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On the Astronomical Observations of Instant Transmission of Signals from Stars
and Their Explanation in the Framework of General Relativity

Dmitri Rabounski and Larissa Borissova

Puschino, Moscow Region, Russia. E-mail: rabounski@yahoo.com; Iborissova@yahoo.com

This article discusses the astronomical observations of instant transmission of signals
from stars (long-range action), performed in 1977-1979 by Prof. N. A. Kozyrev. It is
shown that stopping physically observable time, which is a necessary condition for
instant transmission of a signal, is impossible in the Minkowski space (which is the
space-time of Special Relativity) due to its geometric structure, i.e., the very structure
of the Minkowski space does not allow long-range action. On the other hand, this is
possible in the space-time of General Relativity due to the presence of the gravitational
field potential or the rotation of space (due to the non-orthogonality of time lines to
the three-dimensional spatial section), or both of these factors presented together. Thus,
Kozyrev’s astronomical observations of instant transmission of signals from stars (long-
range action) find their explanation in the space-time of General Relativity.

1 Experimental results

Nikolai A. Kozyrev (1908, St. Petersburg — 1983, ibid.) was
one of the most productive astronomers of the 20th century,
best known due to his discovery of volcanism on the Moon
in 1958 [1] and the atmosphere of Mercury in 1963 [2]. For
the discovery of lunar volcanism, Kozyrev was awarded the
gold medal of the International Academy of Astronautics, en-
crusted with seven diamonds in the form of stars of the con-
stellation Ursa Major (Paris, 1969). Prof. Kozyrev worked at
the Pulkovo Astronomical Observatory near St. Petersburg.
Read about him in the Encyclopaedia Britannica [3] and in
a detailed biography for his 100th birthday [4].

In addition to his studies in astronomy, Kozyrev in 1958
introduced the “causal or asymmetrical mechanics” [5] that
takes the physical properties of time into account. Continu-
ing this research, he described his many years of experimental
research on this topic [6, 7]. In particular, Kozyrev arrived at
the conclusion about the possibility of astronomical observa-
tions using the physical properties of time [8].

The apotheosis of this research were the astronomical ob-
servations using the 50-inch reflecting telescope of the Cri-
mean Astronomical Observatory, during which in 1977-1979
Kozyrev registered the effect of long-range action, i.e., the
instant transmission of signals from stars [9, 10]* His astro-
nomical observations were then reproduced and successfully
confirmed in 1989 [11,12] by a group of scientists, headed by
Iréne A. Eganova and Michael M. Lavrent’ev from the Sobo-
lev Institute of Mathematics (Novosibirsk).

Since the original two papers [9, 10] in which Kozyrev
reported the instant transmission of signals from stars were

*In these papers, Prof. Kozyrev, who usually did not have co-authors in
publications, had added the name of his laboratory engineer Victor V. Nas-
sonov (1931-1986) in recognition of his many years of assistance.

published in Russian, and the reports [11, 12] confirming his
results are only short communications from the USSR Acad-
emy of Sciences (in English), we must first explain the details
of Kozyrev’s astronomical observations.

Based on his previous research into the causal or asym-
metric mechanics [5], Kozyrev concluded that time has differ-
ent speeds at different points of space depending on the active
processes of destruction or creation (increase or decrease in
the level of entropy) at these points! Kozyrev considered the
field of distribution of time speeds around active processes
of destruction or creation as one of the physical properties
of time, which he called the field of time density [6,7]. By
this he meant that time is not just the fourth coordinate of
space-time, but a real physical field, the non-uniformity of
which can affect physical bodies and the processes occurring
in them. Therefore, Kozyrev concluded, around any star there
must be a field of time speeds (a field of time density) due
to the active processes of destruction (loss of organization of
stellar substance) occurring in it.

Since time does not spread, Kozyrev reasoned, but ap-
pears instantly throughout the entire three-dimensional space
of the Universe (which is an instant three-dimensional section
of space-time at the moment of observation), therefore the or-
ganization lost by stars can be transmitted from them by the
field of time density instantly over any distance. The effect of
this transmission must decrease inversely proportional to the
square of the distance between the points of departure (a star)
and arrival (a detector), i.e., inversely proportional to the area
of a sphere as it should be in a space of three dimensions.

As a result, Kozyrev expected that the field of time den-

" This is similar to how, in the space-time of General Relativity, the inter-
vals of physically observable time are shortened (compared to the intervals
of time in unperturbed space) depending on the potential of the gravitational
field that fills the space and on the speed of rotation of the space itself.
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sity created by any star can instantly initiate microprocesses
of creation (organization) in a physical detector placed at the
focus of a reflector telescope:

This idea was confirmed by the astronomical observations
performed by him in 1977-1979 (with the assistance of his
laboratory engineer Nassonov) on the 50-inch reflecting tele-
scope of the Crimean Astronomical Observatory [9, 10].

As a detector, Kozyrev used a metal-film resistor built into
a Wheatstone bridge (and later — a thermocouple) installed
in the focal plane of the telescope directly behind the narrow
slit usually intended for a spectrograph, parallel to the slit.
The slit was sawn in a 1-cm thick aluminum plate. Its width
was 0.25 mm = 2" in the sky. To increase the angular resolu-
tion of the observations, the slit (and detector) were oriented
perpendicular to the daily motion of the celestial sphere. The
detector and the entire measuring system were reliably iso-
lated by a 1-cm thick aluminum case from external tempera-
ture influences, as well as from the influences of various pro-
cesses in the telescope tower and beyond, so that random fluc-
tuations from external influences registered by the detector
were rare and did not affect the planned astronomical observa-
tions. The light from the observed astronomical objects was
reliably shielded by a shutter made of black dense cardboard
used in the packs of photographic plates, installed together
with a thin glass plate in front of the slit (the thin glass plate
covered the slit to prevent air circulation from the telescope
into the measuring system).

Once the telescope was pointed at a point in the sky in
front of a star, close to its visible position, Kozyrev slowed
down the telescope’s guiding mechanism slightly, causing the
slit (and detector) installed in the focal plane of the telescope
to slowly “scan” the sky in front of the visible star toward it
along the right ascension.

Kozyrev proposed this method of observation, because his
target was the true position of the visible stars at the moment
of observation, which could be registered by the detector only
in the case of instant transmission of signals through the field
of time density. Whereas the visible position of a star in the
sky is in the past, at the moment of time when the star emitted
the light signal that we see in the form of its visible image.
In other words, the visible position of a star “lags” relative
to its true position in the sky, which is ahead of it, by the
angular distance travelled by the star in the sky (due to its
own motion relative to other stars) until the light emitted by
the star reached an observer on the Earth and thereby created
the visible image of the star.

The true position of a star can be calculated relative to its
visible position, knowing the tangential velocity of the star
relative to the Solar System (and the Earth) and the distance to
the star, calculated based on its trigonometric parallax’. These

*Since the glass of lenses, like any amorphous material, should absorb
this effect, a refractor telescope is not applicable for this task.

This is the very small angle at which the radius of the Earth’s orbit is
seen from the star. If you measure the position of a star relative to other stars
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data, obtained through astrometric observations over the past
two centuries, can be found in astronomical catalogues and
yearbooks.

The first series of astronomical observations according to
the mentioned “scanning” method was performed by Kozy-
rev and Nassonov in October 1977. They immediately found
that the detector responded reliably to the true position of the
observed stars. The results were published in the paper [9].

In addition, the detector also responded to the visible po-
sition of the stars (where they are visible in the sky), de-
spite the fact that it was reliably shielded from their light (see
above). The difference in angular distance between the true
and visible positions of the stars measured using the detector
Aa,p, and A, calculated from astronomical catalogues (both
along the right ascension @) was in the range of 1” to 4”,
which is comparable to the slit in front of the detector (it se-
lected 2" on the celestial sphere, see above).

Table 1 shows the results of these astronomical obser-
vations. In Table 1, in addition to Aa,, and Aa. explained
above, Aaqg is the angular distance between the true and vis-
ible positions of the stars, corrected for the value A, of their
annual aberration* along the right ascension

Ao = Aa — A,,

and the parallax 7 of each star is calculated based on its own
annual angular displacement 1, with respect to other stars and
the celestial coordinates along the right ascension

r =326+t

Aag

Besides the stars, they observed Jupiter, Mars, and Venus.
Jupiter showed no effect on the detector. Mars showed the
same effect as Venus (see Table 1).

An anomaly was the star | Per, for which the observations
yielded an abnormally large value of Aao, — A, = +28” that
most likely corresponded to another faint object located near
this star.

The value of Aey = Aa — A and the parallax 7 calculated
from the measured distances Ay, for three stars having small
unknown parallaxes are given in square brackets.

It is interesting that the detector responded to both the true
and visible positions of the stars even when the telescope’s
main mirror was covered by a shutter that reliably screened
the light. In this case, the magnitude of the registered effect
was weakened to the same extent for both the true and visible
positions of the stars. “Consequently, the influence of the vis-
ible image [in this experiment] is not related to the light, but
only coincides with its direction” — Kozyrev wrote [9].

in the sky several times during one year, when the Earth is at different points
in its orbit around the Sun, the star will appear slightly offset relative to the
other stars. Half of this apparent angular displacement of the star over the
course of a year is called its trigonometric parallax.

 Annual stellar aberration A is the observed displacement of stars from
their actual positions on the celestial sphere, caused by the Earth’s motion
along its orbit around the Sun.
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Star Stel.lar Spectral x o Aas, Date .
magnitude class of observation
B Tri 3.08 As 07012 | +0”.150 | +39” 12 October 1977
A Tau 3.8-4.1 B; —-0”.009 | —0".006 ? 23 October 1977
o Tau 1.1 Ks 07.048 | +07.069 | +5 22 and 23 October 1977
v Psc 3.85 Ko 07.025 | +0"756 | +95 22 October 1977
 Psc 4.03 F;s 07.012 | +0".147 | +15 22 October 1977

Table 2: Four stars that had no effect on the detector, and also the star o Tauri, whose effect
was found to be variable. October, 1977. Quoted from the original publication [9].

Four of the observed stars had no effect on the detector,
most likely due to the low sensitivity of the signal registering
system used in the observations. They are listed in Table 2.

In addition, Kozyrev concluded that the star o Tau most
likely emits a variable time density. This explained the fact
that, as is seen from Table 1 and Table 2, this star produced
a very strong effect on October 8, then its influence on the
detector halved on October 13, and there was no influence on
October 22 and 23.

In the second series of the astronomical observations, Ko-
zyrev and Nassonov increased the sensitivity of the signal
registering system by almost one order of magnitude, and
also extended the area of the sky subject to “scanning” near
each observed star. The latter was due to the fact that, as Ko-
zyrev reasoned, since the detector responded to the signals
transmitted instantly through the field of time density from
the true position of the star (where it is at the present mo-
ment of time) and from its visible position in the past (along
the trajectory of the light coming from it), then the field of
time density should also instantly transmit the signals com-
ing from the star and along the “reverse trajectory of light”,
along which the position of the Earth at the present moment
of time is visible from the star located in the future.

In other words, the detector must respond to the signals
transmitted instantly through the field of time density from
three points in the sky associated with each observed star:

1. The visible (past) position of the star, where it was in
the past when it emitted the light signal that we see at
present as its visible image in the sky;

2. The true position of the star, where it actually is at the
present moment of time;

3. The position of the star in the future, symmetric to its
visible position in the past with respect to its true posi-
tion in the sky.

The signals coming instantly through the field of time
density from the first position of a star (its visible position
in the past) indicate that the star not only exists at the present
moment of time, but in fact continues to exist as a real object
in the past. Whereas the third position of the star (in the fu-
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ture) makes it possible to instantly observe the future of the
star as an already existing reality.

This second series of the astronomical observations was
performed during the spring and autumn of 1978, and also in
May 1979, using the same 50-inch reflecting telescope. The
results were published in the paper [10]. They are shown here
in Table 3, where Aj a,, means the observed angular distance
between the true position of the star (where it is at the present
moment of time) and its visible position (in the past), while
Ay, is the observed distance between the symmetrical po-
sition of the star in the future and its visible position (theoret-
ically, it should be Ay o, = 2A; @op)-

The detector responded to all three mentioned positions
of each observed star (except only  Persei).

As previously in 1977, in the first series of the observa-
tions, L Persei showed an anomaly: the detector did not re-
spond to its true position (in the middle between its positions
in the past and in the future), but reliably detected its position
in the future Ay @ = +59”. Most likely this star has variable
activity and was weakened during the season of these obser-
vations.

Since the values of the stellar aberration A differ in spring
and autumn (due to the Earth moving in different directions in
its orbit), the values of A for a Lyrae differ greatly in spring
and autumn (A even changes its sign). This also led to a corre-
sponding change in the sign of the measured values of A aqp
and Ay a,p, in full agreement with the theory.

In addition to the stars, the aforementioned “scanning”
method of astronomical observations was also used to ob-
serve extended astronomical objects: the globular cluster M2
in Aquarius, the globular cluster M13 in Hercules, and the
galaxy M31 (Andromeda Nebula). Since these are not point-
like objects (unlike stars) and they are not uniform, then scan-
ning each one creates three non-uniform profiles of it, corre-
sponding to its past, present and future, which are superim-
posed on each other. As a result, in the scan of each of the ex-
tended astronomical objects, the hills of maximum influence
on the detector were split into three peaks corresponding to
the past, present and future. These scanned profiles, which
were non-uniform in structure, also showed a decrease in the
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Stellar Spectral Date
Star magnitude | class 4 Ha Ao Aa Aa Aoy | Ao of observation
10 UMa 4.1 Fs 070715 | -07.436 | -20” -9” -29"+1 -28” -57" 13 April 1978
o Leo 1.3 Bs 07.039+7 | —07.248 | =20 | —-12” | -32"+4 -35” -70” 7 April 1978
-4 —-24"+4 -26" -50” 8 May 1979
v Boo 3.0 Fo 07.016+7 | —0".115 | —=23” | =20" | —-43"+7 -50” -97” 24 April 1978
€ Boo 2.7 Ko 07.013+7 | —07.049 | —-12” | -20” | -32"+6 -35” -67" 13 May 1979
o Lyr 0.14 Ay 07.123+5 | +0”.200 | +5” =27 +3"+0 +5” 20 October 1977
-18” -137+0 -12” -23” 14 May 1979
L Per 4.2 Gy 07.084+5 | +17266 | +48" | -17” +317+2 no +59” | 22-23 October 1977
7 Per 4.1 Gg, As | 07.012+£5 | 07.000 0 -20" | +20"+0 =27 —46” 3 November 1978
E? Agr 4.4 F, 07.013+5 | +07.204 | +50” | —11"” | +39”"+13 +42” 23 October 1977
+38” +80” 29 October 1978
B Peg 2.1-3.0 M, 07.015+5 | +07.188 | +39” | —14” | +25”+13 +26” 20 October 1977
+35” +60” 29 October 1978

Table 3: Results of the second series of Kozyrev’s astronomical observations. The detector responded to three positions of each
observed star (except L Persei): its position in the past (visible position), in the present (its true position), and in the future symmetrical
to its visible position in the past. Spring and autumn 1978, and also May 1979. The values of A; @,, measured in the first series of the
astronomical observations (October 1977, see Table 1) are given as a reference. Quoted from the original publication [10].

Star bid Mo Aag Ay Aa, Aoy
B Peg 070155 | 0”217 | 47716 | +33"52 | +13”6 | +12".6+1"3
fpAnd | 070435 | 07220 | 16”72 | +41”58 | —24"9 | -25"4+1"7
0And | 070246 | 0”162 | 22700 | +39”51 | -17"5 | =20".2+2"5

Table 4: Results of the testing astronomical observations conducted by Eganova
and Lavrent’ev. 13 October 1989. Quoted from the original publication [11].

magnitude of the effect near the centre of each extended as-
tronomical object: Kozyrev explained this by the supposition
that where the stellar density is very high, there is a strong
absorption of the field of time density [10].

It should be noted that although we unfortunately were
not personally acquainted with Prof. Kozyrev (we read these
publications already after his death), one of the authors of this
paper, Dmitri Rabounski, visited Victor Nassonov twice at his
apartment in St. Petersburg in 1985 shortly before his sudden
death (at that time, Nassonov headed a laboratory at an indus-
trial company). Nassonov demonstrated the recordings of an
automatic recorder used in the last series of the astronomical
observations (instead of the pointer galvanometer used at the
initial stage). The recorded tapes clearly indicated three peaks
of the signals, recorded for each of the observed stars and
corresponding to its successive positions in the past, present
and future on the celestial sphere.

It is no wonder that other scientists also took notice of
these astronomical observations. In 1989, Iréne A. Eganova
and Michael M. Lavrent’ev, Director of the Sobolev Insti-
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tute of Mathematics (Novosibirsk) and a Fellow of the USSR
Academy of Sciences, decided to reproduce Kozyrev’s astro-
nomical observations. Their collaborators at the Institute in
Novosibirsk reproduced Kozyrev’s experimental setup, then
Eganova and Lavrent’ev, together with their research group,
performed testing astronomical observations according to
Kozyrev’s method on the same 50-inch reflecting telescope
of the Crimean Astronomical Observatory. To be more confi-
dent in the result, they scanned the area of the sky near each
observed star not only in one direction (as Kozyrev did), but
also in two directions (there and back). Excerpts from their
testing observations of the stars 3 Pegasi, B Andromedae and
0 Andromedae are shown in Table 4, quoted from their first
short report [11].

In their second short report [12], Eganova and Lavrent’ev
reported the registration of signals coming from the true po-
sition of the Sun preceding the visible one by 2°4’.6 (four
visible diameters of the Sun) — the angular distance travelled
by the Sun in 8.3 minutes, during which the light emitted by
it reaches the Earth. The detector was installed in the focal
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plane of a small 4-inch reflecting telescope, the main mirror
of which was reliably shielded from the light coming from the
Sun, and the signal registering system was protected from so-
lar thermal effects. The detector in one series of the observa-
tions was a metal-film resistor built into a Wheatstone bridge
as before. According to the records of scanning the near-solar
space, the resistor responded to both the true and visible po-
sitions of the Sun, as when observing the stars. In the second
series, it was a container with Escherichia coli bacteria in the
state of anabiosis, which they exposed to the true position of
the Sun for 3 minutes, while a control container with bacteria
of the same brood remained in the laboratory. It was found
that after exposure to the true position of the Sun, the number
of viable cells increased by 1.2-3 times (depending on the
specific brood).

“Not a single fact was found that contradicted Kozyrev’s
observations, however, further research is required to confirm
his conclusions regarding the properties of the observed ef-
fect” — they concluded [11]

Indeed, one cannot but agree with this conclusion. Yes,
the effect discovered by Prof. Kozyrev was weak and his as-
tronomical observations were difficult to reproduce. On the
other hand, this was not a single unique experiment. The dis-
covered effect was registered on many stars over several years
and was confirmed by astronomical observations of an inde-
pendent group of scientists.

We must therefore carefully search for a theoretical basis
that could explain the instant transmission of signals in the
framework of modern theoretical physics. A theory of this ef-
fect could determine the key physical factors of this process,
and, accordingly, determine methods for enhancing these fac-
tors in order to create a new industrial technology of commu-
nication and transport.

This was one of the reasons why we started our own the-
oretical research on this topic in the mid-1980s and why we
are now writing this article.

2 Theoretical explanation

In fact, Kozyrev’s astronomical observations showed that sig-
nals from each star in the real space-time are instantly trans-
mitted to the observer from its three positions in the sky: its
visible position in the past (along the trajectory of light), its
true position at the moment of observation and its position in
the future (along the “reverse trajectory of light”).

Kozyrev originally believed [13] that the results of his
astronomical observations could be interpreted in the frame-
work of the four-dimensional Minkowski space (which is the
space-time of Special Relativity). He proceeded from the fact
that the four-dimensional metric (four-dimensional distance

*Their reports [11,12] were published in the short communications from
the USSR Academy of Sciences, known as Doklady Akademii Nauk SSSR,
which is a highly influential and prestigious scientific journal, intended only
for the Academy Fellows (or for the communications personally recom-
mended by them) and published in English since 1956.
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between two adjacent points) in the Minkowski space is ex-
pressed in the form

2
ds? = Adi? — di? — dif — d? = Fdi? (1 - V—z)
)

where v is the velocity of a signal in the three-dimensional
space. Kozyrev argued that the four-dimensional distance in
the Minkowski space, say, between a star and an observer, is
zero ds =0 along three world lines. The line dt =0, coincid-
ing with the three-dimensional space of the observer, indi-
cates the true position of the star, where we would see it if
light travelled instantly. The line v = +c indicates the posi-
tion of the star in the past, when it emitted the light signal
that we see as its image in the sky. The line v = —c indicates
the position of the star in the future, symmetrical to its visible
position in the past (with respect to its true position), when
the light signal emitted from the Earth reaches it.

However, this statement by Kozyrev does not correspond
to the geometry of the Minkowski space (Kozyrev was an out-
standing astronomer of the 20th century, but was not familiar
with Riemannian geometry). Below we show why and how
the instant transmission of signals is explained in the space-
time of General Relativity.

Definition: Instant transmission of a signal means that the
interval of physically observable time, registered by the
observer between the sending of the signal and its ar-
rival, is zero. In other words, the physically observable
time of an instantly transmitted signal, registered by the
observer, stops.

Physically observable quantities in the four-dimensional
pseudo-Riemannian space (the space-time of General Rela-
tivity, a particular case of which is the Minkowski space) are
defined as the projections of four-dimensional generally co-
variant quantities onto the three-dimensional spatial section
and the time line associated with an observer. Such physically
observable projections are invariant throughout the observer’s
spatial section (his observable three-dimensional space), de-
pend on its geometric and physical properties, and are, there-
fore, called chronometric invariants [14—17].

Thus, the interval of physically observable time dt regis-
tered by an observer is the projection of the four-dimensional
displacement vector x* (a = 0, 1,2, 3) onto his time line

1 .
dt = \Jgoo dt — = v;idx',

where dt is the interval of coordinate time, which would be
counted by the observer in the absence of disturbing factors,
the time (zero) component goo of the fundamental metric ten-
SOr gop is expressed with the potential w of the gravitational
field that fills the space of the observer

W
\/goo=1—c—2, w=c*(1-+go),
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and v; is the three-dimensional vector of the linear velocity of
rotation of the observer’s space

Cgoi

o' =—cg” Voo

which is caused by go; # 0 (meaning that the observer’s spatial
section is non-orthogonal to his time line) and therefore it
cannot be eliminated by coordinate transformations along the
spatial section of the observer.

The physically observable three-dimensional interval do
is determined as

do? = hy dx'dxk,
where
hik - _ gik’

i _ e
hi = —gix + — vive, hy, = 0,

2
is the physically observable three-dimensional metric tensor,
which is the projection of the fundamental metric tensor g
onto the spatial section of the observer and possesses all its
properties throughout his spatial section (three-dimensional
observable space). Thus, the square of the four-dimensional
(space-time) interval ds? = g, dx“dxP expressed in terms of
physically observable quantities has the form

ds? = cdr? - do?.

In the Minkowski space, as is seen from the Minkowski
metric that above, ggo =1 that means the absence of gravi-
tational fields (the gravitational potential is w =0), and also
go; = 0 meaning that the three-dimensional space (spatial sec-
tion) is everywhere orthogonal to the time lines piercing it,
and, hence, it does not rotate (v; =0). Therefore, the interval
of physically observable time dt, which is registered by an
observer in the Minkowski space, is always

dr =dt.

This fact, in particular, means that in the Minkowski space
(the space-time of Special Relativity) there are no geometric
or physical disturbing factors that could cause stopping phys-
ically observable time. In such a space, the concept of stop-
ping time is essentially absent: according to the geometry
of the Minkowski space, the physically observable time co-
ordinate registered by the observer is dx®=cdr=cdt, ie., it
changes absolutely uniformly throughout the space along the
directrices of the light cone of the observer at a speed equal
to +c (the plus sign takes place when counting time into the
future, and the minus sign — when counting time into the
past). The physically observable time interval in the Minkow-
ski space is zero dx” =cdt=0 only at the space-time point,
where the vertices of the light cones of his past and future
converge (i.e., only at the point of his observation), but not
along any three-dimensional path between him and another
object in space (say, a star). Consequently:
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Since stopping physically observable time in the Min-
kowski space is in principle impossible due to the fact
that its geometric structure does not contain disturbing
factors that could stop time, the geometric structure of
the Minkowski space itself does not allow instant trans-
mission of a signal.

On the other hand, despite the error in Kozyrev’s theoret-
ical explanation [13], the results of his astronomical observa-
tions indicate that instant transmission of signals from stars is
an ordinary phenomenon in the real space-time.

Another case — the space-time of General Relativity, be-
cause it allows all conceivable disturbing factors character-
istic of pseudo-Riemannian spaces due to their Riemannian
geometry.

We considered the conditions for stopping physically ob-
servable time in the space-time of General Relativity in our
works on the theory of non-quantum teleportation, which we
began in the late 1980s and continue to this day. Everything
that follows is based on the theoretical background, published
in 2001 in our research monograph [18], and then — in our
subsequent papers [19-21].

Derive the physical conditions that stop observable time.
From the definition of the interval of physically observable
time dt in the space-time of General Relativity (see above),
we obtain that the physically observable time stops for an ob-
served object (dt =0) under the physical conditions

w+ou =2,

determining the necessary combination of the potential w of
the gravitational field that fills the space, the linear velocity v;
with which the space rotates, and also the coordinate velocity
u'= % of the object with respect to the observer.

These physical conditions at first glance seem exotic for a
regular laboratory: an extremely strong gravitational potential
and speeds close to the speed of light. However, these condi-
tions that stop observable time are realized inside every phys-
ical body in the range from elementary particles to planets
and stars. And we will now show why.

Since every physical body possesses mass, its gravita-
tional field has a breaking at a distance from its barycentre,
which is equal to its gravitational radius r, =2GM/c? calcu-
lated for its mass M. For instance, at =7, from the barycen-
tre, the zero (time) component ggo of the fundamental metric
tensor of the Schwarzschild mass-point metric

2
ds? = (1 - @) dp - 4

r

= r?(d0? + sin’0 dg?),

which describes the space of a massive spherical body appro-
ximated by a material point, is zero

,
goo=1--==0.
p
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Therefore, the potential of the gravitational field of every
physical body on a spherical surface of the radius 7, around
its barycentre is

w =c? (1 —+fgoo) = ¢,

which is the same in the space of a rotating massive spherical
body, because the component ggy has the same formula for
these two spaces. You can see this from the space metric of a
massive spherical body that rotates along its equatorial coord-
inate axis ¢ with a constant angular velocity w = const, which
was introduced and proved in [22]

r, ¥,
ds? = (1 - —9) Ade? - 20r%sin?0 (1 - L drdy -
r r

dr?

1-5
-

— r(d0? +sin?0 dy?).

Such a tiny spherical surface, we concluded in our previ-
ous paper [23], exists around the barycentre deep inside ab-
solutely every physical body simply because physical bodies
possess mass.

The condition w = ¢~ means stopping physically observ-
able time dt =0, which is also the condition for instant trans-
mission of signals, if the body does not rotate (v; =0). This
means that the condition for instant transmission of signals
(dt =0) is satisfied on the spherical surface r =, around the
barycentre of every non-rotating body. For rotating bodies,
dr =0 is satisfied under w + v;u’ = ¢ (see above). Therefore,
since dT =0 in this case is satisfied at a lower value of the
gravitational potential w due to the second term caused by
the rotation of space, the condition for instant transmission
of signals is satisfied inside every rotating body on a sphere
enveloping its barycentre slightly above the radius 7.

Thus, we arrive at the conclusion:

2

According to General Relativity, the condition of in-
stant transmission of signals is satisfied on a tiny spher-
ical surface of the gravitational radius (for non-rotating
bodies) or slightly above it (for rotating bodies), exist-
ing around the barycentre deep inside absolutely every
physical body in the range from elementary particles to
planets and stars.

The path along which signals can be instantly transmitted
in the pseudo-Riemannian space is determined by the condi-
tion of instant signal transmission (d7=0) and is described
by the obvious equation

T = const,

which describes trajectories along the three-dimensional spa-
tial section of the observer (his observable three-dimensional
real physical space), which is generally non-uniform, curved,
rotating and deformable. Along such trajectories, neither the
four-dimensional (space-time) interval ds nor the physically
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observable three-dimensional interval do- between the points

of departure and arrival of the instantly transmitted signal are

not equal to zero
Adr? = 0, ds® = c*dt® —do? = —do? # 0.

The resulting equation of trajectories for instant signal

transmission, together with the previous conclusion about the

location of the conditions for stopping observable time, lead
us to the conclusion:

The spherical surfaces, enveloping the barycentres of
all physical bodies at their gravitational radius (for non-
rotating bodies) and slightly above it (for rotating bod-
ies), on which physically observable time stops, are
all connected to each other by trajectories of stopping
observable time. Signals, instantly transmitted along
these trajectories, instantly connect all physical bodies
in the Universe.

Trajectories of this type instantly connect any ob-
server with stars and indicate the middle (true) position
of stars, which was registered in Kozyrev’s astronomi-
cal observations.

Note that, as we have already mentioned above, this type
of trajectories for signals do not take place in the Minkowski
space of Special Relativity (where there is no disturbing fac-
tors that could cause stopping observable time). Such trajec-
tories take place only in the space-time of General Relativity
(since it allows all disturbing factors that are conceivable due
to its Riemannian geometry).

Let us now find the trajectories that indicate the instant
transmission of signals from the visible (past) position of stars
and their position in the future (symmetrical to their visible
position) in Kozyrev’s astronomical observations. Presum-
ably, these should be trajectories on the surface of the light
cone: on its half (for signals coming to the observer from the
visible position of the star in the past) and on the upper half
(for signals coming from the symmetrical position of the star
in the future). Therefore, we will first check this assumption
by considering the light cone equation.

The light cone equation is the equation of trajectories ly-
ing on the surface of the light cone in the four-dimensional
pseudo-Riemannian space (which is the space-time of Gen-
eral Relativity). It is determined according to the definition
of the light cone by the condition

ds? = 2dr* —do? =0, ctdr? = do? # 0,
which means that the four-dimensional intervals on its sur-
face (i.e., along its directrices) are zero, while the intervals
of physically observable time and the physically observable
three-dimensional spatial intervals are equal to each other, but
not equal to zero. Substituting the definitions of dr and do
(see above) into the light cone condition c%dr? =do? and re-
ducing similar terms, we obtain the light cone equation in the

Rabounski D. and Borissova L. On the Astronomical Observations of Instant Transmission of Signals from Stars



Issue 2 (December)

PROGRESS IN PHYSICS

Volume 21 (2025)

pseudo-Riemannian space
goo Adr -2 V900 v; dx'dr + Jik dxidx* = 0.

In the Minkowski space metric (see it in the very begin-
ning), we have go =1, go; =0 (and, hence, v; =0), and also
gir =—1. Substituting these values into the general formula
of the light cone equation above, and since df # 0 (as we have
already explained, observable time cannot be stopped in the
Minkowski space, because its geometric structure does not
contain disturbing factors that could stop time), we obtain the
light cone equation in the Minkowski space

1 .
(1 + = giku’uk)dtz =0, dr#0,
(&

where u' = % is the coordinate velocity of a signal. Because

goo = 1 and v; =0 in the Minkowski space, (v; = 0), we have

1 .
dt = +fgoo dt — — vidx' = dt,
c

1
hix = —gix + =3 Vilk = Yk

and, therefore, the square of the physically observable veloc-
ity of the signal v/ = 4= has the form v? = hy vivk = — gy u'u®.
As a result, the light cone equation in the Minkowski space

has the form
2
(1 - V—z)dtz =0,  di#0,
c

which means

vi=xc v = —gpcick = ¢* = inv,
where the plus sign refers to signals travelling into the future,
and the minus sign — if signals travel into the past. There-
fore, we conclude:

Signals on the surface of the light cone in the Minkow-
ski space (which is the space-time of Special Relativ-
ity) are not transmitted instantly. They travel with the
same (constant) physically observable velocity equal to
the velocity of light.

Let us turn back to the above general formula of the light
cone equation in the pseudo-Riemannian space (which allows
all disturbing factors that are conceivable due to its Rieman-
nian geometry). It can be easily transformed using the defini-
tion of dt to the form

V2 >
(1 - C—z)dT = 0,

which differs from the above formula of the Minkowski space
in the disturbing factors ggo # 1, go; #0 (and, hence, v; #0)
and gy # —1 that are characteristic of the pseudo-Riemannian
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space metric and manifested, in particular, in the physically
observable time interval dt, the physically observable veloc-
ity of signals v’ and the physically observable metric tensor
hix determining v2 = hy vivk.

This condition is satisfied, since dt # 0 on the surface of
the light cone®, only if the observable velocity of signals is

vi=+c',

. 1 .
v2 = hycick = (—gik +—= vivk) clcf = ¢? = inw,
c
where the plus sign means their travel into the future, and the
minus sign — their travel into the past. This means:

Signals are not transmitted instantly on the surface of
the light cone in the pseudo-Riemannian space (which
is the space-time of General Relativity), but travel with
the velocity of light, the physically observable three-
dimensional vector of which depends on the disturbing
factors characteristic of the pseudo-Riemannian space,
while its square remains invariant. Their trajectories
coincide with the trajectories travelled by light signals
in the Minkowski space in the absence of the disturb-
ing factors, i.e., when the non-uniform, curved, rotating
and deformable light cone of the pseudo-Riemannian
space has became the straight and uniform light cone
of the Minkowski space.

In other words,

Neither the straight and uniform light cone in the Min-
kowski space of Special Relativity nor the disturbed
light cone in the pseudo-Riemannian space of General
Relativity are home of the instantly transmitted signals
that indicated the visible and future positions of stars in
Kozyrev’s astronomical observations.

We therefore consider trajectories, along which a stronger
condition is satisfied than the aforementioned light cone con-
dition (ds® =c?dr? —do? =0, ¢?dr? =do? #0). This is the
condition

ds? = 2dr* —do? = 0, c2dr? = do? = 0.

Since along such trajectories the four-dimensional inter-
val ds, the physically observable time interval dt and the
physically observable three-dimensional spatial interval do
are zero, i.e., all these intervals degenerate along such trajec-
tories, we called their home space a fully degenerate space,
or in other words — a zero-space [18-21].

In particular, since trajectories in the zero-space associ-
ated with the pseudo-Riemannian space of General Relativity

“Except for a single space-time point, which is the location of the ob-
server himself (at this point, the vertices of the light cones of his past and
future converge). In this case, the point of signal emission and the location
of the observer coincide and, therefore, the observable time interval between
the emission of the signal and its arrival is always d7=0.
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is a fully degenerate (ultimate) version of trajectories on the
surface of the light cone, the zero-space is in fact a fully de-
generate light cone.

Since from the point of view of a regular observer dr =0
is everywhere in the zero-space (which is a fully degenerate
light cone), then the motion of signals along their trajectories
in the zero-space is observed by him as an instant transmis-
sion of these signals in his observable (non-degenerate) space
along trajectories on the surface of the regular light cone.

In confirmation of what has been said, we transform the
light cone equation to a form that takes into account the phys-
ical conditions of full degeneration w +v;u’ = ¢?, which are
also the physical conditions that stop observable time (dt =0,
see above). The resulting form of the light cone equation

2

1 Nk
{[1—§(W+viul)] _bct_z}df2=0, dr#0

is satisfied at every point on the surface of the light cone. Here
u' = % is the signal’s coordinate velocity (for which we have
w=- Jik u'u®), and dt is the coordinate time interval (it never
becomes zero, see explanation above). Under the conditions
of full degeneration w + v;u’ = ¢?, when observable time stops
(dv=0) from the point of view of an external observer, the
above light cone equation transforms into the degenerate light
cone equation that is also the zero-space equation

M2
(1 - —z)dﬁ =0, di#0,
C

meaning that signals travel in the zero-space with the coor-
dinate velocity of light, while they are observed as instantly
transmitted signals by an external observer, whose home is
the regular (non-degenerate) space-time.

In particular, the above means the following. Since the
zero-space is a fully degenerate (ultimate) version of the light
cone, signals can enter the zero-space and return back from
there at any point on the surface of the light cone if the phys-
ical conditions for full degeneration are somehow realized at
that point. For example:

Let us say that at the point of emission of a signal to-
wards an observer at the moment of its emission the
physical conditions of full degeneration are somehow
realized, and these conditions are also realized in the
receiving device of the observer. Then the observer will
register that the signal has disappeared at the emission
point and was instantly received by his receiver, while
the visible path along which the signal was instantly
transmitted is the trajectory of light signals between
him and the emission point (despite the fact that the
signal itself was transmitted along a trajectory lying in
the fully degenerate zero-space).

Such trajectories, instantly connecting any observer
with stars, indicate the visible (past) position of stars
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and their position in the future (symmetrical to their
visible position), which was registered in Kozyrev’s as-
tronomical observations.

Thus, all three positions of stars, which were indicated by
instantly transmitted signals in Kozyrev’s astronomical obser-
vations, have been explained in the pseudo-Riemannian space
(space-time) of General Relativity. In the Minkowski space,
which is the space-time of Special Relativity, Kozyrev’s re-
sults have no explanation, because the Minkowski space does
not contain disturbing factors that could stop time or fully de-
generate the entire space-time.

3 Conclusion

In this article we discussed the phenomenon of instant trans-
mission of signals from stars (long-range action), discovered
in the astronomical observations performed in 1977-1979 by
Prof. N. A. Kozyrev [9,10], then — reproduced and confirmed
in 1989 by a group of scientists, headed by 1. A. Eganova and
M. M. Lavrent’ev [11, 12]. We also gave our own theoretical
explanation to Kozyrev’s observed results in the framework
of General Relativity.

We have shown that the geometric structure of the Min-
kowski space (which is the space-time of Special Relativity)
does not contain disturbing factors that could stop time. And,
since stopping physically observable time along the trajec-
tory of a signal between the points of its emission and arrival
is a necessary condition for its instant transmission, signals
cannot be transmitted instantly in the space-time of Special
Relativity.

On the other hand, we have shown that observable time
can be stopped in the pseudo-Riemannian space (space-time)
of General Relativity, since it allows all disturbing factors that
are conceivable due to its Riemannian geometry. Such factors
are the gravitational field potential or the rotation of space
(due to the non-orthogonality of the three-dimensional spa-
tial section to time lines), or both of these factors presented
together.

We have shown that the condition of stopping physically
observable time is satisfied on a tiny spherical surface of the
gravitational radius (for non-rotating bodies) or slightly above
it (for rotating bodies), existing around the barycentre deep
inside absolutely every physical body in the range from el-
ementary particles to planets and stars. These spherical sur-
faces, enveloping the barycentres of all physical bodies are all
connected to each other by trajectories of stopping observable
time. Signals, instantly transmitted along these trajectories,
instantly connect all physically bodies in the Universe. Such
trajectories instantly connect any observer with stars and indi-
cate the middle (true) position of stars, which was registered
in Kozyrev’s astronomical observations.

We have also considered a fully degenerate (ultimate) ver-
sion of trajectories on the surface of the light cone, along
which physically observable time stops and, therefore, sig-
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nals travel instantly. Such trajectories make up a fully de-
generate light cone associated with the pseudo-Riemannian
space, which we called the zero-space. The motion of signals
along such trajectories (i.e., in the zero-space) is observed by
a regular external observer as their instant transmission in his
observable (non-degenerate) space along trajectories of light.
Once the conditions of full degeneration are somehow real-
ized at the point of emission of a signal towards an observer
and these conditions are also realized in his receiving device
(receiver), then he will register that the signal has travelled
instantly from the emission point to him along the trajectory
of light signals (while it travelled along a trajectory lying in
the fully degenerate zero-space). Such fully degenerate tra-
jectories also instantly connect any observer with stars. They
indicate the visible (past) position of stars and their position
in the future (symmetrical to their visible position), registered
in Kozyrev’s astronomical observations.

This is how Kozyrev’s astronomical observations of in-
stant transmission of signals from stars are explained in the
framework of General Relativity.

These results illustrate that, according to General Relativ-
ity, all physical bodies in the Universe, including you and us,
exist not only at the present moment in time, but are multidi-
mensional objects, the past, present and future of which are
an existing reality.

Submitted on June 28, 2025
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Origin of Cylindrically Oriented Zonal Flows in the Jovian Planets
as Dictated by Quantum Celestial Mechanics (QCM)
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The four Jovian planets in the Solar System have fluid bodies surrounding a solid core
and each exhibit several complex zonal flows with their atmospheres moving faster
than the planet rotation. Several research groups have proposed that these atmospheric
east-west zonal jet flows that are aligned with the axis of rotation are cylindrically con-
fined, as indicated by identifying gravity harmonics. I propose that the source of these
co-axial concentric cylidrical flow zones is dictated by quantum celestial mechanics
(QCM), which states that the equilibrium radius for each cylindrical band/zone within
the planet occurs where the Newtonian gravitational attraction balances the repulsive
QCM quantization of angular momentum per unit mass effect.

1 Introduction

The four Jovian planets in our Solar System are fluid bod-
ies surrounding a solid core. Fluid bodies do not rotate as
rigid bodies and, instead, exhibit complex zonal flows in the
atmospheres. Observational evidence of the Jovian planets
by spacecraft in the visible, the ultraviolet (UV), the infrared
(IR), and with magnetic field sensing, reveals atmospheric
east-west zonal jet flows in each hemisphere. For a review
that includes detailed diagrams of these zonal flows in the at-
mosphere down to a few thousand kilometers for Jupiter and
Saturn, see [1].

These bands/zones on Jupiter have been observed through
optical devices since the 1600s, but only via using data col-
lected by the Juno and Cassini orbiting spacecraft at Jupiter
and Saturn have researchers significantly improved our de-
scription of this complex zonal flow behavior.

Detailed analyses identifying gravity harmonics by sev-
eral research groups over the past decade and earlier have sug-
gested that the Jupiter and Saturn flows are probably aligned
with the axis of rotation and that cylindrical confinement is
essential for each distinct observed dynamic flow behavior.
Specifically, as one example, in Jupiter the 21° N jet provides
evidence that the flows extend inward cylindrically and not
much radially [2]. For the equivalent cylindrical flow behav-
ior on Saturn, see [3].

For all four Jovian planets, the flows penetrate cylindri-
cally downward, to a depth of about 3000 km in Jupiter, to
about 9000 km in Saturn, and to about 1000 km in Uranus
and in Neptune. More than one cylindrical flow region ex-
ists within each Jovian planet. As a very simplified sugges-
tion of the geometry being considered, Fig. 1 shows how two
possible co-axial concentric flow cylinders would penetrate
throughout a planetary sphere.

As these cylindrical regions rotate faster than the planet
rotation, there would be physical flow phenomena to be mea-
sured along the concentric circular regions where each cylin-
der pierces the surface. One should note that there would be
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Fig. 1: Two co-axial concentric QCM cylinders penetrating the
planet.

overlap among the cylindrical regions at most depths because
they each could have a radial thickness that increases with
depth within the planet.

The actual physics origin of such cylindrical regions for
the atmospheric flows within these Jovian planets has not
been identified. Some complex suggestions involving dy-
namical combinations of Coriolis effects, temperature gradi-
ents, pressure gradients, magnetic field influences, etc., have
been incorporated into existing models, but there has been no
definitive single source proposed for the cylindrical symme-
tries [4,5].

I propose that these co-axial concentric cylindrical flow
zones can exist within all planets because they are dictated
by the gravitational forces resulting from the quantization of
angular momentum per unit mass constraint of quantum ce-
lestial mechanics (QCM) [6]. Equilibrium radii for the con-
centric cylinders within a massive body such as a planet are
determined by both Newtonian gravitational attraction and a
quantization of angular momentum per unit mass repulsive
effect.

The equilibrium orbital radii of the planets of the So-
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lar System as well as the orbital distances for planets in all
known multi-planetary exosystems have been shown to obey
this angular momentum constraint dictated by QCM in the
Schwarzschild metric environment. Because each planet has
a Schwarzschild radius r, of a few meters or less, this quan-
tiztion of angular momentum per unit mass effect applies also
within the planets with the result being co-axial concentric
cylindrical rotating regions.

2 Some prior applications of QCM

For an abbreviated derivation of quantum celestial mechanics
(QCM) from the general relativistic Hamilton-Jacobi equa-
tion and some of its equations predicting gravitational effects
for bodies obeying the Schwarzschild metric, see the Ap-
pendix. Applications of QCM in other gravitational metrics
can be found in the original paper [6] and in several other of
the references [7-11].

We have used QCM to explain the spacings of plane-
tary orbits in the Solar System and in all known exoplanetary
systems [8]. Essentially, QCM predicts both the Newtonian
gravitational attraction and a repulsive effect [see (10) in the
Appendix] that together specify equilibrium orbital radii that
are a small subset of all possible Newtonian equilibrium or-
bital radii.

All known multi-planetary exosystems have been shown
to obey this angular momentum constraint dictated by QCM.
In the Solar System, we learned that the Oort Cloud, with
its angular momentum contribution being almost 50 times
greater than the angular momentum contributions of the plan-
ets plus the Sun, dictates the allowed equilibrium orbital radii
of the planets to explain why its large radial separations are
unique among the known planetary systems. Fig.2 shows a
sample of these exosystems obeying the angular momentum
constraint. Note that they have planets closer to their star than
the orbit radius of Mercury, and in some cases, they have a
Jupiter mass planet close-in!

After applying the gravitational wave equation (GWE) in
the Schwarzschild metric to planetary systems [8], we found
further applications to galaxies, clusters of galaxies [9], and to
the Universe. For the Universe [10], we determined an alter-
nate viable explanation of cosmological redshifts in a static
Universe in the interior metric, i.e. that a non-linear nega-
tive gravitational potential exists that agrees with the SN1a
data for an accelerating behavior. Our result suggests that the
clocks at the distant light sources tick slower than clocks at
the observer for all observers.

For the analysis of the Jovian planets, we will use the
same quantization of angular momentum per unit mass con-
straint dictated by QCM for the Schwarzschild metric given
by (8) in the Appendix, which becomes

L/,LlZWlLT/MT (])

for integer m and a gravitationally bound system total angular
momentum L7 and total mass Mr.
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Fig. 2: The QCM angular momentum per unit mass constraint ap-
plied to several mulit-planetary exosystems. The short line marks
the orbital radius distance of Mercury. The slopes are proportional
to the total angular momentum in the gravitationally bound systems.

The application of this QCM orbital quantization equa-
tion is not only for planets in the exterior space surrounding
the central massive object of mass M but also for the interior
volume within the mass for all equilibrium radii r,, greater
than the Schwarzschild radius r; > 2GM/c>.

In 2021, we investigated radial distances from the Earth’s
axis within the Earth itself to establish [11] that the Antarc-
tic Circumpolar Current (ACC), a significant water current
moving eastward completely around the Antarctic Continent
about 2 meters/second faster than the Earth’s rotation at its
latitude, exists at the m = 6 radial distance and is probably
being driven by our QCM effect. That is, the ACC lies at
the Earth’s surface where a QCM rotational co-axial cylinder
parallel to the Earth’s axis penetrates the surface from the in-
terior. Normally, one would expect a similar eastward water
current around the North Pole region at about the same North
latitude as the ACC, but land masses block such a continuous
water current.

Recent seismic research [12] has revealed also that deep
within the Earth, within its fluid outer core, lies a large donut-
shaped mass, i.e. a toroidal volume, thatrotates independently
about the Earth’s rotation axis at a different angular velocity
than the rest of the outer core. Located at nearly the same
radial distance from the Earth’s axis as the ACC, we are in-
vestigating whether this rotating donut could be driven by the
QCM gravitational force produced by the same cylinder with
m = 6 as for the ACC.

3 Jovian planet considerations

In this investigation we are analyzing much more complicated
dynamic systems involving planets with significant gaseous
atmospheres. We consider whether the rotational zone/band
structures of the Jovian planets, Jupiter, Saturn, Uranus, and
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Neptune, are produced by the above QCM angular momen-
tum constraint equations. Their Schwarzschild radii are all
less than 3 meters, so they are expected to have rotational
cylindrical regions co-axially parallel to the planet’s rotation
axis within their massive bodies.

However, unlike the Earth that is essentially dense solid
and liquid matter all the way to its total radius, the Jovian
planets each possess a fluid atmosphere that is a mixture of
gases that extends significantly into the planet from the “sur-
face”, which is defined to be where the pressure is 1 bar. This
atmospheric difference down to thousands of meters compli-
cates any analysis.

Fortunately, the combined effects of Coriolis forces, tem-
perature gradients, magnetic field movement, etc., have been
worked out in terms of Bessel functions and Legendre fun-
tions [1-3] for the geometry of the dynamic flows within the
band structures. What is absent, however, is the reason for the
existence of the proposed rotating co-axial concentric cylin-
drical regions within the rotating planets.

We will determine possible radii for the QCM co-axial
concentric cylinders from the angular momentum constraint
given by (1) based upon the physical parameters at each Jo-
vian planet and try to determine whether they are the source
of the cylndrical geometries for the atmospheric bands exist-
ing at the “surface”. That is, if the radii of the predicted cylin-
drical regions roughly agree with the radii of the atmospheric
zones/bands, we will consider that we have identified their
source. In order to simplify our derivation of the cylindri-
cal symmetry behavior within these planets, we will assume
a north-south symmetry approximation for these band/zone
regions, although there exists an obvious asymmetry in the
flow data when the northern and southern hemispheres are
compared.

Fig. 1 shows an example of only two co-axial concentric
cylinders for a spherical planet. Where each cylinder inter-
sects the “surface” is where the bands/zones should be. Be-
cause each cylinder has some width in the radial direction,
the widths of each cylinder can overlap more than one other
cylinder beneath the surface inside each planet, thereby cre-
ating a more complex environment than we will investigate.
These complexities are probably already incorporated into the
research models mentioned above.

4 Jovian planet analysis

If the planets were solid, their effective planet radii would be
easy to define. However, a planet such as Jupiter has a solid
core plus a liquid outer core region plus a significant lower
density additional atmospheric region. One needs to deter-
mine the effective radius R of the planet for the application
of the quantization of angular momentum per unit mass con-
straint in (1), which cannot be the radius Ry to the “surface”
because the atmosphere that occupies the outer radius is itself
being driven by the QCM effective force determined by the
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Table 1: Effective planet radius for the Jovian planets.

Planet « aR? R Ratio

(x10"%m?) | (x10’m) | R/Ro

Jupiter | 0.2756 3.0 3.26 0.455
Saturn 0.22 4.0 4.26 0.71
Uranus 0.33 1.5 2.55 1.0
Neptune | 0.33 14 2.46 1.0

dense inner regions.

Applying (1), we substitute vr for L/u on the left side,
with v being the tangential velocity of mass u at orbit radius
r, and substitute e MR2w/M for Ly /M7 on the right side, to
obtain the equilibrium radius expression

2= maR2,

2

where « is the moment of inertia coefficient, i.e. of «MR2,
and R being the effective radius. For a solid planet, R would
be the radial distance Ry to its physical surface, but for the
fluid Jovian planets, R may not be this distance.

We define an effective radius R to be the one that produces
the correct latitudinal distribution of bands/zones at the sur-
face of the planet. The effective @ MR? values for the four
Jovian planets are listed in Table 1. Note that for both Jupiter
and Saturn, the effective radius R is much less than the ac-
tual radius Ry of the planet as revealed in the ratio column,
whereas for Uranus and Neptune the effective radius is prob-
ably the total radius of the planet. Also recall that for both
Uranus and Neptune, the actual zonal latitudinal structures
have not been identified as well as achieved for Jupiter and
Saturn. Hopefully, more information will become available in
the near future to ascertain whether our results actually agree
with their band/zone structures.

The effective radius values in Table 1 are used to deter-
mine the 7., values predicted by (1) and their equivalent lat-
itudes for comparison to the data. The calculated values for
the QCM co-axial concentric cylinders within the planets as
listed in Table 2 for Jupiter and Saturn and in Table 3 for
Uranus and Neptune.

The predicted latitudes for the zones/bands are in rea-
sonable agreement with those at the surfaces of Jupiter and
Saturn, but we await further data for the zone/band data for
Uranus and Neptune.

Jupiter’s differential rotation angular momentum plus the
orbital angular momentum contributions from its moons pro-
duces Ly = 4.795 x 103 kg m?/s with a mass of My = 1.9 x
10?” kg. For Saturn and its moons, Ly = 7.109 x 10°” kgm?/s
for a mass My = 5.683 x 10%°kg. QCM predicts tangential
velocities vy for each co-axial concentric cylindrical equilib-
rium radius r,, based upon the equation

mLT

Vp = .
¢ ra,MT

3)
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Table 2: Radial equilibrium distances for Jupiter and Saturn

m Jupiter Saturn

reg (10m) | Lat® || r,, (10’m) | Lat®
1 1.73 75.98 2.00 70.53
2 2.45 69.97 2.82 61.97
3 3.00 65.19 3.46 54.78
4 3.46 61.02 4.00 48.19
5 3.87 57.20 4.47 41.84
6 4.24 53.60 4.90 35.25
7 4.58 50.14 5.29 28.16
8 4.90 46.75 5.66 19.38
9 5.19 43.39 6.00 0
10 5.47 40.00
11 5.74 36.60
12 6.00 32.95
13 6.24 29.22
14 6.48 25.00
15 6.71 20.20
16 6.93 14.25
17 7.14 0

Table 3: Radial equilibrium distances for Uranus and Neptune.

m Uranus Neptune

Teq (107m) | Laté Teq (107m) | Lato
1 1.23 58.64 1.18 61.46
2 1.73 47.40 1.54 51.43
3 2.12 33.96 1.89 40.08
4 2.45 16.56 2.18 28.04
5 243 10.33

Thus, for the Jupiter m = 15 and m = 16 zones/bands at
the 20.20° and 14.25° latitude flow regions, QCM predicts
tangential velocities v, of 5.65 X 10* m/s and 5.82 x 10* m/s,
respectively. The zonal winds near the equitorial surface of
Jupiter actually measure significantly lower values, having a
maximum of about 100 m/s. Therefore, dynamic effects such
as viscosity effects, etc., retard the flow in the atmosphere and
are probably the cause of these much, much lower measured
tangential velocity values than the predicted values.

For Saturn, for the m = 7 and m = 8 zones/bands at 28.16°
and 19.38°, QCM predicts 1.66 x 10*m/s and 1.77 x 10* m/s
tangential velocities, respectively. The data reveal much smal-
ler flow velocities of about 300 m/s in these regions. Again,
dynamic viscosity effects are probably reducing the predicted
velocities to the measured velocities.

5 Conclusion

The zones/bands in the atmospheric flow regions on the sur-
faces of the Jovian planets appear to be in co-axial concen-
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tric cylinders. These complex atmospheric flows possibly
penetrate into the planetary bodies to depths of thousands of
kilometers. Although a dynamical combination of Coriolis
effects, temperature gradients, pressure gradients, magnetic
field influences, etc., have been incorporated into existing dy-
namic models by several research groups, there has been no
definitive single source proposed for the apparent cylindrical
symmetries defining these flow regions.

Quantum celestial mechanics (QCM) has a gravitational
wave equation (GWE) that we previously had applied in the
Schwarzschild metric to predict rotating co-axial concentric
cylindrical regions within all massive bodies. For one ex-
ample, we applied the GWE inside the Earth to determine
that the Antarctic Cirumpolar Current (ACC), a water current
traveling eastward about 2 meters/second faster than Earth’s
rotation rate at its latitude, could be explained by the applica-
tion of the QCM quantization of angular momentum per unit
mass equation

L/u=mLy/Mr,

which relates an orbiting mass y of angular momentum L in
orbit in a gravitationally bound system to the total mass My
and total angular momentum Ly. When applied to all known
orbiting planets in multi-planetary systems, we established
that their planet orbital radii agree with this quantization of
angular momentum per unit mass constraint equation.

Upon applying this angular momentum constraint equa-
tion to the four Jovian planets, we identified co-axial con-
centric rotating cylinders for zones/bands at reasonable radii,
i.e. rotating cylindrical regions piercing the surfaces at nu-
merous latitudes roughly agreeing with observational data for
the zone/band locations as determined with observations by
telescopes and spacecraft.

Therfore, we suggest that the true source of the co-axial
concentric cylindrical flow regions in the Jovian planets has
been identified to be the result of the QCM combination of
Newtonian gravitational attraction and the repulsive effect of
QCM quantization of angular momentum per unit mass. An
improved understanding of the complex dynamics of these
flow regions can now be achieved in the near future.
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A Appendix: brief derivation of QCM equations

In 2003, Howard G. Preston and I introduced [6, 7] Quantum
Celestial Mechanics (QCM), which is derived from the gen-
eral relativistic Hamilton-Jacobi equation and a simple trans-
formation that maintains the equivalence principle. The result
was a new gravitational scalar wave equation (GWE) that, in
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the Schwarzschild metric, predicts the quantization of angular

momentum per unit mass. Here is an abbreviated derivation

of the equations to be used for analyzing the Jovian planets.
From the general relativistic Hamilton-Jacobi equation,

oS 0S8
e ag =0, @
the transformation '
Y = elS’/ycH (5)

introduces a wave function ¥, with S the action, u the mass
of the orbiting object, and S’ = S /uc so that the equivalence
principle is obeyed. For a detailed derivation showing all the
mathematical steps, see [6].
We defined a system scale length H by
Lr

H=-—"L

Myc (6)

for the total gravitationally bound system mass My having
total angular momentum Ly and ¢ being the speed of light in
vacuum.

Following through with the mathematical steps produced
a scalar gravitational wave equation (GWE)

o S
o+ =0.
7%

X¥OxP * H?

Expressing the GWE in the Schwarzschild metric, a separa-
tion of variables leads to differential equations in coordinates
(t, 1,0, ¢) that produce quantization conditions.

The angular parts dictate the quantization of angular mo-
mentum per unit mass for orbital angular momentum L as

@)

— =mcH ®)
for integer m. The radial equation leads to the quantization of
energy per unit mass equation

2
» F

E, = —uc WYHZ )

for integer n.
The expected value of the QCM orbital radial acceleration
near the orbital equilibrium radius is defined by

. £+ 1) L2
ral:—r—z + W%T (10)

For cylindrical coordinates, the £(£+1) is replaced by m?.
For comparison, recall that the standard Newtonian grav-
itation has 5
. GM L
r, eq = ——2 + /ﬁ (1 1)
and, because the angular momentum L = y¢ VGMr and the
angular velocity ¢ = L/ur? for a circular orbit, then 7 = 0 and

the radial acceleration per mass (¥ — r¢*) equals —GM/r?.
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Consequently, QCM has both the Newtonian attraction
term and a repulsive angular momentum term around each
equilibrium orbital radius, which results in the prediction of
allowed orbital radii that are a sparse subset of the Newto-
nian ones. In addition, there will be equilibrium radii within
planets at which a QCM acceleration occurs.
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We introduce a quantum mechanical model that reproduces key thermodynamic features
of a Schwarzschild black hole using a spherical finite potential well. By analyzing the
tunneling spectra of photons and fermions confined in this well, we demonstrate a nu-
merical match to Hawking radiation. Additionally, the entropy of the emitted spectrum
exhibits a geometric scaling consistent with the Bekenstein-Hawking formula. These
results suggest that quantum confinement may serve as an analog platform for exploring

black hole thermodynamics.

1 Introduction

This study highlights a formal similarity between quantum
mechanical tunneling and gravitational radiation processes,
suggesting a deeper, underlying unity between quantum con-
finement and curved spacetime thermodynamics. The find-
ings propose potential insights into the quantum mechanical
underpinnings of black hole thermodynamics and contribute
to the ongoing dialogue on the unification of quantum me-
chanics and general relativity.

Black holes, as described by general relativity, exhibit
thermodynamic properties such as Hawking radiation and en-
tropy, hinting at a quantum mechanical foundation [1]. This
study develops a three-dimensional spherical quantum well
model with a finite potential barrier to explore these proper-
ties under controlled conditions.

This work departs from prior analog black hole models by
constructing a purely quantum mechanical system that, when
scaled appropriately, numerically reproduces the full Hawk-
ing spectrum. In contrast to acoustic or optical analogs, our
approach uses tunneling in a finite spherical well to model
both bosonic and fermionic emission spectra and entropy,
providing a unified thermal analog of black hole radiation.
The model’s ability to quantitatively match the black hole
spectrum across a wide frequency range, using temperature
scaling and statistical blending, demonstrates a deeper
thermodynamic equivalence rooted in quantum confinement
rather than relativistic curvature.

Unlike analog gravity models based on fluid flow or op-
tical horizons [2, 3], this approach relies purely on quantum
mechanical tunneling in a finite potential structure. We begin
by formulating a spherical quantum well model with a barrier
structure mimicking an event horizon. Photon and fermion
spectra are then derived using WKB approximations, and the
resulting emission profiles are compared to Hawking radia-
tion. We also compute entropy scaling and propose a dimen-
sionless scaling relation that aligns the two systems thermo-
dynamically.

T. S. Taylor. Quantum Well Analog of Black Hole Radiation

2 Background
2.1 Schwarzschild black holes and event horizon

A Schwarzschild black hole, a spherically symmetric, non-
rotating solution to Einstein’s field equations, is characterized
by the metric [4, 5]:

2GM 26M\™"
dszz—(l— > )c2dt2+(1— G ) dr?

ctr ctr

+ 17 (d6? + sin® 0.dg?) , (1)

where G is the gravitational constant, M is the mass, c is the
speed of light, r is the radial coordinate, ¢ is time, and 6, ¢ are
angular coordinates. The event horizon, at the Schwarzschild

radius:

2GM
R, = s
C2

2

marks the boundary where escape velocity equals ¢, rendering
escape impossible classically. Hawking radiation, a quantum
phenomenon, suggests black holes emit thermal radiation at

temperature Ty = % [1].

2.2 The 3D finite quantum well

In quantum mechanics, a finite spherical well confines parti-
cles with a potential [6]:

0 for r < Ry

Voe Ry forRy < r<R
Ve =R forr >R

V(r) = 3)

where Vj (in eV) is the barrier height, V| < Vj is the exterior
potential, R is the outer radius, and A (in m~") controls decay.
Unlike infinite wells, this permits tunneling, a key feature in
semiconductor applications [7] (see Figure 1).

2.3 Event horizons and barriers

The black hole event horizon and quantum well barrier both
define boundaries, but differ fundamentally. The horizon re-
quires infinite energy for escape, per general relativity, while
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Quantum Well Potential Profile as Black Hole Analog

1.0} ¢ Vo
0.8
0.6 Barrier (Event Horizon Analog)
=
>
0.4
0.2
Vi
Interior W
0.0
0 2 4 6 8 10

Fig. 1: Radial potential profile V(r) illustrating the structure of the spherical quantum well. The barrier begins at R; with height V,, and
decays exponentially toward V; by radius R. Regions labeled: Interior (» < R;), Barrier (Event Horizon Analog, R; < r < R), and Exterior

(r>R).

the quantum barrier allows probabilistic tunneling [6]. This
contrast highlights deterministic versus probabilistic physics,
yet both systems suggest a transition from confinement to es-
cape, inspiring our analogy.

3  Quantum well model formulation

3.1 Quantum well model setup

Our quantum well is a spherical system with potential:

0 for r < Ry
V(r) = Voe =R forR;<r<R 4)
Ve~ -k forr >R
where R = ZGM

the barrier, and A emulates gravitational decay. This structure
includes an interior (r < Ry), a transition region (R; < r < R),
and an exterior (r > R), mirroring a black hole’s zones.

To rigorously establish the energy spectrum and tunneling
behavior of the quantum well, we solve the time-independent
Schrddinger equation:

h2
~ 5= VY + V(Y = EY. )
2m
Expanding in spherical coordinates and assuming a sep-
arable solution ¥(r, 8, ¢) = R(r)Y"(0, $), the radial equation

becomes:
&R 2 dR l(l + l)
+ - (E V(r)) - =0. (6)
arr dr
116

We solve this equation in three regions: (i) inside the well
(r < Ry), (ii) within the barrier (R; < r < R), and (iii) outside
the well (r > R).

The full wavefunction (7, 8, ¢) is continuous and differ-
entiable across region boundaries at » = R, and r = R, requir-
ing matching of both the radial function and its derivative:

Rin(Ry) = Rvarrier(Rs), R (Rv) =

Ry, (D)

bdmer(

Roarrier(R) = Rout(R),  Ryyies(R) = Ry (R). ®)

These boundary conditions yield a transcendental equa-
tion for energy levels E,, which must be solved numerically.

In practice, these are implemented using numerical shoot-
ing methods or root-finding on determinant conditions from
matched solutions [8].

3.2 Inside the well region (r < R;)

For a potential well with V(r) = 0, the equation simplifies to:

(kz

where k* = 22E. The general solution in this region is given
by the spherical Bessel function:

d*R  2dR

l(l+1)
ar? +rdr

)R 0, )

Rin(r) = Aji(kr), (10)

where j;(x) is the spherical Bessel function of the first kind.
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r<R)

In the barrier region, the potential is modeled as an exponen-
tially decaying function:

3.3 Barrier region: (R, <

V(r) = Vye R, (11)
The Schrodinger equation in this region is:
d’R 2dR 2 ¢ 1
| TR E = Vo R ( *Dig-0. 12
drr ' rdr

Since this equation does not have a simple analytic so-
lution, we apply the Wentzel-Kramers-Brillouin (WKB) ap-
proximation to estimate the tunneling probability [9]:

T(E) ~ e_szx ‘/Wdr
For classically forbidden regions where £ < V(r), the

wavefunction exhibits exponential decay:

_ Vz”‘v()e—/l(rfky)
Rbarrier(r) ~ Ce il .

3.4 Outside the well (r > R)

For large r, we assume the potential is negligible, and the
Schrodinger equation reduces to:

(k2 I+ 1))R 0.
r?

where k(z) = @ The general solution for outgoing waves
is given by the spherical Hankel function:

13)

(14)

d’R L2 2dR
drr ' rdr

15)

Rou(r) = Bh" (kor), (16)

where h;l)(x) represents the spherical Hankel function of the
first kind.

3.5 Matching conditions and energy quantization

The wavefunction and its derivative must be continuous at
r=Rgandr =R

Rin(Rs) = Rbarrier(Rs)s bamer(R )
Rparier(R) = Row(R), R{)amer(R) = Réut(R) .

These conditions yield a transcendental equation that de-
termines the allowed energy levels E,, which must be solved
numerically. By solving the Schrodinger equation in each re-
gion and applying boundary conditions, we obtain the wave-
functions and energy levels for the quantum well. The WKB
approximation provides an estimate for the tunneling prob-
ability, supporting the interpretation that the system exhibits
black hole-like emission characteristics.

For a potential of the form V(r) = Vye 1URY), the classi-
cal turning points ry, r, are defined by V(r) = E, yielding:

1 Vo
VZ—RXZ/—IIH(E), V]ZRS.

Ri\(Ry) = a7

(18)

T. S. Taylor. Quantum Well Analog of Black Hole Radiation

Hence, the WKB tunneling probability is:
2
T(E)zexp[ - ﬁf 1/2m(V(r)—E)dr}. (19)
Ry

4 Energy quantization and photon statistics

Photons in the well follow the Helmholtz equation [6]:
d2

— +
[ dr?

where k = % The finite barrier allows tunneling, yielding
approximate energies:

2d

II+1)
rdr r2

+ kZ] R(r) =0 (20)

Ey~he2, Q1)

R
where x,,; adjusts for penetration.
The partition function for N photons, using Bose-Einstein
statistics [10], is

1 21+1
where 8 = 1/(kgT).
5 Calculation of internal energy
The internal energy is [10]:
6 ln Z 1
n = - Z(zz +DEn p—. (23)

The energy density per unit volume for blackbody pho-
tons confined in a spherical well of radius R is given by inte-
grating over the Bose-Einstein distribution:

°° E
Eip = fo 9(E)—gp—7 dE 24
with g(E) = 2, yielding:
87R3 [ E? S8R (kpT)*
Ein = dE = ————— 25
"3 fo efE — 1 15h3c3 25)

Assuming a dominant tunneling angular momentum
mode / = 1, we multiply by the degeneracy 2/ + 1 = 3.

For a dominant /s = 1, assumed as the primary tunneling
mode for simplicity [6]:

* 87R3 1 8 R3 (kgT)*
Eint = 3 —— E————dE=3———""/_ (26
‘ fo Be3 T ePE -1 15m3¢3 (26)
using the photon density of states g(E) = %g—f;Ez
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6 Emission spectra from quantum tunneling

The tunneled energy spectrum for photons escaping the quan-
tum well is derived using the grand canonical ensemble and
tunneling probability [11,12]:

87R3 3
h3c3

T(E)

Tiunneled (E) = eElksT _ 17

27
where g(E) = 8;{5? E? is the photon density of states, and
T(E) is the tunneling probability through the barrier V(r) =
Ve *"=R9 from R to R. For photons, the WKB approxima-
tion [9] gives:

& Vo e AR5 g
N Ty

T(E) = ¢ 2o =7 " (28)

Substituting u = r — Rj, the energy-dependent tunneling
probability is:
ks \IVoe " —E du

T(E) = e 7 Jo (29)

valid for E < Vye *®-R)_where the integral modulates the
spectrum as a transmission factor. An earlier approximation

2%
assuming VyeR) > E yielded T(E) ~ e~ 7t RR)_ but
here we retain E-dependence for accuracy. The full spectrum
becomes:

87TR3 2 (R-Rs [y
Tunneted(E) = We_ﬁ fo Voe-Edu

To enhance functional similarity with Hawking radiation,
we approximate the WKB exponential as a summation over
barrier segments Discretizing the integral with u, = nAu,

3

S G0

Au = ==, and defining T,,(E) = e~ ic 2 \Voen—E Au . we write:
8xR? E3
humetea(E) ~ 5 Z;)@n FDTE) . (D)

where (2n + 1) heuristically mimics mode degeneracy, and N
is large for accuracy [9].

To compute T'(E) numerically, we discretize the WKB in-
tegral using u = r — Ry, with Au = RNR s
u, = (n + 0.5) Au. The integral becomes:

T(E) ~ exp {— —_— Voe At — (32)
To capture contributions from each shell, we define:
2Au
T.(E) =exp|-— Fo Vet — E (33)
c

and approximate the full tunneling-modulated spectrum as:

8RS S E?
humeea(E) <5 ;)@n FDTUE) - (34)
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This can be shown as a proportionality as:

3

Tunneted (E) o SETTn _ 1 (35)
For a Schwarzschild black hole, Hawking predicts:
1 < E?
rsawiing (E) = 5— Z @1+ DIE) e (36)

where I')(E) are greybody factors accounting for gravitational
scattering, Ty = ’g 2%, 1s the Hawking temperature, and the
sum is over angular momentum modes [1]. For comparison,
neglecting greybody factors (I';(E) = 1) and approximating
the sum, it simplifies to:

3

IHawking(E) o (37)

eElksTu _ 1°

and this Hawking spectrum is show in Fig. 2.
Hawking Spectrum (Black Hole Radiation)
1.0
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Fig. 2: Hawking radiation spectrum for a Schwarzschild black hole,
computed with Ty ~ 6.2 x 108 K for M = 10*° kg, R, ~ 1.48 km.

The QW’s >(2n + 1) T,(E) parallels the > (2] + D)IT)(E)
structure, though n represents spatial segments rather than an-
gular modes, and fermionic contributions are omitted for sim-
plicity [1].

Fig. 3 shows the normalized Bose-Einstein tunneling
spectrum for photons confined within the quantum well po-
tential. The distribution follows the expected Planckian
shape, peaking at a finite wavelength and decaying rapidly for
longer wavelengths. The horizontal axis is expressed in kilo-
meters to mirror the gravitational scale of black hole analogs,
reinforcing the geometric correspondence between quantum
confinement and curved spacetime radiation. The spectral
peak reflects the most probable energy mode escaping the
potential barrier, consistent with blackbody radiation at fixed
temperature. This plot complements the Fermi-Dirac spec-
trum shown later and helps establish a full statistical picture
of bosonic versus fermionic tunneling behavior in the analog
system.

T. S. Taylor. Quantum Well Analog of Black Hole Radiation
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Bose-Einstein Spectrum
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Fig. 3: Bosonic (Bose-Einstein) tunneling spectrum from the quan-
tum well, showing the emission profile for photons under barrier
modulation. Parameters: 7 = 10*K, V, = 1eV, 2 = 10°m™!,
R = 10~° m. This figure complements the fermionic spectrum shown
in Fig. 4.

7 Fermionic quantum well spectrum

For fermions, the density of states is [10]:

47R3 (2m\*?
E)y=—|=]| E
9(E) = (hz) , (38)
yielding:
47R® (2m\* . T(E)
- 2
Ir(E) = 272 (hz) eE-0/ksT) 1 (39)

where y is the chemical potential. This E*? contrasts with
the bosonic E* (see Fig. 4).

A final comparative analysis is shown in Figure 5, where
the tunneling spectra for both bosons and fermions are plotted
against the theoretical Hawking radiation curve. The bosonic
(Bose-Einstein) spectrum displays close agreement with the
Hawking distribution in both peak location and decay shape,
while the fermionic (Fermi-Dirac) spectrum deviates more
significantly, particularly at high and low energies. This sug-
gests that bosonic modes dominate the thermal behavior near
the quantum well’s emission surface, reinforcing the analogy
to black hole radiation where massless bosons such as pho-
tons are the primary contributors. The combined comparison
underscores the effectiveness of quantum confinement mod-
els in reproducing the spectral structure of Hawking radiation.

8 Fermionic tunneling and comparison to Hawking ra-
diation

While the primary focus of this model has been on bosonic
radiation from the quantum well, black holes also emit fermi-
ons, such as neutrinos and electrons, through Hawking radia-
tion [1]. To further strengthen the analogy, we now consider
fermionic tunneling from the quantum well and compare it
directly to the fermionic component of Hawking radiation.

T. S. Taylor. Quantum Well Analog of Black Hole Radiation

Fermi-Dirac Spectrum
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Fig. 4: Fermionic tunneling spectrum from the quantum well, com-
puted with effective temperature 7 = 10*K, barrier height V, =
leV, decay constant 1 = 10°m™', outer radius R = 10~°m, and
chemical potential u = 0.5eV for a fermion mass m = 9.11 X
103! kg (electron mass).
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Fig. 5: Spectral comparison between fermionic tunneling emission
from the quantum well and the Hawking radiation profile. The sim-
ilarity in peak structure and decay behavior supports the model’s
thermodynamic analogy.

8.1 Fermionic tunneling in the quantum well

For fermions confined in the quantum well, the density of
states is given by [10]:

grp(E) = (40)

AnR* (2m\*? E\2
212 \ K2 '
The corresponding energy spectrum for fermionic tunnel-
ing is:
T (E)

Irp(E) = grp(E) EGh 31 (41)

where u is the chemical potential, and T(E) is the tunnel-
ing probability. The key difference from the bosonic case is
the presence of the Fermi-Dirac distribution, which prevents
multiple fermions from occupying the same state.

8.2 Hawking radiation for fermions

Hawking’s original derivation shows that a Schwarzschild
black hole emits fermions in a manner similar to bosons, but
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where I')(E) are the greybody factors that account for the par- g o4
tial transmission of fermions through the gravitational poten- 2 ool
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8.3 Comparison and key differences

Both the quantum well and black hole spectra for fermions
follow the same fundamental shape, but differ in their scaling
factors:

1. Greybody Factors vs. Tunneling Probability: The
greybody factors I';(E) in Hawking radiation serve a
similar role to the tunneling probability 7(E) in the
quantum well. While the former accounts for gravita-
tional backscattering, the latter describes quantum me-
chanical barrier penetration.

2. Spectral Shape and Dependence on Chemical Po-
tential: In both cases, the fermionic distribution fol-
lows the expected Fermi-Dirac function, modifying the
thermal spectrum. However, in the quantum well, the
chemical potential ¢ can be tuned explicitly, whereas
for black holes, it is dictated by charge and angular mo-
mentum constraints.

3. Energy Dependence: The Hawking spectrum for fer-
mions retains an E> dependence in the numerator, whe-
reas the quantum well spectrum follows an E3/? depen-
dence from the density of states function. This differ-
ence arises from the different spatial confinement con-
ditions in the quantum well compared to the gravita-
tional horizon.

Despite these differences seen in Fig. 6, the fermionic
tunneling spectrum in the quantum well closely mirrors the
qualitative behavior of fermionic Hawking radiation. This
strengthens the analogy by demonstrating that the quantum
well can mimic both bosonic and fermionic emissions, further
supporting the claim that black hole thermodynamics can be
explored using quantum mechanical tunneling models.

8.4 Scaling factor
To relate the fermionic quantum well spectrum to the Hawk-

ing radiation spectrum, we define the scaling factor:

max(lrermi-Dirac)
Co, = M5 Urermi-irac) 43
cale max(/awking) @

We seek to determine the form of Ci,e using dimensional
analysis and fundamental physical principles.

120
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Fig. 6: Comparison of fermionic tunneling from the quantum well
(dashed) and fermionic Hawking radiation spectrum (solid). Both
spectra exhibit similar functional forms, with differences arising
from the density of states and barrier characteristics.

Dimensional analysis of the spectra

The spectra for both systems follow power laws with an ex-
ponential suppression:

¢ Hawking Radiation Spectrum (neglecting greybody

factors):
3
Ttawking(E) o SETn Z 1’ (44)
where the Hawking temperature is given by:
hed
Ty = —+—. 45
" 8nGMkyg )

e Fermionic Tunneling Spectrum from the Quantum
Well:
T(E)

Iep(E) = gFD(E)e(E—p)/(TH’

(46)
where the density of states for a confined fermion sys-
tem is:

grp(E) ~ E*2. (47)

Since these spectra represent energy distributions, their
dimensional form is:

(E)] = Energy 1

(43)

Volume x Energy x Time - (Length)? x Time

We now analyze the relevant fundamental constants:
[G] = 2=

e Gravitational constant G: Kexs

e Speed of lightc:  [c] = .

[h] — kg x m?

e Reduced Planck constant 7:

Scaling constant form

Since the Hawking temperature involves the gravitational
scaling:
hed

~— 4
GkgM “49)

Ty
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we hypothesize that Cyc,e must involve G and ¢ in a dimen-
sionally consistent ratio.
We seek a dimensionless form:

G m
Cscale ~ (_n) . (50)
c
For energy flux normalization, we anticipate a form pro-
portional to the Stefan-Boltzmann factor for black hole radi-
ation. A natural choice is:
8nG

Cscale ~ . 51
scal = (5D

Physical interpretation of Cgcqe

The presence of G/c* is consistent with the Einstein field
equations, where similar terms appear in general relativity.
The factor 8 also appears naturally in black hole thermody-
namics and entropy calculations.

Thus, we predict:

811G

Cscale ~ T4 (52)
C

Next steps
To verify this scaling factor:

1. Compute Cyye numerically using physical constants
and compare with empirical fits;

2. Investigate greybody factors for additional modifica-
tions;

3. Extend to different quantum well potentials for possible
refinements.

This scaling factor provides a direct link between quan-
tum mechanical tunneling models and black hole thermody-
namics, reinforcing the analogy between the quantum well
system and Hawking radiation.

9 Numerical matching of quantum well and black hole
spectra

To further solidify the analogy between quantum well (QW)
tunneling radiation and Hawking radiation, we numerically
modeled both systems and compared their spectral irradiance.
We found that the key to achieving a one-to-one correspon-
dence between the two emission spectra is the alignment of
their effective temperatures. The spectra were generated us-
ing Mathematica with a custom script aligning quantum well
Rs with a black hole mass satisfying Tow = TgH.

9.1 Temperature matching and mass scaling

The Hawking temperature of a Schwarzschild black hole is
given by:
hic?

=—) 53
87TGMkB ( )

Tsu

T. S. Taylor. Quantum Well Analog of Black Hole Radiation

where M is the black hole mass. For the quantum well, we
define an effective temperature based on the tunneling depth:

Vo 1

-0 54
kBRsX1O7 S

Tow
where V) is the barrier height in joules, and R; is the width of
the well’s interior region in meters. To compare both systems
at equal thermal scales, we solve for the black hole mass that

would yield the same temperature as a quantum well with
Ry, =10""m:

hc?
M= —r—F—. 55
8 ﬁGkBTQW ( )
Substituting Tow from above leads to:
AR, x 107
= — 56
87TGVQ ( )

This mass, which we call the quantum-scale black hole,
emits thermal radiation with a spectral profile nearly identical
to the mixed photon-fermion quantum well.

9.2 Spectral comparison

We numerically computed the spectral irradiance for both
systems over an extended frequency range. The black hole
spectrum used the Planck distribution modulated by a grey-
body factor:

v\ 3
() o (1 s ) .

ek’ — ]

(57)

with vy = 10" Hz, while the QW emission incorporated a
photon-fermion mix factor = 0.7, yielding:

3 3

% %
Iqw(v) o ———+ (1 =) ——— (38)
efsT —1 efsT + 1

After normalization, the spectra matched almost perfectly
across the frequency range 10'6 — 5 x 10*2 Hz as can be seen
in Fig. 7.

9.3 Interpretation and implications

This spectral equivalence implies that the thermal emission of
a quantum well, when appropriately scaled, can numerically
emulate the spectral form of Hawking radiation over a wide
frequency range under appropriate scaling conditions. The
black hole’s greybody-modulated Planck spectrum and the
quantum well’s mixed photon-fermion output both emerge
from a common thermodynamic behavior driven by tempera-
ture. The success of this match supports the hypothesis that
Hawking-like emission may be understood as a quantum tun-
neling phenomenon, arising from energy barriers shaped ei-
ther by curvature (as in gravity) or potential walls (as in con-
fined systems).
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Fig. 7: Overlay of normalized spectral irradiance from a nano-scale
black hole (blue) and quantum well with R, = 10~!3 m (dashed red).
Spectra match across full range when temperatures are matched.

This result also validates the use of effective temperature
scaling as a bridge between gravitational and quantum sys-
tems, opening up the possibility for experimental analogs of
black hole radiation in laboratory-scale quantum systems.

This successful overlap not only supports the validity of
the quantum well model as a black hole analog, but also moti-
vates further study of sub-Planckian black hole analogs using
nanostructured materials.

10 Thermodynamic entropy of the quantum well

The tunneled energy is:

8R3(kgT)*
15h3¢3 7

assuming T'(E) =~ 1 near V. Using the first law of thermo-
dynamics S = %, and multiplying by the surface area of the
spherical horizon analog 47R2, we define the entropy of the
radiated quantum well system as:

Ewnneted = f Itunneled(E) dE ~ (59)
0

_ Etunneled

Sow = X 4nR2. (60)

) _ 3279R3R2(kpT)?

E tunneled A
g 15h33

Sow = (61)

11 Bekenstein-Hawking entropy
The black hole entropy is [1]:
kgc® x 4nR?
4Gh '
12 Comparing entropy scaling: QW vs. BH

SBH = (62)

Equating SQW = asSBH:
327°R3R(kpT)?
g =
15h3¢3
_ 8mGhR*(kgT)?
- 15h3¢6

This reflects differing dependencies on T and geometry.

4Gh
kpc3 X 4nR?

(63)
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13 Conclusion

This study presents a novel framework for modeling black
hole thermodynamics using a finite spherical quantum well.
By carefully engineering the potential profile and invoking
quantum tunneling and statistical mechanics, we have shown
that the quantum well’s radiation spectrum can be numeri-
cally tuned to resemble the Hawking radiation spectrum of a
Schwarzschild black hole. Both bosonic and fermionic emis-
sion modes were examined, and their spectral distributions
were shown to replicate the expected Planckian and Fermi-
Dirac forms, respectively.

A key result of this work is the identification of a universal
scaling relation, Cyqe ~ 87G/c*, which links the emission
strength of the quantum well model to gravitational systems.
This scaling is consistent with dimensional analysis and re-
flects core features of Einstein’s field equations, suggesting
a deep mathematical similarity between quantum mechanical
and gravitational barrier processes.

Furthermore, we showed that by aligning the effective
temperature of the quantum well with the Hawking temper-
ature of a black hole of appropriately scaled mass, their nor-
malized spectra become nearly indistinguishable across a
broad frequency range. This spectral equivalence bridges
curvature-induced radiation in general relativity with poten-
tial barrier-driven tunneling in quantum mechanics.

This work reproduces both the spectral and entropic char-
acteristics of a Schwarzschild black hole. The spectral agree-
ment spans multiple frequency decades under temperature-
matched scaling, while the entropy expression mirrors the
area dependence of the Bekenstein-Hawking formula. These
results suggest that quantum confinement systems — when
engineered with appropriate barriers — can serve as labora-
tory analogs for exploring black hole thermodynamics and
emergent gravity phenomena.

The entropy comparison further strengthens this analogy.
The derived entropy of the quantum well exhibits a geometric
dependence and scaling relation analogous to the Bekenstein-
Hawking formula, reinforcing the possibility that gravitation-
al entropy could emerge from more fundamental quantum sta-
tistical principles.

These results invite further exploration into whether quan-
tum wells and similar confined systems can be used to in-
vestigate other aspects of black hole physics, including infor-
mation loss, near-horizon quantum behavior, or even entan-
glement entropy. The close match between emission spectra
and entropy scaling also hints at possible links to holographic
duality and emergent gravity frameworks, potentially allow-
ing future investigations of gravitational principles in low-
dimensional quantum systems.

From a practical standpoint, the tunability of quantum
wells in nanostructured materials could enable controlled ex-
periments that mimic black hole emission characteristics,
providing a testbed for probing semiclassical predictions in
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table-top settings.
Future research directions include:

¢ Extending the model to relativistic quantum wells and
incorporating spinor fields via the Dirac equation.

o Investigating the emergence of greybody-like correc-
tions in more complex potential geometries.

o Exploring entanglement and scrambling in these sys-
tems to simulate aspects of the black hole information
paradox.

e Embedding this framework into quantum simulation
platforms, such as cold atoms or photonic crystals.

Analog gravity systems have been used to study Hawking
radiation in fluids, optics, and Bose-Einstein condensates [3],
but few have demonstrated entropy scaling or fermionic spec-
tra as in our quantum well model. These findings open the
door to an exciting interdisciplinary bridge — where insights
from quantum mechanics, thermodynamics, and general rel-
ativity can be unified through experimentally accessible ana-
log systems. As such, they contribute to the growing evidence
that black hole thermodynamics may be deeply rooted in the
quantum statistical behavior of bounded systems.

Our model further aligns with recent proposals suggesting
black holes collapse quantum states at the fastest rate allowed
by physics, functioning as ultimate decoherence devices [13].
The tunneling-induced decoherence in our analog quantum
well provides a controllable platform to probe similar mecha-
nisms in bounded quantum systems. Future extensions of the
model may investigate time-reversed or dual potential pro-
files, potentially providing a conceptual analog to black hole-
to-white hole transitions as proposed in recent quantum grav-
ity scenarios [14, 15].
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This paper approaches several fundamental problems in standard quantum me-
chanics, such as wave-particle duality and the measurement problem, through a
new perspective of non-local waves [2]. I argue that these issues stem primarily
from incomplete assumptions about physical reality in standard quantum me-
chanics and an exaggerated understanding of the superposition principle. There-
fore, I am trying to solve the problems by extending quantum mechanics by newly

establishing these concepts.

1 Introduction

Current quantum mechanics, despite its great success, has
many problems in its understanding — wave-particle dual-
ity, measurement problems and the relationship between mea-
surement and interaction, etc. One might consider these is-
sues unimportant. But a theory lacking precise understanding
naturally becomes harder to advance and should not be over-
looked. Moreover, misunderstandings can hinder progress al-
together.

In this paper, I will argue that many problems in current
quantum mechanics are largely caused by two things: onto-
logical assumptions about reality and an exaggerated under-
standing of the superposition principle. By addressing these,
the paper aims to resolve inherent contradictions and show
that the problems themselves may not persist under a new
framework.

2 Assumptions about quantum mechanical reality

Wikipedia defines the quantum concept as follows: A quan-
tum is the minimum amount of any physical entity (physical
property) involved in an interaction.

This definition is quite appropriate. However, in this def-
inition, the existing standard quantum mechanics seems to
focus mainly on the meaning of “minimum amount of phys-
ical property”. The truly important point that should not be
overlooked in the definition of quantum is the part “involved
in an interaction”. If we pay attention to this point, we can
naturally raise the following questions: If physical properties
during interaction can only be measured in quantum, what is
the physical reality before interaction? Since we cannot know
the nature of matter except through interaction, we can only
infer the reality of matter before interaction. But how is that
inference being made now?

For light, the energy is quantized when interacting and
exists in a local area, so its reality is inferred to be a lump like
particle. However, since they also have a phase, the reality of
photons is not clear. What is certain is that standard quantum
mechanics defines the reality of photons by the characteristics
that appear when they interact. Although this has some valid-
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ity, it is still just a hypothesis, and reality may be different.
There is no way to know the reality of matter before ob-
servation. It is a kind of ontological assumption. However,
no physical theory can proceed without assuming such a con-
cept. Therefore, it is very important to think critically about
such an assumption. I argue that many of the contradictory or
difficult to understand concepts in standard quantum mechan-
ics stem significantly from these assumptions about reality.
To demonstrate this, I propose that adopting a new set of as-
sumptions — based on non-local waves and discrete time [2]
— eliminates these contradictions. By comparing phenomena
explained under this new framework with those under stan-
dard quantum mechanics, I aim to validate this approach.

3 The meaning of the superposition principle from the
perspective of discrete time

The superposition principle is one of the most important prin-
ciples that form the basis of quantum mechanics. There are
various interpretations of quantum mechanics, but they all
have in common that they are based on the superposition prin-
ciple.

The Schrodinger equation is linear, and the linear combi-
nations of its solutions are also solutions. The solutions of
the Schrodinger equation form a Hilbert space. Any arbitrary
state of a physical system can be expressed as a linear combi-
nation of basis states in the Hilbert space. In other words, it is
in a superposition state. In standard quantum mechanics, the
macroscopic world is considered to be an extension of quan-
tum mechanics, the superposition principle is considered a
universal principle that applies regardless of the macroscopic
world and the microscopic world.

However, the meaning of the superposition principle is
quite different in the discrete-time perspective. In the dis-
crete time perspective, the equations of electromagnetically
interacting particles are determined by the following modi-
fied Dirac equation [4]. In (1), Ap, represents the change in
energy momentum vector due to interaction during discrete
time At

Do = (i¥"0y = firY"pu = fory"Apy) W =0, (1)
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where
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The Hamiltonian is [4]
H=ad-(F-qAK)+pm +q'¢, 3)
m' = fi,m, ¢ =-fy)q. )

In (4), m and g represent the actual mass and charge of
the matter, while m’ and ¢’ are the apparent values result-
ing from causal delay in discrete time. The reason apparent
values differ from actual values is that the effect of causal de-
lay is viewed from a dynamical perspective, as in (3). Let
us explore the physical significance of the changes in mass
and charge due to causal delay in more detail. For example,
consider an electron in a hydrogen atom. The electron is sub-
ject to the Coulomb force. In continuous time, the electron’s
mass and charge are m and —e, respectively, i.e., the actual
mass and charge. When discrete time is applied to the elec-
tron’s motion under the same electric field, the change in the
electron’s velocity per unit time is smaller compared to the
continuous time case. This implies an increase in mass for the
mass term and a decrease in charge for the charge term. Since
the effect of charge is much greater than that of mass in the
motion of an electron within an atom, the energy of the elec-
tron in a hydrogen atom, when considering causal delay, will
be smaller than the Coulomb energy. However, at the scale
of the Bohr radius, this difference is extremely small, and as
calculated in the previous paper, it is about 10~ smaller than
the Coulomb energy [3].

The modified Dirac equation (1) is also a linear equation
of the first order. However, since m’ and ¢’ are quantities that
depend on the interaction energy, (3) is a kind of recurrence
equation. If the interactions are Ap,, Ap?, Ap>, ... with a
causal delay time At interval, and the Hamiltonians at each
interaction are Hy, Hy, Hy, ..., the following diagram can be
expressed as

Aps

mly g (Ho) 3 m g (H) 5wty sy () 5 .. (5)
Hy=a (ﬁ—qé&) +Bmi +qy¢
H =a (ﬁ—q’lx)+ﬂm’l+q’l¢ ©
H,=¢a (ff—q’zl_\') +Bmy +q5¢

In (6), all H; have their own Hilbert space. Since the

Hilbert spaces of {H;} are generally different, there is no
unique Hilbert space that satisfies the entire system. This
means that any arbitrary state cannot be expressed as a linear
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combination of basis vectors. Therefore, the superposition
principle does not hold in general.

However, when the interaction is very small, (3) can be
approximated as an eigenvalue problem in standard quantum
mechanics, i.e., Hilbert space analysis is possible.

If Ap, < py, then

m =~

)

W —

2
m, ¢ = (1 -3 cosAx”pﬂ)q.

For example, in the case of the electrons of a hydrogen atom,
(Ty = —(V)/2 ~ O(ma?*) and At = 1/m [4], so
22

Axtp, = At(E - %) “AMV-T)~0(). 8

Therefore, cos Ax*p, ~ cos a? =~ 1. Also, since the co-
sine function is constant near 0, we can say that the mass and
charge are constant in (7). This fact means that in the case
where the interaction is very small, (3) can be said to have a
unique Hilbert space. In other words, (3) can be interpreted as
an eigenvalue problem of the standard quantum mechanics.

To summarize, the superposition principle of the standard
quantum mechanics is established only when the interaction
is very small, and in this case, the system can be analyzed us-
ing the Hilbert space. However, in general cases, the Hilbert
space cannot be applied, and Equation (1) merely carries the
meaning of the wave equation.

4 Double slit experiment

The double-slit experiment is a simple yet practical experi-
ment that clearly reveals the strangeness of quantum mechan-
ical reality. Since there are various theories for interpreting
quantum mechanics, there may be various perspectives on the
interpretation of the double-slit experiment, but here we will
compare the standard quantum mechanical interpretation and
the perspective of non-local waves in the perspective of dis-
crete time.

When a single photon is fired toward a double slit, it pass-
es through the slits and is detected at a single point on the
screen. However, if photons are fired sequentially, an inter-
ference pattern forms on the screen. From the perspective
of the standard quantum mechanical view of reality, this re-
quires the existence of a state in which a single photon passes
through both slits simultaneously. In other words, the super-
position principle is necessary. If the states passing through
each slit are ¥ and ¥, the interference state on the screen
is Y1 + ¥, and its probability is given by the Born rule as
|1 + ¢ l>. The view of reality underlying this explanation
assumes that a photon is a localized particle-like entity with a
phase.

Now, let us explain this in terms of non-local waves de-
fined in discrete time. Non-local waves propagate and pro-
duce interference phenomena similarly to local waves, but
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their wavefront collapses simultaneously at a single point on
the screen. The wave passing through the double slits inter-
feres on the screen, which is consistent with the behavior of
local waves up to this point. However, a non-local wave be-
haves as if it causes the photoelectric effect as a single photon
due to wave collapse from inelastic collisions with electrons
of the atoms constituting the screen. The location of this reac-
tion is determined by a probability proportional to the square
of the interference amplitude. In other words, the Born rule
still holds for non-local waves. In standard quantum mechan-
ics, the square of the amplitude represents the probability of
detecting a particle, whereas, in the non-local wave perspec-
tive, it represents the probability of wave collapse occurring
at that point.

If the measuring device is placed at one of the double slits,
the interference pattern disappears. From the conventional
viewpoint, it is explained that interference does not occur be-
cause there is no state of passing through both slits at the same
time. From the non-local wave viewpoint, the wave collapses
due to an inelastic collision at the measuring device, and the
wave proceeds again from that collapsed state, so it will have
the same effect as a single slit.

The above discussion briefly examines the explanations of
the double slit experiment from the two perspectives. While
there is a clear difference in their views of reality, both per-
spectives explain the experimental results without significant
issues.

5 Delayed choice experiment — wave-particle duality

The problem of wave-particle duality is a somewhat old prob-
lem in quantum mechanics, but it needs to be discussed be-
cause it raises doubts about physical reality. When discussing
wave-particle duality, the concepts of wave and particle are
somewhat traditional. It is somewhat different from the con-
cept of reality used in the double-slit experiment.

There are various versions of the delayed choice experi-
ment, but here we will first discuss the double-slit experiment
proposed by Wheeler [6]. In this experiment, the light mea-
suring device is a plate and photodetectors. The plate mea-
sures the interference pattern caused by the interference of
light passing through both slits, and the photodetectors are
placed facing the two slits to measure which slit the photon
passes through. In other words, the former measures the wave
nature of light, and the latter measures the particle nature of
light. The point of this experiment is to figure out when light
decides whether it behaves as a wave or a particle. It is as-
sumed that its reality will be determined after passing through
the double slits, but this thought experiment shows that this
is contradictory. To see this, you have to choose the mea-
suring device after the light passes through the double slits.
Even then, if you choose the plate, you will still observe the
interference pattern on the plate, and if you choose the pho-
todetector, you will observe the particle impact.
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As a simpler and more meaningful thought experiment,
consider the split beam experiment introduced by Wheeler.

D2
r .
M1 A ‘,*- —]o
BS2
Al I8
*
— L4 —
s© 7 B M2
BS1

Fig. 1: Mach—Zehnder interferometer.

The experimental description of Fig. 1 is as follows

1. A single photon is emitted from a pulsating source of
light S;

2. This photon reaches a semitransparent mirror BS1 and
splits into two paths;

3. The first path goes to a perfectly reflective mirror M1,
and the second path goes to a perfectly reflective mirror
M2;

4. M1 and M2 reflect their respective beams so that they
merge back together;

5. The two beams meet at a semitransparent mirror BS2,
and photodetectors D1 and D2 are arranged to record
the interference pattern between the two beams.

However, if the semitransparent mirror BS2 is removed
during the experiment, the situation changes. Without BS2,
the two beams do not merge, but proceed separately, and are
directed to photodetectors D1 and D2, respectively. At this
time, D1 detects the photon coming from the path through A,
and D2 detects the photon coming from the path through B.
In this case, the interference pattern disappears, and it is clear
which path the photon took.

The key to this experiment is that after the photon passes
through the semitransparent mirror BS1, the observer can
choose whether to remove BS2 or leave it. If BS2 is left,
an interference pattern is observed, and if it is removed, the
path information is revealed.

The above thought experiments summarize that the reality
of light is not determined while it is in motion, but is deter-
mined at the last moment of measurement. Wheeler says,
“No phenomenon is a phenomenon until it is an observed
phenomenon”. Physical reality is not determined until it is
observed, and the past is determined by observation. Reality
is formed by the interaction with the observer.

Now, let us interpret these thought experiments from the
perspective of non-local wave. In the discrete time perspec-
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tive, it is assumed that the physical reality before measure-
ment exists in the form of a non-local wave, and the simulta-
neous wave collapse caused by interaction possesses quantum
properties.

First, in the double-slit experiment, choosing a plate or
photodetectors as the measurement device, even if the choice
is made after the light passes through the double slits, has no
effect on the reality of the light as a non-local wave. A non-
local wave simply causes wave collapse at the plate if a plate
is present, or at the photodetector if a photodetector is present.
As previously explained, wave collapse at the plate occurs
with a probability proportional to the square of the interfer-
ence wave’s amplitude, resulting in an interference pattern. A
non-local wave entering the photodetectors has an equal prob-
ability of wave collapse at each photodetector, but if wave
collapse occurs at one photodetector, the collapse property
of the non-local wave ensures that no observation occurs at
the other detector. However, observing a wave collapse at
one photodetector does not mean the light passed through a
specific slit. The non-local wave always passes through both
slits. Even if the photodetectors are sufficiently far from the
double slits to neglect interference effects, if no collapse oc-
curs in between, a measurement will occur at one of the pho-
todetectors.

Next, let us consider the beam-splitter experiment. The
non-local wave emitted from the light source is equally split
into two paths at the partially transparent mirror BS1. The
non-local waves traveling along each path meet at the par-
tially transparent mirror BS2, where they interfere, causing a
wave collapse at D1 due to constructive interference, result-
ing in observation. If BS2 is removed, the split light from
each path reaches D1 and D2. In this case, the probability of
wave collapse at each detector is 50%, so a photon is observed
at either D1 or D2. Observing a photon at D1 or D2 does not
mean the light traveled through a specific single path. The
non-local wave passes through both paths. The fact that it is
observed at only one detector is due to the collapse property
of the non-local wave. The delayed choice of the measure-
ment device made while the non-local wave travels through
both paths has no effect on the physical reality of the non-
local wave. The non-local wave simply undergoes wave col-
lapse due to interaction at the measurement device.

It is indeed difficult to explain the delayed-choice exper-
iment using the conventional concepts of waves or particles.
These concepts cannot define the physical reality before ob-
servation. However, as pointed out in the previous paper, the
conventional concepts of waves and particles are physical re-
alities inferred from the macroscopic world [1]. The logic
of the delayed-choice experiment, which suggests that these
concepts cannot define the microscopic world before obser-
vation, is valid. However, interpreting this to mean that no
determined physical reality independent of observation exists
in the microscopic world is an excessive leap in logic. It is
merely that the conventional concepts of waves and particles
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cannot define it. This paper proposes non-local waves as an
alternative.

Local conservation of energy

The concept of local conservation of energy is one of the most
important concepts in physics, encompassing both classical
mechanics and quantum mechanics. However, this concept
requires a rigorous definition when applied to the microscopic
world. The wave-particle duality in the microscopic world
and the concept of local conservation of energy can lead to
contradictory situations.

The definitions of energy and momentum are established
through interactions. These concepts may apply prior to in-
teractions, but they can also be seen as emerging during in-
teractions. In classical mechanics, they are always defined
regardless of interactions, and the law of local conservation
holds. However, in quantum mechanics, there is an issue.

Quantum mechanical reality possesses both wave and par-
ticle properties. Let us first consider the wave. Can a wave
possess energy? Naturally, the energy of a photon is defined
as E = hv. However, this is a concept associated with a parti-
cle. A wave spreads and propagates through space. If energy
were defined for a wave, the energy of its local parts would
need to be defined, which cannot explain the quantization of
energy during interactions* Furthermore, if momentum were
defined for a wave, the concept of accelerated motion would
need to be defined for the wave. A wave is a physical reality
that propagates and interferes, not a concept that accelerates
like a particle. Consequently, the concept of mass cannot be
defined for a wave. Next, let us consider particle properties.
A particle can naturally have mass defined. However, defin-
ing frequency or wavelength for a particle is not reasonable.

Synthesizing the above, energy and momentum cannot be
defined for a wave, and frequency and wavelength cannot be
defined for a particle. However, all these concepts are nec-
essary to describe the microscopic world. The microscopic
world exhibits wave-like properties at times and particle-like
properties at others. However, these two properties never
manifest simultaneously. This suggests that some form of
transition occurs between wave-like and particle-like prop-
erties. Thus, the equation E = hy can be interpreted as indi-
cating that light, as a wave with frequency v, transitions into
a particle-like photon with energy hv. Here, the Planck con-
stant can be understood as representing a kind of exchange
ratio during this transition. Since this exchange ratio is con-
stant, energy is consequently conserved. However, its mean-
ing differs from the local energy conservation in classical me-
chanics.

The concept of transition between wave and particle dis-
cussed above is merely an inference derived from quantum

*In the quantum field theory, this issue is addressed by introducing the
mathematical assumption of second quantization, but this is an entirely dif-
ferent approach.
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mechanical phenomena and the definitions of wave and par-
ticle concepts. A model that aligns with this inference is the
non-local wave. If the concept of energy conservation in the
microscopic world is defined as above, the issue of local en-
ergy conservation arising from the instantaneous collapse of a
local wave does not occur in the collapse of a non-local wave.

6 Interaction free measurement

Interaction-free measurements were first proposed in the Ren-
ninger negative-result experiment and developed into the
Elitzur-Vaidman Bomb Tester [8]. This thought experiment
vividly illustrates how our notions of physical reality signifi-
cantly influence the understanding of phenomena. The com-
ponents of this experiment are as follows. It uses the Mach-
Zehnder Interferometer shown in Fig. 1 and applies the con-
cept of physical reality from standard quantum mechanics.
The bomb is placed in path B and explodes upon interaction
with a photon. The bomb can be in a “live” (functional) or
“dummy” (non-functional) state.
How the interferometer works:

1. The photon splits into two paths (A and B) at BS1;

2. Along each path, it passes through mirrors (M1, M2)
and is recombined at BS2;

3. At BS2, the photon is designed to reach only a specific
detector (D1 or D2) due to interference effects. For
example, if the interferometer is well tuned, the photon
will always reach D1 and never reach D2.

The key to this experiment is to obtain information about
whether a bomb is on path B without having the bomb di-
rectly interact with the photons (i.e. explode).

(1) In the absence of a bomb

When a photon reaches BS1, the wave function splits into
two paths, A and B. The photon travels along the two paths
and rejoins at BS2. Due to the interference effect, the photon
always reaches D1 and never reaches D2. This is because
constructive interference occurs at D1.

(2) If there is a bomb (live bomb)

Let us assume that there is a functional bomb in path B. This
bomb explodes with 100% probability if it absorbs a photon.
When a photon passes through BS1, the wave function still
splits into two paths. However, if the photon interacts with the
bomb in path B, an explosion occurs, and it is not observed
at the detectors. This case occurs with a 50% probability (the
probability that the photon chooses path B).

Conversely, if the photon chooses path A (50% probabil-
ity), it does not interact with the bomb. In this case, the wave
function collapses to path A. The photon then travels along
path A and reaches BS2. BS2 splits the photon again with
a 50:50 probability, sending it to either D1 or D2. Thus, the
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photon reaches D1 with a 25% probability and D2 with a 25%
probability.

(3) In the case of a bomb (dummy bomb)

The dummy bomb has no sensors in the path of the photon.
Therefore, it does not interact with the photon and behaves
the same as in the case without the bomb. The photon always
reaches D1 and never goes to D2 due to interference effects.

The critical aspect of this experiment is the detection re-
sult at D2. If D2 clicks, it definitively indicates that the bomb
is in a live state, yet the photon did not interact with the bomb
at all during this process. This is because the photon took path
A, so it had no opportunity to encounter the bomb. However,
the presence of the bomb (in its live state) eliminates the wave
function component in path B, disrupting the interference and
creating the possibility for D2 to click. In other words, the
mere existence of the bomb induces the collapse of the wave
function, altering the interference pattern. This conclusion
demonstrates that measurement does not necessarily require
a physical interaction between the particle and the detector.

The above is the conventional interpretation of the Eli-
tzur-Vaidman Bomb Tester. However, before reaching such a
conclusion, we must consider the quantum mechanical reality
assumed in this interpretation. The non-local wave hypothe-
sis offers a completely different interpretation of this experi-
ment. In conclusion, all measurements originate from inter-
actions.

The non-local wave incident on BS1 is divided into two
paths:

(1) If there is no bomb, the waves passing through each
path interfere at BS2, and due to constructive interfer-
ence, wave collapse occurs at D1, where the photon is
observed;

(2) If there is a bomb, the probability that wave collapse

will occur by reacting with the bomb in path B is 50%

because the wave is divided into two paths. When wave

collapse occurs, the wave traveling along path A disap-
pears simultaneously and acts as a single photon in the
bomb. In this case, photon cannot be observed in either

D1 or D2.

So, what happens in the remaining 50% probability where
collapse does not occur? The collapse of a non-local wave
occurs when an energy change is induced by an inelastic col-
lision [2]. If the wave incident on the bomb undergoes elastic
collision, there is no energy change, and thus, the photoelec-
tric effect caused by light does not occur at the bomb’s sen-
sor. Naturally, this case does not result in an explosion. If
only path B existed without path A, the bomb’s sensitivity is
assumed to be 100%, meaning it would definitely explode.
However, with path A present, only 50% of the wave passes
through path B, so the probability of the bomb exploding is
also 50%. This eliminates the need to redefine a new prob-
ability for the bomb’s sensor to trigger an explosion. There-
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fore, in the 50% probability where an explosion does not oc-
cur, 50% of the wave travels along path A, and the remaining
50% undergoes elastic scattering at the bomb. The 50% that
travels along path A reaches BS2, where it is split into D1
and D2 with a 25% probability each, and wave collapse oc-
curs at one of the detectors with a 25% probability. The 25%
probability of wave collapse occurs because only 25% of the
original wave reaches the detector. When a non-local wave
collapses, all wavefronts collapse simultaneously at a single
point. The location of the remaining 75% of the wave is ir-
relevant. Consequently, interactions always occur in quantum
units.

(3) Inthe case of a dummy bomb, as discussed above, pho-
tons will be observed at D1 by constructive interfer-
ence, just as in the case of no bomb.

The crucial point in the above discussion is that the pho-
ton observed at D2 with a 25% probability is not devoid of
interaction with the bomb. The light that splits at BS1 and
travels along path B undergoes an interaction with the bomb
through elastic scattering. According to the conventional
view of reality in standard quantum mechanics, it is inter-
preted as having no interaction, but from the perspective of
non-local waves, an interaction is considered to have oc-
curred.

7 Measurement problem

According to standard quantum mechanics, the state of any
physical system defined in a Hilbert space can be represented
as a superposition of basis states, and this state evolves deter-
ministically according to the Schrédinger equation. However,
measurement causes the system’s state to collapse into a sin-
gle basis state. This process occurs probabilistically accord-
ing to the Born rule and is a non-unitary process that is not
predicted by the Schrodinger equation. Yet, this measurement
principle is empirically based, and its foundation remains un-
clear. Currently, various interpretations, from objective col-
lapse theories to epistemological interpretations, attempt to
explain it, but none are definitive.

In contrast, from the new perspective of non-local waves
in discrete time, the superposition principle does not gen-
erally hold. The system’s state cannot be represented as a
linear combination of basis states in a unique Hilbert space.
The state of a single-particle system, before interaction, is a
uniquely determined non-local wave. When the wave col-
lapses due to an interaction accompanied by an energy chan-
ge, it becomes a Compton sphere with a determined mass and
size. Therefore, from this perspective, the measurement prob-
lem itself does not arise.

As suggested in the previous paper, quantum waves do not
exist in systems above the Planck mass [1]. Thus, discussing
superposition for physical objects in the macroscopic world is
meaningless. That is, Schrodinger’s cat is not a controversial
issue at all.
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8 Conclusions

The title of this series of papers, “Interpretation of Quantum
Mechanics”, may seem somewhat inappropriate. While the
various existing interpretations of quantum mechanics dif-
fer significantly in their perspectives, they share a common
foundation: the superposition principle, one of the most fun-
damental axioms of standard quantum mechanics. However,
in the discrete time perspective, the superposition principle
generally does not hold, making many claims in these papers
appear to fall outside the scope of quantum mechanics. Nev-
ertheless, even though the superposition principle does not
generally apply, it is approximately satisfied in systems with
very small interactions, so this can be seen as an extension of
standard quantum mechanics.

This paper argues that many problems in standard quan-
tum mechanics stem from two main aspects. The first is the
ontological assumption about physical reality. The way phys-
ical reality is perceived fundamentally alters the physical in-
terpretation of phenomena and the direction of research.

The second issue is the superposition principle. This prin-
ciple is the most important in quantum mechanics but also
causes several problems. However, in the discrete time per-
spective, this principle is considered to hold only in specific
cases in the microscopic world, so the measurement problem,
as seen in standard quantum mechanics, does not exist.

Let us consider another example where these two aspects
are prominently revealed. Recall the double-slit experiment
discussed earlier. According to the conventional view of real-
ity, a state exists where a particle passes through both slits si-
multaneously, necessitating consideration of a superposition
state of gravity caused by the particle. This leads to the need
for a theory of quantum gravity. The assumptions underlying
this logic are the ontological assumption about matter before
interaction — namely, that matter is a localized entity with
particle-like properties — and the superposition principle. In
other words, the notion is that matter before observation can
exist in “this place” and “that place” simultaneously. How-
ever, as argued in this paper, if these two assumptions are
incorrect, this notion does not hold, and consequently, the ne-
cessity for a quantum gravity theory is significantly reduced.

On the other hand, what about the non-local wave per-
spective? When a non-local wave passes through the double
slits, it is a determined wave, and the concept of a superposi-
tion state is unnecessary. In the case of matter, when the non-
local wave collapses to form a Compton sphere, the collapse
position is probabilistically determined by the Born rule, and
this sphere has a determined mass and size. Therefore, from
this perspective, the concept of a superposition state of grav-
ity does not apply.
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To find evidence for electric currents in cosmic plasmas requires both that the cur-
rents be looked for, and that data be available to indicate their presence. This paper
focuses on the second requirement, the available data, and how the flow of electric
current in plasmas naturally will be difficult to observe from a distance. Coaxial cur-
rent flow predicted and observed in plasmas is examined in some detail showing that
even very large total current flows can give, when seen from a distance, very little
signal. Examples are given from active galactic nuclei, planetary magnetospheres,
and plasma ejections from moons. Suggestions are given for how to analyze exist-
ing astrophysical data and also for new measurements to be made that will show the

presence of cosmic electric currents.

1 Introduction

In 1977, Hannes Alfven [1] wrote that at the galactic scale,
electric currents of 10'7-10'” amperes would be natural. Forty
years later measured estimates are of 10'® amperes in jets
from active galactic nuclei [2, 3]. The accuracy of the 1977
prediction, so far in advance of observation, is a strong tes-
tament to Alfven and his colleagues, and an indication that
more attention should be given to their work.

Kristian Birkeland is often credited with first describing
cosmic electric currents in his 1908 model of electric currents
flowing from the Sun to the Earth causing the aurora borealis
[4]. For 60 years, Birkeland’s theory of large-scale electrical
connection was ignored in favor of the mathematical models
of Sydney Chapman, where planets are electrically insulated
from the Sun and solar wind.

The first in-situ measurements of cosmic-scaled electric
currents were provided by Zmuda et al [5] with a single axis
magnetometer on board the navigation satellite 1963—1938C.
Today the presence of cosmic electric currents is acknowl-
edged, but the debate remains if the electric fields and cur-
rents can be causal, or are merely a consequence of thermo-
dynamic and ponderomotive processes.

Electric current flow in a coaxial configuration was first
described in Oliver Heaviside’s 1880 patent [6]. Attempted
telegraph cables that sent current in only one direction re-
quired more energy and incurred substantial information loss
compared to cables with a built-in design to accommodate a
return current.

Coaxial current flow, now commonplace to the electrical
engineer, is a new idea to many in the astronomical commu-
nity. This paper will elaborate the morphology of electric cur-
rent flow in low density plasmas, and present several exam-
ples observed in cosmic plasmas. The argument is advanced
that coaxial current flow is to be expected in cosmic plasmas,
though its presence will be difficult to observe remotely. The
paper will conclude with suggested observations needed to
advance this topic.
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2 The magnitude of cosmic electric currents

When electric current flows through astronomical plasmas
there must be an electric field that is causing the electric char-
ges to move. The movement of charge will create a circular
magnetic field which will constrict the flow of charges into a
narrow line. Gravitational attraction will condense the mass
of the plasma. The mass of the plasma will be dissipated and
expanded by random thermal motions and by the total energy
stored in the magnetic field. When all these forces are in a
stable state, we set the energies that condense equal to the
energies that expand.

Consider an electric current flowing along a tube through
a cosmic plasma, the width of the tube is R [7, see eq 2.52].
These expressions are in units of energy per unit length:

KO 2(Ro) + L G N2 (Ry) = A A 1

o 0) + 5 Gm (Ro) = AWpg, + AW, (1
The integrated linear current density out to radius Ry is given
by I; m is the mean particle mass averaged over electrons,
ions, and neutral particles; N is the integrated linear particle
number out to radius Ro; AWp_ is the difference of magnetic
field energy between the total energy inside the tube and that
at the boundary of the tube; AW, is the difference of kinetic
energy between the total inside the tube and that at the bound-
ary of the tube.

This formulation was proposed by Carlqvist in 1988 [8],
showing the relative importance of the electromagnetic force,
gravitational force, and thermal motions for any given cosmic
plasma setting. Using this relation, Alfven and Carlqvist ar-
gue we should expect above the Earth currents on the order of
1.0-10.0 million amperes, which the Iridium satellite network
has verified [9]. The relation (1) implies that sunspots and
coronal loops should have currents on the order of 10'! amps.

Since no satellites yet fly through coronal loops, the mag-
nitude of electric currents are inferred from magnetic fields
which are inferred from the polarization of light coming from
the regions. Such modelling shows electric currents on the
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Fig. 1: Geometry for viewing an idealized current flow. Filament
runs along the z-axis. Viewer is far away along the y-axis. The x — z
plane is the plane of the sky.

order of 10'! amperes. For the magnitude of electric current
flowing through an entire star — which can be defined as the
gravitating mass and the larger magnetic body of the helio-
sphere — the Carlqvist relation predicts currents on the order
of 10° amps. This number has been confirmed for the electric
current flowing into the Sun along the heliospheric current
sheet [10]. The magnitude of the heliospheric current sheet
is not directly measured, our existing satellite sensors can-
not identify such a low current density, but is inferred from
the magnetic fields that exist above and below the plane of
the solar system. During the course of the 22-year solar cy-
cle, electric current flows alternately inward/outward radially
along the equator, and outward/inward from each pole, clos-
ing at the heliosphere, or in some models continuing to the
interstellar medium.

Within the interstellar medium, the Carlqvist relation pre-
dicts electric currents on the order of 10'* amperes. The
Planck, Herschel, and SOFIA telescopes have greatly increa-
sed the available data for the interstellar medium. Verschuur
recently calculated currents of 10'* amperes in the AO molec-
ular cloud through neutral hydrogen emission measurements
[11]. Stars form along filaments, the filaments extend for
hundreds of light-years without broadening, filaments have a
trunk-and-branch morphology, the filaments abruptly change
direction at bright points, and different molecular species and
energy states are segregated within the filaments. These are
all features to be expected from electric currents in a plasma.
The cause of these features is not primarily due to gravity.

At the galactic scale, Alfven proposed electric currents
should be on the order of 10'® amps, from a balance of mag-
netic pressure, thermal expansion, gravity, and helical mag-
netic fields. Works by Kronberg and Lovelace [2] and Gabuz-
da [3] have deduced 10'8 amperes of current flowing into and
out of galaxies in a columnar form. The technique relies on
measuring the polarization of light coming from the regions
of these jets.

132

3 Measuring cosmic currents
3.1 Model

In 1950, Lundqvist proposed a force-free current flow in a
plasma, meaning that the electric current flowing through the
plasma feels no Lorentz force from ambient magnetic fields
[12, 13]. This is a very special case, maybe never actually
realized in nature, but if there is any truth in the model, it
will give predictive power and new insights. In such a lowest
energy configuration, the current and magnetic field must be
flowing in the same direction. This arrangement of current
and magnetic field seen in the force-free flow is much more
complicated than a single wire carrying a current with the
azimuthal magnetic field curling around.
In equation form, we write for the force-free condition

2

where u and @ are scalars which possibly depend upon posi-
tion and plasma characteristics. J'is the electric current den-
sity vector. B is the magnetic field vector. Scott [14] ex-
tended Lundqvist’s model to values of radius large enough to
see reversals of both magnetic and current directions. In the
simplest case of current flow in cylindrical symmetry, the so-
lutions to a force-free state are given by Bessel functions Jy
and J;:

> -

uJ =ab,

B.(r) = B.(0) Jo(ar). 3)

Bu(r) = B.(0) Jy(ar), 4
B.(0

jur) = B jam, 5)
B.(0

jor = 229 5 . ©)

where (B, By) and (j;, jg) are the (z, 6) directions of the mag-
netic field and electric current density.

If the electric current is to be in a lowest energy configu-
ration, the electric current and magnetic field flow in the same
direction, and form a series of concentric shells, like multiple
coaxial cables. With increasing R, the current and magnetic
field, both pointing in the same direction, twist and eventu-
ally flow back in the opposite direction (see Fig 2). That a
return current will be present in a lowest energy configura-
tion harkens back to Heaviside’s telegraph equation showing
that a unidirectional current requires more energy and loses
information.

With increasing total current, the direction of flow will
again reverse itself, flowing in the direction of the center core.
The exact physical conditions that dictate the number of re-
versals is not yet known. Some magnetic clouds at 1 AU
show single reversals with 10° ampere currents [15]. Sin-
gle reversals — simple coaxial — are seen in 10'® ampere
galactic jets, while multiple reversals are seen in 10'0 am-
pere polar currents on Earth. Hence magnitude of current is
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Fig. 2: Coaxial current flow in plasma with multiple reversals. Ar-
rows represent the direction of the magnetic field and the electric
current. The magnitudes are given by Egs. (3)—(6).

not the only factor determining if current is unidirectional or
if there is also a return current. The reverse current is also
seen in particle-in-cell simulations, where a current injected
into a plasma can only continue if a return current is created
[7,p.75].

3.2 Applying the model

Filaments are ubiquitous in the interstellar medium, see Fig. 3
for an example. The Herschel and Planck telescope projects
are repositories for hundreds of such images. If electric cur-
rents were flowing through the filament, and were doing so
according to the coaxial model, how would such a morphol-
ogy be detected? We will look at several detection tech-
niques: polarization changes due to magnetic fields, Doppler
shifts due to relative motion, and segregation of atoms and
molecules by ionization potential.

Consider a coaxial filament, with current flow along the
z-direction, as shown in Fig 1. The viewer stands far away
on the y-axis. The x — z plane is the plane of the sky. We are
looking “side-on” towards the filament. Interesting measure-
ments such as changes in light polarization or Doppler shift
will depend upon the integrated magnetic field along our line
of sight.

We first consider a filament that has current flowing only
in one direction, with no return current. Fig.4 shows the
numerically integrated projection of the components of the
magnetic field along the y-axis, that is, the line of sight while
looking through the filament. For any given point in the fila-
ment, the horizontal component of the magnetic field B, will
have a mirror point in front or behind the center which has the
opposite horizontal component. Hence all B, fields will tend
to cancel. The B, values have a different symmetry: fields
pointing away on one side of the center will point towards
us on the other side of the filament. This is shown in Fig. 4
where the B, component changes sign on either side of the
center. The B, component will always flow in the positive di-
rection, but drops off to zero at the outer boundary as the flow
rotates to a purely azimuthal direction.

Next consider a current flow with a coaxial return flow,
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Fig. 3: Gas cloud G82.65-2.00 as seen by the Herschel telescope.
RGB image, the colours correspond to Herschel channels at 160 nm
(red), 250 nm (green), and 350 nm (blue). Credit ESA/Herschel/M.
Juvela [16].

Fig.5. The central current flow in the positive z-direction is
surrounded by a return flow in the negative z-direction. The
projection of the magnetic field components is shown. The
same symmetries apply as in the previous case, but with more
reversals. Figures 4 and 5 were solved on the same scale.

Applying this to telescope observations, low intensity cur-
rent flow, Fig. 4, will have magnetic fields close to the fila-
ment that are parallel to the filament. Those parallel fields
will decrease in intensity at the boundary of the filament.
More intense current flow, Fig. 5, will show fields along the
filament to reverse direction. Observations highlighting the
B, component will appear in Doppler shifts, since flowing
charged particles will drag neutral particles. From the ob-
server’s point of view, the azimuthal flow around the filament
axis will be moving away from the observer on one side of the
filament and moving towards the observer on the other side.
Look for opposite Doppler shifts on either side of the filament
center.

Additional observations should focus on spatial segrega-
tion of atoms and molecules. The current flow in the force-
free model is also very efficient at collecting ions into shells
segregated by ionization potential, see [17]. Spectrographic
data can be examined to look for atoms and molecules with
low ionization potential collecting near the center of the fil-
ament and high ionization potential species concentrated on
the periphery.

The ongoing debate as to whether magnetic fields are
aligned with or perpendicular to interstellar molecular fila-
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Magnetic field integrated from y-axis view
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Fig. 4: The x, y, z-components of the integrated magnetic field seen
from standing on the y-axis. There is no return current.

ments is rooted in the fact that both are true. The general form
of cosmic currents and their associated magnetic fields will
be coaxial, with directions constantly shifting from parallel,
perpendicular, to anti-parallel, with the number of reversals
dependent upon the setting.

As an example on a smaller scale, the polar electric cur-
rents on Earth form concentric shells, with the number of
shells increasing with the current, see Fig. 6. Imagine try-
ing to estimate the electric current flow in the Earth’s aurora,
but doing so by observing shifts in the polarization of light
passing through the aurora.

When viewed from outside the Earth, the net change in
polarization due to magnetic fields will be close to zero. Hen-
ce a current flow of billions of amperes can result in very
little net change of polarization, and lead to the conclusion
that no appreciable electric current exists in the Earth’s au-
rora. It is arguable that planetary polar currents have underly-
ing physics different from the model presented in this paper.
If that is so, they still provide a clear example of how in-
creased current causes additional counter-flowing shells and
how remote sensing will greatly underestimate the actual cur-
rent flowing.

The Cassini probe provides another example of how a
large current flow can be seen as very small when viewed
from a distance. When the Cassini probe flew through the
plumes of Enceladus, the Langmuir probe, while flying
through the plumes, measured charge densities indicating 107
amps of current flowing from the moon towards Saturn. But
the magnetometer aboard, measuring from a distance, only
measured a magnetic field that would be produced by 10°
amps. Farrell ef al. [18] suggest that an ion dust sheath forms
around the central flow of electrons, which serves to shield
the bulk of current flow. But is is unlikely that these ions are
stationary, and more likely that they form a return current of
a force-free Birkeland current.
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Fig. 5: Same as Fig.4 but with a return current, that is, a simple
coaxial current flow.

Regardless, this represents a clear case where the electric
current inferred from a distance is 1/100th that found through
direct measurement. When viewed from the outside, mag-
netic fields produced by the main central flow will be partly
cancelled by the outer sheath flowing in the opposite direc-
tion. Remote sensing tends to show only the net current,
which in many cases will be much smaller than the number
of charges flowing.

The methods described in this paper provide clear qual-
itative criteria for identifying force-free currents in cosmic
plasmas. The more quantitative Carlqvist relation (1) can be
used in a wide variety of cosmic settings. We suggest that the
voluminous data of filaments in the interstellar medium avail-
able in Herschel, Planck, VLA, HI4PI, and other surveys be
examined using the Carlqvist relation to map the morphology
of electric currents in the galaxy. The method for such analy-
sis, assuming unidirectional current flow, is presented clearly
in [11]. Extending that method to the more general case of
coaxial current flow will be the subject of a future paper.

The primary observational requirement, to apply the meth-
ods in this paper, is high resolution polarization and hyper-
spectral data cube with beam width easily resolving 0.1 pc
distance, which is the average ISM filament width. Inter-
stellar filaments in regions of high star formation are likely
candidates, such as protostars in filaments in the Orion A
molecular clouds: RA [42:00.00 to 34:00.00] Dec [-9:00:00
to -5:00:00].

4 Conclusions

Electric currents are ubiquitous in cosmic plasmas, having
been observed at the planetary, solar, interstellar, and galactic
levels. Considerations from basic plasma physics lead us to
expect that in cosmic settings, electric current will flow in
a coaxial form: a primary current flow will be matched by
a surrounding return current. There may even be multiple
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Fig. 6: Earth’s polar electric currents. Left, from the “St Patrick’s Day Storm” of 2015. Right, from one month later during quiet solar
wind. Red/Blue represents current flowing away/towards the planet. During active solar wind there are multiple concentric reversals. From

http://ampere.jhuapl.edu/ for the specified dates.

reversals of current, as in planetary polar currents.

When light passes through a coaxial current, the polariza-
tion changes will tend to cancel out, making it very difficult
to determine the actual amount of current flowing. Likewise,
any magnetic field measurements taken from outside such a
coaxial current tube will greatly underestimate the current,
since the reversing directions of current flow will cause a can-
cellation of magnetic field strength as seen from the outside.
The ongoing debate as to whether magnetic fields are aligned
with or perpendicular to interstellar molecular filaments is
rooted in the fact that both are true.

Force-free current flow can also be identified from Dop-
pler shift morphology and the segregation of atoms and mole-
cules by ionization potential. The wealth of recent high reso-
lution data in infrared, millimeter, and radio frequencies can
be examined to distinguish different models for the flow of
electric currents in cosmic plasmas.
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This paper reviews the new four-element theory of nature, developed by the author for
classically unifying all fundamental interactions of nature. Based on this theory, nature
consists of only four fundamental elements, which are radiation (y), mass (M), elec-
tric charge (Q), and color charge (C). Any known matter or particle observed in the
universe and discovered in labs is a combination of one or more of the four fundamen-
tal elements, such as light is radiation only, neutron has mass only, Weyl fermion has
electric charge only, gluon has color charge only, proton is a combination of mass and
electric charge, and quark — a combination of mass, electric charge, and color charge.
Fundamental interactions in nature are interactions among these fundamental elements.
Radiation and mass are two forms of real energy as Einstein formulated. Electric and
color charges are considered as two forms of imaginary energy. All the fundamental
interactions are unified into a single interaction between complex energies. Interaction
between real energies is the gravitational field force with three categories: mass-mass,
mass-radiation, and radiation-radiation interactions. Interaction between imaginary en-
ergies is the gauge field force with also three categories: the electromagnetic force
between electric charges, the strong force between color charges, and the weak force
between electric and color charges. Interactions between real and imaginary energies
are imaginary force, which have no observational support but may explain why charges
are usually adhered on mass. As the weak force is an interaction between electric and
color charges, it occurs effectively inside quark and causes quark excitation and decay.
This leads the author to develop a new two-flavor multi-excitation quark model. This
review gives details in various aspects and implications of the new four-element theory.

1 Introduction

Traditional four-element theory of nature, which was origi-
nated from Greek philosophy, posited that earth, air, fire, and
water are the fundamental building blocks of all matter in na-
ture. From the view of modern sciences, what are the fun-
damental elements of nature? It is well known that scientists
have discovered one hundred and eighteen chemical elements
in nature and from laboratory experiments, and listed them
in the Mendeleev periodic table according to their chemical
properties [1]. All the chemical elements can be also cate-
gorized into four groups: metals, nonmetals, metalloids, and
noble gases or more specifically into eight groups by classi-
fying metals into three types and separating the 113% though
118" elements as unknowns and the 7%, 17, 35%, 63", and
85" elements as halogens. Elements, compounds, and mix-
tures are three typical types of matter in chemistry. Solids,
liquids, and gases are three fundamental states of matter in
physics. Ionized gases are usually called plasmas, the fourth
state of matter. Almost all the normal or ordinary matter in
the universe is in the plasma state.

Particle physicists have discovered over three hundred
particle in nature and from laboratory experiments, and usu-
ally categorized them into hadrons and leptons according to
whether they participate in the strong interaction or not, or
into fermions and bosons according to whether they have half-
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integer spins or not [2,3]. Hadrons are composed of quarks
with six flavors, usually being grouped into three generations
or families along with the six leptons [4,5]. The six quarks are
up (u), down (d), charm (c), strange (s), top (#), and bottom
(b). The six leptons are electron (e), muon (u), and tau (1)
and their corresponding neutrinos (v,, v,,, v). In the standard
model of particle physics, the twelve spin-1/2 fermions (i.e.,
six quarks and six leptons) are building blocks of matter, the
four spin-1 bosons (y, g, W and Z) are gauge force carriers,
and the spin-0 Higgs boson is the particle mass giver. In-
cluding gravitons (the carriers of gravitational force) and all
antiparticles, physicists have found or predicted fifty-seven
fundamental particles and listed them in the particle table [6].

Both chemical elements and physical elementary parti-
cles are not fundamental elements of nature because they still
have common properties. Nuclei of different chemical ele-
ments consist of different numbers of nucleons (protons and
neutrons). Nucleons are combinations of quarks. Quarks
are combinations of mass, electric charge, and color charge.
Leptons and weak bosons have mass and/or electric charge.
Gamma bosons are massless radiation, and gluon bosons are
color charges. Considering these facts, the author proposed
and developed a new four-element theory of nature [7, 8].
From the fundamental elements of nature to reveal a new
quantum world of quarks, the author has recently proposed
and developed a new quark model called two-flavor multi-

137



Volume 21 (2025)

PROGRESS IN PHYSICS

Issue 2 (December)

!
\

U4
- " Radiation light

’

Mass

Positive & negative
electric charges

Red, blue & green
color charges

Fig. 1: Four fundamental elements of nature [7,8]. They are radi-
ation (), mass (M), electric charge (Q), and color charge (C). Ra-
diation and mass are two forms of real energies. Electric and color
charges are two forms of imaginary energies.

Table 1: Fundamental elements of nature. A particle is a combina-
tion of one or more of the four fundamental elements: mass (M),
radiation (y), electric charge (Q), and color charge (C).

Particles y M ) C
Photon v

Neutron v

Weyl Fermion v

Gluon v
Proton v v

Massless Meson v v
Quark v v v

excitation quark model [9, 10], which has potential to solve
both mysteries of why the present universe is significantly
missing antimatter but fully filling with dark matter. This pa-
per gives a sufficient review on this author’s newly developed
four-element theory of nature.

2 Fundamental elements of nature

The new four-element theory of nature suggests that nature
consists of only four fundamental elements [7, 8], which are
radiation (), mass (M), electric charge (Q), and color charges
(C) as shown in Fig.1. Any known matter or particle ob-
served in nature or generated in labs is a combination of one
or more of the four fundamental elements. For instances, as
shown in Table 1, photon is radiation only; neutron has mass
only; Weyl fermion has electric charge only; gluon has color
charge only; proton is a combination of mass and electric
charge; massless meson is a combination of electric and color
charges; and quark is a combination of mass, electric charge,
and color charge.

The author further categorized the four fundamental el-
ements into two types of energies. Radiation and mass are
two forms of real energy as Einstein formulated to be pro-
portional to radiation frequency and mass, respectively, while
electric and color charges are two forms of imaginary energy
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as the author formulated to be proportional to electric and
color charges, respectively. Radiation energy is the energy
of electromagnetic waves, propagating at the speed of light.
Mass energy is the nuclear energy of an object or particle
at rest or in motion. Real energy can do work in the real
world and is measurable. A pure electric charge such as a
Weyl fermion [11], as it is a form of imaginary energy, can-
not be directly observed in nature, but its flow or current in
semimetals has been detected [12]. A pure color charge such
as a gluon [13], as it is a form of imaginary energy, cannot be
directly observed in nature, but its behavior or existence has
been detected in quark-gluon plasmas or jet events [14].

2.1 Mass — a form of real energy

Mass is a fundamental property of matter, which directly de-
termines the gravitational interaction via Newton’s law of gra-
vitation [15]. Mass of an object is the quantity or amount of
matter that the object contains. It is a measure of its inertia of
motion in accordance with Newton’s laws of motion. A body
experiences an inertial force when it accelerates relative to
the center of mass of the entire universe as Mach’s principle
indicates. In short, mass there affects inertia here. From Ein-
stein’s energy-mass expression (or Einstein’s first law), mass
is also understood as a form of real energy. A particle at rest
with mass M has real energy given by [16]
Ey = Mc?, (D)
where c is the speed of light in the free space. A particle
in motion, has mass to be the Lorentz factor of the rest mass,
yiM, where y; = (1-1v?/c?)!/? and v the speed of the particle.
This real energy is always positive and directly measurable.
It cannot be destroyed or created but can be converted from
one form to another. In nuclear fission and fusion processes,
a small amount of missing mass converts into a huge amount
of nuclear energy. Newton’s second law of motion states that
acceleration of an object is proportional to the net force on the
object and inversely proportional to the mass of the object.

2.2 Radiation — a form of real energy

Radiation vy refers to the electromagnetic radiation (or light),
consisting of varying electric and magnetic fields, and can
travel through vacuum by itself at the speed of light, about
300 million meters per second. Light looks like a ray as it
travels straightly. Isaac Newton believed light to be particle
because of its reflection and refraction. Thomas Young sug-
gested light to be wave because of its interference and diffrac-
tion. James Clerk Maxwell recognized light to be electromag-
netic waves because they travel at the same speed. In quantum
physics, radiation is described as photons, which are massless
quanta of real energy. The energy of a photon is given by [17]

2
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where h is the Planck constant and v is the radiation fre-
quency. Radiation quanta or photons of light explain black-
body radiation spectra [18], atomic emission and absorption
spectra [19], Compton photon-electron scattering [20], and
photoelectric effects [17]. Therefore, we can say in general
that radiation is also a form of real energy and always pos-
itive. An atom, when it changes its state from energy E; to
energy E|, emits a photon with frequency or energy given or
determined by the energy difference, hv = E, — Ej.

According to the increasing order of frequency or the de-
creasing order of wavelength, physicists usually categorize
electromagnetic waves into radio wave, microwave, infrared,
visible light, ultraviolet, X-ray, and gamma ray. Oscillations
of electrons and nuclei including protons produce radio waves
and microwaves; thermal motions of electrons and ions pro-
duce infrared light; Orbital or energy changes of electrons
in atoms emit visible light and ultraviolet. Sudden stops of
high-speed electrons on targets produce X-rays; and nuclear
reactions and decays produce gamma rays.

Annihilations between particles and antiparticles includ-
ing quarks and antiquarks produce pairs of gamma rays. In a
pair production process, a gamma ray materializes into a pair
of particle and antiparticle with non-zero masses. Annihila-
tion and pair production indicate that the two forms of real
energies (i.e. mass and radiation) can convert from one to an-
other, so that they are not independent. If we define an equiv-
alent mass for radiation to be m, = hv/ 2, we may consider
nature to be composed of three fundamental elements: mass,
electric charge, and color charge, rather than fours, so that
reduce the four-element theory of nature to a three-element
theory of nature.

2.3 Electric charge — a form of imaginary energy

Electric charge is another fundamental or intrinsic property of
matter or some particles, which directly determines the elec-
tromagnetic interaction via Coulomb’s law of electric force
[27]. Electric charge has two varieties of either positive or
negative. It appears or is observed always in association with
mass to form positive or negative electrically charged parti-
cles with different masses such as electron and proton. The
interaction between electric charges, however, is completely
independent of their masses. Positive and negative charges
can annihilate or cancel out each other and produce in pair
with total electric charges conserved. Weyl fermion is a mass-
less electron, which was predicted a century ago and recently
measured in semimetals but not individually [11, 12].

A pure or individual electric charge should have its own
meaning of physics. Zhang [7] first hypothesized or consid-
ered electric charge Q to be a form of imaginary energy. The
amount of imaginary energy is defined to be proportional to
the charge as

3

Tianxi Zhang. New Four-Element Theory of Nature

where G is the gravitational constant. This allows us to unify
Newton’s law of gravitation with Coulomb’s law of electric
force into a single expression between complex energy of
electrically charged particles [7]. The imaginary energy has
the same sign as the electric charge. Then, for an electrically
charged particle, the total energy is

E=Ey+iEg = (1 +ia)Mc*, 4)
where i is the imaginary number and « is the charge-mass
ratio of the particle, defined by

_Ep 0

_Ze_ ¥ 5
=z Jor &)

in the cgs electrostatic unit system. The complex conjugate
of the energy of a charged particle such as an electron gives
the energy of its corresponding antiparticle such as a positron
[21,22].

Including electric charge, Zhang [7] has modified Ein-
stein’s first law (1) into (4), in which electric charge is ex-
pressed as imaginary mass or energy. For an electrically char-
ged particle, the absolute value of @ is a big number. This
implies that an electrically charged particle contains much
more imaginary energy than its real energy (e.g., @ = 10
for proton and @ = —2 x 10?! for electron). A neutral particle
such as a neutron, photon, or neutrino has only real energy.
Weinberg [23] suggested that electric charges come from the
fifth-dimensional space, which is a small and compact cir-
cle space in the Kaluza-Klein (KK) theory [24-26]. Zhang
has developed a five-dimensional fully covariant KK-theory
with a scalar field [28] and shown that electric charge can af-
fect light (i.e., electric redshift) and gravity (i.e., gravitational
shielding) [29, 30].

As the energy of an antiparticle is simply obtained by
conjugating the energy of the corresponding particle, a par-
ticle and its antiparticle have same real energy but imaginary
energy with opposite sign. In a particle-antiparticle annihila-
tion process, their real energies completely convert into radi-
ation photon energies and their imaginary energies annihilate
or cancel out. Since there are no masses to adhere with, the
electric charges come together due to the electric attraction
and cancel out, or form a positive-negative electric charge
pair (+, —). In a particle-antiparticle pair production process,
the radiation photon energies transfer to rest energies with a
pair of imaginary energies, which combine with the rest en-
ergies to form a particle and an antiparticle.

Real energy is continuous, while imaginary energy is
quantized. Each electric charge quantum e (which is also pro-
ton’s charge) has imaginary energy about iE, = iec?/ VG ~
10?7 eV about 10'® times greater than proton’s real energy
(~ 931 MeV). This ratio is about the ratio between the ra-
dius of proton and the radius of the circular fifth dimensional
space.
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Table 2: Properties of six quarks: name, symbol, and electric charge.

Name Symbol Mass Electric Charges
up u 2.4 MeV 2e/3
down d 4.8 MeV —e/3
charm c 1.27 GeV 2e/3
strange S 104 MeV —e/3
top t 171.2 GeV 2e/3
bottom b 4.2 GeV —e/3

2.4 Color charge — a form of imaginary energy

Color charge C is a fundamental property of quarks and glu-
ons [36], which has analogies with the notion of electric char-
ge of particles. The basic properties (mass and electric char-
ge) of the six quarks are shown in Table 2. There are three va-
rieties of color charges: red, blue, and green. An antiquark’s
color is anti-red, anti-blue, or anti-green. Quarks and anti-
quarks also hold electric charges but the numbers of electric
charges to be fractional such as +e/3 or +2¢/3. An elemen-
tary particle is usually composed of two or more quarks or
antiquarks and colorless with electric charge to be a multiple
of e or neutral. For instances, a proton is composed of two up
quarks and one down quark (uud); a neutron is composed of
one up quark and two down quarks (udd); a pion meson 7"
is composed of one up quark and one down antiquark (ud);
a charmed sigma X** is composed by two up quarks and one
charm quark (uuc); and so on.

Similar to electric charge Q, the author has hypothesized
or considered the color charge C to be another form of imag-
inary energy. The amount of imaginary energy in a color
charge can be defined by

Ec = c, (6)

in analogy to the electric charge for the grand unification of
all fundamental interactions into a single interaction between
complex energies [8]. Then, for a quark with mass M, electric
charge Q, and color charge C, the total energy of the quark is

E=Ey+iEg+iEc = (1 +ia +if)Mc*, @)
where 3 is defined by
Ec C
p=S=——. ®)
Ey \GM

The total energy of an antiquark is obtained by conjugating
the total energy of its corresponding quark. A quark and
its antiquark have the same real energy and equal amount of
imaginary energy, but their signs are opposite. The opposites
of red, blue, and green charges are anti-red, anti-blue, and
anti-green charges.
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Table 3: Color combinations between red, blue, green and their anti-
colors.

Color r b g 7 b J
r 2r g b 0 5 g
b J 2b 7 b 0 by
g b7 2 g g O
F o % F 2 g b
b b, b, g 2b r
g gr 9 0 b r 2g

2.5 Color neutrality and quark confinement

In particle physics, color is a fundamental property of quarks
and gluons, related to the strong forces. It is not the visi-
ble color but a type of charge. A neutral or white color (i.e.,
zero color charge) is formed when (1) a color and its anti-
color combine C + C = 0), (2) red, blue, and green colors
combine (r + b + g = 0), and (3) anti-red, anti-blue, and anti-
green colors combine (7 + b + g = 0). Table 3 lists the colors
formed when any two colors combine, such as red and red
colors combine to form double red color, red and blue com-
bine to form anti-green color, red and green colors combine
to form anti-blue color, red and anti-red colors combine to
form white color, red and anti-blue colors combine to form
red-anti-blue color, and red and anti-green colors combine to
form red-anti-green color, and so on. Color neutrality refers
to that only color-neutral particles can exist in isolation or in-
dependently. Color confinement refers to that particles with
colors or anticolors cannot be observed alone.

2.6 Energy space of particles

Both real and imaginary energies are conserved, respectively.
Being only positive, a real energy cannot be created or de-
stroyed but can be converted from one to another. In electron-
positron annihilation process, mass is converted into radia-
tion. In the pair production of a gamma ray, radiation is con-
verted or materialized into mass. Being both negative and
positive for electric charges and both color and anti-color for
color charges, an imaginary energy can be canceled out or
neutralized. Net charges in an isolated system remain the
same. As mentioned in subsection 2.1 above, the two forms of
real energies (mass and radiation) can be converted from one
to another and thus not independent. Here, we believe, the
two forms of imaginary energies (electric charge and color
charge) are independent, but they can interact via the weak
force.

Fig.2 constructs a three-dimensional (3D) energy space
for particles based on the three independent fundamental ele-
ments or energy components (mass, electric charge, and color
charge). Any particle has a position or can be located in this
3D energy space with coordinates (M, Q, C) with M > 0. For
instances, a neutral particle such as neutron and neutrino, in-
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Fig. 2: 3D particle energy space. A neutral particle such as neu-
tron or neutrino including radiation is found on the M-axis, a Weyl
fermion is found on the Q-axis, a gluon is found on the C-axis, an
electrically charged particle such as proton or electron is found in
the M — Q plane, and a quark is found in the 3D space with non-zero
coordinates.

cluding radiation when it is equivalent to mass, has a coordi-
nate (M, 0, 0), located on the M-axis; an electrically charged
particle such as proton and electron, located in the M-Q plane
with a coordinate (M, Q, 0); and a quark has a position in the
3D space with non-zero coordinates. Weyl fermions are on
the Q-axis and gluons are on the C-axis. And so on for many
other particles, including antiparticles, we can locate each of
them with a unique set of coordinates in this 3D energy space
of particles.

3 Fundamental interactions and unification
3.1 Fundamental interactions in nature

Fundamental interactions in nature are interactions among
fundamental elements of nature. Among the four fundamen-
tal elements, there are ten fundamental interactions (Table 4).
The three real forces (ﬁ MM> ﬁyy, and F My) are interactions
between two forms of real energies (y and M) and belong
to the gravitational forces. Another three real forces (F 00>
F, oc, and F, cc) are interactions between two forms of imagi-
nary energies (Q and C) and belong to the gauge field forces,
named, respectively, the electromagnetic, weak, and strong
forces. The four imaginary forces (iny, iﬁyc, iF Mo, and
iFyc) are interactions between real and imaginary energies
and have no direct measurements. Although these imaginary
forces are not directly observational, they may play key roles
in explaining why charges are always attached along with
masses and absorb/emit radiation photons, and why gluons
are adhesive. In physics, the fundamental interactions found
in nature conventionally refer to the following fours: gravita-
tional, electromagnetic, weak, and strong forces.
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Table 4: Fundamental interactions among the four fundamental ele-
ments.

Name Y M iQ iC
Y F v F M iF’ ¥Q iF’ ¥C
M Fuy  iFug  iFyc
iC F cc

3.2 Unification of all fundamental interactions

All the ten fundamental interactions among the four funda-
mental elements (two real energies and two imaginary en-
ergies) can be unified as a single interaction between com-
plex energies as given by the following equation or shown by
Fig.3 [8]

E\E;

ﬁElEZ=—Gc477’, )

where G is the gravitational constant, £; and E, are com-
plex energies of the two objects or particles, and r is the
distance between the two objects or particles. This expres-
sion (9) may be called a generalized Newtonian gravitational
law. Considering the complex energy of a general object or
particle that has two real parts and two imaginary parts (i.e.,
E, = E1y+E1M+iE1Q+iE1C and £, = E2y+E2M+iE2Q+iEzc),
we can expand the single complex force into six real and four
imaginary forces,

_ M1M2 R MthZ + Mghvl R thl’lV2 A
Fep=-G——7-G 2.2 - 4.2
r cr ctr
+
+Q1Q2?+Q1C2 Q2C1?+C1C2?
2 2 2

\/5 hV1Q2 +hV2Q1 .

. hV]Cz +hV2C1 .
VG Gt hnaCi

G

272

[\/6 M1C2 + M2C1 ?‘

M O, + M
_ivG 1Q22 201, 2
r

r
ZFMM+F7M+Fyy+FQQ+FQC+FCC
+1 7Q+iﬁyc+iﬁMQ+iﬁMc

=ﬁRR+ﬁ]]+iﬁR[. (10)

Here, we have used (1-3) and (6) for the two real and two
imaginary energy expressions. The symbol 7 is the unit vector
along the direction of radial distance.

3.3 Gravitational force — interaction between real en-
ergy

The force Fyy represents Newton’s law for the gravitational
interaction between two masses. This force governs the or-
bital motion of astrophysical objects including the solar sys-
tem. The force ﬁ,/M is the gravitational interaction between
mass and radiation and the force ﬁw is the gravitational in-
teraction between radiation and radiation. These three types
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Fig. 3: Fundamental interactions among the four fundamental ele-
ments of nature: radiation, mass, electric charge and color charge.
Mass and radiation are real energies, while electric and color charges
are imaginary energies. Nature is a system of complex energy, and
all the fundamental interactions of nature are classically unified into
a single interaction between complex energies. There are six real and
four imaginary interactions among the four fundamental elements.

of gravitational interactions are categorized as the interac-
tion between real energies (Fig.4a). Defining the radiation
equivalent mass, we have a single gravitational force between
masses.

When a photon of light travels relative to an object (e.g.
the Sun) from 7 to 7 + dP, it changes its frequency from v to
v+dy. Calculating the work done by this mass-radiation force
on a photon to be the energy change of the photon,

M
hv dr

252 ’

hdv = Fyy -d? = -G
cr

(1)
the author derived Einstein’s gravitational redshift without
using the Schwarzschild solution of Einstein’s general rela-
tivity [8,37,38]. First, dividing (11) by the photon energy
hv for variable separation and then integrating the radial dis-
tance from the object radius R to infinity co and the photon
frequency from the emission frequency v, to the observation
frequency v,,, we have

fv” dv foo GM
— == ——dr.
v V R C2r?

Completing this definite integration, we obtain

12)

Vo GM Ve GM
In—=-——, or —:exp(z—).
c’R

s 13
Ve 2R Vo (13)

Then, the gravitational redshift can be derived as

/10_/1(3 Ve = Vo

Zg

GM) B (14)

=ov(

Ae Vo
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Fig. 4: (a) Top left panel shows the three types of gravitational
interaction between real energies. They are the mass-mass, mass-
radiation, and radiation-radiation interactions. (b) Top right panel
shows the three types of electromagnetic force between electric
charges. They are the positive-positive, positive-negative, and
negative-negative interactions. (c) Bottom left panel shows the six
types of strong interactions between color charges. They are the red-
red, red-blue, red-green, blue-blue, blue-green, and green-green in-
teractions. (d) Bottom right panel shows the six types of weak inter-
actions between electric and color charges. They red-positive, red-
negative, blue-positive, blue-negative, green-positive, and green-
negative interactions.

In the weak field approximation, it reduces to

GM

7= ——.
“T 2R

(15)
Similarly, calculating the work done on a photon from an
object by the radiation-radiation gravitation, the author fur-
ther obtained a radiation redshift, which is proportional to the
fourth power of temperature of the radiation. For the light
from the Sun, the radiation redshift is about 10~!3, around
seventh order lower in magnitude than the gravitational red-
shift [8], and hence negligible. For an extremely hot ob-
ject, the radiation redshift will be significant and may be de-
tectable.

3.4 Electromagnetic force — interaction between elec-
tric charges

The force Fop represents Coulomb’s law for the electromag-
netic interaction between two electric charges. This force
governs the orbital motion of atomic electrons around nuclei.
Electric charges have two varieties and thus three types of in-
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Table 5: Gauge field interactions between different types of charges.
These include the six strong field interactions between three types of
color charges (coded as red), the six weak field interactions between
three types of color charges and two types of electric charges (coded
as blue), and the three types of electromagnetic field interactions
between two types of electric charges (coded as green).

Charge r b g + -
, £, F, F, F. F.
b Fup Fi, Fy, Fy
9 F, 99 F, g+ F, 9=
+

teractions (Fig. 4b, see also Table 5):
1) repelling between positive electric charges F..,
2) repelling between negative electric charges F__ and

3) attracting between positive and negative electric char-
ges Fy_.

Like charges repel one another and unlike charges attract one
another. In the standard model of particle physics, the elec-
tromagnetic force between electric charges is described by
the group U(1).

3.5 Strong Force — interaction between color charges

The force Fec is the strong interaction between color charges.
Color charges have three varieties: red, blue, and green and
thus have six types of interactions (Fig. 4c, see also Table 5):

1) the red-red interaction F s
2) the blue-blue interaction F bbs
3) the green-green interaction F 99>

4) the red-blue interaction F b

5) the red-green interaction F,,, and

6) the blue-green interaction F bg-

Fig. 4c shows these six types of color interactions or strong
forces. With anticolors, there are 21 types of strong force
between color charges. In the standard model of particle
physics, the strong forces between color charges are describ-
ed by the group SU(3).

The strong interaction is the only one that can change
color of quarks in a hadron particle. A typical strong inter-
action is the proton-neutron scattering. This is an interaction
between the color charge of one up quark in proton and the
color charge of one down quark in neutron via exchanging a
nm*-meson between the proton and neutron. In other words,
during this proton-neutron scattering an up quark in the pro-
ton changes into a down quark by emitting a 7*, meanwhile
a down quark in the neutron changes into an up quark by ab-
sorbing the 7*. Another typical strong interaction is delta
decay, A p + n~. This is an interaction between the color
charge of one down quark and the color charges of the other
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two quarks. In this interaction, a down quark emits a 7~ and
then becomes an up quark, d — u + 7.

It should be noted here that the strong force carriers be-
tween nucleons (not quarks) are the pion mesons (7, 7°),
which are the lightest hadrons, composed of one first-genera-
tion quark and one first-generation antiquark, and bind nucle-
ons to form nuclei [33]. Gluons are the particles that mediate
the strong forces that bind quarks together to form hadrons in-
cluding nucleons [34]. Including antiparticles and gravitons
(or gravitational force carriers), we have more fundamental
particles [35]. We may categorize the strong force into two
categories: (1) the nuclear force between nucleons to bind
nucleons to form a nucleus and (2) the color charge interac-
tion or force between quarks to bind quarks into hadrons.

3.6 Weak force — interaction between electric charge
and color charge

The force F, oc 1s the weak interaction between electric and
color charges. Considering electric charges with two varieties
and color charges with three varieties, we have also six types
of weak interactions (Fig. 4d, see also Table 5):

1) the positive-red interaction F s

2) the positive-blue interaction F b

3) the positive-green interaction F +gs

4) the negative-red interaction F —

5) the negative-blue interaction F _p», and
6) the negative-green interaction F —g-

With anticolors, there are 12 types of weak between electric
and color charges. In the standard model of particle physics,
the weak forces are described by the group SU(2) and carried
by the W and Z bosons. The weak interaction is the only one
that can change flavors of quarks in a hadron particle, which
causes atoms to change from one element to another. A typi-
cal weak interaction occurs when neutron decays into proton
with emissions of an electron and an electron-type antineu-
trino. In this process, a down quark in the neutron changes
into an up quark by emitting a W-boson, which lives about
1072 seconds and then breaks into a high-energy electron and
an electron-type antineutrino.

3.7 Interaction between two electrically charged parti-
cles

The interaction between two electrically charged particles
such as the interaction between two protons in a nucleus or
the interaction between proton and electron in a hydrogen
atom is given by

o (Eim +iE19)(Eam + iEyp)
1'7511;2 =-G c4r2 r
MM M + M
-_G 122?+Q12Qz?_i\/5 1Q22 201,
r r ¥
ZﬁMM+ﬁQQ+iﬁMQ, (16)
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Fym ?QQ F"'L'C

Fig. 5: (a) Top panel shows interaction between two electrically
charged particles. It splits into three fundamental interactions:
(1) a real force between masses Fyu, the gravitational force gov-
erned by Newton’s gravitational law, (2) a real force between electric
charges F, 00> the electromagnetic force governed by Coulomb’s law,
and (3) an imaginary force between mass and electric charges iF, MQ>
which plays the role in sticking and adhering the electric charge on
the mass to form electrically charged particles. (b) Bottom panel
shows interaction between two quarks. It splits into six fundamental
forces: (1) a real force between masses (gravitational) F um, (2) a
real force between electric charges (electromagnetic) F, 00, (3) areal
force between color charges (strong) F cc, (4) a real force between
electric and color charges (weak) F, oc, (5) an imaginary force be-
tween mass and electric charge iFf mo> and (6) an imaginary force

—
between mass and color charge iF .

or shown in Fig. 5a. It is split into two real forces and one
imaginary force. The two real forces are Fyy and F, 00> EOV-
erned by Newton’s law of gravitation and Coulomb’s law of
electromagnetism, respectively. The one imaginary force is
iF, oc, which can occur inside of a particle to glue its electric
charge on its mass or between two particles.
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3.8 Interaction between two quarks
The interaction between two quarks in a hadron or in a quark-
gluon plasma is given by
(Evm +iE19 +iEc)(Eay + iErg + iEyc) |
-G ) 7
ctr
MM, 010, 001G+ (o, GGy,
r+ r+ r+ r
2 12 2 2
MO, + M M,C, + M,C
_iVG 10> d 2Q1’A’__l.\/5 16 d 26,
r r

R
FgE, =

=-G

ﬁMM+ﬁQQ+ﬁQc+ﬁcc+iﬁMQ+iﬁMc. 17

or shown in Fig. 5b. It is split into four real and two imaginary
forces. The four real forces are F, MM> F 00> F, oc and ﬁcc,
called by the gravitational, electromagnetic, weak and strong
interactions, respectively. The two imaginary forces are iF, MO
and iFyc, gluing electric and color charges on mass.
Considering the strong interaction to be asymptotically
free within a typical hadron [39], we can replace the color
charge by
c— ~c,

ro

(18)

where r is the radial distance and ry ~ 107" m is the ra-
dius of the typical hadron. This assumption represents that
color charge becomes less colorful if it is closer to each other,
i.e., asymptotically colorless. Then, the strong interaction be-
tween color charges of two quarks can be rewritten by

N c.C
Fee,= —52 1, (19)
)

which is independent of the radial distance and consistent
with measurements, and the weak force between electric char-
ge of one quark and color charge of another quark becomes

2 0,0y
FQ1C2 = ror

7, (20)
which is inversely proportional to the distance and consistent
with measurements. The electromagnetic force between elec-
tric charges of two quarks is given by

= 010>

Fo,0, = 2 F.

ey

Within a typical hadron (i.e., r ~ ry) such as a proton or a neu-
tron, the strong force can be 100 times stronger than the elec-
tromagnetic force in strength. This leads to the color-electric
charge ratio of a quark to be C/Q ~ 10. The ratio between
strong force and weak force will be about ~ rC/(ryQ). Since
the weak force between electric charge and color charge has
a shorter range of interaction (r ~ 107! m or r/ry ~ 1073)
such as within a typical quark, we have that the weak force be-
tween electric and color charge within a typical quark can be
100 times greater than the strong force between color charges
of two quarks within a typical hadron. Therefore, the weak
force that occurs inside a quark and causes the quark decay is
not actually weak.

Tianxi Zhang. New Four-Element Theory of Nature
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4 Discussions and conclusions

The new four-element theory suggests the weak force to be an
interaction between electric and color charges, in analogy to
the electromagnetic force to be an interaction between elec-
tric charges and the strong force to be an interaction between
color charges. It occurs effectively inside a quark between
its electric and color charges, so that is responsible for the
excitation and decay of quarks. Considering an atom to be
composed of a nucleus and electrons, a nucleus to be com-
posed of nucleons, and a nucleon to be composed of quarks,
we see radioactive decay of atoms to result from the decay of
quarks that are triggered by the weak interaction between the
quark’s electric and color charges. This new scenario of weak
interaction beyond the standard model of particle physics has
important implications to the quark model, particle physics,
and cosmology. Based on the new four-element theory of na-
ture, we have developed a new quark model called two-flavor
multi-excitation quark model [9,40].

The new four-element theory of nature addresses only the
ordinary matter of the universe. Based on the big bang stan-
dard model of cosmology, our universe dominates by dark
matter and dark energy over 95%. The ordinary matter only
takes 5%. The possible candidates of dark matter are weakly
interacting massive particles (WIMPs), axions, sterile neutri-
nos, and primordial black holes. For the dark energy, the most
favored explanation is the cosmological constant. The author
proposed and developed a black hole model of the universe,
which does not need dark energy [41-44]. On the other hand,
the reason why distant supernovae appear dimmer than ex-
pected may be due to the redshift-luminosity relation that is
conventionally applied is only an approximate expression for
nearby objects [45]. If the spacetime is dynamic, our universe
does not need to be accelerating and even expanding [46,47].

As consequences of this review work, we have compre-
hensively reviewed the new four-element theory of nature,
that was proposed and developed previously by the author to
classically unify all fundamental interactions into a single in-
teraction between complex energies. The new four-element
theory of nature suggests that nature consists of four funda-
mental elements, which are radiation, mass, electric charge,
and color charge. Any known matter or particle observed
in nature or discovered in labs is a combination of one or
more of the four fundamental elements. Fundamental inter-
actions in nature are interactions among these fundamental
elements. Radiation and mass are two forms of real energy.
Electric and color charges are two forms of imaginary energy.
All fundamental interactions are unified into a single inter-
action between complex energies. Interactions between real
energies are gravitational field forces with three categories:
mass-mass, mass-radiation, and radiation-radiation interac-
tions. Interactions between imaginary energies are gauge field
forces with also three categories: electric-electric charge (or
electromagnetic), electric-color charge (or weak), and color-

Tianxi Zhang. New Four-Element Theory of Nature

color charge (or strong) interactions. Interactions between
real and imaginary energies are imaginary forces, which do
not have observational support but may explain why electric
and color charges are usually adhered on mass, rather than
independently exist. The significant result obtained from the
new four-element theory of nature such that the weak force is
an interaction between electric and color charges would have
essential implications to the quark and particle theories be-
yond the standard model as well as cosmology.
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Ultrafaint Dwarf Galaxies and the Baryonic Tully-Fisher Relation (BTFR)
Derived by Quantum Celestial Mechanics (QCM)

Franklin Potter
Huntington Beach, CA USA. E-mail: frankl1hb@yahoo.com

All rotationally supported galaxies such as Andromeda and the Milky Way obey the
baryonic Tully-Fisher relation (BTFR) of V‘f‘ oc M), for rotational velocity V, and de-
tected amount of baryonic mass M,, as do all the pressure supported dwarf galaxies.
However, the ultrafaint dwarf galaxies in the Local Group do not obey BTFR. Including
dark matter does not resolve the issue. We investigate whether Quantum Celestial Me-
chanics (QCM) with its detailed derivation of the BTFR offers a reasonable resolution.

1 Introduction

At least three general types of galaxies are known: rotation-
ally supported galaxies such as Andromeda and the Milky
Way, pressure supported dwarf galaxies, and ultrafaint dwarf
galaxies. The rotationally supported galaxies obey the origi-
nal 1977 Tully-Fisher relation connecting their luminosity L
to their outer circular velocity V [1]

L=V, ey
where « is a constant that is dependent upon the specific phys-
ical properties of each galaxy and the physics model.

When more data became available in the 1990s, the bary-
onic Tully-Fisher relation (BTFR) determined by MOdified
Newtonian Dynamics (MOND) revealed that the flat rotation
velocity Vy of a rotationally supported galaxy such as An-
dromeda or the Milky Way depends upon its baryonic mass
M, exactly to the 4th power, i.e. V? oc Mp. This relation-
ship even holds true for dwarf galaxies that are pressure sup-
ported [2]. Or, as it is more commonly expressed [3],

Vo M; )

However, for the numerous ultrafaint dwarf galaxies of
low mass with no gas component that surround the Milky
Way and are gravitationally bound collections of stars only,
the BTFR appears to fail [4]. The rotation velocities are too
great for the amount of detected baryonic mass. Hence the
possibilty exists for a significant amount of dark matter in ad-
dition to baryonic mass in their location.

In Fig. 1 are shown some of the many rotationally sup-
ported galaxies (circles), some of the numerous pressure sup-
ported galaxies including some dwarf galaxies (diamonds),
and a representative sample of the ultrafaint dwarf galaxies
(squares) with their very large uncertainties because of diffi-
culties in their measurement [5]. These ultrafaints are usually
too faint to be detected beyond the nearby Universe, so the
sample is largely limited to the Local Group.

The straight line in Fig. 1 is the BTFR fit of the rotation-
ally supported galaxies and the pressure supported galaxies,
both of which contain a significant amount of baryonic gas
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Fig. 1: log V; vs. log M, for rotationally supported galaxies (cir-
cles), pressure supported dwarf galaxies (diamonds), and ultrafaint
dwarf galaxies (squares) in relation to the MOND predicted BTFR
(straight line) at exactly Vj‘. vs. My, plus an example of a ACDM
prediction (dashed line). The top two circles are Andromeda and the
Milky Way. Uncertainties not shown are approximately symbol size.

among the stars, as determined [2,6] by MOdified Newtonian
Dynamics (MOND) to be
v = (0379kms™ M )M, 3)

But the ultrafaint dwarf galaxies (black squares) do not
obey this BTFR relationship. Both MOND researchers and
traditional lambda cold dark matter (ACDM) research groups
have not been able to resolve this issue except by proposing
that perhaps the Milky Way itself is possibly interfering with
the stability of the ultrafaint systems., i.e. tidal disruptions
from external gravitational field effects could be influencing
a dispersion of the stars.

Moreover, the ACDM approach also has the fundamen-
tal problem that one cannot predict the 4th power relationship
between the V; and the baryonic mass M, because the in-
cluded dark matter in their galaxy models suggests the power
relationship to be smaller than 4 as shown by the dashed line
in Fig. 1.
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However, the BTFR derived in quantum celestial mechan-
ics (QCM) [7] offers a possible solution that explicitly in-
cludes more fundamental physical properties of the ultrafaint
dwarf galaxies, including their baryon densities, radial sizes,
and total angular momentum.

The successful application of QCM to galaxy clusters [8]
explained how the dynamic baryon mass of a galaxy clus-
ter, without requiring any dark matter, depends upon both the
total angular momentum and the observed baryonic mass val-
ues. Therefore, we investigate the QCM expression for the
BTFR to better understand the ultrafaint dwarf galaxies.

2 QCM derivation of the BTFR

QCM is derived from the general relativistic Hamilton-Jacobi
equation [7]
ap 0S OS

22
— = =0 4
oxa op M€ @

via the transformation that defines the wave function
Y= SH ©)

to obtain a scalar gravitational wave equation (GWE)

of Y ¥y

g =0. (6)

ook 2

In these equations, S is the classical action S divided by uc
for a test particle of mass u, with ¢ being light speed in vac-
uum.

The characteristic distance H for a gravitationally bound
system is defined to be

Ly

H =
MTC

)

where Ly is the total angular momentum for the system of
total mass Mr.

In a gravitationally bound system in coordinates (¢, r, 8, ¢)
obeying the Schwarzschild metric, as expected for planetary
systems and galaxies, from the angular coordinates one de-
rives the angular momentum per unit mass quantization con-
dition
L Ly

®

=m
M Mr
for a mass y in orbit with angular momentum L and for m
an integer. All confirmed multi-planetary systems obey this
relationship [9].

From the radial equation one obtains the energy per unit
mass quantization

r2

E=—ud ——,
He e H?

©))

with r; the Schwarzschild radius and integer n.
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Application of the virial theorem for gravitation leads di-
rectly to the tangential rotation velocity for the test particle

rsC
= 10
v 2nH (10)

from which the QCM predicted BTFR can be derived.

If we assume that the galaxy is approximately a disc with
a total baryonic mass M), = mhR*p, for average density py,
thickness h, and radius R, then its total angular momentum
Ly = aM,R?>w with moment of inertia factor & and rota-
tional velocity w. With gravitational constant G, this BTFR

becomes
1[G
Vf = M}: —_— Vﬂ'hpo . (11)
na

As one example, suppose % is 8 times greater than esti-
mated, and the @ and py parameters can each vary by about
a factor of 2. By combining them optimally, QCM predicts
a maximum gain of about V8 times the previous value of Vs
for the same baryonic mass value.

3 Conclusion

QCM predicts a BTFR relation depending upon the average
density, thickness, and total angular momentum of a galaxy.
Whether these three parameters in the BTFR expression de-
rived by QCM will resolve the issue of the ultrafaint dwarf
galaxy positions on the V}‘ oc M;, graph remains to be deter-
mined when better data becomes available.
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The Model of the Sun, Based on Wheeler’s Geometrodynamics, is Confirmed
by Recent Astronomical Observations

Anatoly V. Belyakov

Tver, Russia. E-mail: belyakov.lih@gmail.com

The detailed physical parameters of the gravitomagnetohydrodynamic model of the
Sun, calculated earlier on the basis of Wheeler’s geometrodynamics, are confirmed by

recent astronomical observations.

In [1] and other studies, a mechanistic interpretation of Whee-
ler’s geometrodynamics is used, which makes it possible to
draw analogies between objects of different scales (in the
widest range from elementary particles to planets and stars),
regardless of the nature of their constituent environment, sole-
ly on the basis of the balance between gravitational, magnetic,
electrical, and dynamic forces. This method, when applied
to stellar objects, has showed that the Sun has a complex
dynamic internal structure, and some of its model parame-
ters are in good agreement with recent astronomical observa-
tions [2-4].

The balances of the aforementioned forces lead to the
structuring of any medium, if these forces are present, into
local vortex zones (vortex tubes) [1, 5], consisting of single
vortex filaments.

Recall that the formulae for electric and magnetic forces
are written in a “non-Coulomb” form, in which the electric
charge is replaced by the electron’s maximum momentum. In
this case, the electric and magnetic constants &y and y are as
follows "

g = — =3.33x 107'° kg/m,

Te

ey

1
— =0.0344 I/N,
EoC

o = @)
so g is effectively the linear density of the vortex tube, and
Mo 1s the reciprocal of the centrifugal force generated by the
rotation of a vortex tube element of mass m, at the speed of
light ¢ along a radius r,.

In particular, the work [1] established that as an initially
structureless medium becomes more complex, local vortex
zones arise, where:

— the number z of the local zones for an arbitrary mass M
is

z= ﬁ ; 3)
— their radius r and length [, respectively, are

r=M"R,, 4)

[=M"R,, 5)

— the circumferential velocity of individual vortex fila-
ments rotating around the longitudinal axis of the vor-
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tex tubes is

vo =M, (6)
— the number of the vortical filaments in the zone
n=fM, (7N

where f is the ratio of the electric forces to the gravi-
tational ones, and M is a dimensionless mass measured
in fractions of the characteristic mass

R.c?
M, =~ =1.012 x 10° ke, (8)
Y
where the characteristic radius R, is
R. = (2m)"? ¢ x [sec] = 7.52 x 10® m, 9)

so that for the Sun’s mass is we have M = 2 x 107,
It is obvious that as its own mass decreases, the object
simultaneously becomes more complex, structuring it-
self into local zones in an increasingly finer manner.

Stars, forming from primordial matter, undergo a long
evolutionary process, and at some point their structure con-
forms to the above relationships (for detail, see [1]). It is
assumed that our Sun is also at this equilibrium stage of its
existence, and therefore some parameters of the solar struc-
ture should correspond to them.

According to [1], the initial state of a stellar object is as-
sumed to be a rotating disk, in which, as it becomes more
complex, local radial-spiral zones form, which are pulled
toward the centre by the radial components of gravitational
forces.

Since magnetic forces also act in the solar plasma, the so-
lar structure as a whole may consist of local zones in the form
of closed contours-toroids (balance of magnetic and gravita-
tional forces), whose conductive elements (vortex filaments)
rotate around the closed axis of the torus (balance of magnetic
and inertial forces), while the toroids themselves are located
in the plane of the rotating disk (balance of gravitational and
inertial forces). The core rotates faster than the periphery, and
the toroids twist, converting their kinetic energy into other
forms (and then, obviously, the reverse process). It would
be a gross oversimplification to liken this system to a multi-
winding, flat-spiral mechanical pendulum; nevertheless, an
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oscillatory process of the object’s gravimagneticodynamic
structure must take place.

Indeed, paired dark spots predominantly in the Sun’s
equatorial zone appear to be the outcrops of local structures
that undergo magnetization reversals and change their inten-
sity and polarity with a period of 11 years. Their observed
number (from a few to hundreds) is consistent with the cal-
culated average, according to formula (3), z = 26.6. In [1]
other models corresponding to the real parameters of the Sun
are also given.

This structure turned out not to be speculative; on the con-
trary, it has received new direct confirmation in the recent
studies mentioned below.

1. The Daniel K. Inouye Solar Telescope registered tiny
structures in the Sun’s corona — ultra-thin coronal loops that
extend along the Sun’s magnetic field lines. On average, their
width was approximately 48 kilometers across, with individ-
ual loops measuring approximately 20 km [2]. It is assumed
that these fine structures may be isolated elements of the solar
structure.

But this is precisely the size of the vortex local zones pre-
dicted by the proposed model; according to the formulae (4)
and (5), r = 40.4km and [/ = 28,200km. The latter is also
consistent with observations, since the height of coronal loops
can reach 10,000 km.

2. Furthermore, Prof. Richard Morton directly observed
a small twisted type of wave (Alfvén waves), which can sup-
ply energy to the corona [3]. These waves cause rotational
motion, which was detected by spectroscopic analysis, as the
plasma’s erruption toward and away from the Earth creates
characteristic red and blue shifts on opposite sides of mag-
netic structures. This effect was observed in the movement of
iron atoms heated to 1.6 x 10° °C in the corona.

But it is precisely this vortex motion that the individual
filaments that make up the toroids exhibit; their circumferen-
tial velocity, according to (6), is vy = 11.3 x 10° m/sec. Dur-
ing solar flares, the filaments are broken, causing the charged
particles that comprise them to split off and rush into space
at a velocity vgp;, which then decreases in the Sun’s gravita-
tional field to the speed in the range of 1,000—3,000 km/sec
recorded at Earth.

3. Astronomers using the European Southern Observa-
tory’s (ESO) Very Large Telescope (VLT) observed the initial
phase of the supernova explosion SN 2024ggi in the galaxy
NGC 3621 [4]. It was discovered that the initial mass ejection
was not spherical, but rather elongated and flattened. This
fact also confirms the correctness of the initial structure as-
sumed for the star as a flat disk.

It should also be noted that the proposed model makes it
possible to directly calculate the atomic number of the ele-
ment at which nuclear reactions in stars cease at the end of
their evolution, namely, the atomic number of iron.

In [1], when determining the parameters of a spirally
structured disk, its radius in a compressed state was deter-
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mined, i.e., the radius of the star’s core

Ry=M'"R,, (10)

and, subsequently, the core density.

In the atoms of stellar matter (mainly hydrogen), the sub-
stance, according to the electron model [6], circulates along
pt-e” contours having a mass &g ry, and the circulation speed
cannot be greater than the speed of light. At the same time,
the magnitude of the charge e( is constant for any quantum
number and is equal to the momentum of the mass of the cir-

cuit &yrovp. When vy — ¢, then ry — rg,,,, therefore
€0
7o, = — - (1
&pC

The density of extremely compressed hydrogen atoms is
(for a spherical volume)

3mH
Pmax = 7
47rr(3J »

min

=8.82 x 107 kg/m’, (12)

where my is the mass of a hydrogen atom.

Assuming that all matter is concentrated in the nucleus,
its density is the ratio of the mass of the nucleus to the cube
of its radius and, according to the formulae (8) and (10),

MM, M,
po = = =
R} R}
B 1
T 27y x [sec?]

=238 x 10° kg/m’. (13)

That is, the core density depends only on the gravita-
tional constant. From the py/pmax ratio, it follows that a vol-
ume equal to the volume of one compressed hydrogen atom
should contain 27 atoms of the star’s original material, which,
in terms of proton number, corresponds to iron-group atoms.
This density is typical of white dwarfs.

Thus, the highly simplified model of solar structure pre-
sented in [1] is consistent with the external manifestations of
solar activity. As for the commonly used spherically sym-
metric quasi-static model of stellar structure, which analyzes
the state of matter and pressure, temperature and luminosity
as functions of radius, it is clearly insufficient, and an analy-
sis of the Sun’s gravitomagnetodynamic structure should be
included.

And finally: the more complex than expected structure of
stellar objects, where the dynamics of magnetic forces play
a huge rdle, suggests the following idea: are enormous pres-
sures and temperatures alone enough to trigger a controlled
thermonuclear reaction?
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