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ABSTRACT 

Following an entropy approach, the electric current can be postulated as a flow of electromagnetic waves that has an 
electric potential. Such postulate is verified in this article by results of experimental measurement then it is applied to 
review Tesla’s discovery of wireless power transmission. Tesla discovered the wireless transmission of electric power 
during his operation in an entirely new domain of physics based on abrupt discharging of electrostatic charges. He real- 
ized that electrons were not responsible for such discovered phenomena. So, he called the new energy as “Radiant Elec-
tricity”. He didn’t identify that the true nature of electric current was a flow of electromagnetic waves that can be nor- 
mally radiated through air. So, he proposed the term “Aether gas” to describe the discovered transfer of the electric 
charges by radiation from his designed tower, though air, to specified receivers. Following an entropy approach, the 
nature of the discovered radiated energy can be identified as electromagnetic waves that have an electric potential. So, 
the followed approach succeeds in eliminating the confusing observations of Tesla’s measurements in his famous ex-
periment and the confusions found in modern literature that deals with such energy as an “Ambiguous Radiant Energy”. 
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1. Introduction 

Nikola Tesla is seen by mostly scientists as the “Father 
of Wireless Power Transmission” or the first person to 
conceive the idea of wireless power transmission and 
successfully demonstrated the transmission of electricity 
without wires as early as 1891 [1]. In 1893, Tesla won to 
illuminate the World Columbian Exposition in Chicago, 
where he demonstrated the success of illuminating the 
vacuum tubes bulbs without using wires. Tesla con- 
structed a tower, Wardebclyffe tower, for wireless power 
transmission of electrical power rather than telegraphy 
[2]. In his experiment, Tesla gave rise to the electrostatic 
charge to a maximum, and discharged it much more 
quickly through a tentative circuit that resembled an 
electric-pulse jet [3]. So, Tesla operated in a domain of 
physics basedon abrupt discharge of electrostatic charge 
through air which he referred to as “dynamic electro- 
static” [4]. This process simulates the discharge of clouds 
to earth where electricity can be attracted and earthed 
through specially designed metallic rods [5]. Tesla and 
his colleagues found that traditional definitions of elec-
tricity as a flow of electrons through a conductor (like a  

wire) cannot explain such phenomena. However, Tesla 
and others believed that the electrical forces were actu-
ally streams of Aether gas, which had been fixated in 
matter [6]. Tesla also approached the definition of elec- 
tric current as “radiant energy” [7]. Similarly, Hertz 
identified also this transferred power as electrostatic in-
ductions or electrified shock waves that resemble true 
electromagnetic waves [8]. Finally, Tesla described the 
travelled charges as light-like rays but he supposed its 
nature is different from the electromagnetic waves of 
Maxwell [9]. 

According to an entropy-approach and the similarity 
characterizing the heat flow and the flow of electric 
charges, such “Radiant Energy” can be postulated as a 
flow of electromagnetic waves that have an electric po-
tential [10]. Main concepts and experimental results that 
verify the truth of such postulate will be reviewed in the 
next section. Then it will be reviewed the significance of 
Tesla’s interpretation of his discovery of the wirelessly 
transferred energy as “Radiant Energy” or Aether gas in 
his new domain of physics according to the followed 
entropy approach. Finally, it will be shown how the in-
troduced entropy and the postulated definition of electric 
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current as a flow of ionized electromagnetic waves give 
the convenient answers for most of the published Tesla’s 
inquiries in his experiments. 

2. Definition of Electricity as 
Electromagnetic Waves 

Starting from the similarity and analogy of laws govern- 
ing the flow of heat and electricity, it was possible to 
postulate that such flows have the same nature [10]. In 
other words, the nature of electric current is postulated as 
the heat radiation in the form of electromagnetic waves. 
However, heat radiation is a form of electromagnetic 
waves that have a thermal potential. Similarly, the flow 
of electric charges can be postulated as a form of elec- 
tromagnetic waves that have an electric potential [11]. 
Accordingly, the photoelectric effect is interpreted as a 
process of ionizing the incident light during its reflection 
on the metal plate of a photocell [12]. This plausible ex- 
planation is verified according to the measurement re- 
sults of the potential that stop the flow of photocurrents 
in photocells. Such potential is found as a function of the 
incident light-frequency and the type of the metal of the 
reflecting plates. The measurement results prove that the 
reflected light in the photocells gains after its reflection a 
specific potential that depends on its frequency and on 
the electrode potential of the reflecting metal plate. So, 
the flow of current from the photocells is a flow of ion-
ized photons that have a potential related to the fre-
quency of the incident light and it is not a flow of elec-
trons of zero potential that might be emitted from the 
metal plate by impact of massless light-waves [13]. The 
plots that show the dependence of the measured stopping 
potential of photocurrent on the frequency of the incident 
light on two metals. Figure 1 has the same slope for 
thetwo metals and it is equal to the well known Planck’s 
constant “ ”. The results are repre-
sented by the following relation between the frequency 
of the incident light “ incident

346.626 10 J sh   

 ” and the potential “V” of the 
reflected waves or photons after ionization by the metal  
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Figure 1. Plot of the measured stopping potentials obtained 
for several light frequencies in photocells for two different 
metals [14]. 

plate that defines the known physical constants h and e 
[14]: 

incidenth e V                (1) 

The symbol “e” in Equation (1) indicates the charge of 
the reflected photons  191.6 10 Joule Volte   . As 
seen in Figure 1, the frequency of the light that can be 
converted into an electric current and gains after reflec-
tion a potential should be higher than a minimum or 
“threshold frequency o ” [14]. The value of such 
threshold frequency may be found directly from meas-
urement of the minimum potential that stops the photo-
current. According to Figure 1, this value is found as 
“ minimum 1.8 VoltsV   .” Such value depends on the elec-
trode potential of the metal plate and the values of the 
constants in Equation (1) [14]. 

Similar proof can be concluded according to the meas- 
urement results of light emitting diodes [15] (Figure 2). 
Such results prove also a nature of the electric flux as 
ionized electromagnetic waves. The process in the diode 
can be interpreted as deionizing the flowing electric cur-
rent through the diode by the built-in potential of the 
LED’s p-n junction. So, the incident electric current, as 
ionized photons that have a specific potential, is con-
verted into light waves of zero potential. Figure 2 shows 
the measured frequency of emitted light from a diode as 
a function of the applied potential for different types of 
diodes. Increasing the potential of the incident current on 
such LEDs lead to increasing the frequency of the 
emitted light too according to an equation similar to the 
photocell’s Equation (1) [15,16]: 

0 emitted
emitted

c
e E h h 


      
 

          (2) 

In Equation (2), “ 6300 10 m sc   ” is the speed of 
light and “λ” is the wavelength of the emitted light in 
meters. The measured slope of the curve in Figure 2 de-
termines the same value of Planck’s constant as found 
from the measured slope in Figure 1 for photocells. 

According to the measurement results in Figure 2, for 
each diode there is a minimum potential of the flowing 
current, called threshold potential “ threshV  or V0” that led 
to emit light from such diode [15]. Figures 2 and 3 
clearly show the correspondence between the processes 
in the LEDs and photocells. The same slopes of both 
lines and the correspondence between the threshold fre- 
quency in Figure 2 and the threshold potential in Figure 
3 indicate that the processes in the diodes and the photo-
cells are process of ionizing and de-ionizing the light 
waves or photons. So, photocells and diodes that have the 
same frequency bands are working with the same poten-
tial drop or gain as they are operating on the same waves 
but proceeding in opposite directions. So, the postulated 
definition of the flow of ele tric charges as a flow of c 
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Figure 2. Determination of Planck’s constant using LED’s [15]. 
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Figure 3. Electromagnetic wave that represent flow of posi-
tive charge of potential E0. 
 
ionized electromagnetic waves finds also a plausible ex-
planation for the processes in the diodes and the photo-
cells. Equations (1) and (2) can be simplified by one 
proportionality equation as follows [16,17]: 

incident or emitted
photocell or diode

1

V
             (3) 

According to such results, the potential of the electric 
current as flow of electromagnetic waves depends on the 
frequency or the energy of such waves. So, the following 
equation may express the output current from a photocell 
or the incident current in a diode [1]: 

 0 1 cosE E E t                (4) 

where E is the potential of the oscillating wave around 

and 0  is the threshold potential. Such equation can be 
considered as a solution of the Maxwell’s wave equa- 
tions that belongs to the electric component of the elec-
tromagnetic wave [10]: 

E
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               (6) 

The arrow of time is found as a property of entropy 
alone [11]. Accordingly; time in Maxwell Equations (5) 
and (6) may be replaced by entropy. Such transformation 
leads to modified solutions of Maxwell equations that 
may express the flow of electric charges into potential- 
entropy coordinates as follows: 

 0 1 cosE E E s                 (7) 

Such equation can be represented in graphically in the 
E-s coordinates as shown in Figure 3 [11]. 

Figure 3 represents the flow of positive charges, ac-
cording to Equation (6), as flow of electromagnetic 
waves of positive potential [11]. The advantage of such 
coordinate system is its representation of the energy 
propagation into a system by the intercepted areas in a 
diagram. As an example, the heat flow is represented in 
the temperature-entropy diagram by the by the following 
integral [11]: 

thermal dQ T S                  (8) 

By similarity between the electric charge and heat 



An Entropy Approach to Tesla’s Discovery of Wireless Power Transmission 160 

flow as both are forms of electromagnetic waves and are 
driven by their associated potentials E or T, the flow of 
electric charge can be expressed also by areas in an E-s 
diagram according to the following equation [11]: 

elect electdQ E S                  (9) 

According to Figure 3, the area representing the inte-
gral in Equation (9) has a net positive sign or a charge of 
positive potential. So, the flow of electricity is a flow of 
electromagnetic waves that have a definite potential or 
propagation of entropy by virtue of a definite electric 
potential. According to the general thermodynamic prin- 
ciples, temperature as a potential of heat represents the 
quality of the propagated heat while entropy propagation 
measures a quantitative influence of the energy flow on 
the system. Such principles may be applied to the flow of 
electric charge where the electric potential represents the 
quality of the charge while entropy measures the quanti-
tative influence of the flow of electricity on the system. 

3. An Entropy Analysis of Tesla’s 
Conclusions 

According to the previous entropy approach, the accu- 
mulation of electric charges that possess electrical poten- 
tials on the top surface of the Tesla’s tower [3], leads to 
summation of potentials of these charges to extremely 
high values, as measured by Tesla [3], according to the 
following equation: 

tower 0
1

N

i
i

E


 E                 (10) 

0i  is the potential of each charge which was defined 
as the thresholds’ potential 

E
 iV , N is the number of 

accumulated charges on the top of the tower and Etower is 
the potential of the accumulated charges on the top of the 
tower. When such high potential energy is discharged as 
electromagnetic waves, it will produce the measured 
shock wave in a similar fashion as the discharged of 
clouds [5]. According to Equation (9), the rate of flow of 
entropy from the tower to the receiver during the dis-
charge process can be expressed as follows: 

electrical
electrical

Q
S

E

&

&              (11) 

So, the energy transmitted from the tower to the re- 
ceiver is a flow of entropy by force of the tower’s poten- 
tial and can be estimated according to the following 
equation: 

electrical electricalQ ES& &             (12) 

However, the loss of the transmitted electric energy 
from the tower to the end receivers,  electricalES & , is 
dissipated to the air in the form of thermal energy. The 

dissipated energycan be estimated by applying an energy 
equation that embraces the flow of electric and thermal 
energy [11]: 

   thermal electrical 0TS ES  & &       (13) 

So, the lost electric charge will be gained by air as 
thermal energy  thermalTS &  that will increase the air 
temperature. If the attained temperature is high enough, it 
may ignite atmospheric nitrogen in presence of atmos- 
pheric oxygen according to the following chemical equa-
tions [18]: 

2 2N O 2NO                  (14a) 

2 2 2N 2O 2NO                (14b) 

Similar reactions are found in thunder storms during 
discharge of clouds [8]. The accumulation of charge on 
clouds leads to the rise of its potential in a similar proc-
ess as charging of Tesla’s tower and its discharge in a 
short time leads to burning of forests. Numerical exam-
ples and measurements of such energies are available in 
literature and are applied in the design of grounding 
networks [5]. So, the change of colors during Tesla ex-
periment is due to the relative activation of nitrogen 
burning according to Equation (14a) or (14b) [18]. In 
other words, the seen colors of the radiated energy (Fig-
ure 4) were not belonging to Aether gas, as was claimed 
[6], but it actually belonged to burning of nitrogen in the 
surrounding air. 

Such conclusions violate the definition of electricity as 
flow of electrons that requires conducting wires and sus-
tains its postulated definition as a flow of electromag-
netic waves [11]. In other words, Tesla’s radiated energy 
should be defined as ionized electromagnetic waves that 
have specific potential and it is not a stream of gas. It is 
actually a flow of entropy by the influence of the sum of 
the potentials of the accumulated charges. 

According to the previously discussed measurement 
results of photocells and diodes, the wavelengths of the  

 

 

Figure 4. One of Tesla’s experiments on radiated energy [1]. 
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ionized electromagnetic waves that define a flow of elec-
tric charges are in the range of 650 - 1500 µm [19]. This 
range belongs mostly to the invisible range of electro-
magnetic waves. Accordingly, the followed entropy ap-
proach defines the transferred power as electromagnetic 
waves whose spectrum does not belong to the light- 
spectrum. So, such transferred power is really as Tesla 
presumed; “Dark Radiation” which should not be inter- 
preted as some authors claim a Secret energy or Scalar 
Energy. Tesla’s experiment discovered the true nature of 
the flow of electric charges as a flow of ionized electro- 
magnetic waves. 

It is an interesting remark of Tesla that he had never 
referred to “space-time” directly. He considered time 
scale or dimension as a mere man-made “measure” of the 
rate at which events may occur such as a distance trav-
elled in a certain period of time, for a frame of reference. 
He tried to find another frame of reference that ties such 
the space to the system’s energy but he didn’t find a 
logical substitute [20]. In the previously explained en-
tropy approach, time in the previous Maxwell’s wave 
equations is replaced by entropy which measures the 
influence of energy propagation since time is found as a 
property of entropy alone [12]. Hence, such replacement 
may represent the logical substitution that Tesla failed to 
find [20]. According to such substitution, the radiant en-
ergy represent a flow of entropy by the influence of a 
high accumulated potential, due to accumulation of elec-
tric charges, and it is not flow of Aether gas or scalar 
energy according to Tesla’s confusions. 

4. Conclusion 

According to an entropy approach and a review of avail-
able experimental results, the flow of electricity is real-
ized as flow of electromagnetic waves that have an elec-
tric potential. So, Tesla’s discovery of “Radiant energy” 
should be also interpreted as normal radiation of elec-
tromagnetic waves that have an electric potential. Re-
placing the time coordinate in Maxwell’s wave-equations 
by entropy, the discovered “Radiant Energy” of Tesla is 
also found as a flow of entropy by the influence of its 
electric potential. Such radiant energy is also found as a 
dark energy or electromagnetic waves whose wave 
lengths are not in the visible spectrum. 
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