
Electric and Magnetic Energies in the Human Body 

 

Salama Abd Elhady 

Dep. of Mechanical Engineering 

Faculty of Energy Engineering 

Aswan University 

Aswan, Egypt 

 

salama_AbedelHady@hotmail.com

Abstract- The human body is actuated by electric and 

magnetic energies where the neural systems are found to 

transfer their instructions by nerve impulses in the form of 

electric signals or as waves of electric potential. However; the 

absence of a clear definition of electric charge misled the 

neuroscientists in recognizing the nerve impulses as electric 

charges and they defined them as chemical ions which 

contradicts their observation as waves of electric potential. 

According to a found definition of the electric charge as 

electromagnetic waves of electric potential that deletes 

confusions in electromagnetism, this innovative definition is 

found to be consistent with the neurologist’s observations of the 

nerve impulses and its found nature as electric signals.  

Similarly; the neurologists succeeded in stimulating the neural 

system by magnetic flux through the scull without clear 

explanation due to the unclear definitions of the magnetic flux 

as electromagnetic waves of magnetic potential.  However; we 

succeed in this article in finding plausible explanation of this 

stimulation by the innovative definitions of the electric charge 

and magnetic flux as electromagnetic waves of electric and 

magnetic potentials. We show the truth of these definitions by 

amble evidences.   

Keywords: Nerve Impulses; Electric charges; Magnetic 

Flux, Electromagnetic waves,  Thermoelectrical effects, Ionized 

photons. 

I. INTRODUCTION   

The electric current is traditionally defined as flow 

of electrons [1]. As the electric current is a flow of 

energy; it should have a nature of energy similar to 

the thermal radiation or the flow of electromagnetic 

waves [2]. In this article; it will be reviewed firstly 

how the Maxwell’s wave equations were casted 

into an energy frame of reference to show a 

representation of the electric current as 

electromagnetic waves of electric potential [3]. 

Then it will be shown how one of Faraday’s 

experiments that converted light, as 

electromagnetic waves, into electric current by 

subjecting the light to electric field may verify such 

innovative definition of electric current [4]. It will 

be shown the evidence of truth of this innovative 

definition of electric current as electromagnetic 

waves in deleting the duality confusion [5].  Such 

innovative definition of electric succeeded also in 

finding plausible explanation of one of Tesla’s 

experiments who transmitted electric power as 

waves through space and explained the process of 

discharging electric charge from clouds during 

lightning [6, 7]. 

According to the traditional definition of electric 

current as flow of electrons, the neuroscientists 

were forced to define the nerve impulses as ions 

and, hence, their studies were limited to the 

electrochemical aspects of the nerve impulses [8]. 

However, the definition of electric charges as 

electromagnetic waves of electric potential is 

found to match the neurophysiologists’ 

observations of the nerve impulses as a wave of 

electric activity [9]. According to the found 

matching between the observed features of the 

nerve impulses as waves of electric potential and 

the innovative definition of electric current; the 

nerve impulses (is) are recognized in this study as 

electric charges that have electric potential.  Such 

postulate is introduced here to investigate 

measured thermoelectric aspects of the nerve 

impulses which were discarded by the definition of 

nerve impulses as flow of ions. Such postulate will 

be considered to find plausible explanation of the 

detected temperature difference of the neuronal 

cells as indication of inhomogeneous heat 

production and dissipation in the neuron cells in 

generating the electric nerve impulses [10]. It will 

be used also to suggest mechanisms of generation 

of the electric nerve impulses from stimulated rates 

of the biochemical reaction in the neural cells [11]. 

Such studies are applied to find robust solutions of 

found ambiguities in the neurosciences as it solved 

similar confusions in electromagnetism [1]). 

The Nature of the Electric Charges 

The definition of the nature of electric charge as 

energy in transfer was started by modifying the 

Maxwell’s wave equations. The time coordinate 

“t” in these equations was replaced by entropy “s” 

which is mainly a function of time and energy [13].  

Such replacement casts the Maxwell’s equations 

into an energy frame of reference which may 
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express the separate flow of electric or magnetic 

energies [14]. The introduced frame is defined by 

the electric field E, the magnetic field H, and the 

entropy S as follows (14):  

( ∇2   −  
1

c2  
∂2

s2 ) E = 0,    

 (1) 

( ∇2   −  
1

c2 
 
∂2

s2
 ) H = 0,    

 (2) 

Fig. 1 represents these equations graphically where 

the electric field “E” is the vertical axis, the 

magnetic field “H” is the abscissa, and the entropy 

“s” is the ordinate [14]. 

 Such representation succeeded in showing the 

flow of electric and magnetic energies during the 

flow an electromagnetic wave as the areas swept by 

the electric and the magnetic waves [15]. 

The flow of electric energy of zero electric 

potential is represented by the first integral and the 

magnetic energy of zero magnetic potential is 

represented y the second integral.  

Fig. 1 depicts a graphical representation of these 

equations where the Electric Field “E” is the 

vertical axis, the magnetic field “H” is the abscissa, 

and the entropy “s” is the ordinate [16]. This 

representation succeeds in showing the energy 

flow during an electromagnetic wave as the sum of 

the areas swept by the electric and the magnetic 

waves.  So, the flowing electric energy per an 

electromagnetic wave is expressed by the first 

integral and the flowing magnetic energy per wave 

is represented also by the second integral in the 

following equation [16]: 

Qtotal = Qel +  Qmag  = ∫ |E dS|
2π

0
 +  ∫ |H dS|

2π

0
  

Joule/wave                                                     (3) 

 

 

  
 

Fig. 1. Representation of flow of Electromagnetic 

waves in Energy frame of references composed of 

the energy coordinates: Electric field, Magnetic 

field, and Entropy, E-H-s coordinates, where the 

flow of the electric wave is shown in the E-s plane 

and the flow of the magnetic wave is shown in the 

H-s plane (14). 

 

According to previous works; it has been found that 

this sum which represents the quantity of energy 

flow per wave is equal to Planck’s constant, h 

Joule/wave [16]. Such results are confirmed by 

results of the early Planck’s experiments [17] 

(Badino (2015)).  Accordingly, the quantity “h ʋ” 

Watt represents the rate of the energy flow of 

pulses, or quanta of magnitude “h,” of 

electromagnetic waves of frequency “ʋ” [16]. 

In one of his experiments, Faraday succeeded in 

electrifying a ray of light by subjecting the ray of 

light to an electric field [17]. According to results 

of his 7experiments, he found that the magnetic 

field can indirectly influence the behavior of the 

electrified light wave as flow of electric current 

[18]. The influence or effect that Faraday observed 

is now known as Faraday’s rotation because his 

experiment illustrated the rotation of a ray of light 

by the action of magnetic field, whatever the 

magnet’s configurations are, as seen in Fig. 2 [19]. 
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Fig. 2. Rotation of an electrified ray by a magnetic 

field [18]18) 

 

 

The success of Faraday in converting the 

electromagnetic waves, or light, into electric 

current can be visualized as a special wave or 

solution of the modified Maxwell’s equation. Such 

wave is described as a special solution of modified 

Maxwell’s equations which have, as an initial 

condition, electric or positive potential of the 

magnitude “   +/− Δ E̅. "  So, the following 

equation represents the mathematical model of 

flow of electric current as electromagnetic waves 

of electric potential [20]: 

E(r, s) = E cos(kr + ωs +  φ) +/−  Δ E̅ 
                                            (3) 

H(r, s) = H cos (kr + ωs +
 φ)                                                                 (4) 

Equations (3) and (4) represent a solution of the 

differential Eqs. (1) and (2) whose initial electric 

field “E” is “+/−  Δ E̅" [20]. Such solution of the 

Maxwell’s equations is represented graphically in 

Fig. 2 A and Fig. 2 B [20]. Fig. 2 A represents the 

electric current as a flow of negative charges in the 

form of electromagnetic of negative electric 

potential (−  Δ E̅) in a frame of energy coordinates 

E, H, and S. Fig. 2 B shows also the electric current 

as flow of positive electric charges in the form of 

electromagnetic waves of positive electric potential 

(+  Δ E̅) in a frame of energy coordinates E, H, and 

S. Both figures represents visualization of the 

electric current as electromagnetic or energy waves 

whose frequency is “ ʋ ” and whose electric 

potential is “+/−  Δ E̅.” The potential of the wave 

is determined by the location of the axis of its 

oscillations. So, the electric charge may be defined 

as ionized quanta of energy, or photon, of potential 

“+/−  Δ E̅ “ [20]. 

 

Fig. 3. A. Flow of negative electric charges as flow 

of electromagnetic waves of –ve potential where 

the electric energy in the E-s plane is oscillating 

around the negative potential “−Δ E̅” [20]. 

 

 
 

 

Fig. 3. B. Flow of negative electric charges as flow 

of electromagnetic waves of –ve potential where 

the electric energy in the E-s plane is oscillating 

around the negative potential “+Δ E̅” [20]. 

 

So, electrifying a ray is interpreted by innovative 

definition of electric current as converting the 

electromagnetic waves into electric current when 

gaining electric potential during the electrification 

process. This was the first definitive evidence that 

light and electromagnetism are related, and paved 

the way for Maxwell’s brilliant theoretical 

demonstration of the definition of thermal radiation 

as electromagnetic waves, and their identity with 

light [21]. However; the Tesla’s discovery of 

“Radiant energy” was also interpreted as normal 

radiation of electric energy or as electromagnetic 

waves of electric potential from the Tesla’s tower 

[22]. Tesla’s experiment is found similar to the 

discharge of (accumulation of) accumulated 

electric charges as electrified electromagnetic 
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waves from clouds during the lightening [23]. Both 

results prove also the truth of the postulated 

definition of electric current as electromagnetic 

waves of electric potential [24]. 

Similarly; the magnetic flux can be represented 

graphically and analytically as electromagnetic 

wave of magnetic potential by Fig. (4) and the 

following equations [25] : 

 

E (r, s)  =  𝑔1 (ω s –  k r)    (13)

                                         

H(r, s)  =  𝑔2(ω s –  k r) +/− Δ H    (14)

                                         

 

Graphical representation of this equation is shown 

in Fig. 4. 

 

 
 

Fig.4: Graphical representation of magnetic flux 

[14]. 

Such definitions of electric current and magnetic 

flux succeeded in deleting the “duality confusion” 

and represent clear definitions of the nature of 

electric charge and magnetic flux that researchers 

may not found in literature (5). The success of 

research teams and technologists in pumping 

electric energy through optical fiber system 

represents a proof of the nature of electric current 

as waves that may flow also through nerves [26].   

 

1. Nature of the Nerve Impulses 

According to Hodgkin and Huxley, nerve impulse 

consists of a rapid and coordinated sodium ion 

influx and the subsequent potassium ions exit 

through the membrane of the excitable cells [27]. 

Such model of Hodgkin and Huxley has been 

valued for the past sixty years as a foundation for 

neuroscientific research. Over the years, however, 

a number of scholars have challenged the 

completeness of the conventional HH model for 

various reasons, in particular its incapability to 

account for thermoelectric aspects of the nerve 

impulse as its definition as ions limits the study to 

its electrochemical aspects [28]. Several alternative 

models have been proposed that do take into 

account the non-electrical aspects of the nerve 

impulse and emphasize their importance in gaining 

a more complete understanding of the nature of the 

nerve impulse. For instance, considerable evidence 

indicates that action potentials are accompanied by 

production and subsequent absorption of heat that 

are of non-electrical nature [29]. However; most of 

the studies were adhered to the definition of electric 

current as flow of electrons and the definition of the 

electric charge, which should have an energy 

nature, as electrons. So, they consider the nerve 

impulse just as flow of ions [30]. 

However, the observations of the neuroscientists 

found the flow of nerve impulses in general as a 

wave of electric activity or a measured ‘action 

potential’ [31]. Similarly, the observed nature of 

nerve impulse as a wave of electric activity is 

directly consistent with the innovative definition of 

electric current as flow of electromagnetic waves 

of electric potential (14). So, the flow of nerve 

impulses can be recognized according to such 

definition of electric current directly as flow of 

electric charges or as electromagnetic waves of 

electric potential. Such identification may account 

for found phenomena that accompany nerve 

impulse propagation for which there is 

nevertheless ample evidence [32]. Additionally; 

measurement results of temperature in the neural 

system detected temperature difference between 

the cell body and neurites, thus the identification of 

the nerve impulse as ions cannot afford a plausible 

explanation for such detection (6). Similarly, the 

dependence of the neurosciences on the definition 
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of electric current as flow of electrons, which is 

illogic, is a source of the found confusions in the 

field of neurosciences according to many 

references [33].  

The description of flow of nerve impulses as 

electric current is also featured by the use of patch 

clamp technique that allowed measurement of 

current-voltage characteristics of the cell’s 

membrane [33, 34]. According to the 

measurements of Goldman, Hodgkin, and Katz 

(GHK), we get the description of fully activated 

current-voltage characteristics of a patch from the 

cell membrane that indicate the possibility of flow 

of the nerve impulses as electric charges or the 

ability of the cell membrane to conduct the nerve 

impulses as electric current [35, 36].  

 

  

2. Thermoelectrical Aspects of The Electric 

Current  

Thermoelectricity is concerned by coupled 

transport of heat and electricity. Such phenomena 

are mainly characterized by the Seebeck effect 

which is defined as follows [37]: 

𝑆 =  −  
∆ 𝑉

∆ 𝑇
     (5)                                     

This coefficient relates the conversion of the 

thermal potential of the incident heat ∆ 𝑇 , into 

electric potential ∆ 𝑉 . Thus it characterizes the 

conversion of the thermal radiation of thermal 

potential  ∆ 𝑇 , into electric current of electric 

potential ∆ 𝑉  [37]. 

By the innovative definition of electric current as 

flow of electromagnetic waves of electric potential, 

it was possible to define the PV effect as the 

conversion of the incident radiation or heat into 

electric current when crossing junctions of 

materials of different Seebeck coefficients or of 

different charge carriers [38]. Such definition is 

verified in all thermoelectric devices as 

thermocouples or thermopiles, thermoelectric 

generators, and photovoltaic cells [39]. In case of 

photovoltaic cells, the incident heat passes through 

a junction separating a layer of higher number of 

electrons, n –type side, and a layer of higher 

number of holes, p-type side, Fig. 4 [40].  So, the 

thermal potential of the incident radiation that 

forces the heat to flow across the PV cell is 

converted into electric potential when it crosses the 

p-n junction of the cell. Such electric potential is 

proportional to the thermal potential of the incident 

radiation by Seebeck coefficient, as constant of 

proportionality, according to Eq. (5) [41].  

 
 

Fig. 5. Movement of charge carriers in the 

Photovoltaic Cell, [40].   

 

3. Thermoelectric Aspects of the Electric 

Nerve Impulses 

Recognizing the nature of nerve impulses as 

electric charges, it is possible to investigate 

thermoelectrical aspect of these impulses where its 

definition as “Ionic Current” limited our 

investigation to its electrochemical aspects only 

[42]. Such limitation represents a barrier to 

investigate the source of the nerve impulses in the 

neural system and the detected intracellular 

temperature differences that have recently been 

found [43]. However; the Soliton model and other 

neural models tried to study the found 

thermoelectric aspects of the nerve impulses but 

they were adhered to their definition as ions which 

limited their studies to the electrochemical aspects 

of the nerve impulses only [44].  
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Fig. 6. Differences in the concentrations 

of ions on opposite sides of a cellular 

membrane lead to the membrane potential (45). 

 

Measurement results of temperature in the neural 

system show that the temperatures in the cell body 

and neurites are different and thus suggest 

inhomogeneous heat production and dissipation in 

the cells [6]. So, it is possible also to suggest a 

change in the rate of the biochemical exothermic 

reactions in the stimulated cells as a response to 

received stimuli. According to the neural 

investigations, there is found difference in the 

concentrations of ions on the both sides of the cell 

membrane that leads to measure a membrane 

potential in the range –40 mV to –70 mV [45]. So; 

identifying the similarity of distribution of 

different charge carriers on the two sides of a 

photovoltaic cell, Fig. 5, and the distributions of 

different ions on the sides of the cell membrane, 

Fig.6, suggest the conversion of the heat flow from 

the cells across the cell membrane into electric 

current by similar mechanism of conversion of the 

heat flow across the PV cell into electric current by 

Seebeck effect. The evidence of the truth of this 

postulate is verified by the measured flow of wave 

impulses across the cell membrane in the form of 

waves of electric potential [46]. According to 

neurosciences; this flow is distinguished as a stand-

alone electric potential while the nature of the 

nerve impulse should be defined as energy driven 

by electric potential since it is capable of 

motivating another cells [47, 48]. So; it is essential 

to nominate such action potential as the driving 

potential of electric energy that flow across the cell 

membrane.  Fig. 7 shows the measured wave where 

the abscissa is the electric potential of the nerve 

impulse while its ordinate was considered as time. 

According to the definition of entropy as a measure 

of time; it is possible to replace the time scale “t” 

in the ordinate by entropy scale “s” [48]. So, we get 

a representation of the nerve wave in an energy 

frame of reference defined by the E-s coordinate as 

we have casted the Maxwell’s wave equation in a 

similar frame of reference [14]. So, the energy of a 

nerve impulse can be estimated in such frame by 

the area enclosed by the wave and the entropy-

coordinate as follows:  

𝑄 =  ∫ 𝐸 𝑑𝑆  

 

 
Entropy flow (Joule /mV) 

 

Fig. 7. Representation of the nerve impulse in E-s 

energy coordinates  

According to this integral; the energy of nerve 

impulse is actually represented by the shaded area 

in Fig. 7 [49]. The source of this energy is the 

biochemical exothermic reactions inside the cells 

which are converted into electric energy when 

crossing the cell membrane by Seebeck effect [47]. 

In this case; the response of the cell to stimuli is 

performed through increase of its temperature by 

increase of the rate of the exothermic reactions in 

this cell. This suggested relation between the 

Seebeck effect and the neural system was found by 

Seebeck, Volta, and Galvani who observed that 

electrical stimulation caused a dead frog’s leg to twitch 
during their discovery of the Seebeck effect that 

converted the temperature difference into electric 

potential, or action potential [48, 49, 50]. 

According to literature; the brain is the source of 

transmitted power, information and instructions to 

the neurons of the body and it has higher 

temperature than the body and it consumes 20% of 

the body’s oxygen and energy [51]. Such data 

represents an evidence to conclude that nerve 

impulses are produced by uniform biochemical 

reactions that consume energy and oxygen in the 

brain cells and it is not just electrochemical 

processes producing a standalone electric potential 

without motivating energy [52].  

 

4. Influence of the magnetic flux on the Scull 
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Fig. 8. Repetitive Transcranial Magnetic 

Stimulation (rTMS) 

 

The definitions of magnetic flux and electric 

charge as electromagnetic waves of electric or 

magnetic potential may help to understand 

Transcranial magnetic stimulation (TMS) [53, 54]. 

Such noninvasive procedure uses magnetic fields 

to stimulate nerve cells in the brain, as seen in Fig. 

8 [54], to improve symptoms of depression. TMS 

is typically used when other depression treatments 

haven't been effective. This treatment for 

depression involves delivering repetitive magnetic 

pulses, so it's called repetitive TMS or rTMS. 

Sending the magnetic flux to the cells membrane of 

the inert neurons in the brain; such flux may 

represents an energy shock that heats up suddenly 

the cells of the brain. Then the membrane will 

perform its function to convert the produced heat 

into nerve impulses or electric signals by 

converting its thermal potential into electric 

potential. In this way; regions in the brain are 

activated and is capable to send nerve impulses or 

electric signals to motivate the body to desirable 

changes. 

Conclusions 

According to an innovative definition of the 

electric current as flow of electromagnetic waves 

of electric potential; it was possible to recognize 

the nature of the nerve impulses directly as electric 

charges that have electric potential. Such 

recognized nature allows the study of 

thermoelectric aspects of the nerve impulses and 

finds plausible explanation of the detected 

temperature differences between the cell body and 

neurites. Accordingly; it is suggested similar 

mechanisms of converting the heat produced by the 

biochemical exothermic reactions in the cells into 

electric nerve impulses similar to the mechanism 

that converts the heat incident on the PV cells into 

electric current by the Seebeck effect. The truth of 

postulating the nerve impulse as electric charges 

and the conversion of the heat flow across the cell 

membrane into electric nerve impulses are 

supported by ample evidences.  
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