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The paper derives the constancy and the value of the speed of light from stability con-
ditions in chain systems of harmonic quantum oscillators. It is also shown that these
stability conditions lead to scale-invariant superluminal velocity quantization. The cos-
mological significance of superluminality is discussed.

Introduction

I remember well that day in 1997 when my teenage son was
asking me: “Why is the speed of light so slow?”

In fact, 299792458 m/s is a very finite velocity, and it is
not too high regarding even the solar system. In interstellar
and intergalactic scales, it becomes obvious how disappoint-
ingly slow it really is.

One year later, reading on the pioneering research of
Günter Nimtz [1], my heart started to beat faster. Already
in 1992, Enders and Nimtz demonstrated that photonic tun-
neling proceeds at superluminal signal velocities. The signal
velocity is the velocity of the transmitted cause, i.e. of the
information. As they reported, no signal reshaping took place
during tunneling and all frequency components were equally
transmitted. Later superluminal amplitude modulated (AM)
and frequency modulated (FM) microwave experiments were
carried out using different photonic barriers. Mozart’s 40th
symphony was FM tunneled at a speed of 4.7c without any
significant distortion [2].

Superluminal propagation of infrared pulses through pe-
riodic fiber Bragg gratings was experimentally demonstrated
[3]. Velocities of nearly 3c were observed [4] in the propa-
gation of electric pulses along coaxial lines having spatially
periodic impedances.

Nevertheless, superluminal tunneling is still under dis-
cussion. However, while Nimtz argues with facts (measure-
ments) for superluminal signal transmission, his opponents
counter with purely theoretical approaches. One of the main
counterarguments is the alleged violation of causality [5, 6].

Causality requires the existence of a maximum speed of
physical interaction, but could it be that 299792458 m/s is
already high enough? This is very unlikely, if we consider
the unity of the universe up to scales of billions light years.

By the way, in astronomic calculations, gravitation is tra-
ditionally considered as being instantaneous. First Laplace
[7] demonstrated that gravitation does not propagate with the
speed of light c. Modern estimations [8] confirm a lower limit
of 2 · 1010 c. Exceeding 299792458 m/s has nothing to do
with time travel, grandfather paradox or any other violation
of causality. This would be relevant in the case of an infinitely
high velocity, but 299792458 m/s is finite.

Furthermore, the value 299792458 m/s does not follow
from any established theory, and consequently, none of those

theories had to be changed if the speed of light would be even
55 times higher than 299792458 m/s.

What exactly makes possible to exceed 299792458 m/s?
The point is that the tunneling time does not depend on the
barrier length. This was theoretically described by Thomas
E. Hartman [9] in 1962. Thirty years later, the Hartman ef-
fect was demonstrated experimentally with evanescent mi-
crowaves by Enders and Nimtz [10]. Numerous studies [11]
have shown that the tunneling time equals approximately the
reciprocal frequency of the carrier wave, independently of the
length and the type of barrier (periodic lattice structures, dou-
ble prisms, undersized wave guides).

Probably, not only photons and phonons can tunnel, but
also electrons [12,13], protons [14] and atoms [15] can do it.

Is superluminality just a laboratory artefact? It is very un-
likely that laboratory experiments can exceed the complexity
of astrophysical phenomena. Indeed, there are superluminal
processes observed in deep space.

Already in December 1901, Jacobus Kapteyn [16] re-
ported on apparent superluminal motion in the ejecta of the
nova GK Persei [17], which was discovered in February 1901
by Thomas Anderson. Superluminal motion is observed in
radio galaxies, BL Lac objects, quasars, blazars and recently
also in some galactic sources called microquasars [18–21].
Superluminal motion has been observed [22] in the jet of
M87. Many of the jets are evidently not close to our line-
of-sight. Therefore, their superluminal behavior cannot be
dismissed easily as an illusion.

Within the special relativity theory, the speed of light is
postulated (not derived) to be constant. Up to now, there have
not been sufficiently convincing explanations why the speed
of light should be constant and why it should have the value
which it has.

As proposed Albrecht and Magueijo [23], the speed of
light might vary with the age of the universe and it might
not have been constant in early stages. They suggest that a
variable speed of light might solve the horizon, flatness and
cosmological constant problems. Christoph Köhn [24] pro-
posed a 5D space parametrized with two time coordinates to
explain the constancy of the speed of light in the observable
universe. For very small length scales of the present universe,
or for the very early universe, the model speed of light is not
constant, but depends on space-time. This is consistent with
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current conclusions from loop quantum gravity models [25]
and the string theory [26].

In the following we will show that the constancy and the
value of the speed of light can be derived from stability con-
ditions in fractal chain systems of harmonic quantum oscilla-
tors. Furthermore, we will demonstrate that the same stability
conditions lead to scale-invariant superluminal velocity quan-
tization.

Methods

The most stable systems we know are of atomic scale. Pro-
ton and electron form stable atoms, the structural elements
of matter. The lifespans of the proton and electron surpass
everything that is measurable, exceeding 1030 years. No sci-
entist ever witnessed the decay of a proton or an electron.
Therefore, the proton-to-electron ratio 1836.152674 is con-
sidered as fundamental physical constant [27]. Well, but what
is the secret of this eternal stability?

Up to now, there have not been sufficiently convincing
explanations why the electron and the proton should be sta-
ble and why the proton-to-electron ratio should have exactly
the value which it has. In standard particle physics, the elec-
tron is stable because it is the least massive particle with non-
zero electric charge. Its decay would violate charge conserva-
tion [28]. Indeed, this answer only readdresses the question.
Why then is the elementary electric charge so stable?

In a similar explanation, the proton is stable, because it is
the lightest baryon and the baryon number is conserved [29].
Indeed, also this answer only readdresses the question. Why
then is the proton the lightest baryon? To answer this ques-
tion, the standard model introduces quarks which violate the
integer quantization of the elementary electric charge that is
needed to explain the stability of the electron.

In [30] we introduced fractal chain systems of harmonic
quantum oscillators as model of matter and did show that fre-
quency ratios equal to Euler’s number e = 2.718 . . ., its in-
teger powers and roots inhibit destructive internal resonance
interaction and in this way, provide lasting stability [31].

Already Dombrowski [32] did show that irrational num-
bers inhibit destabilizing resonance interaction, because they
cannot be represented as ratios of whole numbers. Though,
algebraic irrational numbers like

√
2 do not compellingly pre-

vent resonance, because they can be transformed into rational
numbers by multiplication.

Surprisingly, only Euler’s number inhibits resonance also
regarding all derivatives of the bound periodic processes, be-
cause it is the basis of the real exponential function ex, the
only function that is the derivative of itself. Furthermore, Eu-
ler’s number, its integer powers and roots are always transcen-
dental [33] and therefore, they provide the solution for lasting
stability in chain systems of any degree of complexity.

Many physical characteristics of harmonic quantum oscil-
lators are connected with their frequency by the fundamental

constants – the speed of light and the Planck constant. There-
fore, within our model, Euler’s number, its integer powers
and roots define also the ratios of wavelengths, velocities, im-
pulses, accelerations and energies which inhibit resonance in-
teraction, and in this way, support lasting stability of the chain
system.

This is why we expect that stable quantum systems show
ratios of their physical quantities close to integer powers of
Euler’s number and its roots. Consequently, the natural loga-
rithms of the ratios should be close to integer 0, 1, 2, 3, 4, . . .
or rational values 1

2 ,
1
3 ,

1
4 , . . . In fact, the natural logarithm of

the proton-to-electron ratio is close to seven and a half:

ln (1836.152674) = 7.515427 . . . ' 6 +
3
2
.

Already in the eighties the scaling exponent 3/2 was found in
the distribution of particle masses by Valery Kolombet [34].
Applying hyperscaling [30] by Euler’s number (tetration), we
get the next approximation of the logarithm of the proton-to-
electron ratio:

6 +
ee

10
= 7.515426 . . .

This result supports our assumption that the stability of the
proton and electron comes from the transcendence of Euler’s
number, its integer powers and roots. In this way, the proton
mass appears as scaled up by Euler’s number and its roots
electron mass.

In [35] we have analyzed the mass distribution of hadrons,
mesons, leptons, the W/Z and Higgs bosons and proposed
fractal scaling by Euler’s number and its roots as model of
particle mass generation [36]. In this model, the W-boson
mass 80385 MeV/c2 and the Z-boson mass 91188 MeV/c2

appear as the 12 times scaled up by Euler’s number electron
rest mass 0.511 MeV/c2:

ln
(

80385
0.511

)
= 11.97, ln

(
91188
0.511

)
= 12.09.

Andreas Ries [37] did apply fractal scaling by Euler’s num-
ber to the analysis of atomic masses and demonstrated that
this method allows for the prediction of the most abundant
isotopes.

In comparison to dimensionless constants like the proton-
to-electron ratio, conversion constants define dimensional ra-
tios. For instance, the Planck constant defines the energy one
must invest to generate a harmonic quantum oscillation of a
given frequency, and the speed of light defines the propaga-
tion space of such an oscillation.

Like one can measure distances in units of time, for ex-
ample in light years, energy can be measured in units of fre-
quency. Only the dimensions are different.

In this way, we can interpret the speed of light as fun-
damental space – time converter, the square of the speed of
light as fundamental mass – energy converter and the Planck
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dimensions conversion const. value

space – time λ / τ = c 299792458 m/s

energy – mass E /m = c2 8.9875518 · 1016 m2/s2

energy – time E · τ = ~ 1.0545718 · 10−34 Js

energy – space E · s = ~ · c 3.1615267 · 10−26 Jm

mass – space m · s = ~ / c 3.5176729 · 10−43 kgm

mass – time m · τ = ~ / c2 1.1733694 · 10−51 kgs

Table 1: Some fundamental conversion constants (c is the speed of
light in a vacuum, ~ is the Planck constant). Data taken from Particle
Data Group [27].

constant as fundamental time – energy converter. Some fun-
damental conversion constants are shown in table 1.

Table 1 is completely compatible with Planck units. Orig-
inally proposed in 1899 by Max Planck, they are also known
as natural units, because they origin only from properties of
nature and not from any human construct. Natural units are
based only on the properties of space-time. Max Planck wrote
[38] that these units, “regardless of any particular bodies or
substances, retain their importance for all times and for all
cultures, including alien and non-human, and can therefore
be called natural units of measurement”.

In [39] was demonstrated that the natural logarithm of the
Planck-to-proton mass ratio equals 44. Consequently, one can
define a dimensionless fundamental constant that equals to
an integer power of Euler’s number and contains the speed of
light c, the Planck constant ~, the gravitational constant G and
the proton rest mass mp:

~ · c
G · m2

p
= e 88.

For the speed of light, now we can write:

c = c0 · e 88,

where c0 = Gm2
p/~ ' 1.8 · 10−30 m/s can be interpreted as

the velocity of free falling on each other proton masses at
Planck length and Planck time. Assumed that the stability of
any fundamental constant origins from Euler’s number and its
roots, we can generalize:

cn,m = c · e n/m,

where n,m are integer numbers. In general, the rational ex-
ponent is represented by finite continued fractions [30, 40].
The exponents n/m define a fractal set of stable velocities cn,m

which are superluminal for n > 0.
In the following, we will verify the fractal set cn,m of sta-

ble subluminal and superluminal velocities on experimental
and astrophysical data.

Results

Let us start with experimental data elaborated by Nimtz [1] in
1998, the barrier traversal time of a microwave packet through
a multilayer structure inside a waveguide was measured. The
center frequency has been 8.7 GHz. The tunneled signal tra-
versed a 114.2 mm long barrier in 81 ps, whereas the signal
spent 380 ps to cross the same air distance. Consequently, the
group velocity of the tunneled signal was c (380/81) = 4.7c
that is close to c3,2 = c · e3/2 = 4.5c.

Already in 1995 a similar experiment was carried out by
Aichmann et al. [41]. They modulated Mozart’s 40th sym-
phony on a microwave carrier. The modulation of the signal
and thus the music traveled at the same superluminal velocity.

In another setup [42], amplitude modulated 9.15 GHz mi-
crowaves were generated by a synthesized sweeper, and a
parabolic antenna transmitted parallel beams. The propaga-
tion time of the signal was measured across the air distance
between transmitter and receiver and across the same distance
but partially filled with a 28 cm long barrier of quarter wave-
length slabs made of acrylic perspex. Each slab was 0.5 cm
thick and the distance between two slabs was 0.85 cm. Two
such structures were separated by an air distance of 18.9 cm
forming a resonant tunneling structure. The signal tunneled
the 28 cm long barrier in 125 ps that corresponds to a signal
velocity of 7.5c that is close to c2,1 = c · e2 = 7.3c.

Mojahedi et al. [43] describe an experiment with single
microwave pulses centered at 9.68 GHz. The signals tunneled
through a one-dimensional photonic crystal with up to 2.5c
that is close to c1,1 = c · e = 2.7c. Hache et al. [4] studied the
propagation of brief electric 10 MHz pulses along a coaxial
line having a spatially periodic impedance. As well, signal
velocities approximating c1,1 = 2.7c were measured.

Remarkably, the same superluminal velocities were mea-
sured also by Hubble telescope observation. Superluminal
motion at velocities close to c1,1 = 2.7c was found [22] in
two small features within the jet knot D about 200 pc from
the nucleus of M87, the giant elliptical galaxy near the center
of the Virgo Cluster. As well, the jet features DE and DW
show velocities close to c1,1 = 2.7c, while the features DM,
DE-W, HST-1α, HST-1γ, HST-1δ, HST-1ε and HST-2 show
velocities close to c3,2 = 4.5c.

Other active galactic nuclei (AGN) show the same ve-
locities of superluminal motion. Lister et al. [21] describe
the parsec-scale kinematics of 200 different AGN jets based
on 15 GHz VLBA data. Various components of the sources
0003+380, 0003-060, 0010+405 show velocities that approx-
imate c1,1 = 2.7c or c3,2 = 4.5c or c2,1 = 7.3c.

Jorstad et al. [20] monitored the radio emissions in 42
gamma-ray bright blazars (31 quasars and 11 BL Lac objects)
with the Very Long Baseline Array (VLBA) at 43, 22, 15
and 8.4 GHz and found superluminal motions with velocities
approximating c1,1 = 2.7c or c3,2 = 4.5c or c2,1 = 7.3c or
c5,2 = 12c or c3,1 = 20c or c7,2 = 33c respectively.
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Now let us continue with astrophysical data of stable sub-
luminal processes. In [30] we have analyzed the orbital ve-
locities of large bodies in the solar system. For instance,
the orbital velocity of Mercury oscillates between two points
of Euler stability c−17,2 = 61 km/s (perihelion) and c−9,1 =

37 km/s (aphelion). The orbital verlocity of Venus is close
to c−9,1 = 37 km/s. Earth’s orbital verlocity is close to c−37,4
= 29 km/s. The orbital verlocity of Mars is between 21.97
and 26.50 km/s, approximating c−19,2 = 22.4 km/s. Jupiter’s
orbital velocity is between 12.44 and 13.72 km/s, approximat-
ing c−10,1 = 13.6 km/s. Saturn’s orbital verlocity is between
9.09 and 10.18 km/s, approximating c−31,3 = 9.8 km/s. The
orbital verlocity of Uranus is between 6.49 and 7.11 km/s,
approximating c−32,3 = 7 km/s. Neptune’s orbital verlocity is
close to c−11,1 = 5 km/s. Pluto’s orbital verlocity oscillates
between 6.10 and 3.71 km/s, approximating the same c−11,1 =

5 km/s. By the way, the same velocities are typical for under-
ground propagation of seismic P-waves [44].

Within our model, the quantized orbital velocities in the
solar system are velocities of free fall, scaled up by Euler’s
number and its roots from the velocity of free falling on each
other proton masses at Planck length and Planck time. The
stability [45] of the orbital system origins from the transcen-
dence of Euler’s number, its integer powers and roots. In this
way, Euler’s number, its integer powers and roots define frac-
tal sets of quantized subluminal and superluminal velocities
established by stable periodical processes.

Conclusion

The worldwide-reproduced tunneling experiments show con-
vincingly that the conditions required for superluminal signal
transmission are not exotic. Therefore, it is possible to imag-
ine that those conditions can emerge also in nature. For the
same reason, the probability is quite high that conditions for
superluminality can emerge in deep space, and this is already
suggested by astrophysical observations.

Our model [30] of matter as fractal chain system of har-
monic quantum oscillators suggests that stable processes es-
tablish subluminal or superluminal velocities corresponding
to the speed of light scaled by integer powers of Euler’s num-
ber and its roots. This circumstance could affect estimations
of intergalactic distances and the meaning of the cosmic light
horizon. Superluminal propagation of light and matter sug-
gests the existence of cosmic superluminal horizons with a
scale-invariant exponential distribution that follows the se-
quence of multiples of Euler’s number.

In [31] we have discussed the cosmological significance
of global scaling [46] and the stabilizing function of Euler’s
number regarding the apparent distances between the stars
and galaxies.

The concept of process stability based on the avoidance
of destructive resonance interaction provided by the transcen-
dence of Euler’s number and its roots, allowed us to derive the

constancy and the value of the speed of light. Deriving the
speed of light from the velocity of free falling on each other
proton masses at Planck length and Planck time, perhaps we
can reach a better understanding of gravitation and its sheer
infinite velocity.
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