I don’t have any plotting software to plot a
continues density change in r-dimension.

I-b. The n > 1 electron cloud in Schrodinger QM (and in Bohr hydrogen atom model) may also should be explained
by the classical elliptical orbit (or a single electron’s motion) with precession and RF in different eccentricities and
inclinations

It is much more difficult to explain a n > 1 electron cloud as a collection of a single trajectory of many possible
orbital tracks, because it is much less intuitive. Figure 2 (a, b, and c¢) showed the H-atom’s electron clouds as the Born
probability in |3,2,0>, |3,2,1>, and |3,2,2> QM states (plotted only in 6¢-2D). Figure 2 (d, e, and f) showed an attempt to
explain the |3,2,0>, 3,2,1>, and |3,2,2> electron clouds as a set of elliptical orbital tracks. In Figure 2 (c, f) it is obvious that
the circular-shaped Born probability density in (and nearly-in) xy-plane is directly caused by the electron’s circular (or near-
circular) orbital tracks in (or nearly-in) xy-plane. Then, how to explain Figure 2a’s, or |3,2,0> QM state’s Born probability
density as the electron orbital tracks? We explained it as two sets of elliptical orbital tracks. The first set (see Figure 2a’s blue
solid-line ellipses, all in xz-plane) of elliptical orbital tracks has its 1% focus point always at the origin of xyz-coordinate, and
the aphelion is on the +z axis, with different eccentricities. Notice that the thick lines (in blue) always represent a large
amount of (collectively averaged) tracks that the electron likes to stay (or the high probability orbit, or roughly to say, an
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averaged orbit in that QM state), while the thin lines (in blue) always represent a few of collective trajectories that electron
rarely to stay (or the low probability orbit). Also notice that the aphelion sometimes may move away from the +z axis (or, the
major axis of the ellipse may tilt/wobble a little bit (up to around 15 degrees?), let’s name the tilted z-axis as z’-axis). When
we rotate all these elliptical orbital tracks first about its major axis (i.e., the wobbling z’-axis), and then further rotate about z-
axis, it forms a prolate spheroid (like an American football) probability density as shown in Figure 2a (the up part). Then, a
second set (see Figure 2d’s black dash-line ellipses) of elliptical orbits is almost exactly the same at of that the first set,
except that its second focus is on (or near) the -z axis.

For [3,2,1> QM state’s Born probability density, its explanation (as the electron orbital tracks) is pretty much the
same as that for |3,2,0>. The major difference is, the major axis of the set of blue solid-line elliptical orbits (in xz-plane) now
aligns to z’-axis, and z’-axis is tilted away from z-axis by 45 degree. Furthermore, this z’-axis is also wobbling around the
45° +15° range. Then, you rotate all these elliptical orbital tracks first about its major axis (i.e., the wobbling z’-axis), and
then further rotate about z-axis, it forms a probability shape as shown in Figure 2b (the up part).

Here is a question: why we use Born probability (rather than directly using non-Born probability, NBP) in Figure 2
(or even in Figure 1)? Let’s use |3,2,1> QM state, or Figure 2b and Figure 2e as the example for the explanation. The answer
is: we simply don’t know what the NBP density shape of |3,2,1> should look like, but we do know what the Born probability
density shape of |3,2,1> should look like (i.e., the Figure 2b). So, to figure out how a |3,2,1> QM state electron’s orbit, we
have to start from the |3,2,1> QM state’s electron density map (i.e., the Born probability density map). In SunQM-4s1, we
have showed that Born probability is the standing wave of two opposite propagational NBP matter wave. Therefore, we said
that each single orbital track in Figure 2e describes both two opposite directional orbital movement (in same probability), and
the first rotation about z’-axis containing two opposite directional rotations, and the second rotation about z-axis also
containing two opposite directional rotations. All these two opposite orbital movement and two opposite directional rotations
are always in equal amount and in equilibrium. Thus, the whole collection of orbital tracks shown in Figure 2e becomes the
Born probability shown in Figure 2b. Then, for the NBP description, we believe that on each orbital track, we only need to
change the bi-directional motion into unidirectional motion, the orbital tracks are still the same.

Next question: why we don’t use r0¢p-3D Born probability density map, only use 6¢-2D Born probability here? The
answer is also simple, we don’t have the plotting software, or at least I (as a citizen QM scientist) don’t have (or can’t afford)
the plotting software (see SUNQM-6s1’s Appendix).

Notice that (under some special cases) the whole set of |3,I,m> orbits can also be re-described as |1,0,0> orbit. See
Appendix A for more discussion.

| SRS ——

Figure 2 (a, b, and ¢): Plots of |Y(2,0)["2, |Y(2,1)["2, and |Y(2,2)[*2 by using MathStudio (http://mathstud.io/) software. Note:
the size and orientation of each plot is readjusted by the author due to the technical limitation. (Also see John S. Townsed, A
Modern Approach to Quantum Mechanics, 2nd ed., 2012. Page 335, Figure 9.11).
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Figure 2d. Illustration of how to use a group of elliptical orbits to replace the electron cloud at |3,2,0> QM state. Note: All
ellipses are in xz-plane.

Figure 2e. lllustration of how to use a group of elliptical orbits to replace the electron cloud at |3,2,1> QM state. Note: z’-axis
is in xz-plane and pointing away from z-axis by 45°. All elliptical orbits are in xz-plane.

Figure 2f. lllustration of how to use a group of elliptical orbits to replace the electron cloud at |3,2,2> QM state. Note: Major
orbits (thick dark line) are in xy-plane, minor orbits (thin grey line) tilted out of (and wobbling around) xy-plane.

I-c. The hypothesis that “the most uncertain region” in an elliptical orbital track is at the perihelion site

The {N,n//q}QM theory showed us that the rotation diffusion (or RotaFusion, or RF) is a natural attribute of the
orbital movement. In other words, for a bound state object (e.g., electron, planet, etc.) that doing orbital movement, it always
has RF. For example, an electron (in H-atom), if at n=1 QM state, or at any n (i.e., [nlm> with a complete set of | =0..n-1 and
m = -l..+l) QM state, it will have a complete RF; if at any single nLL (i.e., |n,l=n-1),M=n-1y> ) QM state, it will have less RF
(see SUNQM-2’s Table 6); the only time the orbital motion RF — 0 is at a single nLL QM state with n — co. Planet Mercury
has large orbital precession (which is RF), and planet Earth also has small orbital precession (or RF). With “first principal
thinking”, we believe that the RF has to be originated from the uncertainty principle op 6x > h/2 (which is also one of the
natural attributes of QM). Or, RF and the uncertainty principle are the same thing. Here, (as a citizen scientist), | like to use
the old expression of uncertainty principal Ap Ax >1/2 (because it is easier for me to understand, even it may be not
accurate). From the common knowledge of daily life, when driving a car to make a sharp turn at a high speed, it is always
harder to control the direction (in comparison to that either the less sharp turn, or the low driving speed). Similarly, based on
the Newtonian physics (or the Kepler’s 1aw), for an elliptical orbital movement, we believe that the motion object’s
momentum vector direction is less certain, or more uncertain at the perihelion site (where it has the fastest speed and the
sharpest turn) than anywhere else. Based on Bohr’s “correspondence principle”, we believe that this is also true for the
electron’s (elliptical) orbital movement in H-atom. Figure 3d showed one example (of illustration): a motion electron in an
elliptical orbit (in the xz-plane) at the perihelion should have the momentum vector p accurately point to the tangential
direction (also in xz-plane). However, due to the high speed and sharp turn, the real momentum vector (shown as ;f’) may
deviate a little bit away from p. Notice that ? could be also out of xz-plane a little bit, so we believe that the uncertainty
vector Ap = 1_07 - p is a 3D vector. We further believe that the uncertainty vector Ap also follows kind of uncertainty principal
Ap Ax >1/2 (although I am not able to prove it mathematically). From the common sense, we believe that for a circular orbit
movement, the uncertainty vector Ap is evenly distributed everywhere (see Figure 3a), for an elliptical orbit with low
eccentricity, Ap distributed more at the perihelion (half-circle) side (see Figure 3b), and for an elliptical orbit with high
eccentricity, Ap is highly concentrated at the perihelion position (see Figure 3c). Thus, we define the “most uncertain
position”, it is at the perihelion region for an elliptical orbit, with the highest Ap uncertainty vector.

a b C d

Elliptical
orbit

perihelion P
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Figure 3 (a, b, c). The (blue) thickness represent the uncertainty of either Ap (or Ak, in 3D). (Note: it does not represent the
probability of the orbital track that electron like to stay). The thicker, the higher uncertainty of Ap (or Ax, in 3D) for the
trajectory of the motion electron.

Figure 3d. To illustrate that an elliptical orbital moving electron has an uncertain AT@ = ? — p that may point to any direction
in 3D space.

I-d. How electron switches the orbital track from one to another? It may be driven by the uncertainty force (or the
RF-force)

Figure 4 tried to explain that how an orbital moving electron (in |3,2,0> QM state) switch from the one orbital track
to another (and both tracks belong to |3,2,0> QM state). In Figure 4a, all ellipses represent the |3,2,0> QM state electrons’
orbital tracks (and suppose all of them are in xz-plane). Again, the thick (solid and dashed) lines represent the highly favored
tracks, and the thin (solid and dashed) lines represent those disfavored tracks. In Figure 4b, we named an extreme elongated
track (the thin solid line) as “track-1”, and named a less-elongated track that also tilted a little bit (the thin dashed line) as
“track-2". (Notice that both track-1 and track-2 belongs to |3,2,0> QM state). Then, Figure 4b showed that a moving-in
electron followed the track-1 (as shown in half-transparent red arrows), and almost suddenly (or quantumly) changed to
track-2 at the perihelion site, and then moved out (as shown in the solid red arrows). Figure 4c showed that the motion
electron changed the track at the perihelion site where the uncertainty of Ap is the maximum (represent in the blue vertical

bars in perihelion region), so that the real momentum vector ? is deviated upward a little bit (still in xz-plane, as shown in

Figure 3d), and also the position vector x’ deviated a little bit. From the classical physics, this kind of Ap Ax change will
produce an outcoming trajectory with the ellipse titled a little bit (anti-clockwise in xz-plane), and with a smaller eccentricity.
Then, considering the real momentum vector Ap and the position vector AX may deviate within any of the possible (3D) solid
angle, it will cause the electron to switch to any possible nearby tracks (in and out xz-plane), and causing RF.

Notice that in this model, each Ap change, or Ax change, or Ap Ax change, is always very small, so that the motion
electron can only switch from one track to the very neighboring track. We need to emphasize that the electron movement is
based on (the classical physics) dd = v &t, where the velocity v varies upon the position in the elliptical orbit (according to the
Kepler Law). There is no “quantum jumps” in this description. Notice that the “quantum jumps” means when 8t — 0, Ax > 0;
while no “quantum jumps” means when 3t — 0, AX — 0. For example, in Figure 3b, a motion electron at the red ball
position, after a 6t, it can only move to 8d = v 8t to the blue ball position, it cannot jump to the orange ball position (because

dd > v at). It also cannot jump to the green ball position (even it fits 8d = v 8t), because the direction change of _;7 vector is
too big for the uncertainty of Ap (or the kind of Ap Ax >1/2, also see the green circular sector shape in Figure 3c for the

illustration of the allowed ? vector deviation). In contrast, the electron cloud description seems does allow the (relatively)
large scale “quantum jumps” (if I did not understand wrong).

Then, in Figure 3a, how the n=3 electron switch from the (upward) extreme elongated solid line |3,2,0> track to the
(downward) extreme elongated dash-line |3,2,0> track?
1) For the undisturbed (meaning no outside force field) H-atom, it started from extreme up-elongated |3,2,0> track, gradually
switch tracks to the averaged up-elongated |3,2,0> (the grey thick line), then to the averaged up-elongated |3,1,0> tracks, then
to the averaged circular |3,0,0> tracks (notice that in the undisturbed H-atom, they all have the same orbital energy because
they have the same n=3 quantum number, even different with | quantum numbers), then to the averaged down-elongated
[3,1,0> tracks, then to the averaged down-elongated |3,2,0> tracks, and finally to the extreme down-elongated |3,2,0>. The
whole process may take 10%° (a randomly guessed number) round of orbital movement to finish.
2) For a H-atom under the outside-force field, beside the above path, there may (or may not) exist a second path: it started
from extreme up-elongated |3,2,0> track, gradually switch tracks to the averaged up-elongated |3,2,1>, then to the averaged
near-circular |3,2,2> tracks, then to the averaged down-elongated |3,2,1>, then to the averaged down-elongated |3,2,0>, and
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finally to the extreme down-elongated |3,2,0>. Because all these |3,2,m> orbits have the same n and I, thus have the same
orbital energy. The whole process may take 10%° (a randomly guessed number) round of orbital movement to finish.

Also notice that the possibility that an electron moves to the extreme elongated |3,2,0> track is extremely low (e.g.,
102, purely guessed number). We named this model as the “|nlm> elliptical orbit model”.
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Figure 4. lllustration of RF motion of an electron in the orbit of |3,2,0> QM state. (Note: All ellipses are in xz-plane).
Figure 4a. lllustration of how to use a group of elliptical orbits to replace the electron cloud at |3,2,0> QM state.

Figure 4b. Using the “[nlm> elliptical orbit model” to illustrate the RF motion of an electron in the |3,2,0> elliptical orbit by
switching from track-1 to track-2 (shown in red arrows).

Figure 4c. To illustrate the RF motion of an electron that moves from track-1 to track-2 (shown in red arrows) at the highest
uncertainty (shown in blue bars) perihelion region (in |3,2,0> elliptical orbit).

I-e.  Summary and discussion (on section I)

1) We repetitively mentioned that in {N,n} QM, the uncertainty principle and RF are the same thing, and both of them are
often treated as a kind of QM-force;

2) The key point is, the electron cloud is only an auxiliary concept in QM, it describes the averaged electron motion (for
~10% round of orbital movement). An orbital electron’s motion should can be described in more detail than the “cloud”. One
example we showed in SunQM-7 was: assuming that we collected 100 rounds of Mercury’s precessional orbital movement
trajectory, and (if) found it can be described by nLL QM state with n” = 3*6~4 = 3888, or |[3888,3887,3887> QM state, then
we collect 100 rounds of an electron (in a H-atom, also at [3888,3887,3887> QM state)’s orbital motion trajectory, we should
find the electron’s trajectory is very similar as that of planet Mercury’s trajectory in terms of their inclination, eccentricity,
and precession;

3) Here is one question: Does the low eccentric orbit mostly has small, slower (and more continues) precession, while the
high eccentric orbit may have (relative) larger (or more quantum) precession?

4) By doing so, we conceptually unified the Schrodinger equation (with Born Prob, and NBP) and elliptical orbit description
(see more discussion section 111).
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Il.  Using the (semi-classical and semi-QM) electron orbital theory to explain a photon’s emission (and absorption)
process in H-atom

Il-a. Using Bohr atom model’s n=3 and n=2 circular electron orbits to explain a photon’s emission process.

See SunQM-6s1’s Figure 1, and the explanation.

11-b. The (hypothesized) physical structure of an electron (based on {N,n//6} QM structure, i.e., a 3D matter wave
packet) with multiple shells and a dis-entangle-able outmost shell

Here we hypothesized that an electron has the physical structure (i.e., a 3D matter wave packet) of multiple shells
and a core that based on {N,n} QM (like that of photon’s, see SunQM-6s1’s Figure 4). All these shells are entangled with
each other, and with the core. This structure not only explained electron’s particle-wave duality property, but also explained
electron’s double-slit experiment result (see the explanation in SunQM-6s1’s section III). We further hypothesized that under
the extreme situation (e.g., when a fast-moving electron is forced to make a sharp turn), its outmost shell could be spun-off
(or dis-entangled) from its main body, and forming a new low-frequency 3D matter wave energy packet and then emitted as a
photon. This is similar to the explanation that during the propagation, an old photon will dis-entangle its outmost shell (to be
a low-f photon) and cause the cosmic redshift (see SUnQM-6s1’s section IV, also see section I1-j for some calculations).

I1-c. Using |3,2,0> QM state’s elliptical orbit to re-explain a photon’s emission process in H-atom

In a rare case, the [3,2,0> QM state’s extreme elongated elliptical orbital track (in xz-plane, see the black solid-thin
line ellipse in Figure 5a) has its perihelion (approximately) overlapping with the perihelion of the |2,1,0> QM state’s (the
averaged) elliptical orbital track (also in xz-plane, see the blue solid-thick line ellipse in Figure 5a). A motion electron at this

position (see Figure 5b’s red-ball), due to has the highest uncertainty of ;_;’ in both tracks, can go to either the |3,2,0> extreme
elongated (black-thin) track, or the |2,1,0> (the averaged, blue-thick) track, depending on the orbital velocity value of this
electron at this position. According to the classical physics (or the Kepler’s law), an electron (or a planet) at the perihelion
with high orbital velocity will follow a highly-elongated elliptical track, and vice versa. A move-in |3,2,0> electron at the
perihelion will keep in the same |3,2,0> track to move out if it keeps the original (high) orbital velocity. However, if it
decelerates quantumly (in +x direction) at the perihelion point (by spin-off its outmost shell as a low-frequency energy packet
(i.e., a photon) along +x direction, so the emitted photon takes away some momentum from the electron, and this taken-away
momentum has zero mass associated with it), then the electron’s out-moving trajectory will quantumly transit to a low
eccentricity track (e.g., the |2,1,0> track). This electron deceleration by emitting a (656.1 nm) photon process follows the
linear momentum conservation at the perihelion point (shown in Figure 5b, red ball). There, the linear momentum of the
electron at n=3 is p3p = MeV3p, at N=2 Pnp = MeVap, the lost linear momentum is Aps-> = Me (V3 - V2,0), and this lost linear
momentum is passed to the emitted photon Aps.» = h/A. Solving the equation, we obtained that the loss of the electron’s
(linear-directional) velocity at perihelion is (vsp - V2,0) = h/A/ me = 6.6261E-34 (J*s) / (656.1E-9) (meter) / 9.1094E-31 (kg) ~
1109 m/s. (Note: for the circular/elliptical orbital motion, the angular momentum (but not the linear momentum) is
conserved). From the energy conservation, we obtained that the emitted photon has frequency of Afsszpn = fa=gph — fa=oph =
3.66E+14 — 8.22E+14 = 4 57E+14 (Hz), (see SUnQM-6s1’s Table 1). Thus, we successfully unified the classical description
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and the {N,n} QM description for the photon emission (for an H-atom’s n=3 to n=2 transition). We named this description as
the “|nL0> elliptical orbital transition model”.

More discussions (on section I1-c):
1) Notice that after passing the perihelion point, the main body of the 3D wave packet of electron (i.e., the de-excited
electron) moves in near z-direction (from perihelion to aphelion), while the dis-entangled outmost shell of the electron (i.e.,
the photon) moves in x-direction. This is because the (de-excited) electron is always attracted by the proton, so that its
momentum vector is always modulated by the electric force. While the electron’s spun-off outmost shell (i.e., the emitted
photon, or the energy 3D wave packet, or the momentum 3D wave packet) is neutral of charge, and it is not attracted by the
proton’s electric force, so the emitted photon propagates is at the tangential direction (i.e., the x-direction) of the perihelion
point (of the elliptical orbit) where it initially separated from its mother body (i.e., the n=3 electron).
2) For the n=3 to n=2 transition, (we guessed that) the n=3 electron first orbits in the averaged |3,2,0> elliptical track for
many rounds, and then occasionally goes to the extreme elongated |3,2,0> elliptical track, and then transits to the extreme
elongated |2,1,0> elliptical track at the overlapped perihelion site (at a very low probability). Then, the electron gradually
relaxes to the averaged |2,1,0> elliptical track after many rounds of orbital movement. (Note: in the real case, the RF
movement that out of xz-plane need also be added in the description. Also see one real calculation by using this model in
section 11-d).
3) As for SunQM-6s1’s Figure 1a, we can describe both circular orbits in xy-plane as in |3,2,2> and in |2,1,1> QM states,
and the emitted photon is also in +x direction. This is consistent with the Figure 5 (in this paper) that both the n=3 orbit (at
[3,2,0> QM state) and the n=2 orbit (at [2,1,0> QM state) are at xz-plane, and the emitted photon is in +x direction.
Although |3,2,0> elliptical orbit has its own transient orbital frequency at each position on the track, the (weighted) averaged
frequency over the whole period of elliptical orbit of |3,2,0> should equal to the |3,2,2> circular orbit’s frequency
f3pn=3.66E+14 Hz. This should also be true for |2,1,0> and |2,1,1> orbits.

t, (0
z 13,2,0>
t, (-n/2] z
-21)

R 12,1,0>
y t4(-31/2)
X

hv
MNP
-y t3(-m)

Figure 5a (left). lllustration of how to use a group of elliptical orbits to replace the Born probability at |3,2,0> and |2,1,0> QM
state. (Note: All ellipses are in xz-plane).

Figure 5b (right). Illustration of the trajectory of electron transit from |3,2,0> to |2,1,0> elliptical orbits (both are in xz-plane),
and the photon emission (in +x direction). The thick-line ellipses in grey and blue represent the averaged tracks of |3,2,0>
orbits and |2,1,0> orbits. The thin-lined ellipses in black and blue represent the extreme elongated (low probability) orbit of
[3,2,0> and |2,1,0>. According to one model (see section I1-d), two perihelion sites (of these two extreme elongated elliptical
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orbits) overlap at the near the surface of the proton. In an alternative model (see section I1-e), we can use the less extremely
elongated elliptical orbits for |3,2,0> and |2,1,0>, so that the two perihelion sites are not overlap one to another, and the both
perihelion points are (comfortably) not too close to the H-atom’s nucleus (i.e., the proton).

11-d. Can we calculate out two real orbits for the |3,2,0> to |2,1,0> elliptical orbital transition?

In this section, we tried to calculate out a “real” elliptical orbit track (here “real” means mathematically solvable, not
necessary physically real) for a H-atom’s |3,2,0> to |2,1,0> transition (with the condition that at the perihelion site, Ap > 0
and Ax =0). First, we used the classical physics method to calculate. In SUnQM-6s1’s Table 1, we calculated the Bohr H-
atom’s orbital energy Es = -2.421E-19 (Joule), E, = -5.447E-19 (Joule). According to wiki "Elliptic orbit", “For a given semi-
major axis the specific orbital energy is independent of the eccentricity”. So, as long as |3,2,0> elliptical orbital track has the
semi-major axis equals to Bohr atom’s rn=3, We assumed that they have the same E,=3. Thus, we have the |3,2,0> elliptical
orbital track’s energy at the perihelion position E3 p:

2
Esp =K+ U =-mvlg, ————— = —2421x 107 (Joule) eg-1

4-7r£0rn:3_p

where V=3 is the electron’s orbital transient velocity at perihelion, and rn=3, is the orbital moving electron’s transient radius
at perihelion. Similarly, we have

2
Epp =K+ U =-mvi_,, ————— = —5.447 x 107 (Joule) eq-2

4TTEQTn=2,p

In our hypothesis, the photon emission happened at
Th=3p = Tn=2p eq-3
From the (linear) momentum conservation (of the electron at the perihelion position), we have

h
mevn=3’p = mevn=2,p + Z eq'4

where A=656.1 nm. Solving this jointed four equations for four unknowns (Vn=3p , fn=3p , Vn=2,p , and rn=2,p), We obtained:

Vn=3p = 2.99550594E+8 m/s, eq-5
Vi=2,p = 2.99549485E+8 m/s, eq-6
(notice that Vn=pp < Vn=3p < ¢ = 2.99790000E+8 m/s, the light speed),

Vn=3p -~ Vn=2,p = 1109 m/s, eq_7
(thus, the elliptical orbital moving electron could be treated as quantumly decelerated at the perihelion), and
Mm=3p = I'n=2p = 5.645E-15 meters. eq-8

(Notice that it is larger than the proton radius 8.4E-16 meters, see SUNQM-1s2’s Table 1. It means that the moving electron’s
perihelion radius is still at the outside of H-atom’s nucleus, even it is very close to the nucleus). Furthermore, we obtained
that the |3,2,0> elliptical orbital track has the extreme high eccentricity

€13.2,0> p = (@n=3 — M=3p) / @n=3 = (4.763E-10 - 5.645E-15) / (4.763E-10) = 0.999988, eg-9

where an=3 is the semi-major axis of |3,2,0> that equals to the Bohr atom’s rn=3 = 4.763E-10 meters. (Notice that this
extremely high eccentricity means this track has extremely low probability for an orbital moving electron to stay. It also
means that the uncertainty of Ap is concentrated sharply at the perihelion site, see Figure 3c. From the sense of the general
physics, the extreme high speed and extreme sharp turn at the perihelion must produce an extreme high tendency for an
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orbital moving electron to spin-off the “out-coat” from it). Also, the |2,1,0> elliptical orbital track has the extreme high
eccentricity
€12,1,05 p = (@n=2 — M=2,p) / @n=2 = (2.117E-10 - 5.645E-15) / (2.117E-10) = 0.999973. eg-10
where an=; is the semi-major axis of |2,1,0> that equals to the Bohr atom’s rn=, = 2.117E-10 meters. (Note: this calculation is
based on Ax =0, so even the math looks fine, the real physical trajectory of the elliptical orbital moving electron will not
follow this extreme parameter, see section Il-e for the reason).

But, when we tried to apply the same (classical physics) method to the element with high Z-number, it did not work.
For example, the X-ray (Kq line, see Giancoli’s book, p1055, Example 39-6) of Mo (Z=42) from n=2 to n=1 transition, the
resulted Vi=2p =~ 3.01124495E+8 m/s was greater than the speed of light, and the resulted ry=2 = 5.466E-15 meters was inside
the nucleus of Mo (rnyciear = 5.72E-15 meters, see SUNnQM-5’s Table 2, column 8). We believed this bad result came from that
we had forced Ax =0 (see section Il-e for the reason), rather than the elliptical orbital track model was wrong.

In one calculation, when we tried to use the relativistic method (based on Kraft’s method [?%) for the Bohr H-atom, it
did not work. The resulted r3p retaivistic ~ 7.30E-18 meters is inside the nucleus of H-atom (rproton = 8.40E-16 meters). We also
believe this bad result came from that we had forced Ax =0.

I1-e. A more accurate method (by including the Ax uncertainty in r-direction) is needed for this model

At the perihelion site, besides the transient momentum uncertainty (Ap), in theory, there should also exist a transient
position uncertainty (Ax). In the current section, we tried to do a calculation with both the transient momentum uncertainty
Ap > 0, and the transient position uncertainty Ax > 0. Using the same example of H-atom’s n=3 to n=2 transition, it means
that at the perihelion site, the transient ry=s, may be longer than the transient rn=», by AX, and the transient Ax value is
determined by the uncertain principle of ApAx = constant (Sorry, this is a citizen scientist’s expression). Even more, we
believed that the ApAx is a transient value in the elliptical orbital movement (e.g., the ApAx transient value at the perihelion
site may be larger than that at the aphelion site). As a citizen scientist, I don’t have the ability to deduce out the exact
mathematical formula for this thought. Thus, we only tried a very simple test: for the orbital transition from |3,2,0> elliptical
orbit’s perihelion site to [2,1,0> elliptical orbit’s perihelion site, assuming there is a fixed a Ap =1109 m/s quantum
deceleration only in 6-1D dimension (in xz-plane), also assuming there is a fixed a Ax quantum positional jump only in r-1D
dimension (in xz-plane). Now in Table 1, we searched several possible values for Ax that satisfy the eq-1 through eg-4
(notice that eg-3 now become 7,3, = 1=, + Ax). My favorite result (see the yellow row in Table 1) was: if we allowed
the electron to (quantum) jump inward by Ar = Ax = 1.0E-12 meters at the perihelion site (the same time when the orbital
speed deceased by 1109 m/s in 6-direction) when transiting from |3,2,0> to |2,1,0>, then we would obtain a |3,2,0> elliptical
orbit with eccentricity e = 0.94, r3, = 2.83E-11 meters, vz, = 4.17E+6 m/s, and the ratio of Ax over r3circular = 0.21%.

More discussions (on section I1-e):

1) To me, this result seems physically more possible than what we obtained in section 11-d, (because there, r3p and ro, are too
close to the surface of proton, and vz, and vy, are too close to the speed of light, to be physically possible). Also, with both
the vsp and vop (= 4.17E+6 m/s) much slower than the light speed, we don’t have to use the relativistic calculation.

2) On the other hand, section 11-d gave a single result (from the calculation), while Table 1 only give us many possible
results, because Ar = Ax may be any one value in the table.

3) In Table 1, the vector production Ap AX =0, because they are in perpendicular directions. However, in general, the Ap
vector change should be in r0¢-3D dimension (rather than 6-1D only), and AX vector change should also be in r6¢-3D
dimension (rather than r-1D only), so that it may should follow the 3D vector Ap AX > #/2 kind of relationship. (Note: A
more correct form may be the Gaussian distribution of the 3D vector o oz = A/2. But that is beyond what | can do).

4) So, quantitatively, it is not easy to get an accurate result from this model. However, qualitatively, we still can use this over
simplified model (i.e., assuming Ax = 0, only allow Ap change quantumly) to explain the orbital transition.
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5) In section I1-i, after more discussion on the uncertainty principle, we will learn that the changes of Ap and AX are spread
over the whole one period of elliptical orbit (started from aphelion, maximum at perihelion, then ended at aphelion), not only
at the perihelion point. Then, the whole Ap AX > #/2 will make more sense.

6) In Figure 5, if Ar = Ax = 0, then the perihelion positions of both the |3,2,0> and the |2,1,0> elliptical orbits should be
drawn in overlap. If allowing Ar = Ax > 0, the r3p should be drawn larger than r.

Table 1. Searching the possible Ax values (under Ap=1109 m/s) for the elliptical orbital transition at the perihelion site
between |3,2,0> and |2,1,0> elliptical orbits.

Ax =Ar f3p=M3pt  V3p=Vyp+ eccentricity  eccentricity
=r3p-Top Fop= Vyp= Ax 1109 DX/t (n=2) (n=3)
m m m/s m m/s m/m m/m m/m
1.00E-18 3.56E-14 1.19E+07 3.56E-14 1.19e+07 0.0000002% 0.999832 0.999925
1.00E-17 1.00E-13  7.12E+07  1.00E-13 7.12E+07 0.0000021% 0.999528 0.999790
1.00E-16 2.97E-13 4.13E+07 2.97E-13 4.13E+07 0.000021% 0.998599 0.999376
elliptical 1.00E-15 9.09E-13  2.36E+07  9.10E-13 2.36E+07 0.00021% 0.995712 0.998088|
orbit 1.00E-14 2.82E-12  1.34E+07 2.83E-12 1.34E+07 0.0021% 0.986698 0.994055
1.00E-13 8.79E-12 7.51E+06  8.89E-12 7.51E+06 0.021% 0.96 0.98
1.00E-12 2.73E-11 4.17E+06  2.83E-11 4.17E+06 0.21% 0.87 0.94}
1.00E-11 8.28E-11 2.22E+06  9.28E-11 2.22E+06 2.1% 0.61 0.81
1.00E-10 2.31E-10 9.98E+05  3.31E-10 9.99E+05 21% -0.09 0.30}
2.65E-10 3.36E-10 5.57E+05  6.01E-10 5.58E+05
circular
orbit 2.64E-10 2.12E-10 1.09E+06 4.76E-10 7.29E+05 0.00 0.00}

Note: the equation solving was done by using Wolfram Alpha.

I1-f. Using a 1D wave packet to describe a (position localized) photon, and to correlate the forming and emitting of
this 1D wave packet to the electron’s orbital movement

In the text books, the 1D wave of an electromagnetic wave is generally explained with a transverse wave (see
Giancoli p819, Figure 31-9, also see Figure 7e in current paper). In principle, the description of an emitted photon (or the
orbital moving electron, or any motion particle) will become more accurate (in turns of its position) if we use a 1D matter
wave packet (that is composed of many1D waves with different frequencies). Here we try to use a 1D wave packet to
describe an emitted photon (from H-atom’s n=3 to n=2 transition). To do that, we first simplified (or mimic) the n=3 orbital
frequency (f3pn=3.66E+14 Hz) to be f3pn=36 Hz, the n=2 orbital frequency (fspn=8.22E+14 Hz) to be f3,n=82 Hz, and the
photon’s frequency (Af = 4.57E+14 Hz) to be Af = 46 Hz (notice that it come from Af = 82 Hz -36 Hz =46 Hz). After many
tests, we found that the wave packet that constructed by fixing the middle f=46, and averaging y = -cos(f/46*x) from f = 23 to
f= 69 (with Af = 46), with the step size 6f = 1 (or 0.5, or 2, doesn’t matter) gave the most reasonable result (see Figure 6a).
(Note: although any sine or cosine wave can be used for constructing the wave packet, we found the -cos(f/46*x) constructed
wave packet can be explained most easily; Note: the formula -cos(f/46*x) defined that the base wave frequency is 46 Hz).
The criteria that we used to judge whether it is a good wave packet are: 1) the shape of the wave packet should be well
converged (in Figure 6a, the main packet (represented by the orange dotted line) is within -1.57 to +1.5x, or within 1.5
wavelength at f=46 Hz); 2) the center one full wave (from - to +m, see the red thick line in Figure 6a) of the wave packet
should have frequency around 46 Hz. In Figure 6a, the grey-dot-thin line of -cos(x) = -cos(46/46*x) defines that one wave
(with wavelength from -n to +x) has frequency of 46 Hz, the black-solid-thin line represents the main part of the wave packet
(from -3 to +3x, or only showed 3 wavelengths of f=46Hz), and the red-solid-thick line represents one full wave of the wave
packet (from -x to +x, or one wavelengths of f=46Hz). Thus, the center one full wave of the (constructed) wave packet (in
red-soli-thick line) has the frequency of 46 Hz.

Using the 1D wave packet, we can show the position and the size of a photon’s transverse wave. For example, by
using the outline of the wave packet (i.e., the outline of the orange-dot-line in Figure 6a) to confine a delocalized (meaning
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no starting point, no ending point on x-axis) 1D transverse wave (as shown in Figure 7e), we obtained a localized 1D
transverse wave packet that is confined within -1.57 < x < 1.5, or a size about 1.5 wavelength (at f=46 Hz).

Now we try to estimate that in Figure 5b, the orbital motion electron at what orbital position (before arriving the
perihelion point) starts to emit the photon, and at what position (after passing the perihelion point) ends the emission of the
photon. That is, to correlate the emission of the photon (i.e., the forming of its 1D wave packet) to the trajectory of the
electron’s orbital movement (in H-atom). (Note: we only need an approximation correlation, the perfect correlation is out of
my capability). The first and the biggest approximation is, we assumed that the emitted photon’s 1D wave packet has an
effective size of one wavelength (this is based on the result that a f=46 Hz wave packet has the size about 1.5 wavelength
shown in Figure 6a). For a A = 656.1 nm photon (that emitted from H-atom’s n=3 to n=2 transition), suppose it was generated
at the perihelion point and passed through the same point at the speed of light, so it takes At = A/c = 6.561E-7 (meters) / 3E+8
(m/s) = 2.19E-15 seconds to pass through the perihelion point (for the generation and emission of this photon).

1) Now let’s consider the n=3 (circular orbital moving) electron in Bohr’s H-atom, it has rn=3 = 4.75E-10 meters, Vp=3 =
7.29E+5 m/s, and n=3 circular orbital circumference = 2nrn=3 = 2*3.14*4.75E-10 = 2.98E-9 meters (see SUnQM-6s1’s Table
1). So, during At = 2.19E-15 s, the electron traveled (an orbital) distance = vp=3 * At = 7.29E+5 * 2.19E-15 = 1.60E-9 meters
on a n=3 circular orbit. It equivalents to arc: 1.60E-9/2.98E-9 = arc / 2z, arc = 1.60E-9 / 2.98E-9 * 21 = 1.07 &, or about %2
circle (of the n=3 circular orbit). Only half of that distance, or about ¥ circle, correlates to the first half of the photon
generation and emission (before the n=3 electron reached the perihelion point).

2) Next, let’s consider the n=2 (circular orbital moving) electron in Bohr’s H-atom, it has rn=; = 2.12E-10 meters, Vn= =
1.09E+6 m/s, and n=2 circular orbital circumference = 2nry=p = 2*3.14*2.12E-10 = 1.33E-9 meters (see SUnQM-6s1’s Table
1). So, during At = 2.19E-15 s, the electron traveled distance = V4= * At = 1.09E+6 * 2.19E-15 = 2.39E-9 meters on a n=2
circular orbit. It equivalents to arc: 2.39E-9/1.33E-9 = arc / 2z, arc = 2.39E-9/ 1.33E-9 * 2 = 3.59 =, or ~2 circles (of the
n=2 circular orbit). Only half of that distance, or about one circle, correlates to the second half of the photon emission (after
the electron passed the perihelion point and goes to the n=2 circular orbit). So, during the whole emission time (At = 2.19E-
15 s), the electron (equivalently) spent half time in n=3 circular orbit for ¥ circle, then spent next half time in n=2 circular
orbit for ~1 circle, (meaning, the emitted 1D wave packet is unsymmetrical).

3) Furthermore, if we use the pseudo-orbit at n=2.433 (see SUNQM-6s1’s Figure 1a), it has rn=2.433 = 3.13E-10 meters, Vn=2433
= 8.99E+5 m/s, and n=2.433 circular orbital circumference = 27nry=2.433 = 2*3.14*3.13E-10 = 1.97E-9 meters (see SunQM-
6s1’s Table 1). So, during At = 2.19E-15 s, the electron traveled distance = Vn=p433 * At = 8.99E+5 * 2.19E-15 = 1.97E-9
meters on a n=2.433 circular orbit. It equivalents to arc: 1.97E-9/ 1.97E-9 = arc / 2=, arc = 2=, or exactly one circle. This is
equivalent to say that the electron spends the half time on the first half circle of the n=2.433 circular orbit (before pass the
perihelion point), and the half time on the second half circle of the n=2.433 circular orbit (after pass the perihelion point). It
also means that the emitted wave packet is symmetric.

For an elliptical orbit, | (as a citizen scientist) am not able to do this kind of detailed calculation. However,
according to Kepler’s law, all elliptical (with different eccentricities, including the circular) orbits have the same orbital
energy and the same orbital period as long as they have the same semi-major axis and radius (in QM, this means all these
orbits have the same quantum number n, e.g., |3,2,2>, |3,2,1>, |3,2,0>, |3,0,0>, etc.). With this, we can reasonably say that a
photon’s wave packet (remember it has been assumed to be one full wave only) generation and emission can be directly
correlated to the electron moving for a one complete round of (elliptical/circular) orbit, started from |3,2,0> elliptical
orbit’s aphelion site, to the (overlapped, or nearly overlapped) perihelion site of both |3,2,0> and |2,1,0> elliptical orbits, and
then ended at the aphelion site of |2,1,0> elliptical orbit (see ti, t3, and ts points in Figure 5b).

Now let’s analyze how the vectors of electric field line E and the magnetic field line B in 1D transverse wave
correlates to the 1D wave packet and to the electron’s orbital movement. (Note: see Appendix B for more explanations. Note:
for simplicity, we first assume that the emitted photon’s 1D wave packet is symmetric, as shown in Figure 7b).

4) In Figure 7b, at the start point t; (or 6 = Ox, or the aphelion point), E vector (that always points from proton to electron)

points upward along z-axis, so in Figure 7b’s t; point (Note: t; is at the most right side of the x-axis), E vector (the red arrow)
also points upward,;
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5) When the electron moved to t; point (equivalent to 6 = -n/2 at a circular orbit in xz-plane, or similar as that in Figure 5b),
the projection of E on the z-axis is (about) zero, so the E vector in Figure 7b is zero;

6) When the electron moved to t3 point (equivalent to 6 = -z, or perihelion point), the projection of E on the z-axis is negative
maximum, so the E vector in Figure 7b is also downward maximum;

7) When the electron moved to t4 point (equivalent to 6 = -37/2 at a circular orbit), the projection of E on the z-axis is (about)
zero, so the E vector in Figure 7b is zero;

8) When the electron moved to ts point (equivalent to 6 = -2z, or aphelion point), the projection of E on the z-axis is positive
maximum, so the E vector in Figure 7b is also upward maximum;

9) For the B vector, because the electron is always moving anti-clockwise in xz-plane, or the E vector is always rotating
anticlockwise in xz-plane, thus, B vector point to -y direction (according to the right-hand rule). However, during the photon
emission, the electron decelerated significantly at the perihelion region, it is equivalent to that the E vector is accelerating
clockwise (in xz-plane) at the perihelion region, thus, it caused B vector to point to +y direction temporarily (also according
to the right-hand rule). This perfectly explained why B vector oscillates in +y directions in the 1D transverse wave.

This analysis showed that how the changing of E vector and B vector in 1D transverse wave correlates to the
electron’s orbital movement in a H-atom. (Notice that many times we have to mix the elliptical orbit with the circular orbit
(on purposely) for the easier explanation).

One more thing we need to explain. According to the above explanation, during the first half of photon emission, the

electron was mostly at the (equivalent) n=3 orbit (that has a relatively lower circular orbital frequency fspn = 3.66E+14 Hz),

and during the second half of photon emission, the electron was mostly at the (equivalent) n=2 orbit (that has a relatively
_ hfph
- [

higher circular orbital frequency f,pn = 8.22E+14 Hz). From a photon’s momentum p = % (see Giancoli, p993, eq-37-

5), it can be translated as the first half of photon’s wave packet has a lower frequency, and the second half of photon’s wave
packet has a higher frequency (as shown in Figure 7a). Thus, a just emitted (or a newborn) photon has an unsymmetrical 1D
wave packet. (Note: in Figure 6b, the un-symmetrical effect of the curve was drawn artificially, not a calculated result). After
propagating for a while, the newborn photon’s initial un-symmetry character will be eliminated (by QM’s uncertainty
principle force) to become a matured photon (with a symmetrical wave packet, see section I1-i for detailed explanation).
From Figure 6a, we can see that a photon’s 1D wave packet has a (effective) size around 1~3 wavelength of the
photon. This is a very important result. We will use this result many times in the future. (Note: For a more advanced
simulation, we should use Gaussian wave packet (see [27]). However, it is beyond my current calculation capability).

A photon (f=46Hz)'s 1D Wave Packet
=avg[-cos(f/46 *x)], f = 23769 Hz, 6f=1 Hz

N =

T
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Figure 6a (left). A photon’s 1D wave packet, calculated and plotted by using MS Excel. In the plot, one wave (-t <x < 7) is
defined as f=46 Hz. (Note: In calculation, all amplitude =1, no Gaussian distribution for amplitude).

Figure 6b (right). Illustration of the 1D wave packet for a newborn photon (in blue), a matured photon (in red), and an old
photon (in green). (Note-1: the newborn wave packet is artificially drawn, not a calculated curve. Note-2: even it is
unsymmetrical, the center one-wave part (or the dominant part) of the newborn wave packet has its one full-wave covers n <
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x <=, which means f =~ 46 Hz. This determined the principle frequency of the whole wave packet (even it has a big variance
range of frequency)).
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Figure 7. Unification of all four different kind of wave explanations (1D-wave, 1D-wave packet, 3D-wave, and 3D wave
packet) for the photon emission and propagation, and also correlated it to the electron’s orbital movement in H-atom.
Figure 7 (a, b, ¢). lllustration of 1D wave packet of a newborn photon, a matured photon, and an old photon.

Figure 7 (d, e, f, f). lllustration of 1D (transverse) wave of a newborn photon, a matured photon, and an old (“decaying”)

photon.

Figure 7 (g, h, I, I’). Illustration of 3D wave of a newborn photon, a matured photon, and an old photon.

Figure 7 (j, k, 1, I’). Illustration of 3D wave packet of a newborn photon, a matured photon, and an old (“decaying”) photon.

I1-g. Using the antenna theory to design a 3D wave description for an emitted photon

For a photon’s wave description, so far we have the 1D wave description, the 1D wave packet description, and we
would like to have a 3D wave description. In the text books, the 3D wave of an electromagnetic wave is generally explained
with the antenna theory (see Giancoli, page 818). Thus, we may only need to modify the antenna theory for the purpose of
photon description.
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Started from the antenna theory, a dipole oscillation (along z-axis) may can be mimicked by the |nLO> elliptical
orbit movement at the eccentricity e = 1. So we may can directly use the |nL0> elliptical orbit model to describe the
electromagnetic wave antenna/receiver knowledge, and then to further describe the 3D wave of an emitted photon. Let’s still
use H-atom’s |3,2,0> extreme elliptical orbit as the example. When an electron moves from aphelion to perihelion (in xz-
plane, from Ox to -x/2 to -x, anti-clockwise, see Figure 4b that has e = 1, so it is in nearly z-1D movement, also see Figures 8a
~ 8f), it can be simplified as driven by the +/- charge’s attractive force. Its (practically 1D on z-axis) dipole change
(acceleration followed by deceleration) produced a half electromagnetic wave (or a half “photon”, because we now know that
one photon contains one (full) wave of 1D wave packet) “emitted” along x-axis (shown in Figure 8c’, with the whole process
shown in Figure 8 (&, b’, ¢')). Notice that at the perihelion site, the electron is always closest to the proton. Then, what is the
driving force to make this electron goes back to the aphelion point? Well, it (like a receiver) absorbs the just “emitted” half
“photon” completely (this complete absorption or quantum absorption may can be attributed to the QM-force), and use that
energy to drive the electron to move away from the proton and going back to the aphelion point, see Figure 8 (¢’, d’, &', f).
Thus, this whole cycle has no energy lost, no true emission of “photon”, and the cycle can be repeated again and again.

(Note: in this explanation, we mixed the z-1D dipole movement and xz-2D elliptical orbital movement on purposely for
easier explanation. Note: In this case, the electron always stays in |3,2,0> orbit, no orbital transition. The regular
kinetic/potential energy conversion is re-explained by the half “photon” emission and half “photon” absorption cycle).

In the case of |3,2,0> to |2,1,0> transition, the aphelion point of |2,1,0> is closer to the proton than that of |3,2,0>, so
the electron only need to use part energy of the first half “emitted photon” to go to the aphelion of |2,1,0>, the rest part energy
of the first half “photon” is truly emitted (as the first half of a 656.1 nm photon). The acceleration followed by deceleration of
the electron from perihelion to aphelion in |2,1,0> orbit (in xz-plane, from -z to -3x/2 to -2z, anti-clockwise) add the second
half wave of the 3D wave (of the 656.1 nm photon) that is truly emitted, see Figure 8 (d”’, €”’). Thus, in the one (full) wave of
a just truly emitted (656.1 nm) photon’s 3D wave, the first half wave (on the right side) is more extended than the second half
of the wave (on the left side, see Figure 8f ”’). Therefore, like that in the 1D wave and 1D wave packet description, a
newborn photon’s 3D wave is unsymmetrical. It is almost the same as the antenna radio wave’s near-field, except that it

propagates only in +x direction. In Figure 7g (that equals to Figure 8f ”’), the E vector and the B vector at each phase of the
3D wave were also shown, and they have the exactly the same phase as that shown in the 1D wave description (Figure 7d).
Notice that in Figure 7g, only one frequency of a 3D wave mode of a photon was illustrated. There are many different
frequencies of 3D wave modes emitted simultaneously (all in the same x-direction), and the whole collection of these modes
forms a real photon (see the 3D wave packet description of a photon in the next section).

In Figure 7h we drew a matured photon’s 3D wave. Notice that the un-symmetry character (of the newborn photon)
is diminished. Thus, like that in the 1D wave and 1D wave packet description, a matured photon’s 3D wave is symmetrical. It

is almost the same as the antenna radio wave’s far-field, except that it propagates only in +x direction. The E vector and the B
vector at each phase of the 3D wave were also drawn in Figure 7h, and they have the exactly the same phase as that shown in
the 1D wave description (Figure 7e, also see Giancoli’s p818, Figure 31-8).

Then, what is the difference between a photon’s 3D wave emission and a radio wave’s 3D wave radiation? The only
difference is that in a photon’s 3D wave radiation, there is only one 3D wave packet emitted in a single (+x) direction, while
in a radio wave’s 3D wave radiation, there are many 3D wave packets emitted simultaneously in all directions (within xy-
plane). Thus, we (conceptually) unified the 3D wave explanation for a photon emission and a radio wave radiation.

The photon’s 3D wave model is still in the early phase of designing and developing. There are still many unknowns:
1) Here we tried to use the concept that both the electric field and magnetic field should follow the Schrodinger equation (see
SunQM-6), although we haven’t figured out the details. For example, how to use Schrodinger equation’s wave function field
(in the non-Born probability (NBP) form) to describe a newborn photon’s 3D wave?

2) Based on Figure 8, to generate and emit a 656.1 nm photon, does the electron need to do one complete orbital movement
(half orbital movement from |3,2,0> orbit’s aphelion to perihelion, then half orbital movement from |2,1,0> orbit’s perihelion
to aphelion), or does the electron need to do more than one complete orbital movement? We are not 100% sure about this.

3) Itis possible that we may re-design part of the description in the future. As a former bench scientist (biophysicist), for
every experiment | did, | needed to first design it, and then to test it. Re-designing and re-developing was my routine work
before the success (especially for the global fitting, see SUNQM-7’s Appendix G).
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Figure 8. lllustration of the formation and emission of a photon’s 3D wave. The blue lined ellipses represent the elliptical
orbit of the electron in a H-atom. The red lines represent the electric field line. Time progresses from Figure-a up to Figure-f.
All figures that have the same letter (e.g., d, d’, d”, d”’) are at the same time point.

Figure 8 (a, b, ¢, d, e, f). An electron is orbiting a proton along an elliptical orbit (in xz-2D). No orbital transition. It can be
degenerated as a +/- charge dipole oscillates along z-axis.

Figure 8 (&, b’, ¢/, d’, &, f). The dipole oscillation produced electromagnetic 3D-wave emission and re-absorption. The red-
shadow represents the energy that has been “emitted” and then re-absorbed by the dipole (to drive the electron away from the
proton from perihelion to aphelion).

Figure 8 (d”, ”, ). During |3,2,0> to |2,1,0> orbital transition, the electron moves less distance from the perihelion back to
the aphelion.

Figure 8 (d”, ). Thus, only part energy of the first half “emitted photon” is absorbed, the rest part energy of the first half
“photon” is truly emitted as the first part of a newborn photon. Notice that the crescent shape came from the Figure 8d’.
Figure 8f . A (fully formed and emitted) newborn photon that emitted in x-direction.

(+)

11-h. Using the {N,n} QM field structure for the 3D wave packet description of an emitted photon
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Now, we have the 1D-wave description, the 1D-wave packet description, and the 3D wave description for a photon.
This immediately promotes us to looking for the 3D-wave packet description for a photon. This also forced us to think how
the {N,n} QM field description of a photon’s physical structure (see SunQM-6s1’s Figure 4a) can be fitted into this whole
big picture. All the sudden, | realized that the {N,n} QM field description of a photon’s physical structure (in SUNQM-6s1’s
Figure 4) is exactly the 3D wave packet description of a photon.

In Figure 7j we drew a newborn photon’s 3D wave packet. It is similar as what we had drawn in SUnQM-6s1’s
Figure 3. We believe that it should can be described with Schrodinger equation’s wave function field (in the non-Born
probability (NBP) form), and in the many frequency modes. It must be the Fourier combination of all these (many different
frequency 3D waves) modes that formed the 3D wave packet (Note: Sorry, as a citizen scientist, I don’t have the ability to
prove it mathematically). Like that in the 1D wave packet, the effective size of the 3D wave packet of a photon is also around
1~3 wavelength of the photon. (Note: We believe that one wavelength is the minimum size of a photon’s 3D wave packet can
have. If the effective size of a photon’s 3D wave packet is smaller than one wavelength of the photon (e.g., half wavelength),
then the frequency of this photon becomes too variable or even uncertain).

As a (over) simplified description, we can treat each shell or core (of a photon’s 3D wave packet) as a single
component that has a size of one wavelength, so that the core component has the shortest wavelength (or the highest
frequency), the inner shells have the medium wavelengths (or the medium frequencies), and the outer shells have the longest
wavelengths (or the lowest frequencies). In this way, we can describe a photon’s 3D wave packet as that its core has the
highest frequency, and its outmost shell has the lowest frequency, and all shells are entangled with each other and with the
core to form a single entity (of a 3D wave packet).

Also, we see that 3D wave packet has a character of forever size-growing: as it propagates (from [2,1,1>, to |3,2,2>,
then to |4,3,3>, |5,4,4>, etc., see SUNQM-6s1’s Figure 3), its size is keep increasing. Also, like that in the 1D wave, 1D wave
packet, and 3D wave description, a newborn photon’s 3D wave packet is also unsymmetrical.

In Figure 7k we drew a matured photon’s 3D wave packet. Again, we believed that it can be described with
Schrodinger equation and NBP, and it is the Fourier combination of many 3D waves (each with different frequencies). It still
keeps the forever size-growing character. Like that in the 1D wave, 1D wave packet, and 3D wave description, a matured
photon’s 3D wave packet is also symmetrical (see the next section for more explanation). Interestingly, in SUnQM-6s1’s
Table 2, we had calculated out that for a L = 656.1 nm photon (that emitted from a H-atom), how far it propagates before
changed from an unsymmetrical shape to a symmetrical shape: “when a (hydrogen atom) emitted photon propagated to n =
6”5, or about 3 mm away, it became a spherical shape (at 10% peak max, under the {N,n} QM field description)”.

Further propagation continues increase the size of the 3D matter wave packet, and, after passing a certain critical
point (that correlated the Hubble constant ~70 (km/s)/Mpc), the over-sized outmost shell of the 3D matter wave packet is
trimmed-off (or split-out, or bumped-off), and caused a propagating photon lost a tiny amount of energy, and produced a
cosmic red-shift (see Figure 71 and Figure 71").

Thus, we (conceptually) unified all four different kind of wave explanations (1D-wave, 1D-wavepacket, 3D-wave,
and 3D wave packet) for the newborn photon, the matured photon, and the old photon, and also correlated it to the electron’s
orbital movement in H-atom (that generated this photon, see all figures in Figure 7).

Based on above result, we may can describe a 656.1 nm photon’s 3D wave packet as that it has a dominant shell
with diameter of 656.1 nm (and frequency of 4.57E+14 Hz), and there are several inner shells and one core that have shorter
wavelengths or higher frequencies, and there are several outer shells that have longer wavelengths or lower frequencies.
When the outmost shell grows its size to r = 2.7E+10 meters (see next section), it will be dis-entangled from the main body of
the photon, and become a newborn low-f (0.02 Hz) photon. (Note: The core size of a 656.1 nm photon may can be estimated
to be r = 2.57E-24 meters. It was calculated as, a 656.1 nm photon has Afph = 4.57E+14 Hz, E = h Afph = 3.03E-19 J = 1.89
eV. Check SunQM-7’s Table 1, a 1.89 eV/c"2 particle may stay in {-21,2//6}0 QM state, and may have the size of {-
21,3//6}. Then, check SunQM-5’s Table 1, a {-21,3//6} size has radius at 9x of that at {-21,1//6}, orr =9 x 2.86E-25 =
2.57E-24 meters).
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I1-i. The uncertainty principle may be the driving force to symmetrize a newborn photon, and also to red-shift an old
photon.

We believe that the uncertainty principle (ApAx >1h/2) may should be used to explain why a newborn (un-

symmetrical) photon, after propagation for a while, automatically becomes a symmetrical photon. According to de Broglie’s

h _ hiph

formula, a photon has momentum p = 1 (Note: According to SUnQM-6s1’s eq-11, light speed is a phase velocity,

[
not a group velocity. Then, according to Vg = 2* vph, a photon’s group velocity should have two times of light speed (2c).
Also notice that the wave front of a propagating photon (with the light speed c) should have two times of light speed (2c).
However, according to a text book [28], electromagnetic wave has vgr = vpn. Based on it, we assumed here that a photon
propagation also has vgr = vpn. However, this still remains as an unsolved problem). During the whole photon emission
process, (within one orbital circle), the orbital moving electron gradually (or quantumly? or rapidly?) loss its orbital
momentum, initially by zero, finally increased to 1.01E-27 kg*m/s (= (electron’s mass) multiplies Av (=1109 m/s)). So the
just emitted (newborn) photon has the momentum variance from 0 to 1.01E-27 kg*m/s (or A variance from oo to 656.1 nm.
Notice that this momentum change associated with zero mass). This large momentum variance gives the larger momentum
uncertainty (Ap). Also, the just emitted photon has the smallest size (relative to its forever growing size during the
propagation), so its position uncertainty (Ax) is the smallest. Here we hypothesized that the forever size-growing is the
natural attribute of a propagating photon. We also hypothesized that for a propagating photon, the uncertainty principle
(ApAx >1/2) will keep the product of ApAx = constant. Then, after propagated for a while, the size of the photon is increased
(that can be translated as the position uncertainty Ax of this photon is increased). It forces this propagating photon to decrease
its Ap. The smaller Ap means the photon has less frequency variance, thus its 3D (or 1D) wave packet is more symmetrical.
After the un-symmetry of the 3D wave packet is diminished enough, the photon is said to be “matured”.

Then, during the further propagation (after the propagating photon has matured), the size of the symmetrical photon
(of the 3D or 1D wave packet) grows continuously (and so does its Ax uncertainty). Then, after Ax passed a critical point
(that correlated the Hubble constant ~70 (km/s)/Mpc), the amount of Ap decreasing become limited and can no longer
compensate the amount of Ax increasing (to keep the ApAx = constant), then the uncertainty principle-force starts to trim-off
the over-sized part (i.e., the low-frequency end) of the 3D (or 1D) symmetric wave packet (to form a new low-f 3D (or 1D)
wave packet), and causes a propagating photon to loss a tiny amount of energy, and produced the red-shift for a propagating
photon. At this time, the photon is said to be “old” and red-shifted. This trimming process repeated again and again, produced
the cosmic red-shift of an old photon.

Alternatively, if we treat the red-shifted photon (i.e., the main body) and all the (continually) trimmed-off low-f
photons as one entity, then this entity will have even larger position uncertainty Ax as it propagates (due to that the low-f
photons may be bumped-off at random directions). As more and more low-f photons trimmed-off (at different directions), the
position uncertainty Ax of this entity keeps growing forever.

From an even bigger picture, we can think that:

1) A free neutron’s 3D wave packet is always growing. After passed a critical point (where its Ap decreasing become limited
and can no longer compensate the amount of Ax increasing to keep the ApAx = constant), this free neutron decays into a
proton, an electron and an antineutrino. If we treat these three particles as one entity, as this entity propagated, its position
uncertainty Ax grows forever. Notice that a neutron’s beta-decay has only one-time splitting, while a photon’s red-shift has
many-times splitting.

2) A nuclear fission may can be treated exactly the same way as above.

3) A planet formation (i.e., accretion of many orbital fragments to form one planet), a star formation (i.e., a nebula collapse),
or a black body formation (i.e., a star collapse), they all have the position uncertainty Ax (of the combined mass distribution)
decreasing (under the influence of the gravitational force).

4) From above discussions, we may hypothesize that, 4a) a massless energy 3D wave packet (e.g., a photon) will have Ax
uncertainty continuously increasing followed by the continually trimming-off the (over-sized) low-f photons; 4b) a small-
mass particle may have Ax uncertainty continuously increasing followed by a (one-time) body-splitting; 4c) a large-mass
“particle” may have Ax uncertainty continuously decreasing (rather than increasing). So, it is the mass of a particle/object
that determines the Ax uncertainty (of this particle/object) to increase or decrease (along with time).
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5) If this hypothesis is correct, then, a neutrino, if it is massless, will keep trimming-off its energy continually (like an old
photon does). For any massless (pure energy) particle (like a photon that is composed of pure E/RFe energy wave packet, or a
graviton that is composed of pure G/RFg energy wave packet, or a gluon that is composed of pure S/RFs energy wave
packet,), its size may be always increasing as propagating, and the uncertainty principle (ApAx = constant) may trim the
forever size-growing Ax, and thus cause the red-shift. Therefore, it is possible that the same cosmic red-shift will apply to a
free propagating graviton and/or a gluon.

6) For a massless mega-“photon” (see SUNQM-7’s section V, and SUnQM-5s1’s Appendix), the possible forever size-
growing of Ax and the trimming of Ax (by ApAx = constant) may cause the red-shift of mega-“photon” to be the CMB.
(Note: There are two possible ways: 6a, the majority part of the mega-“photon” became the mass (i.e., the hydrogen), the
residue part of the mega-“photon” red-shifted to be the CMB; 6b, all mega-“photon” became the mass, the CMS is the low-f
photons that the mega-“photon” spitted-off right before it became mass). Actually, a mega-“photon” may be a pure energy of
a mega-“particle” with the mixture energy of E/RFe, G/RFg, and S/RFs. We will not have the capability to detect the CMB of
G/RFg and/or S/RFs for at least hundreds of years.

All discussions in this section are try to support the following hypothesis: it is the natural attribute of an old photon
to produce the red-shift. Nothing peculiar. Thus, the “(explosive-like) major expanding Universe” model may not be needed
to explain the cosmic red-shift. However, it does not contradict with a “(breath-like) minor expanding/contracting Universe”
model (see SunQM-7’s Figure 6¢). (Note: All these are only a citizen scientist-leveled discussion).

In SunQM-6s1’s Table 5, we had estimated the possible frequency value of a low-f photon with the assumption that
a propagating photon’s (spitted-out) outmost shell may have a size of 100 wavelength (notice that this 100 was an arbitrarily
guessed number). Now using the result of current section, we can reasonably to assume that a propagating photon’s (spitted-
out) outmost shell has an effective size of one wavelength. Under this new condition, the same calculation (as in SunQM-
6s1’s Table 5) showed that (to satisfy Hubble constant ~70 (km/s)/Mpc), a 656.1 nm photon, after propagating each
~2.7E+10 meters (about a half distance from Sun to Mercury), it will split-out a 0.02 Hz low-f photon. Further estimation
showed that a 656.1 nm photon (that emitted from a H-atom in the Sun), when arrived to Earth, it would have split-out low-f
photon five times, each time with a single 0.02 Hz low-f photon. When this 656.1 nm photon arrived to Earth, it will have
red-shifted by AL = 1.4E-13 nm (calculate by using WolframAlpha).

(Note: If we assume that a propagating photon’s (split-out) outmost shell has an effective size of three wavelengths,
then a 656.1 nm photon is estimated to split-out a 0.04 Hz low-f photon after propagating each ~2.7E+10 meters).

We may can say that it is the uncertainty principle that caused the forever growing of a propagating photon (by
increasing Ax), and it is also the uncertainty principle (formed QM force) that trimmed the over-sized photon (by enforcing
ApAXx= constant, while limiting the decreasing of Ap). So the uncertainty principle may be the driving force for the red-shift
of a propagating photon. (Note: Another important function of the uncertainty principle (e.g., [Ly, Ly] =1L, [Ly, L;] = iALy,
[L., Lx] = iALy, etc.) is that it may directly equal to the rotation diffusion (or RotaFusion, or RF, see SUnQM-6’s section 6)).
Unfortunately, as a citizen scientist, I don’t have the mathematical ability to prove these hypotheses.

If the low-f photon hypothesis is correct, then our universe is full of these low-f photons (with different frequencies
but all in sub-Hz frequency range). Our current technology is not able to detect this kind of sub-Hz photons. The main
difficult is that because their wavelength is too large (or each of these 3D wave packet takes very large space), there are
always many (different frequencies of) sub-Hz photons share the same space at any specific time, so that you can never single
one out of the rest (to measure it).

11-j. Some calculations to show that under the “|nL0> elliptical orbital transition model”, we can treat the (A=656.1
nm) photon as a low-frequency (or low-f) outmost shell of an orbital moving electron’s 3D wave packet that is dis-
entangled (or spun-off) during the orbital transition from |3,2,0> to |2,1,0>
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(Note: in this section, m means mass, not the quantum number). First, in the general calculation of momentum (p =
mv) and the kinetical energy (K = % mv?) for a particle or a celestial body, we always use the Veiassical = Vgr, NOt Use the Vp.
So, strictly, we should write

p=mvg eg-11a
K =% mvg? eg-12a

Then, for a matter wave, Vejassical = Vgr = 2Vpn (566 SUNQM-6s1’s eq-1), Or ¥2Vgr = Vph, plus using vy, o, = A, f, on (se€
SunQM-6s1’s eq-11), and de Broglie formula p = h/A, we obtain the wave-particle duality form of the momentum and
kinetical energy formulas:

p="h/A eq-11b
p = hfpn/vpn eg-11c
K = mvg vpn eg-12b
K=pVpn eq-12c
K =p A eg-12d
K = (h/A) Afpn = hfpn eq-12e
mvg Vpn = hfpn  (after combining eq-12b with eq-12e) eg-12¢’

Although for electron and other matter, vy = 2* vn, but for photon, vgr = vpn, see [28], then we have
Pphoton = Nfpn/Vph = hfge/vge eg-11d

Notice that eg-11a through eg-11c are the isoforms of the same formula for momentum, and eg-12a through eqg-12e are the
isoforms of the same formula for the kinetical energy. Also notice that in an elliptical orbit, the transient orbital momentum
of an object can be transformed into mvg: = hfpn/Vph, Or, mvgr vpn = hfpn, which is the orbital kinetical energy formula of either
eqg-12b or eq-12e. Therefore, in an elliptical orbit, the transient orbital momentum has the isoform formula as that of the
orbital kinetical energy. (Note: eq-11a through eg-11c, and eq-12a through eg-12e, should go together with SunQM-6s1’s eq-
1 through eg-22).

Then, for the circular orbital (bound) energy E = K + V = -%2 mv,?, (where V is the potential energy, ignored the
reduced mass, meaning the center object’s mass is much bigger than the orbital object’s mass, see SUnQM-2’s eg-2), we have

Eorbit = Korbit + Vorbit = -¥2 ngr2 = -hfpn eg-13
Or,
Eorbit = 'hfph = '(h/m’) m fph = 'Hmfph eq-14

Thus, egq-14 is the same as SUNQM-6s1’s eq-13. (Note: For the meaning of H and m’, see SUunQM-2’s section I1-c).

Explanation-1: Using |nL0> elliptical orbit’s transient velocity at the perihelion site to explain:

In the “|nL0> elliptical orbital transition model”, we should can treat a (A==656.1 nm) photon as a low-frequency (or
low-f) spin-off of an elliptical orbital moving electron. To show it, we need to use the transient orbital momentum of the
electron (p = mvgr = h/A = hfpn/vpn, Or fon = mvgvpen/h, which equivalent to use the transient orbital kinetic energy of the
electron K= m vg vpn = hfpn), to calculate the transient elliptical orbital frequency of the electron at the perihelion. Here, we
still use the model in section 11-d (at the perihelion site, Ap > 0 and Ax =0) as the example. Using the data in eg-5, we can
calculate the transient orbital frequency at the perihelion of the |3,2,0> extreme elliptical orbit
f3,pnp = MV3,grp Vaphp ! h =% Mvsgrp? [ h = (1/2)* 9.109E-31 * (2.99550594E+8)"2 / 6.626E-34 = 6.1677909E+19 Hz.

eg-15
Similarly, we can calculate the transient orbital frequency at the perihelion of the |2,1,0> extreme elliptical orbit
fo,0np = Y2 Mg p? [ h = (1/2)* 9.109E-31 * (2.99549485E+8)"2 / 6.626E-34 = 6.1677453E+19 Hz. eq-16

The difference of these two is
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Afsp = fgyph,p - fz,ph,p =4.57E+14 Hz. eq-17

This is exactly the (A=656.1 nm) photon’s frequency. Now, it is obvious that (we can say that) the A=656.1 nm photon has the
low-frequency (i.e., 4.57E+14 Hz) in comparison to the frequency (6.1677909E+19 Hz) of the elliptical orbital moving
electron at the perihelion site. Thus, we can treat the A=656.1 nm photon as a low-f outmost-shell of an orbital moving
electron that is dis-entangled (or spun-off) during the orbital transition. In other words, we can treat the A=656.1 nm photon
as the outmost-shell of an orbital moving electron’s 3D wave packet that is spun-off at the perihelion site during the orbital
transition. (Note: in this explanation, we should not use the circular orbit’s frequency (shown in SunQM-6s1’s Figure 1a).
We have to use the transient elliptical orbital frequency at the perihelion site where the orbital transition or the photon
emission is happening).

A second way to express the same concept is: a |3,2,0> elliptical orbit moving electron at the perihelion site (that
equivalent to a (momentum) 3D wave packet) initially carried a transient p = me Vagr,p = 9.109E-31 * 2.99550594E+8 =
2.7286064E-22 (kg.m/s), then it spin-off a (tiny amount of momentum as a newly formed (momentum) 3D wave packet) with
P =mMme AVaogrp = 9.109E-31 * 1109 = 1.01E-27 (kg.m/s) as a photon (with p=h/A, or A = h/p = 6.626E-34 / 1.01E-27 ~ 656
nm, notice that the photon’s momentum contains zero mass), the rest momentum (with transient p = 9.109E-
31*(2.99550594E+8 — 1109) = 2.7285963E-22 (kg.m/s), also as a (momentum) 3D wave packet) is carried by a de-excited
electron that transit to the |2,1,0> orbit.

A third way to express the same concept is: a |3,2,0> elliptical orbit moving electron at the perihelion site (that
equivalent to a (kinetical energy) 3D wave packet) initially carried a transient kinetical energy K =% me vz grp? = (1/2) *
9.109E-31 * (2.99550594E+8)"2 = 4.0867783E-14 (Joule), then it spin-off a (tiny amount of Kinetical energy in the new) 3D
wave packet with K =% me (V3 grp? — V2,grp?) = 3.026E-19 (Joule) as a photon (with K = hfgy, or fon = K/h = 3.026E-19 /
6.626E-34 = 4.57E+14 Hz, or A = c/fyn = 3E+8 / 4.57E+14 = 656 nm), the rest kinetical energy (with the transient K = (1/2) *
9.109E-31 * (299549485)"2 = 4.0867480E-14 (Joule), also as a (kinetical energy) 3D wave packet) is carried by a de-excited
electron that transit to the |2,1,0> orbit.

Explanation-2: Using Bohr circular orbit’s constant orbital velocity to explain:

With the new knowledge that the 3D wave packet of a photon (that produced in (roughly) one round of the elliptical
orbit that the electron moved) has a (effective) size around one wavelength of the photon (see Figure 7), now we can explain
(more intuitively) that why the emitted photon is the outmost shell of an (orbital moving) electron’s 3D wave packet.
According to SunQM-7’s Table 1, an electron with (rest) mass = 0.511 MeV/c"2 may have size at around {-17,1//6}, or with
a radius no more than 6.48E-19 meters (see SunQM-5’s Table 1). Let’s suppose this is the core size of a 3D wave packet of
an electron. In Bohr circular orbit model, a n=3 electron has (the averaged) vs g = 7.29E+5 m/s (see SunQM-2’s Table 2) and
the de Broglie matter wavelength An=s = h/(mvsg) = 6.626E-34 / (9.109E-31*7.29E+5) = 9.98E-10 meters. Meanwhile, a n=2
electron has the de Broglie matter wavelength An=2 = h/(mvag) = 6.626E-34 / (9.109E-31*1.09E+6) = 6.67E-10 meters. So, a
large-sized 3D wave packet (diameter = 9.98E-10 meters for n=3 electron) spin-off its outmost shell to become a small-sized
3D wave packet (diameter ~ 6.67E-10 meters for n=2 electron). The spun-off outmost-shell become a new (low-f) 3D wave
packet with wavelength (or the size) of 656 nm (calculates as Af =, — 3, f3 = Vapn / A3 = V34 12/ A3, Ak = c/(f2 - f3) = ¢/( Vo
12/ 7\2 - V3gr 121/ 7»3)).

Explanation-3: Using [nL0> elliptical orbit’s transient velocity at the aphelion site to explain:

Can we use the transient velocity at the perihelion site of the elliptical orbit for the same calculation (in the
Explanation-2)? No. Because the transient va g, is faster than the transient vz g, S0 the wavelength is smaller. Why not? This
is because the real physical process of the photon emission starts form aphelion, maximum at perihelion, then end at
aphelion. It is not only at perihelion site. So, physically, the fast orbital velocity near the perihelion site formed the high-
frequency core of the emitted photon’s 3D wave packet, while the slow orbital velocity at the aphelion site formed the low-
frequency outmost-shell of the emitted photon’s 3D wave packet. Therefore, to compare the size of the outmost shells, we
should use the aphelion transient velocity rather than the perihelion transient velocity. The (n=3 and n=2) aphelion radii are
calculated as
I3ap = 2*T3circular — 3p = 2 * 4.763E-10 (meters, see SUNQM-2’s Table 2) - 5.645E-15 (meters) = 9.526E-10 meters.

eq-18
M2,ap = 2*T2 circular — F2p = 2 * 2.117E-10 (meters, see SUNQM-2’s Table 2) - 5.645E-15 (meters) = 4.234E-10 meters.
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eqg-19
The n=3 (or n=2) electron has the same total orbital energy at the either perihelion site (see eg-1) or aphelion site. Thus,
— 1 2 __ze*r  _ -19 -
Esqp=K+U= S MVi=3,grap pr—— 2.421 x 107*° (Joule) eqg-20
— 1 2 __ze*  _ -19 -
Eyap=K+U= S MVi=2,grap pr—— 5.447 x 107*° (Joule) eg-21
Solving eg-20 (and eg-21), we have
V3ygr'ap = 13195 m/S eq'22
VZYgr'ap = 19591 m/S eq'23
and
Azap = hI(mvs3 g qp) = 6.626E-34 / (9.109E-31*13195) = 5.513E-8 meters, eq-24
A2,ap = hI(Mv2,grqp) = 6.626E-34 / (9.109E-31*19591) = 3.713E-8 meters. eq-25

So, an electron at n=3 elliptical orbit has a (large-sized) 3D wave packet (diameter =~ 5.513E-8 meters, orbital moving from
aphelion to perihelion to aphelion at |3,2,0> orbit). During orbital transition, it spins-off its outmost shell to become a small-
sized 3D wave packet (diameter ~ 3.713E-8 meters, orbital moving from aphelion to perihelion to aphelion at |2,1,0> orbit).
However, (unlike that using the Bohr circular velocity can give both the orbital electron’s 3D-wave packet size-shrinking and
the emitted photon’s 3D wave packet size), this calculation (using the transient velocity at the aphelion site) can only give the
orbital electron’s 3D-wave packet size-shrinking, it cannot give the emitted photon’s 3D wave packet size. In contrast, the
calculation using the transient velocity at the perihelion site does give the emitted photon’s 3D wave packet size (it can be
deduced from eq-17), but not the orbital electron’s 3D-wave packet size-shrinking.

From this analysis, it confirmed that not only the size of a 3D wave packet of a photon is about one wavelength of
the photon, but also the core of the 3D wave packet (of a photon) has a higher (wave) frequency (components) and it
correlates to the electron movement at the perihelion site of the elliptical orbital transition, while the out-shells of the 3D
wave packet (of a photon) has a lower (wave) frequency (components) and it correlates to the electron movement at the
aphelion site of the elliptical orbital transition. Now let us re-explain this concept by using ti, ts, ts time points in electron
orbit (in Figure 5b) and correlates them to the ty, ts, ts time points in photon’s 3D wave packet (in Figure 7j):

1) At the t; time point, the electron is at the aphelion site of |3,2,0> elliptical orbit, and has the lowest orbital speed, and it
starts to generate the wave-front of the 3D wave packet of the photon, so this wave-front (that correlated to the outmost shell
of the 3D wave packet of the photon) has the lowest frequency (in the 3D wave packet of the photon);

2) At the t3 time point, the electron is at the perihelion site of |3,2,0> elliptical orbit, and has the highest orbital speed, and it
generates the core of the 3D wave packet of the photon, so that this core has the highest frequency (in the 3D wave packet of
the photon);

3) At the ts time point, the electron is at the aphelion site of |2,1,0> elliptical orbit, and has the (second) lowest orbital speed
(only a little bit higher than that at t1), and it generates the wave-end of the 3D wave packet of the photon, so this wave-end
(that correlated to the outmost shell of the 3D wave packet of the photon) has the (second) lowest frequency (in the 3D wave
packet of the photon), and

4) italso caused the unsymmetrical 3D wave packet (because even both are at the outmost shell of the 3D wave packet, the
wave-end has a little bit higher frequency than that of the wave-front).

5) Notice that the above explanation is based on the concept that the emitted photon is a 3D wave packet. Alternatively, we
can re-explain the same process based on the concept that the electron is a 3D wave packet: the electron (at t; and) at the
aphelion of |3,2,0> elliptical orbit (with the lowest orbital speed) forms the outmost shell of the electron’s 3D wave packet
(with the lowest frequency); the electron (at t3 and) at the perihelion of |3,2,0> elliptical orbit (with the highest orbital speed)
forms the core of the electron’s 3D wave packet (with the highest frequency); the electron (at ts and) at the aphelion of
|2,1,0> elliptical orbit (with the second lowest orbital speed) forms the second outmost shell of the electron’s 3D wave packet
(with the second lowest frequency), so the orbital transition from |3,2,0> to |2,1,0> at the perihelion site caused the electron’s
3D wave packet spin-off its outmost shell (at the perihelion site), and its second outmost shell now becomes the new outmost
shell.
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11-k. A photon absorption process

For the explanation of a photon absorption process, if a photon has its 3D wave packet size at one wavelength, then
a 656 nm photon has the size larger than Bohr H-atom’s rp- (= 5.29E-11*2/2 = 2.12E-10 meters = 21 nm). So the whole H-
atom is submerged in the photon while it absorbing the whole photon to make n=2 to n=3 transition. We still can explain this
process as the opposite process of in Figure 5b (i.e., a photon from -x to +x, hit a |2,1,0> orbital electron at the perihelion site,
and pushed it to a more elongated |3,2,0> orbit). However, this explanation become a pure auxiliary explanation (because the
probability is too low for a (light-speeded) photon to hit an (extreme high speed) electron at a very specific site (the
perihelion site), so this process is not feasible). The true process of photon absorption may be through some kind of “orbital
resonance” between n=2 and n=3 orbits (because f>pn + Af = f3pn). On the other hand, the explanation of Figure 5b is also an
auxiliary explanation (at beginning), but it may also describe a true physical process of how a photon is emitted (because this
process is more feasible).

11-1.  Summary and discussion (of section II):

Thus, in the “|nLO> elliptical orbital transition model”, the 3D vector Ap AX > #/2 uncertainty is spread in the whole
(one period of) elliptical orbit (started from aphelion, maximized at perihelion, then ended at aphelion), and it is not only at
the perihelion position. However, we may (over) simplify it as AX = 0, Ap only in 6-1D. Under this simplification, we can use
the classical physics to calculate out that, for a |3,2,0> orbital moving electron (in xz-plane) at the perihelion position, it has a
=3, Very close to the proton, it has the orbit speed close to the speed of light, and under the extreme sharp-turn, it spins-off
the outmost shell (of 3D matter wave) as a photon, and this photon propagates in the tangential +x direction (because it is
neutral, not subject to the proton’s attracting force). Meanwhile, the |3,2,0> orbital moving electron (in xz-plane) at the
perihelion position suddenly (and quantumly) lost part of the orbital speed (Vn=3p - Va=2p = 1109 m/s), so it falls into a less
elongated elliptical orbital track (i.e., |2,1,0> track, still in xz-plane).

The |3,2,0> to |2,1,0> elliptical orbital transition description is more superior than the Bohr atom’s n=3 to n=2
circular orbital transition description (in SunQM-6s1’s Figure 1), because it gives the analysis of the force, the speed, the
detailed direction, etc. We believe that both descriptions should be put into the “Feynman Pool” (see SunQM-7’s Appendix
G), because both are useful in describe the Bohr atom’s n=3 to n=2 photon emission (although in different level of details).

The final goal of the whole design and development (on the H-atom’s n=3 to n=2 orbital transition and photon
emission) is, to use {N,n} QM and NBP (non-Born probability) to fully (and simultaneously) describe:

1) the |3,2,0> elliptical orbit track (as explained in SunQM-7’s Figure 3a);

2) the physical structure (or the 3D electromagnetic wave packet or 3D matter wave packet) of both electron and photon (see
SunQM-6s1’s Figure 3 and Figure 4); and

3) the electric and magnetic force field of H-atom (containing a proton and an electron).

We are few steps closer to this goal.

This “|nL0> elliptical orbital transition model” is not only applicable to the H-atom and the micro world, but also
should applicable to the macro-world. We will show some examples in the next paper (SunQM-6s3).

I11. Both “electron orbital track model” and “|nL0> elliptical orbital transition model” directly correlate to the NBP
description
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Originally, the “electron orbital track model” (in section I) is based on Born probability (which is the Schrodinger
equation’s solution), and it is used to replace the electron cloud description. However, a true Born probability-based “electron
orbital track model” needs to have two opposite directional orbital movements running on the same single track
simultaneously (to form a standing wave), but in all above description (in sections | and Il), we always only used one uni-
directional orbital movement at a single time. So, more accurately, the “electron orbital track model” is correlate to the non-
Born probability (NBP), rather than the Born probability. Similarly, the “|nL0> elliptical orbital transition model” is also used
to describe a uni-directional orbital movement at a single time, thus, it is also correlate to the NBP. Therefore, we
(conceptually) unified the [nlm> QM state description with the [nIm> elliptical orbit description, and with the NBP
description.

IV. Dis-entanglement of the outmost shell of a photon can happen in many processes, and may can be explained in
many ways

Dis-entanglement of the outmost shell of a photon may can happen in many processes. For example, in Compton
scattering (inelastic scattering), a (x-ray) photon partially absorbed by an orbital electron, and knock it out of an atom, and
rest part of photon scattered away as a red-shifted photon. We can say that the out-shells of the photon is absorbed (by an
electron), the core is scattered as the red-shifted photon. In theory, the scattered core of the photon (if it still has enough
energy) can knock another electron out of another atom (by contributing its middle shells to the electron), and an even
smaller core is scattered as the more red-shifted photon. So, for a single x-ray photon, this inelastic scattering can happen
many times as long as the leftover core (of the photon) still has enough energy (to knockout the next orbital electron). This is
a perfect example that a single photon can have its outmost multiple shells be stripped-off one after other, and thus be red-
shifted again and again. The major difference is, Compton scattering (or one kind of inelastic scattering) is a random process,
and the scattered (red-shifted) photon usually changed the original propagation direction (see wiki “tired light”), while the
cosmic red-shift of an old-photon is a programmed process, and does not change photon’s original propagation direction.

Also, we probably may (or may not) use some other theories to explain the cosmic red-shift of an old photon. For
example, in wiki “Group velocity”, “Higher-order terms in dispersion ... If the wavepacket has a relatively large frequency
spread, ... or if the packet travels over very long distances, ... higher-order terms in the Taylor expansion become important.
As a result, the envelope of the wave packet not only moves, but also distorts, in a manner that can be described by the
material's group velocity dispersion. Loosely speaking, different frequency-components of the wavepacket travel at different
speeds, with the faster components moving towards the front of the wavepacket and the slower moving towards the back.
Eventually, the wave packet gets stretched out”. According to this theory, we may can draw the 3D wave packet of a photon
in the following way: the (relatively high-frequency) core and inner-shells are moving faster than the (relatively low-
frequency) middle-shells and out-shells, and the (relative lowest-frequency) outmost shell likes a (hanging) tail that can be
dis-entangled easily (see Figure 9). (Note: In this case, not only the Ax of the photon’s 3D wave packet keeps growing, but
the ApAx also keeps increasing). (See SunQM-6s3’s Figure 8 for more discussion).

Giancoli’s text book (page 1115) mentioned that the violation of the energy conservation law in the early experiment
of beta-decay made Wolfgang Pauli to propose the new particle “neutrino” (in 1930). Similarly, to solve the puzzle of the
cosmic red-shift, we need to introduce a new (gigantic-sized) “particle”, i.e., the “low-f photon”, or the “sub-Hz photon”
(instead of the expansion of universe). Again, all discussions (in this section) are trying to support the following hypothesis:
it is the natural attribute of an old photon to produce the red-shift. It is just because the photon is too old, it is “decaying” (see
the general “decay” theory of particle in SUnQM-6s3’s Table 2). Nothing peculiar.
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Figure 9. An alternative model of an old photon’s 3D wave packet based-on wiki “Group velocity” that “different frequency-
components of the wavepacket travel at different speeds, ...”. Its (relatively high-frequency) core and inner-shells are
propagating faster than the (relatively low-frequency) middle-shells and out-shells. Its (relatively lowest-frequency) outmost
shell likes a tail that is usually being dragged around, and it will be detached (or dis-entangled) eventually (as an intrinsically
programmed process).

Summary and Conclusion:

In section I, we first (roughly) unified the Schrodinger equation described electron movement in H-atom (i.e., the
Born probability) to the |nlm> elliptical orbital motion described electron movement in H-atom. In section 11, we
(conceptually) unified all four different kind of wave explanations (1D-wave, 1D-wavepacket, 3D-wave, and 3D wave
packet) for the photon emission and propagation. Then, by correlating all four different kind of wave explanations to the
electron’s elliptical orbital movement in H-atom, we successfully unified all four different kind of wave explanations to the
orbital movement of the electron (for a photon’s emission and propagation). The “jnL0> elliptical orbital transition model”
makes us to believe strongly that the cosmic red-shift is one of the nature attributes of QM.
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Appendix A. The whole set of |3,I,m> orbits can also be re-described as |1,0,0> orbit, and vice versa.

In some special cases, the whole set of |3,l=0.2),m(=.+)> orbits can also be re-described as |1,0,0> orbit that as shown
in Figure 1d (if we set n=3 as the new n’=1), although the new span of rn=; through r..— will be larger than the original span
of rn=3 through rp=4. In other words, for an n=3 electron’s |3,I,m> orbits, we still can force ourselves to use n=1, or |1,0,0>
orbits to describe it. However, if we do so, we will mess-up all other n shells {N,n} QM structure. Oppositely, the |1,0,0>
orbit shown in Figure 1d can also be re-described as the whole set of [nIm> orbits at any n number (Note: it has to be 1=0..n-1,
and m=-l..+l). In other words, for an n=1 electron’s |1,0,0> orbit, we still can force ourselves to use n=3, or |3,l(=0..2),M(=-2.+2)>
orbits to describe it. Again, if we do so, we will mess-up all other n(s) shells {N,n} QM structure. Notice that the above n
change is completely different from that in {N,n//q} QM, where we can move r; inward (or outward) as we want (by using
high-frequency n’, or sub-frequency n’, other than the base-frequency n), because using n’ does not mess up the original QM

structure.

For example, this is why in SUnQM-4’s explanation of eq-41 vs. eq-40, we can reset Earth’s {1,5//6} orbit, or n=5,
or n=5*6=30, into n’=1. This is also why in SunQM-3s10’s eqg-40 deduction where we could choose k = 2n/A = 1, or A= 2m;
or equivalent to in SunQM-4’s eq-17, why we could choose j=1. Notice that this kind of unusual description will mess up the
original QM description. For example, if we force Earth’s {1,5//6} orbit, or n=5, or n=5*6=30, into n’=1, we mess up the
{N,n=2..6//6} orbits for all the rest planets. The only advantage to do that is that we can simplify SunQM-4’s eq-40 into
SunQM-4’s eq-41. On the other hand, the only way to change n without mess up the original {N,n//q} QM structure is to
change the original n into its high-frequency n’ = n *q*j, where j is a positive integer (e.g., change Earth’s n=5 to 5*6"1=30,

or 5*6/2=180, etc.).

Usually, to force Figure 1d ’s n=1 to be a new n’=3, we get a new |3,2,0> orbital mode that it is not useful (because
it messed up the original correct QM system). However, in some rare situations, it does help to explain something. For
example, in the SunQM-5’s Figure 3a and 3b, the protons of the elements (from Z=11 through Z=118) in the {-
14,n=1..5//6}0 super-shell was force to be in n=2, or |2,1,m> QM state, so that we can use the |2,1,1> and |2,1,0> QM states to
explain the re-distribution of protons (among the nucleons) under the outside force-field in a more simplified way. Another
example: in SunQM-4s2’s Figure 3, to describe the {N,n} QM structural origin for the subtropical and polar jet streams, the
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Earth’s atmosphere (that usually is described as {1,1//2}0 QM state, or n=1, in Earth’s {N,n//2} QM structure), is now forced
to be as {0,2//2}o QM state, or n=2 QM state, so that the subtropical and polar jet streams can be described as |3,2,1> and
|3,2,0> QM states.

Appendix B. The rotation of an electric field line (but not the rotation of a charge) should be used to explain the
direction of the magnetic field line

To make Figure 5°s electron trajectory (ts, ta, 3, ta, ts) to match to Figure 7d’s B vector orientation, we are forced to
use the following concept, that is, it is the orbital rotation of a positive charge’s electric field (straight) line E vector that
caused B vector to show its vector direction. This concept correlates with the explanation of SunQM-6s Figure 5¢ perfectly:
the self-spin of a positive charge rotates its electric field (straight) lines, and thus causes its B field to change (from the
original complete RF mode, i.e., no net B vector showed-up) to the nLO QM mode, i.e., a net B field vector showed-up
following the right-hand rule. In the case of H-atom (see Figure 5), 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. This causes the net B vector showed-up with
the vector direction always points to the -y axis (based on the right-hand rule, if the electron orbital rotates anticlockwise in
xz-plane as shown in Figure 5). A major deceleration of the motion electron near the perihelion region equals to add a strong
clockwise orbital rotation of the E vector, thus caused the net B vector points to the +y direction (temporarily). This perfectly
explained why the direction of B vector is always oscillation in a photon’s 1D transverse wave.

However, in SUnQM-6’s Figure 5a, a circular moving positive charge also produces a net B vector in the same
direction as that shown in SunQM-6’s Figure 5c. If we try to use this saying, then, in Figure 5, the anticlockwise electron
moving can be explained as the clockwise positive charge moving, the net B vector normally points to +y direction, and the
whole explanation will be messed up. So we should not use above saying. However, we can use this alternative saying: 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. Then the orbital moving of positive charge will produce a net B vector points to the -y
direction (according to SunQM-6’s Figure 5a). Because the orbital radius (from the proton to the reduced mass center) is
close to zero. This is equivalent to say, an anti-clock spinning E vector (in xz-plane) will produce a B vector pointing to -y
direction.



