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Abstract
Theoretical and experimental studies of oscillation processes in linear electric
circuits described in the article prove physical reality of concrete imaginary
numbers. Since these experimental studies are available for verification at any
electronic laboratory, they are quite reliable and still not refuted, in contrast to
MINOS and OPERA experiments having the similar goal. Since nature is unified
and consistent, the principle of physical reality of imaginary numbers is generally
scientific. Therefore, theories and hypotheses of all exact sciences such as theory
of relativity, quantum mechanics, optics, radio electronics, etc. should be adjusted
in accordance with this principle. It is shown how it can be done, for example, in
the special theory of relativity. The article presents relativistic formulas adjusted
according to the principle of physical reality of imaginary numbers. They are the
basis of the conception of the hidden Multiverse which consists of mutually
invisible parallel universes, coexisting in different dimensions. It is alleged that
astrophysical phenomenon of dark matter and dark energy, corresponding to
other invisible parallel universes, except ours, is the experimental proof of
existence of the hidden Multiverse. Analysis of data from WMAP and Planck
spacecrafts has showed that the hidden Multiverse has a quaternion structure.
Keywords: Imaginary numbers, Dark matter, Dark energy, Special theory of
relativity, Multiverse.
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Introduction

The article deals with the problem related to mathematics, astrophysics and radio
electronics, as well as other physical sciences. This problem is generated by
setting an unusual mathematical task specified in the article title, which cannot be
solved only by mathematical means. The problem has arisen because the Nature is
unified, but the science striving to cognize its laws is divided into many different
scientific disciplines, which is caused by limited intellectual capacity of people.
Therefore, interdisciplinary problems are not always solved optimally.
The mathematics is usually used as an auxiliary intellectual tool in exact sciences.
The problem of physical reality and nature of imaginary numbers [49] discovered
about five hundred years ago is that the mathematical reasoning is not less
prioritized in its solution than the physical one, as shown below.
In the 20th century, instead of using experimentally based approach, traditional
for exact sciences, attempts to solve this problem differently, i.e., by ignoring
obtained mathematical results and postulating experimentally unconfirmed
physical facts, have led physics to that of its current state, when it could not
answer many of the fundamental questions: Do we live in Monoverse or
Multiverse? What are dark matter and dark energy? Is there ether where tachyons
and antimatter are? Etc.
For example, to avoid the necessity of explaining the essence of imaginary mass,
imaginary time and other imaginary physical quantities, appearing in the
relativistic formulas at superluminal speeds, the special theory of relativity (STR)
[25,31] developed by Joseph Larmor [35], Nobel Prize winner Hendrik Antoon
Lorentz [36], Jules Henri Poincaré [41], Nobel Prize winner Albert Einstein [24]
and others was attempted to be substituted by actual development of the extended
interpretation of the second postulate [5], which made the explanation
unnecessary. Therefore, the original formulation of the second postulate proposed
by Albert Einstein, which is referred to as the principle of light speed constancy,
has been, de facto, extended by two more formulations which are actually nonidentical to the original one: the principle of light speed non-exceedance and the
statement on lack of physical sense in imaginary quantities.
However, the principle of light speed non-exceedance, which is often
unreasonably interpreted as a consequence of the principle of light speed
constancy, has not actually proved the lack of physical essence in imaginary
numbers, as it contradicts common sense even at the mundane level (scientific
refutation of this principle is given below). Indeed, the inability, for example, to
go into the adjacent room through the wall of your house does not mean the
inability to go into through the door, or the absence of the adjacent room.
Therefore, not all physicists agreed with the extended interpretation of the second
postulate of the STR [5]. They conducted MINOS [3] and OPERA [2]
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experiments in order to refute it by detecting superluminal neutrinos, i.e. to refute
the principle of light speed non-exceedance, and thus prove physical reality of
imaginary numbers (which are actually concrete, i.e. provided with references to
measuring units used). Physical community refuted these experiments by
ICARUS [4] experiment, which, however, didn’t prove the truth of the principle
of light speed non-exceedance.
Results of other experiments [6-8, 11, 12, 17], which did prove physical reality of
imaginary numbers, were published almost at the same time. The principle of light
speed non-exceedance was thereby refuted. And since these alternative
experiments were conducted in the course of studying oscillation processes in the
linear electric circuits, they could be verified in any electronic laboratory. They
are so reliable that couldn’t be ever refuted. And they actually haven’t been.
On this occasion, Karl Raimund Popper [42], the author of the 'open society'
conception, wrote, that the conflict of opinions in scientific theories is inevitable
and is a prerequisite for science development. Otherwise, monopoly in science, as
well as in economy, would significantly slow down the development.
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Now we present strictly scientific evidence of physical reality of imaginary
numbers. Since Oliver Heaviside said that ‘mathematics is an experimental
science’, let’s provide description of the relevant experiments, including those set
up by Nature.

2.1

The First Proof

The first proof [7, 8, 11, 17] is based on the Ohm’s law, known to all educated
people, which is used in other interpretation than that proposed by Ohm. Georg
Simon Ohm discovered his law in 1826 [40], before the advent of electrical
engineering, as a science, when there were no electrical appliances. Therefore, the
formulation proposed by him related to an electric DC circuits. In 1897 Charles
Proteus Steinmetz [43] developed a symbolic method which enabled application
of Ohm's law for calculation of electric AC circuits. According to interpretation of
Ohm’s law proposed by Steinmetz, resistance of resistors in electric LCR-circuits
is measured by real numbers, and reactance of inductors and capacitors is
measured by heteropolar imaginary numbers. Therefore, total reactance of electric
LCR-circuits is generally measured by complex numbers, and amplitude of
sinusoidal electric current flowing through the electric circuits equals the ratio of
applied voltage amplitude and complex impedance modulus.
The information about Ohm’s law is currently contained in any textbook on the
theory of electric circuits. However, none of textbooks admits that Ohm’s law in
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Steinmetz’s interpretation proves physical reality of imaginary numbers, as well
as that it is a scientific discovery. Instead, under the dominant influence of the
STR textbooks claim that inductive and capacitive reactances, measured by
imaginary numbers, are imaginary, i.e., physically nonexistent.
Nevertheless, this is a misconception. Should capacitive and inductive reactances
be physically nonexistent, amplitude of current flowing through LCR-circuits
should not have been changed at change in applied voltage frequency. However,
engineers have long known that it does change. Therefore, despite its name
‘imaginary’, capacitive and inductive reactances are quite real. They are just as
real as the resistance of resistors.
Besides, if inductive and capacitive reactances were physically nonexistent, there
would be no resonance in electric LCR-circuits discovered by Galileo di Vincento
Bonaiuti de'Galilei [28] in 1602. And even such sciences as radiotechnics,
telecommunications, etc. also wouldn’t have existed.
However, they do exist and thus prove physical reality of imaginary (and,
therefore, complex) numbers and refute extended interpretation of the second
postulate of the STR [5].
The activity of all electrical and radio engineers experimentally confirms the
proof of the principle of physical reality of imaginary numbers.

2.2

The Second Proof

The evidence of physical reality of imaginary numbers described above is not the
only possible.
The following detailed analysis of resonance, unlike approximate analysis
presented in all textbooks on the theory of linear electric circuits, shows that the
current resonance theory is imperfect. Resonance actually occurs at complex
frequencies [12], rather than at real ones, as is commonly believed. This fact
proves physical reality of complex (including imaginary) numbers. Let us see for
ourselves.
First we analyze, for example, the simplest parallel oscillation circuit shown in
Fig. 1, which is given in all textbooks, for the compliance with three known
attributes of resonance, according to which:
•
•
•

conductance (or resistance) of the electric LCR-circuit concerned becomes
resistive at real resonant frequency, i.e. measured by a real number;
conductance (or resistance) of the electric LCR-circuit concerned takes an
extreme value at real resonant frequency;
real resonant frequency equals real frequency of free oscillations.

44

Alexander Alexandrovich Antonov

Conductance of such simplest electric circuit comprising a resistor R , a capacitor
С and an inductor L is
1
R
− ω 2 ) + iω
2
2
L = C ( ω0 − ω ) + iω 2σ 0
Y ( iω ) = C LC
R
2σ 0 + iω
+ iω
L
(

where 2σ 0 = R / L ; ω 0 = 1 /

LC ; i = − 1 .

Therefore, the imaginary component of conductance of the electric LCR-circuit
LCR
concerned is

ImY ( iω ) = C

ω( ω 2 − ω02 + 4σ 02 )
ω 2 + 4σ 02

Figure
ure 1: The electric LCR-circuit concerned
Equating it to zero, we obtain the equation which solution enables to find a set of
two (not one!) resonant frequencies corresponding to the first attribute of
resonance
′ 1 =0
ω res

Q2 − 1

2
2
′′ 1 = ω0 − 4σ 0 = ω0
ω res
Q

where Q =

ω0
1 L
=
is the Q factor.
2σ 0 R C

Module of complex conductance of electric LCR-circuit
LCR circuit concerned is

Y ( iω ) = C

( ω 2 − ω02 ) 2 + 4σ 02ω 2
ω 2 + 4σ 02

(1)
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Therefore, finding the extremum of radical expression module, i.e. solving the
equation

2ω [ ω 4 + 8σ 02ω02 − 16σ 04 ]
d ( ω 2 − ω02 )2 + 4σ 02
[
]
=
=0
dω
( ω 2 + 4σ 02 )2
ω 2 + 4σ 02
we get another set of two (again, not one!) resonant frequencies corresponding to
the second attribute of resonance

′ 2 =0
ωres


Q Q2 + 2 − 1
2
2
2
′′ 2 = ω0 ω0 + 8σ 0 − 4σ 0 = ω0
ωres
Q


(2)

The result turned out to be very strange. Besides that for the same phenomenon
different resonant frequencies correspond to different resonance attributes, each
resonance attribute corresponds to two resonant frequencies. And the result, as
shown in Fig. 2, is not mistaken. Indeed, graph of the function Im Z ( iω ) has two
points of intersection with the frequency axis ω , and graph of the function
Z ( iω ) has two extrema.

Figure 2: Graphs of functions (2) and (4)
Moreover, the exact formulas to calculate resonant frequencies for other electric
LCR-circuits are different from (1) and (2).
We now verify the validity of the third resonance attribute. For this purpose, we
define in a certain way real frequency of free oscillations for the electric LCRcircuit concerned

ω free = ω 02 − σ 02 = ω 0

4Q 2 − 1
2Q
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As can be seen, it is not equal to any of the resonant frequencies corresponding to
the expressions (1) and (2). The attempt to explain this fact [38] was unsuccessful.
The same result is obtained by analysis of other electric LCR-circuits.
Thus, none of the resonance attributes turned out to be true. In other words, the
existing interpretation of resonance is not entirely satisfactory.
′′ 1 , ω res
′′ 2
However, all the above differences between resonant frequencies ω res
and the frequency of free oscillation ω free are usually quite little and do not
exceed the experimental error. Therefore, the use of the approximate formula
ω res ≈ 1 LC , given in all textbooks, instead of the exact formulas (1), (2) and
the like, is quite justified in engineering practice.

Figure 3: Examples of band-rejection filters, which use resonance at complex
frequencies
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Nevertheless, the difference in the results of calculating resonant frequencies
according to the exact and approximate formulas does exist and requires
explanation. Such explanation is given in [12]. It is based on vector diagrams at
complex frequencies and ovals of Cassini and shows that resonance in electric
LCR-circuits is actually possible at complex frequencies. The current
interpretation of resonance only gives a description of some near-resonance
processes. The truth of the theory of resonance at complex frequencies is
confirmed by the fact that it fully explains all the above-mentioned disadvantages
of interpretation of resonance at real frequencies.
The truth of the theory of resonance at complex frequencies is also confirmed by
numerous experiments that cannot be explained by the current theory of electric
circuits. One of them is described below and can be verified by any reader.
Fig. 3 shows two electric diagrams. In the input LCR-circuit of one diagram
resonance occurs at complex frequencies pres = −σ ± iω of exponential radio
pulse U 2 , whereas in the input RC-circuit of another diagram resonance occurs at
complex frequency p res = −σ of exponential video pulse U 2 . Therefore, only
inverted rectangular radio pulse U out = −U 1 comes to the electric diagram output
from the signal U inp = U 1 + U 2 supplied to the input of electric diagram, shown
in Fig.3a, whereas exponential radio pulse U 2 does not. Similarly, only inverted
rectangular video pulse U out = −U 1 comes to the electric diagram output from the
signal U inp = U 1 + U 2 supplied to the input of electric diagram, shown in Fig.3b,
whereas exponential video pulse U 2 does not. Consequently, the electric circuits
discussed are band-rejection filters of complex frequencies that successfully
separate signals U 1 and U 2 , which cannot be separated by band-rejection filters
of real frequencies.
Hence, resonance is physically real at complex frequencies rather than at real
ones, and, therefore, complex frequencies and other complex (and imaginary)
numbers are also physically real.

2.3

The Third Proof

The third proof is even easier than the previous two in the sense that its
experimental confirmation has already been created by Nature. We only have to
understand it [6]. Such a proof is represented by the existence of well-known
shock oscillations, i.e. oscillations arising under impulse action: tsunami, sound of
church bells and musical instruments, 'Indian summer' and even a kid’s swing
being pushed by parents to get a swinging motion. These phenomena could not
have existed, if the extended interpretation of the second postulate of the STR
were wrong. But they do exist. It means that the extended interpretation of the
second postulate of the STR is refuted by Nature. Let us prove this assertion.
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Oscillation processes of any physical content, including in electric LCR-circuits,
are described by differential equation (usually second-order).
an

dny
dt n

+ an − 1

d n− 1 y
dt n − 1

+ ... + ao y = bm

dmx
dt m

+ bm − 1

d m −1 x
dt m − 1

+ ... + b0 x

where x ( t ) is the input action (or the input signal);
y( t ) is the response to the action (or the output signal);

an , an − 1 ,...ao , bm , bm − 1 ,...b0 are constant coefficients, which are real numbers;
n , n − 1,...0 , m , m − 1,...0 is the order of derivatives;
Free (or transient) component of this differential equation is found by solving the
characteristic algebraic equation corresponding to it
a2 p 2 + a1 p + a0 = 0

(3)

where p = −σ ± jω is referred to as complex frequency with regard to oscillation
transient. The oscillation transient is thereby described by the function
y free = e −σt ( A sin ωt + B cos ωt )

(4)

where A and B are integration constants found from the initial conditions.
As can be seen, oscillation transient (4) corresponds to the solution of the
characteristic algebraic equation (3) only in the form of a pair of complex
conjugate numbers p = −σ ± jω . For this reason, characteristic algebraic
equations are solved only on the set of complex numbers.
Otherwise, if characteristic algebraic equations (3) were solved on the set of real
numbers, the solutions in the form of p = −σ ± iω could not be obtained in any
combination of factors a2 , a1 , a0 . And regarding this fact we would inevitably
have to conclude that oscillation transients should not ever exist.
However, they do exist! These are the above mentioned tsunami, kid’s swing and
other oscillation transients.
Therefore, we have to recognize solutions of algebraic equations (not only
characteristic) on the set of complex numbers, and, consequently, complex
(including imaginary) numbers themselves as physically existent.
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Confirmation of physical reality of imaginary and complex numbers is not enough
to fully understand what they are like. It is also desirable to explain their nature.
In other words, we have to answer the question of how they can be seen, touched,
heard or otherwise felt.
Unfortunately, it is still impossible, because people do not have such senses
(though it may be possible that other living beings such as, for example, cats have
such capabilities). This situation is not unique. People also cannot see, touch, hear
or otherwise feel many other physical entities corresponding to real numbers.
They cannot see ultraviolet light and dark matter, hear infrared and ultra sounds,
touch molecules and elementary particles, feel magnetic field and X-ray radiation.
However, people have verified their existence using appropriate equipment, which
converts initial data into information that is perceivable by our senses. We can,
therefore, assume that in the future people will create the equipment for detecting
many more unknown physical entities corresponding to imaginary numbers, just
as they have already created radio-electronic equipment for measuring imaginary
reactance and conductance mentioned above.

3.1

Adjustment of the STR: The Structure of the Multiverse

Nature is unified and consistent. Therefore, Science, striving to cognize It, should
also be internally consistent. All scientific disciplines with their theories and
hypotheses should be mutually consistent in science. Otherwise, at least one of
inconsistent theories would be incorrect t (as, for example, quantum mechanics
and theory of relativity in physics).
Consequently, the principle of physical reality of imaginary and complex numbers
proved in the theory of electric circuits is generally scientific. All exact scientific
theories, such as quantum mechanics, theory of relativity, optics, radioelectronics
and others, should be adjusted in accordance with this principle.
Let us show an example of how it can be done in the STR [7]. Apparently, we
should first of all explain what physical sense relativistic formulas at superluminal
speeds have, when v > c . For example, the Lorentz-Einstein formula

m=

m0
1−(v

(5)

c

)

2

Where
m0 is the rest mass of a moving entity (for example, of elementary particle);
m is the relativistic mass of a moving entity;
v is the velocity of a physical entity;
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c is the speed of light.
As can be seen, relativistic mass m in this formula at sub-light speeds v > c is a
real value, whereas at superluminal speeds v > c it becomes an imaginary value.
As the STR has failed to explain what imaginary mass (as well as imaginary time
and other imaginary physical quantities) is like, the principle of light speed nonexceedance has actually been postulated therein [5]. However, physical reality of
imaginary numbers, proved above in the most indisputable way, refutes the
principle of light speed non-exceedance. Thus, the meaning of imaginary physical
values actually existing in the STR still needs to be explained.
The explanation is as follows. When v > c , physical entities, e.g. tachyons [26,
45], with imaginary mass m , which cannot be registered in our universe, but,
nevertheless, are physically existent, are at some another place. This place should
for clarity be referred to as a tachyon universe. Our universe should be called
‘tardyon’ (from the name of elementary particles moving at sub-light speeds).
Hence, it can be concluded that there is a Multiverse [13], which contains at least
two universes: tardyon and tachyon. However, since tachyon universe
corresponds to the condition v > c , it is behind the event horizon and therefore
invisible to us. For this reason, Multiverse is also unobservable to us and should
be referred to as hidden [9, 13, 16, 19].
As tachyon universe is an inertial reference system, it has the same physical,
chemical, and other laws of nature that operate in our universe. It is easy to see
that the Lorentz-Einstein equation (5) does not meet this condition. Therefore, it
can be converted into the formula (6)

m=

exp( iq π )m0
exp( iq π )m0
2
2
=
1 − ( v − q )2
1 − ( w )2
c
c

(6)

 c  is the discreet ‘floor’ function of argument v c ;

where q = v

w = v − qc is the local velocity for each universe, which can take values only in
the range 0 ≤ w < 0 ;

v is the velocity measured from our tardyon universe, which, therefore, can be
called a tardyon velocity.
c is the speed of light.
Other relativistic formulas can be adjusted in a similar manner.
As follows from the formula (6) such a Multiverse might have more than two
universes, i.e. in addition to tardyon and tachyon universes corresponding to
q = 0 and q = 1 the hidden Multiverse can contain a tardyon antiverse
corresponding to q = 2 , tachyon antiverse corresponding to q = 3 , another
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and another tachyon universe

Besides, annihilation of universes and antiverses, both tardyon and tachyon, is
fully prevented due to the specified alternation of universes and antiverses.
An example of such a closed structure of the hidden Multiverse for the total
number of universes equal to twenty-four is shown in Fig. 4. As can be seen, this
structure is somewhat reminiscent of a DNA molecule. In such a structure our
tardyon universe in the form of a screw collar, which is both conditional
beginning and end of reference, is shown twice and denoted by dashed line.

Figure 4: Possible structure of the hidden Multiverse, corresponding to the
principle of physical reality of complex numbers
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Universes in this structure are called parallel, because despite its infinity, they
never intersect. They drift in multidimensional space under the action of still
unknown mechanism of automatic adjustment of their spatial position. Parallel
universes sometimes touch each other in some spots and even slightly penetrate
into each other. Then, these spots, referred to as portals or star gates, denoted by
bidirectional arrows in Fig. 4, allows elementary particles and their living
inhabitants (but not planets and stars) to transit from one universe to another (or,
in other words, from one dimension to another) without overcoming light speed
barrier. Due to existence of portals, mass-energy of parallel universes in the
hidden Multiverse is averaged to a certain extent.

Figure 5: The algorithm of transformation of physical entities in the hidden
Multiverse, the structure of which is shown in Fig. 4
Fig. 5 shows that in portals, according to the formula (6), real physical entities
measured by real numbers are transformed into equally real physical entities
measured by imaginary numbers, and then into real physical entities measured by
negative real numbers (for example, negative time, negative mass) and so on, with
changing parameter q in the function exp( iq π

)
2 . However, we have yet to

understand the nature of these transformations which enable transitions from one
dimension to another.
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Explanation of Dark Matter and Dark Energy

The hypothesis of the hidden Multiverse described above, unlike other hypotheses
of Multiverse, some of which are discussed in [21-23, 29, 30, 34, 37, 43, 46-48],
is confirmed experimentally by existence of dark matter discovered by Jan
Hendrik Oort and Fritz Zwikky in 1932-33 and dark energy discovered by Nobel
Prize winners Saul Perlmutter, Brian P. Schmidt and Adam G. Riess in 1998-99
[27, 39]. Indeed, what could be more natural than the assertion that invisible dark
matter and dark energy are invisible parallel universes of the hidden Multiverse
[9-11, 14-16, 18-20]?
However, until now it has not been ever asserted at least for two reasons:
•

•

Explanation of invisibility of parallel universes within the conception of
the hidden Multiverse using the principle of physical reality of imaginary
numbers required that this principle was first proved and thus refuted the
principle of light speed non-exceedance in the STR, though this was not
done;
Explanation of existence of invisible parallel universes by some other
reasons turned out to be no easier than explanation of invisibility of dark
matter and dark energy within the conception of Monoverse corresponding
to the current version of the STR.

If we take into account the ‘Occam's blade’ criterion, explanation of the
phenomenon of dark matter and dark energy by existence of the hidden
Multiverse should be recognized as the most appropriate, as it is extremely simple
and provides reasonable answers to the questions concerned:
•
•
•

Invisible dark matter corresponds to other invisible parallel universes of
the hidden Multiverse adjacent to our universe;
Invisible dark energy corresponds to other invisible parallel universes of
the hidden Multiverse, shielded from our universe by dark matter;
Inability to determine chemical composition of dark matter and dark
energy is explained by the fact that the object of study, i.e., physical
content of ‘dark’ universes, is not in our universe in which there are
analysis tools belonging to people.

Besides, data obtained from WMAP [32] and Planck [1] spacecrafts suggest that:
•

According to Planck calculations the hidden Multiverse contains
100 % 4 ,9 % ≈ 20 ,41 parallel universes (according to earlier and less
accurate WMAP calculations 100 % 4 ,6 % ≈ 21 ,74 ), that is, most likely,
twenty-one parallel universes;
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•

According to Planck calculations 26 ,8% 4 ,9% ≈ 5 ,47 universes are
adjacent to our universe (according to less accurate WMAP calculations
22 ,4 % 4 ,6 % ≈ 4 ,87 ), that is, most likely, six parallel universes.

3.3

Multidimensional Space of the Hidden Multiverse

Thus, it would seem that there is a good conformity of calculation data with block
diagram of the hidden Multiverse, shown in Fig. 3. Unfortunately, it is not.
In fact, the hidden Multiverse cannot have a block diagram, shown in Fig. 3, in
which tardyon universes are, according to the WMAP and Planck data, adjacent to
six tachyon universes and antiverses. The point is parallel universes of the hidden
Multiverse are in different dimensions, which in the formula (6) correspond to
different values of parameter q . And obviously, there cannot be several parallel
universes at the same place, i.e. in the same dimension. So, one and the same
value of parameter q cannot correspond to several universes. Therefore, according
to the formula (6) the hidden Multiverse corresponding to the principle of physical
reality of complex numbers can only have a helical structure, in which each
universe has only two adjacent universes, that is not consistent with mathematical
data of WMAP and Planck.
The above reasoning does not mean that the principle of physical reality of
imaginary numbers is not applicable in the STR. In fact, only a particular case of
its use in the form of complex numbers turned out to be inapplicable. However, as
shown below, it is applicable in the STR in more general case, i.e. in the form of
hypercomplex numbers.

4

Physical Reality and Nature of Hypercomplex
Numbers

The results of calculations in p. 3.2 generate two obvious questions.
Firstly, why does the hidden Multiverse contain twenty-one universes instead, for
example, twenty-four (as in Fig. 4), for which its structure would be closed? No
one can currently give a convincing answer for this question. Although, it is
permissible to assume that parallel universes in the hidden Multiverse can have
markedly different mass-energy and, therefore, their number can actually be
twenty-four. It can also be assumed that in the open-loop structure edges of the
hidden Multiverse are connected to other Multiverses that are not recorded by
earth tools.
Secondly, why are there six adjacent universes? It is also difficult to answer this
question conclusively. But we can assume that (as explained below) tardyon
universes have exactly six adjacent parallel universes by virtue of the fact that the
structure of the hidden Multiverse is quaternion. Three tardyon universes and
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three tachyon antiverses corresponding to triples of different imaginary units
i1 , i2 , i3 together constitute six adjacent parallel universes.

4.1

Physical Reality of Hypercomplex Numbers

In relation to the task of determining the structure of the hidden Multiverse from
hypercomplex numbers, quaternions [33] σ + i1ω 1 + i2 ω 2 + i3ω 3 are of greatest
interest, because they contain three imaginary units i1 , i2 , i3 . And these three
imaginary units are connected by the following relations
i12 = i 22 = i 32 = 1

(7a)

i1 i 2 i 3 = i 2 i 3 i1 = i 3 i1 i 2 = − 1

(7b)

i1 i 3 i 2 = i 2 i1 i 3 = i 3 i 2 i1 = 1

(7c)

where products of imaginary units i1 , i2 , i3 (7b) and (7c) are not commutative.
Physical reality of quaternions can be proved by the study of oscillation processes
in resonance chambers, similar to the study of oscillation processes in linear
electric circuits, described above. However, the following is more interesting
proof of this assertion, derived from the analysis of the most probable structure of
the hidden Multiverse.

4.2

Physical Reality of Hypercomplex Numbers

With regard to quaternion structure of the hidden Multiverse, Lorentz-Einstein
formula should be once more adjusted by its conversion into the formula
m=

m0 exp( qi1 π ) exp( ri2 π ) exp( si3 π )
2
2
2 =
2
1 − [ v − ( q + r + s )]
c

m0 exp( qi1 π ) exp( ri2 π ) exp( si3 π )
2
2
2
=
2
w
1−(
)
c

(8)

where q is the total number of parallel universes, penetration into which was
made through portals, corresponding to the imaginary unit i1 , with increasing
distance from our tardyon universe;

r is the total number of parallel universes, penetration into which was made
through portals, corresponding to the imaginary unit i2 , with increasing distance
from our tardyon universe;
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s is the total number of parallel universes, penetration into which was made
through portals, corresponding to the imaginary unit i3 , with increasing distance
from our tardyon universe;

v is the velocity measured from our tardyon universe, which, therefore, can be
called tardyon velocity;
с is the speed of light;

w = v − ( q + r + s )c is the local velocity for corresponding universe, which can
take values only in the range 0 ≤ w < 0 .

Figure 6: Possible structure of the hidden Multiverse, corresponding to the
hypothesis of physical reality of quaternions
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Other relativistic formulas of the STR can be adjusted in a similar manner. As can
be seen in the formulas (7), there are three parameters q, r and s when using
quaternions, instead of a single parameter q when using complex numbers, which
actually provides a solution to the problem of explaining the existence of six
adjacent universes.
Fig. 6 shows the quaternion structure of the hidden Multiverse (very similar to the
structure shown in Fig. 4) containing twenty-four parallel universes. It
corresponds to data obtained from WMAP and Planck spacecrafts. Fig. 7 presents
the algorithm of its functioning. As can be seen, quaternion structure of the hidden
Multiverse is distinguished from the structure of the Multiverse corresponding to
the principle of physical reality of complex numbers, shown in Fig. 4, only by
availability of additional unidirectional portals (in Fig. 6, 7 they are denoted by
red unidirectional arrows). As these portals are unidirectional, they, unlike
bidirectional ones, don’t allow returning back to a home universe.

Figure 7: The algorithm of transformation of physical entities in the
multidimensional space of the hidden Multiverse with quaternion structure
The appearance of unidirectional portals in the quaternion structure of the hidden
Multiverse is caused by the fact that, apart from condition (7a) similar to the
condition i2 = −1 for complex numbers, imaginary units i1 , i2 , i3 in quaternions
are interconnected by additional relations (7b) and (7c).
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In Fig. 6, 7 portals marked by black bidirectional arrows implement the same
transformations of physical entities as in Fig. 5. Additional portals, shown in Fig.
6, 7 by red unidirectional arrows, implement transformations of physical entities
corresponding to the following relations from (7b):
•
•
•

i1i2 = i3 , which is implemented by a portal i2 located between tachyon
universes corresponding to the imaginary units i1 and i3 ;
i3 i1 = i2 , which is implemented by a portal i1 located between tachyon
universes corresponding to the imaginary units i3 and i2 ;
i2 i3 = i1 , which is implemented by a portal i3 located between tachyon
universes corresponding to the imaginary units i2 and i1 .

The same additional portals, shown in Fig. 6, 7 by unidirectional arrows,
implement transformations of physical entities, corresponding also to the
following relations from (7c):




i1 ( − i3 ) = i2 , which is equivalent to the relation i2 i3 = i1 and therefore
also implemented by a portal i 3 located between tachyon universes
corresponding to the imaginary units i2 and i1 ;
i3 ( − i2 ) = i1 , which is equivalent to the relation i1i2 = i3 and therefore
also implemented by a portal i2 located between tachyon universes
corresponding to the imaginary units i1 and i 3 ;



i2 ( − i1 ) = i3 , which is equivalent to the relation i3 i1 = i2 and therefore
also implemented by a portal i1 located between tachyon universes
сorresponding to the imaginary units i 3 and i2 .

According to the formula (8), quaternion structure of the hidden Multiverse
containing twenty-one parallel universes, which is, presumably, more consistent
with WMAP and Planck data, is shown in Fig. 8. This structure is, apparently, not
completely closed, i.e. it has edges. These edges connect our hidden Multiverse
with other hidden Multiverses (or connect it with one and the same hidden
Multiverse several times). Together they form Supermultiverse. These other
hidden Multiverses are unobservable from the Earth not only by electromagnetic
but also by gravitational manifestations. Therefore, they have not been registered
by WMAP and Planck spacecrafts.
Thus, existence of the quaternion structure of the hidden Multiverse,
corresponding to WMAP and Planck spacecraft data, proves also physical reality
of quaternions.
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Figure 8: The most likely structure hidden Multiverse corresponding hypothesis
about the physical reality of quaternions
Each universe in such a structure of the hidden multiverse corresponds to its
integer q , r , s . In Fig. 9 coordinates x , y, z symbolically indicate an internal threedimensional space of separate universes, and coordinates q , r , s show space of
extra dimensions of universes within the hidden multiverse. Consequently, we live
in six-dimensional space (regardless of time), rather than in four-dimensional, as
previously assumed.
Finally, as shown in Fig. 6 and 8, the structure of the hidden Multiverse
corresponding to the principle of physical reality of quaternions, contains four
matter-antimatter pairs corresponding to tardyon universes and antiverses, as well
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Figure 9: Six-dimensional
Six dimensional space of the hidden multiverse
as to three different types of tachyon universes and antiverses. Their annihilation
is excluded in all of these structures because
because of certain alternation in the space of
different parallel universes. In this regard, it is notable that there is no place for
antimatter, which theoretically must exist, in Monoverse, corresponding to the
current version of the STR, due to lack of protection
protection from its mutual annihilation
with matter. This fact can be considered as yet another proof of groundlessness of
the current generally accepted version of the STR.

5

Conclusion

Physical reality of concrete imaginary, complex and hypercomplex numbers has
been proved in the most indisputable way. Therefore, all exact sciences should be
adjusted in accordance with the principle of physical reality of imaginary
numbers.
The use of this principle in the STR allowed, on the basis of its revised version,
v
developing the conception of the hidden Multiverse, which has explained the
phenomenon of dark matter and dark energy.
Acknowledgements: The author is grateful for participation in the discussion of
the paper to his colleagues, especially to Olga Ilinichna Antonova, whose
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Physical Reality and Nature of Imaginary…

61

References
[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]
[10]

[11]
[12]
[13]
[14]

[15]

[16]

R. Adam, P.A.R. Ade and N. Aghanim et al., Plank 2015 results, 1:
Overviev of products and scientific results, arXiv:1502.01582v2, Astroph. CO, 10 August (2015).
T. Adam, N. Agafonova and A. Alexandrov et al., Measurement of the
neutrino velocity with the OPERA detector in the CNGS beam, arxiv:
1109.4897v4, hep-ex, 22 September (2011).
P. Adamson, N. Ashby and R. Bumgarner, Measurement of the velocity of
the neutrino with MINOS, arXiv:1408.6267v1, physics.acc-ph, 26 August
(2014).
M. Antonello, B. Baibussinov and F. Boffelli et al., Precision
measurement of the neutrino velocity with the ICARUS detector in the
CNGS beam, arXiv:1208.2629, hep-ex, 26 September (2012).
А.А. Antonov, Verification of the second postulate of the special relativity
theory, Global Journal of Science Frontier Research A: Physics and Space
Science, 14(3) (2014), 51-59.
A.A. Antonov, Solution of algebraic quadratic equations taking into
account transitional processes in oscillation systems, General Mathematics
Notes, 1(2) (2010), 11-16.
А.А. Antonov, Correction of the special theory of relativity: Physical
reality and nature of imaginary and complex numbers, American Journal
of Scientific and Industrial Research, 5(2) (2014), 40-52.
A.A. Antonov, Adjustment of the special theory of relativity according to
the Ohm’s law, American Journal of Еlectrical and Electronics
Engineeing, 3(5) (2015), 124-129.
Antonov, Hidden multiverse: Explanation of dark matter and dark energy
phenomena, International Journal of Physics, 3(2) (2015), 84-87.
Antonov, Quaternion structure of the hidden multiverse: Explanation of
dark matter and dark energy, Global Journal of Science Frontier Research
A: Physics and Space Science, 15(8) (2015), 8-15.
A.A. Antonov, Ohm’s law explains astrophysical phenomenon of dark
matter and dark energy, Global Journal of Physics, 2(2) (2015), 145-149.
A.A. Antonov, Physical reality of complex numbers is proved by research
of resonance, General Mathematics Notes, 31(2) (2015), 34-53.
А.А. Antonov, Hidden multiverse, International Journal of Advanced
Research in Physical Science, 2(1) (2015), 25-32.
A.A. Antonov, The astrophysical phenomenon of dark matter and dark
energy proves the existence of the hidden multiverse, American Journal of
Modern Physics, 4(4) (2015), 180-188.
A.A. Antonov, Explanation of dark matter and dark energy phenomena,
Global Journal of Science Frontier Research (A): Physics and Space
Science, 15(1) (2015), 33-38.
A.A. Antonov, Hidden multiverse: Explanation of dark matter and dark
energy, Cosmology, 19(2015), 40-61.

62

[17]
[18]

[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]

[29]
[30]
[31]
[32]

[33]
[34]
[35]

[36]

Alexander Alexandrovich Antonov

A.A. Antonov, Ohm's law is the general law of exact sciences, PONTE,
72(7) (2016), 131-142.
A.A. Antonov, Explaining the phenomenon of dark matter and dark
energy by existence of the hidden multiverse, Frontiers of Astronomy,
Astrophysics and Cosmology, 2(1) (2016), 1-9.
A.A. Antonov, Hypothesis of the hidden multiverse: Explains dark matter
and dark energy, Journal of Modern Physics, 7(10) (2016), 1228-1246.
A.A. Antonov, Dark matter, dark energy and antimatter are located in the
hidden multiverse, PONTE, 72(8) (2016), 288-300.
B. Carr (ed.), Universe or Multiverse? Cambridge Univ. Press, (2009).
D. Deutsch, The Fabric of Reality: The Science of Parallel Universes and
its Implications, Penguin Books, (1998).
D. Deutsch, The Beginning of Infinity: Explanations That Transform the
World (Reprint Edition), Penguin Books, (2012).
A. Einstein, Zur Elektrodynamik bewegter Korper, Annalen der Physik,
17(10) (1905), 891-921.
A. Einstein, Relativity: The Special and General Theory, H. Holt and
Company, NY, (1920).
G. Feinberg, Possibility of faster-than-light particles, Physical Review,
155(5) (1967), 1089-1105.
K. Freeman and G. McNamara, In Search of Dark Matter, Springer, NY,
(2006).
A. Frova and M. Marenzana, Thus Spoke Galileo: The Great Scientist’s
Ideas and their Relevance to the Present Day, Oxford University Press,
NY, (2006).
B. Greene, The Elegant Universe: Superstrings, Hidden Dimensions, and
the Quest for the Ultimate Theory, Random House Inc, (2000).
B. Greene, The Hidden Reality: Parallel Universes and the Deep Laws of
the Cosmos, Random House Inc, (2011).
S.W. Hawking and R. Penrose, The Nature of Space and Time, Princeton
University Press, (2010).
G. Hinshaw, D. Larson and E. Komatsu et al., Nine year Wilkinson
Anisotropy Probe (WMAP) observations: Cosmological parameter results,
arXiv: 1213.5226, Astro-ph CO, 20 December (2012).
I.L. Kantor and A.S. Solodovnikov, Hypercomplex Numbers, Springer
Verlag, Berlin, (1989).
M. Kaku, Parallel Worlds: A Journey through Creation, Higher
Dimensions, and the Future of the Cosmos, Doubleday, NY, (2006).
J.J. Larmor, A dynamical theory of the electric and aluminiferous
medium-- Part III: Relations with material media, Philosophical
Transactions of the Royal Society A: Mathematical, Physical and
Engineering Sciences, 190(1897), 205-300.
H.A. Lorentz, Simplified theory of electrical and optical phenomena in
moving systems, Proceeding of the Royal Netherlands Academy of Arts
and Science, 1(1899), 427-442.

Physical Reality and Nature of Imaginary…

[37]
[38]
[39]

[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]

63

V.N. Lucash and E.V. Mikheyeva, Physical Cosmology, Physmathlit,
Moscow, (2010).
L.I. Mandelshtam, Lectures on Oscillation (Volume 4), Academy of
Sciences of USSR, Moscow, (1955).
I. Nicolson, Dark Side of the Universe: Dark Matter, Dark Energy, and
the Fate of the Cosmos, Johns Hopkins University Press, Baltimore,
(2007).
G.S. Ohm, Gesammelte Abhandlungen, Severus Verlag, Hamburg, (2015).
H. Poincaré, On the dynamics of the electron, Comptes Rendus,
140(1905), 1504-1508.
K.R. Popper, Conjectures and Refutations: The Growth of Scientific
Knowledge, Routledge and Kegan Paul, London and Henley, (1972).
P.J. Steinhardt and N. Turok, Endless Universe: Beyond the Big Bang,
Doubleday, (2007).
C.P. Steinmetz, Theory and Calculation of Electric Circuits, Nabu Press,
Charleston SC, (2010).
S. Tanaka, Theory of matter with superlight velocity, Progress of
Theoretical Physics (Kyoto), 24(1) (1960), 171-200.
M. Tegmark, Our Mathematical Universe: My Quest for the Ultimate
Nature of Reality, Vintage, (2015).
A. Vilenkin, Many Worlds in One: The Search for Other Universes,
Macmillan, (2007).
S. Weinberg, Cosmology, Oxford University Press, NY, (2008).
E.W. Weisstein (ed.), The CRC Concise Encyclopaedia of Mathematics
(3rd ed.), CRS Press, Roca Raton, FL, (2005).

