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Abstract 
It is shown that the entire practice of using Ohm’s law in the theory of linear AC circuits is a theoretical and 

experimental evidence of physical reality of imaginary numbers. And therefore, the version of the special theory 

of relativity (SRT) set forth in all physics textbooks, denying physical reality of imaginary numbers through the 

use of the principle of light speed non-exceedance, is incorrect. 
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1. Introduction 

The currently generally accepted version of the 

special theory of relativity (SRT), created at the begin-

ning of the 20th century by Joseph Larmor, Nobel lau-

reate Hendrik Antun Lorentz, Jules Henri Poincaré, 

Nobel laureate Albert Einstein and other prominent sci-

entists, which is now studied in all university and even 

school physics textbooks, is incorrect [1], since from 

the postulated principle of not exceeding the speed of 

light in it follows the statement about the physical un-

reality of imaginary numbers, which was refuted exper-

imentally. Consequently, statements about physical un-

reality of imaginary numbers and uniqueness of our vis-

ible universe following from this principle also turned 

out to be incorrect.  

Besides, this postulate has been relevant for the 

SRT only because relativistic formulas obtained in the 

theory at superluminal velocities correspond to imagi-

nary mass, imaginary time and other imaginary physi-

cal quantities, the meaning of which could never be ex-

plained by anyone. 

In this regard, it is appropriate to recall that imag-

inary numbers appeared in mathematics about 500 

years ago in the works of Scipione del Ferro, Niccolò 

Fontana Tartaglia, Gerolamo Cardano, Lodovico Fer-

rari and Rafael Bombelli [2]. And [3] even asserts that 

imaginary numbers were discovered even before by 

Paolo Valmes, who was sentenced to death at the stake 

by Spanish inquisitor Tomás de Torquemada for this 

discovery.  

However, despite the fact that in subsequent years 

a perfect theory of functions of a complex variable was 

created by efforts of outstanding mathematicians Abra-

ham de Moivre, Leonhard Euler, Jean Le Rond 

D’Alembert, Caspar Wessel, Pierre-Simon de Laplace, 

Jean-Robert Argand, Johann Carl Friedrich Gauss, Au-

gustin Louis Cauchy, Karl Theodor Wilhelm Weier-

strass, William Rowan Hamilton, Pierre Alphonse Lau-

rent, Georg Friedrich Bernhard Riemann, Oliver Heav-

iside, Jan Mikusiński and others, it did not explain 

physical sense of imaginary numbers.  

                                                           
4 This is an extended version of the article “Antonov A.A. The special theory of relativity taught in all physics textbooks is 

wrong International Conference of Eurasian Scientific Association. Theoretical and practical issues of modern science. Mos-

cow: ESA. 2021. 7(77). 11-15. (In Russian) www.esa-conference.ru”  

Although imaginary numbers are now widely used 

in all exact sciences, such as optics, electrical engineer-

ing, radio electronics, mechanics, hydraulics, acoustics, 

etc, they neither explain physical sense of imaginary 

numbers. However, in contrast to the existing version 

of the SRT, these sciences have never denied physical 

sense of imaginary numbers over the past 500 years, 

even not knowing how to explain it.  

It is not surprising that not everyone among phys-

icists agreed with such a simple solution to the complex 

problem of explaining physical sense of imaginary 

numbers proposed by the creators of the SRT. There-

fore, such complex experiments as MINOS carried out 

at the American Tevatron Сollider and OPERA carried 

out at the European Large Hadron Collider took place. 

They aimed at refuting the postulated principle of light 

speed non-exceedance by detecting neutrinos moving 

with superluminal velocities, and thereby proving 

physical reality of imaginary numbers. However, phys-

ical community found the results of these experiments 

unreliable and ignored them. 

Nevertheless, other experiments [4] - [8] were car-

ried out at the same time. They actually solved the prob-

lem. That is, they refuted the principle of light speed 

non-exceedance. These experiments can be repeated 

and verified in any radio electronic laboratory and, 

therefore, are absolutely reliable and evidential. The 

existing version of the SRT actually collapsed like a 

house of cards without the principle of light speed non-

exceedance that had been refuted.  

Therefore, let’s give a brief description of these 

and subsequent [9] - [15] very important and successful 

radio engineering experiments, alternative to the unsuc-

cessful MINOS and OPERA physics experiments. 

2. Proof of physical reality of imaginary num-

bers using Ohm’s law in the interpretation of 

Steinmetz 

Ohm’s law in the interpretation of Steinmetz [16] 

is used literally at every turn when studying any linear 

electrical circuits. This well-known law appears to 

https://doi.org/10.24412/2701-8369-2021-16-49-53
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prove physical reality of concrete5 imaginary numbers 

[17]-[21] in addition to its possibility to be used for en-

gineering calculations. Let’s make sure of this.  

Only three different types of passive electrical el-

ements are used in the theory of linear electric circuits. 

They are resistors R , capacitors C  and inductors L . 

Dependence between the electric current )(ti  flowing 

through them and the voltage )(tu  applied to them is 

generally described as follows  

R
tu

ti
)(

)(     (1a) 

dt
tdi

Ltu
)(

)(     (1b) 

dt
tdu

Cti
)(

)(     (1c) 

Algebraic dependence (1a) is called Ohm’s law for 

direct current circuits. And the dependences (1b) and 

(1c) between the functions )(ti  and )(tu  are appar-

ently differential-integral and strictly do not correspond 

to Ohm’s law. But in one special case important for 

practice, for sinusoidal currents )(ti  and voltages 

)(tu , formulas (1b) and (1c) can also be converted to 

algebraic expressions  

)()( tLijtu     (2a) 

)()( tCujti     (2b) 

using the symbolic method proposed by Charles 

Proteus Steinmetz, according to which the real physical 

effect is re-placed by the effect corresponding to the 

Euler formula. Imaginary unit is designated here as j , 

since designation i  in the theory of electrical circuits 

is used for electric current.  

And the algebraic expressions (2a) and (2b) corre-

spond to Ohm’s law, as can be seen. Moreover, the 

value LjXL   is the electrical resistance of an in-

ductor, and the value CjCj1XC    is the 

electrical resistance of a capacitor. These electrical re-

sistances are measured by imaginary numbers opposite 

in sign, in contrast to the electrical resistance of a resis-

tor, measured by real numbers.  

Therefore, the magnitude of complex resistance of 

any alternating current circuit containing not only resis-

tors R , but also capacitors C  and/or inductors L  de-

pends on frequency. Thus, in accordance with Ohm’s 

law in the interpretation of Steinmetz the magnitude of 

flowing current depends on frequency. Moreover, this 

dependence is easily determined using devices availa-

ble in any radio electronic laboratory.  

And if the postulate of physical unreality of imag-

inary numbers were correct, then the magnitude of 

flowing current in any alternating current circuit would 

have to depend only on the magnitude of resistance and 

never on the magnitude of capacitance and inductance. 

Therefore, current magnitude should not change when 

oscillation frequency of sinusoidal voltage applied to 

such an electric circuit changes. But any experiment 

disproves this assumption.  

Thus, evidence of physical reality of imaginary 

numbers that could not be obtained by the MINOS ex-

periment at the Tevatron collider and the OPERA ex-

periment at the Large Hadron Collider turns out to be 

de facto obtained6 long ago by millions of engineers all 

over the world and it is daily confirmed by their practi-

cal activities in all radio electronic laboratories.  

Notably, this plain evidence of the principle of 

physical reality of imaginary numbers obtained by 

measuring required parameters of electric circuits with 

devices, such as testers (see Figure 1), oscilloscopes, 

etc., available in any radio engineering laboratory is the 

most convincing.  

 

                                                           
5 That is, provided with references to physical units, such as 

meter, kilogram, volt, etc. 

6 Consequently, the generally accepted version of the SRT 

could have been refuted back in the 19th century, i.e. before 

its creation, if someone needed it at that time 



51 German International Journal of Modern Science №16, 2021 

Figure.1. This is all that is needed instead of the Large Hadron Collider for the experimental proof of physical 

reality of imaginary numbers. 

After all, it is exactly the ability to register with 

devices X-ray, radioactive, ultraviolet and infrared ra-

diation, infra and ultrasound, magnetic field, atoms and 

subatomic particles, as well as many other physical en-

tities that are not registered by the human senses, 

proves their physical reality. Why, then, proving phys-

ical reality of imaginary numbers required the unique 

expensive OPERA and ICARUS experiments at the 

Large Hadron Collider involving several hundred pro-

fessors instead of a simple and cheap experiment using 

an ordinary tester in physics and involving only one ra-

dio engineer? That is because physical community did 

not actually need the proof and scientific truth. They 

only needed to create impression that refutation of the 

principle of light speed non-exceedance in the SRT was 

an extremely difficult matter, due to which the principle 

was actually irrefutable, and the version of the SRT pre-

sented in textbooks was correct.  

In fact, since mathematics is the single universal 

language of all exact sciences, correct mathematical in-

terpretation of radio engineering and any other experi-

ments is indisputably convincing for all other exact sci-

ences. After all, the Nature is integral. And only people 

created many sciences to describe it due to their limited 

intellectual capacity. However, it is natural that sci-

ences cannot refute each other.  

Thus, since the principle of physical reality of im-

aginary numbers in the SRT has been experimentally 

proved, there is no need for the postulated principle of 

light speed non-exceedance and for corrected relativ-

istic formulas that allow explaining the SRT at superlu-

minal velocities. 

3. Proof of physical reality of imaginary num-

bers as a result of study of resonance 

Resonance was discovered by Galileo di Vincento 

Bonaiuti de’Galilei back in 1602 [22]. But all textbooks 

give only a description of near-resonance processes at 

real frequencies, whereas a perfect theory of resonance 

at complex frequencies [4]-[7], [9], [11], [14] has not 

yet been provided in any textbook of physics. 

Indeed, attributes of resonance in electric LC-

circuits are considered to be:  

• extreme value of the forced component of re-

sponse at resonance frequency;  

• zero phase shift between the impact and the 

forced component of response at resonance frequency;  

• equality of resonance frequency and fre-

quency of free (in particular, shock) oscillations.  

However, in the simplest electric LCR-circuits 

these attributes manifest themselves only approxi-

mately. Therefore, in accordance with its current incor-

rect (or rather, approximate) interpretation in most of 

oscillation LCR-circuits:  

• different real resonance frequencies corre-

spond to the first and the second attributes of resonance 

mentioned above;  

• several (two for second-order circuits) real 

resonance frequencies usually correspond to each of the 

above-mentioned attributes of resonance;  

                                                           
7 The purpose of which, just like of this study, was to prove 

physical reality of imaginary numbers. 

• resonance frequencies never equal to fre-

quency of free oscillations, as shown by Leonid Isaa-

kovich Mandelstam [23].  

Actually, difference of resonance frequency and 

frequency of free oscillations from the frequency is in-

significant and does not usually exceed experimental 

error. However, difference between the speed of light 

and the speed of neutrino in the MINOS and OPERA 

experiments7 was also insignificant and did not exceed 

experimental error. Nevertheless, some dozens of arti-

cles analyzing possible experimental errors were pub-

lished following several months after publication of the 

OPERA experiment results. And their result was the 

ICARUS experiment claiming that the OPERA experi-

ment was wrong. 

At the same time, although the results of theoreti-

cal and experimental studies of resonance in electric 

LCR-circuits, proving physical reality of imaginary 

numbers, were published more than ten years ago, they 

still have been neither refuted nor commented on. Even 

despite the fact that the principle of physical reality of 

imaginary numbers in these studies is confirmed by ex-

istence of television and telecommunications, radiolo-

cation and GPS navigation, resonance, Ohm’s law and 

so on. 

4. Proof of physical reality of imaginary num-

bers as a result of study of transient processes 

Modern algebra is self-contradictory. For exam-

ple, to solve quadratic equations two algorithms are 

usually applied, of which one using well-known real 

numbers and the other using incomprehensible com-

plex numbers. Moreover, in the first case it is argued 

that sometimes there can be two solutions, sometimes 

one solution, and sometimes no solution at all.  

In the second case it is argued that there are always 

two solutions, which can be both real and complex 

numbers. At the same time, the obvious fact that two 

different mutually exclusive solutions (when 

0ac4b2  ) cannot exist is ignored.  

So where is the truth? Which solution is true? In 

the formal logic, the Latin aphorism ‘Tertium non da-

tur’, i.e, there is no in-between, corresponds to this sit-

uation.  

Since a purely mathematical convincing answer to 

the question posed has not yet been found, we shall use 

a physics experiment [8], [9], [14]. Let us consider the 

so-called transient processes that for whatever reason 

(usually under external influence) correspond to transi-

tion of any energy-intensive system from one energy 

state to another. They are due to the fact that energy 

change can never be naturally instantaneous. Therefore, 

such a transient process always takes some time.  

And determination of transient process parameters 

requires solving of the so-called algebraic characteristic 

equations that are in a certain way connected with dif-

ferential equations describing behavior of such sys-

tems.  
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Transient processes are met everywhere. For ex-

ample, they include oscillations of a pendulum after be-

ing pushed by someone. Therefore, everyone can per-

form this simple physics experiment and make sure that  

• oscillatory transients exist;  

• oscillations are damped;  

• damping of oscillations takes some time.  

These experimental data are quite enough in order 

to get an answer to the above-posed question of which 

of the solutions of the algebraic equation is correct.  

An aperiodic transient process turns out to corre-

spond to solution of the algebraic characteristic equa-

tion 0cbxax2   at a positive value of the discri-

minant 0ac4b2   . A critical transient process cor-

responds to solution of the quadratic characteristic 

equation at 0ac4b2  . And oscillatory transient 

process (in the form of damped oscillations; let’s recall 

here the movement of a pendulum after a push) corre-

sponds to solution of the quadratic characteristic equa-

tion at 0ac4b2   .  

They all really exist. Moreover, for the cases when 

0ac4b2   and 0ac4b2   , there are coinciding 

solutions of algebraic quadratic equations according to 

both of the above algorithms using real and complex 

numbers.  

However, when 0ac4b2  , there is a solution 

in the form of complex numbers. So, there is oscillatory 

transient process corresponding to such a solution. 

When 0ac4b2   , there is no solution in the form of 

real numbers. And therefore, there should be no transi-

tion process corresponding to such a solution. Never-

theless, everyone can make sure that oscillatory transi-

ent process exists just pushing a pendulum.  

Similar conclusions can be drawn for solutions of 

higher order algebraic characteristic equations. And 

such conclusions are experimentally confirmed by bell 

ringing and piano music, tsunami and swinging chil-

dren’s swings, Indian summer (or, conversely, spring 

frosts) and many other natural and man-made phenom-

ena.  

Therefore, it is to be concluded that the only true 

solution to algebraic equations is a solution in the form 

of complex numbers. In that case, complex (and, con-

sequently, imaginary) numbers should be recognized as 

physically real. 

5. The SRT studied in all physics textbooks is 

incorrect 
Since the Nature is integral and non-contradictory, 

the Science trying to explain it must also be integral and 
non-contradictory. Therefore, it is unacceptable that 
different scientific theories are inconsistent. Conse-
quently, the principle of physical reality of imaginary 
numbers proven in the theory of electrical circuits must 
be recognized as general scientific and all scientific the-
ories must be corrected taking into account the princi-
ple.  

Nevertheless, despite even several of the above-
mentioned experimental proofs of the principle of 
physical reality of imaginary numbers [4]-[15], [17]-
[21], the principle of light speed non-exceedance is still 

believed to be true in all physics textbooks. And text-
books still set out the generally accepted, but incorrect 
version of the SRT.  

Thus, as shown above, stating that imaginary num-
bers are physically unreal, authors of these textbooks 
actually deny physical realities that undoubtedly exist 
next to them and are known to everyone, in particular, 
television and tele-communications, radiolocation and 
GPS navigation, bell ringing and piano music, tsunami 
and 'Indian summer', children’s swing, resonance, 
Ohm’s law and so on. Authors of these textbooks have 
neither understood nor explained to readers that all this 
refutes the SRT. This circumstance naturally raises 
doubts about the accuracy of presentation of other sec-
tions of such textbooks. For example, sections related 
to astrophysics explaining physical processes and ob-
jects that are very distant from us, much more distant 
and difficult to understand than bell ringing and chil-
dren’s swings.  

6. Conclusion 
It is regrettable that authors of physics textbooks, 

as well as scientific literature setting out and populariz-
ing modern physics are unaware of the fact that funda-
mental scientific laws (Ohm’s law and resonance) and 
well-known natural phenomena and man-made pro-
cesses (tsunami, sound of church bells, piano music, 
swinging children’s swings, television, radiolocation, 
etc.) indisputably prove physical reality of imaginary 
numbers. Therefore, currently existing versions of the 
theory of relativity, quantum mechanics and other exact 
sciences need to be corrected accordingly.  

In this regard, scientific works of the 1988 Nobel 
Prize laureate Melvin Schwartz [24], who proved that 
development of the theory of relativity is impossible 
without a deep understanding of problems of both elec-
trodynamics and electrical engineering, as well as 
works of the 1965 Nobel Prize laureate Julian Seymour 
Schwinger [25], who proved that development of quan-
tum mechanics is impossible without a deep under-
standing and solution of problems of electrodynamics 
are of outstanding significance.  

The generally accepted version of the special the-
ory of relativity presented now in physics textbooks is 
incorrect, since all the relativistic formulas obtained in 
the theory are incorrect, they have been incorrectly ex-
plained using the incorrect principle of light speed non-
exceedance and entailed wrong conclusions consisting 
in existence of only our visible universe and physical 
unreality of imaginary numbers [26]-[29]. 

The corrected alternative version of the SRT is 
proposed in [29]-[32]. 
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