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Abstract

Neurologists define the transmission of nerve impulses across the membranes
of the neural cells as a result of difference in the concentration of ions while
they measured an electric potential, called as an action potential, which allows
the propagation of such nerve impulses as electrical signals. Such measure-
ments should guide them to a logical explanation of the nerve impulses as
electric charges driven by the measured action potential. However, such logi-
cal conclusion, or explanation, is ignored due to a wrong definition of the
flow of electric charges as a flow of electrons that cannot pass through neural
networks. According to recent studies, electric charges are properly defined as
electromagnetic (EM) waves whose energy is expressed as the product of its
propagating electric potential times their entropy flow which is adhered to
the flow of such energy. Such definition matches the logical conclusion of the
nerve impulses as electric charges, as previously explained, and defines the
entropy of the neural network, measured by Ammeters, in Watt or Joule/Volt.
The measured entropy represents a neurodiagnostic property of the neural
networks that measures its capacity to allow the flow of energy per unit action
potential. Theoretical verification of the innovative definition of nerve im-
pulses is presented by following an advanced entropy approach. A proper re-
view of the machine records of the stimulating electric charges, used in the
diagnosis of the neural networks, and the stimulated nerve impulses or sti-
mulated responses, represents practical verifications of the innovative defini-
tions of the electric charges and the nerve impulses. Comparing the func-
tioning of the thermoelectric generators and the brain neurons, such neurons
are defined as thermoelectric generators of the electric nerve impulses and
their propagating, or action, potential.
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1. Introduction

The electric current was traditionally defined, by a wrong recognition, as flow of
electrons while the electrons are mass particles whose rate of flow should be
measured by the unit kg/s [1]. This definition is followed by a wrong nomination
of the unit of the Ammeter’s reading as the rate of flow of electrons measured by
“Ampere”. However, the Ammeter’s reading should be limited to its logical unit
as “Watt/Volt” which is, according to known measuring fundamentals, the divi-
sion quotient of the electrical power by the electrical potential [2].

In recently published research depending on an entropy approach and results
of Faraday’s experiments, the electric charges are properly defined as electrified
energy or electromagnetic waves that have an electric propagating potential like
the heat which is defined as EM waves that have a thermal driving potential [3]
[4]. According to such a definition, the Ampere should not be used as a unit of
the rate of flow of electric charges as the rate of flow of electric charges if the
electric charges are properly defined as the energy of the unit “Joule”, it should
have the unit “Watt”. So, this unit, “Watt”, conflicts it postulated measuring unit
“Watt/Volt”. Hence, the Ampere represents a confusing unit in the electricity
field, and it shouldn’t be regarded as one of the Ammeter’s readings. However,
the postulated Ammeter’s unit, Watt/Volt, is a unit of the rate of entropy growth
through a connected conductor in the Ammeter’s circuit, Figure 1. Such entropy
also represents a physical property of the inserted conductor in this figure [5]
[6]. Thermodynamically, it is possible to explain the meaning of Ammeter’s
reading as the capacity of the measured conductor to allow the flow of electric
power by the action of a unit electric potential, where such capacity is a function
of the conductor’s entropy [3].

While neurologists define the flow of nerve impulses as the flow of electrical
signals, they refrain from defining the nature of nerve impulses as electric
charges. This is due to the fact that the flow of electric charge, according to their
understanding, is incorrectly defined as the flow of electrons, which are unable
to pass through organic tissues [7]. So, they describe the transmission of the
nerve impulses across the membranes of the neural cells as due to a difference
between concentration of ions while they measure a propagating electric poten-
tial, or an action potential, that allows the propagation of the nerve impulses as
electric signals without attenuation [8]. The newly defined nature of the nerve
impulses as electric charges which have an electric potential matches the meas-
ured features of the nerve impulses and its propagating action potential [9]. In
this article, it will be verified, theoretically and practically, the truth of the sub-
mitted innovative definitions of the electric charges and the nerve impulses. The
theoretical verification is accomplished by following an entropy approach that
represents the electric charge as EM wave of electric potential [3]. The practical
verification depends on a smart comparison between the represented electric
charge as a wave and the machine records of stimulating electric charge and its

stimulated response. Then, it will compare the analogous operations of the
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Ammeter

Conductor

Figure 1. Ammeter’s connection to a conductor to
measure the rate of growth of entropy though
such conductor in Watt/Volt [2].

motor neurons as generators of the action potential of the nerve impulses and
the thermoelectric generators as devices that convert the heat flux from meta-

bolic reactions into electric charges by the Seebeck effect.

2. The Dimension of Entropy

Maxwell predicted the energy as EM waves that consist of an oscillating electric
field “£” and an oscillating magnetic field “A”, where both fields propagate per-
pendicularly at a speed which has the same speed of light “c’. Maxwell’s equa-

tions can be simply written as follows [2]:

1 &

(Vz —C—ZEJEZO, (l)
1 &

[Vz —C—z—atz)HZO, (2)

Equations (1) and (2) consider the time “#” as the coordinate of simultaneous
propagation of the electric field £ and the magnetic field H [2]. Figure 2
represents graphically the Maxwell’s wave equations. The coordinates of the ver-
tical plane are the electric field “E” and the time “#’ as a measure of the propaga-
tion of the electric wave while the coordinates of the horizontal plane are the
magnetic field “H” and the time “#’ as a measure of a simultaneous propagation
of the magnetic field [2].

Introducing the entropy as a thermodynamic property of materials whose
growth is a unique function of time to replace the time in Maxwell’s wave equa-
tion as it determines the capacity of such materials to allow the energy flow.
Such replacement casts the Maxwell’s wave equations into an energy frame of
reference that presents the energy flow in each plane, the time “#’ in the Max-
well’s equations. Such transformation modifies Maxwell’s space of propagation
of the EM waves into an energy frame that shows, as seen in Figure 3, the prop-
agating electric and magnetic energies in the E-s and H-s planes of such E-H-S
energy coordinates [10]. So, the modified Maxwell’s wave equations that have

such energy coordinates can be expressed as follows [11]:

10
[VZ —c—zng = 0 (3)
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Direction of the electric field
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the magnetic |
field Direction of

propagation of

electromagnetic waves
Figure 2. Representation of propagation of Electromag-
netic waves as described by Maxwell’s Equations where
the coordinates are the Electric Field “E”, the Magnetic
Field “A”, and the time “7* [2].

Electric Field

T —
20 1

Entropy Magnetic Field

Figure 3. Representation of flow of Electromagnetic waves

as described by modified Maxwell’s Equations in E-H-s
Energy coordinates [10].

10
[Vz ——za—sz:O, (4)

Such representation succeeded in showing the flow of electric and magnetic
energies during the flow of an electromagnetic wave as the areas swept by the

electric and the magnetic waves in Figure 3 as follows [12]:

Qe = [EAS (5)
Opnagneic = | HAS (6)

So, the energy flow per wave can be estimated as follows:
h= J-OM(|EdSe +|HdSmg' )Joule/wave (7)

The first integral in the R.H.S. in Equation (7) is the imparted electric energy
of zero electric potential and the second term is the imparted magnetic energy of
zero magnetic potential in one flowing EM wave [12].

3. Proper Nature of the Electric Charges

Faraday succeeded in converting the light or normal electromagnetic waves into
electric current when passing the light through an electric field [13]. So, the

electric charge can be considered as electrified energy or as EM waves that has
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an electric potential. Such waves are visualized in the frame of energy coordi-
nates as shown in Figure 4, where the electric-wave energy has a non-zero elec-
tric potential [14]. Such visualization depends on considering the following wave
equations as the solution that fits the results of Faraday’s experiments and
represent the electric current as a special solution of the modified Maxwell’s eq-
uations. Such solution considers the flow of electric current as EM waves that
have an electric potential of the magnitude +/—AE according to Figure 4 as
follows [14]:

E(r,s):Ecos(kr+a)s+go)+/—AE (8)
H(r,s)=H cos(kr+ws+9) 9)

According to Figure 4, it is possible to represent the electric charge in E-s
coordinates as a wave oscillating around a negative or positive electric potential
as shown in Figure 5. The energy flow per wave can be calculated according to

Equation (7) as follows:

Qelectical = J.: |EdS| (10)

4. Proper Nature of the Nerve Impulses

The record of an injected stimulating charge inside the neural system of a pa-
tient in the hospital of Aswan university and its stimulated response, as a nerve
impulse, are shown in Figure 6 [15]. The ordinate of the plots shows the meas-
ured potential of the charge or the nerve impulse in Volts, while the abscissa
shows the product of the readings of the inserted Ammeter in the stimulating
device, in Watt/Volt, times the measured time of injection in seconds. So, the
unit of the ordinate, as seen in the record, is nano-Joule/milli-Volt which is a
unit of the entropy growth through the neural network during the injection
process, as previously explained, as a property of the neural network [16]. The
matching between the measured record of the stimulating, or the stimulated
nerve impulses, and the visualized solution of the modified Maxwell’s equation
in Figure 6, proves the truth of the definition of the electric charge, and hence
the nerve impulses, as EM waves which have negative or positive electric poten-
tial “E”. The energy of the nerve impulses, or the injected energy in Joules, is
found by multiplying plotted entropy growth, as found on the abscissa of Figure
5 in nano. Joule/milli-volt, times the measured potential of the charge on the or-
dinate in milli-Volts.

According to understanding the entropy as a property of the conducting net-
works, it is possible to consider the measured rate of flow of entropy, by the
Ammeter, during the injection process as a fundamental neurodiagnostic para-
meter. Such entropy measures the capacity of the tested neural network to allow
the flow of definite amount of power in Watts by the force of a unit of electric
potential, Ze, by 1 Volt. Unfortunately, statistical scientists ignore the entropy as
a physical property of substances and conductors, and estimate the entropy only as

an information parameter of mathematical probabilistic or statistical significance
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Figure 4. Representation the flow of a negative electric
charge as a solution of modified Maxwell’s equation for an
electromagnetic wave of -ve potential where the electric
energy in the E-s plane is oscillating around the negative po-

tential “ —AE ” [13] [14].

+/- mV

S

Figure 5. Representation of flow of electric charges as energy
of positive or negative electric potential in £-S coordinates as
concluded from Figure 3.

Wrist

12nd/mV = 5mm/inJ
5 mm/V

Elbow

12 nd/mV = 5 mm/nJ
5 mm/V.

E1 (-50 mV)

Figure 6. A machine record of a stimulating electric charge injected inside the neural
system (the upper wave) and the stimulated response of the neural system (or nerve im-
pulse). The ordinate shows the potential of the electric charge in mV and abscissa shows
the entropy growth during the flow through the Ammeter as the product of the Amme-
ter’s reading times the time of flow through the Ammeter in nJ/mv [15].
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[17]. They miss its relations to the thermodynamic entropy that represents a
measurable neurodiagnostic property of the neural networks [18].

Figure 7 shows the recorded electrical stimulated responses at different neural
centers on the scull of a man [19]. Such records, shown in Figure 7, have similar
wave forms as the Maxwell’s solution in Figure 5 and of the electrical stimulat-
ing charge in Figure 6. Such similarities also prove that these stimulated res-
ponses are records of nerve impulses sent from the brain as a response to stimu-
lating actions in the form of the newly defined electric charges, i.e., as EM waves
that have electric potential [3]. Each record of the nerve impulses at various
brain centers, as seen in Figure 7, has its own frequency, amplitude, and entropy
flow. Such recorded parameters indicate the truth of the published three inde-
pendent functions of the nerve impulses: communication, modulation, and
computation [20]. Such functions determine computational characteristics of the
required action of the receptors by the sent impulses [21]. Such plots also
represent the experimental verification of the stimulated response as nerve im-
pulses in the form of electric charges that owns a definite propagating potential

and computational biological parameters [22].

5. Understanding the Thermoelectric Generators

Recognizing the electric charge as energy of electrical potential finds plausible
explanations of the thermoelectric effects according to proper understanding of
the electric charges [23]. The thermocouple in Figure 8 is constructed of two
different metals “A” and “B” connected into two junctions. If these junctions are
placed into two heat reservoirs “1” and “2” where the difference in temperature
between them is “A7”, defined as AT =T, -T;, then an open circuit voltage
“AE” will be obtained between the ends of the two junctions [24].

The measured difference of electric potential is found to be proportional to
the temperature difference between the junctions of the two conductors A and B

according a Seebeck equation defined as follows [24]:
AV =a ,AT (11)

where “a ;7 is the relative Seebeck coefficient, between the conductors 4 and B,
expressed in Volts/Kelvin. This coefficient depends mainly on the choice of the
two materials used in the thermocouple and the temperature of the junction at
the higher “7;,.”. The magnitude of the relative Seebeck coefficient of the junc-
tion between any two materials as the metals A and B can be evaluated as the
difference between the Seebeck coefficient of the two metals as follows [25]

g =0, — 0y (12)

The direct relation between the produced electric potential and the difference
of the thermal potentials between the two junctions plays the main role in the
use of thermocouples in temperature measurements and in thermoelectric ge-
nerators. However, there is a relation between the Seebeck coefficient “a” and
the energy band gaps of materials “£,” for any material as can be estimated ac-
cording to Goldsmid and Sharp by the following Equation [25]:
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Figure 7. A machine record of stimulated responses, or nerve
impulses, at different neural centers on scull of a man [19].
Such plots are like the solution of the modified Maxwell’s
equation that represents the electric charge as EM waves of
negative potential as shown in Figure 5.

THERMOCOUPLE

METAL A

WRING TO SIGNAL
CONDITIONING
CIRCUITRY

T METAL B ?

MEASUREMENT REFERENCE
JUNCTION JUNCTION

Figure 8. A thermocouple of two different materials “A” and
“B” that has a reference and a measuring junction where the
difference in the Seebeck effect between the two materials
convert the thermal potential of the input heat into electric
potential [23].

Eg =2€|a

max Tmax ( 13)

where e is the electron’s charge = 1.602.107" Joule at potential 1 Volt. Equation
(13) signifies a relation between the Seebeck coefficient and the energy-bandgaps
of materials of the junction that characterize the transitional effect from thermal
potential “A7” to electric potential “A V”. The tables of Seebeck coefficients of
materials and the tables of its energy bandgaps indicate a direct relation between
these two physical properties [26].

According to the new definition of flow of electric charges as a flow of EM
waves that have electric potential, it is possible to explain thermoelectric effect as
converting the thermal potential of the incident heat, as E.M. waves of thermal
potential, into electric potential by Seebeck effect when crossing junctions of
materials of different band gaps [27].

As the emf produced by one thermocouple is a tool to measure the tempera-
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ture, it is usually of very small value in case of small temperature differences. So,
it is employed thermopiles where several thermocouples or junction-pairs are
connected in series, as shown in Figure 9, to amplify the electric potential and to
reduce the error of measurements [28]. The thermocouple junction pairs are
placed in series between a source of heat at high temperature “7,” and a heat
sink at low temperature 77, as shown in Figure 9. The output voltage in this case
can be estimated as the sum of the gained electric potentials during the flow of
the electromagnetic waves of thermal potentials in a unique direction across the
successive junctions. So, their thermal potentials, (Th - T L) , will be converted
by the Seebeck effect into electric potentials which will be accumulated as the
sum of the separate potentials [29]. So, it is possible to estimate the total electric
potential as the sum of these individual gains at successive junctions as follows
[29]:
AV = (Th _TI)+OCBA (7} _Th)+°CAB (Th _T/)

(14)

+Cpy (T;_Th)_{—OCAB (Th_Tl)+
As o p=oc, —oc (15)
Then, ocy,=0c, —oC,=—oc,,, (16)
And (T,-T)=—(T,~T,) (17)

Using Equations (15) and (16) to replace the corresponding terms in Equation
(14), the total electric potential gained by the flowing electromagnetic waves by
Seebeck effect is estimated as follows [30]:

AV:ZI:OCAB (Th—Tl):IznocAB (Th_Tl) (18)

Equation (18) indicates that the electric potential of a thermopile is duplicated
by the number of the used junctions.

A thermoelectric generator is shown in Figure 10. It is defined in literature as
a Seebeck generator or a solid-state device that converts heat flow of thermal
potential directly into electrical energy of electrical potential by Seebeck effect
[31]. It applies the same principles of operation of the thermopiles for magnify-
ing the output electrical potential difference corresponding to input heat of small
thermal potential by Seebeck effect through increasing the number of the junc-

tions of the generator [31].

6. Generation of the Inverse Impulses and Its Action
Potential

The generation of the nerve impulse and the action potential remains as one of
the mysteries that remain in the neural sciences [32]. Nerve impulse generation
and propagation are often thought solely as electrical or electrochemical events
[33]. According to Benjamin et al, they found the Hodgkin-Huxley model which
formed the physiological foundation for a broad area of neuroscientific research
cannot account for measured non-electrical phenomena in the field of neurology

[33]. However, traditional bioelectric references also avoid the description
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Heat flow
Active junction
Material A Material B
Reference junction Leads

+

Heat sink

- e z
|

Figure 9. A thermopile made of thermocouple junction pairs of two metals connected

electrically in series to increase the generated E.M.F. Successive conversions of the ther-
mal potentials into electric potentials through the successive junctions leads to accumula-
tion of the electric potentials and decease the error of temperature difference by the
thermopiles [29].

p-typeleds  Heat absorbed p-iyps lage

Heat rejected

Figure 10. A schematic diagram of a thermoelectric module of thermoelectric generator
where multiple p-type and n-type legs are bonded together to increase the accumulated
electric potential across the faces of the generator for limited temperature difference [31].

of the nerve impulses as electric charges and assume the existence of an electro-
chemical “Na*/K* pump” to describe a neuron mechanism that generates the ac-
tion potential across the cell membrane, Figure 11 [34]. Imaginary motions of
an action potential impulse like the motion of the nerve impulse are also hy-
pothesized while both, the action potential and the nerve impulse, have different
natures and dimensions [9]. Such ionic hypothesis cannot also describe the high

speed of the nerve impulses which have its own propagating-action potential,

DOI: 10.4236/wjns.2023.133007

112 World Journal of Neuroscience


https://doi.org/10.4236/wjns.2023.133007

S. Abdelhady

and it also ignores the measured nature of tissues of the nervous system that im-
itates the electrical wiring [35]. The new definition of the electric charges as
energy that have its own electric potential matches the conclusions and mea-
surements of the neurologists where this definition finds a more logical function
of the Na'/K" pump. The function of the A/B junctions of thermopiles in Figure
9, or junctions of the thermoelectric generator in Figure 10, represents a ther-
moelectric pump that converts the potential of heat input to electrical potential
of the output electricity by thermoelectric effects, or by effect of the difference
between the Seebeck coefficients of the two elements A and B. Accordingly, it is
possible to represent the membrane of a neuron that incorporate sodium and
potassium ions to be arranged into adjacent pairs, that form successive junc-
tions, as shown in Figure 12. Such arrangement resembles the junction pairs of a
thermopile, shown in Figure 9, or the junction pairs of a thermoelectric genera-
tor, shown in Figure 10. So, it is possible to explain that the Na'/K* pump is also
working as a thermoelectric pump or as a generator of the electric nerve im-
pulses that owns its electric, or action, potential. According to literature, the
brain consumes 20% of the human body’s energy while its weight doesn’t exceed
2% of its weight [36]. Such high energy consumption is logically devoted for
production the required energy for the nerve impulses that propagate by its
electric potential from the brain neurons to the receptors of the nerve impulses
[9].

According to some scientific reports, the recorded temperature difference
between the temperature in the brain neurons is 1.6°C higher than the tempera-
ture of the neurites [37]. Such temperature difference is converted during the
flow of heat across the membrane of a brain neuron into electric potential by the
Seebeck effect, or by the difference between the Seebeck coefficients of Sodium

0 mV

mV

ol N
L

000000000001 000OOGOGOOGOS

Cystoplién @ @ @

Figure 11. A graphical representation of the Na*/K* pumps in the neuron’s membrane as
electrochemical generators of the action potential [33].

DOI: 10.4236/wjns.2023.133007

113 World Journal of Neuroscience


https://doi.org/10.4236/wjns.2023.133007

S. Abdelhady

Figure 12. A graphical Representation of the Sodium-Potassium junctions as thermoe-
lectric generators of the action potential in the neuron’s membrane.

and Potassium. However, structure of neuron membrane, as seen in Figure 12,
incorporate many sodium-potassium junctions that also magnify the conversion
of the thermal potential of the neuron cell, limited to 1.6 deg, into greater elec-
tric potential according to Equation (27). So, it is possible to compute the num-
ber of the sodium-potassium junctions that may lead to magnify the small elec-
tric potential that corresponds to such temperature difference up to the meas-
ured electric potential of 70 mV. This number of junctions in neuron membrane
can be found by substituting in Equation (18).

Firstly, the Seebeck effect of Na/K junctions, oy can be calculated by the
difference of Seebeck coefficients of the Sodium and Potassium found from the

tables of such coefficients as follows:

g =y —org=-9—(-2)=~7 pV/deg (19)

Substituting the measured action potential, AE =70 mV, the temperature
difference AT =1.6 Deg, and the Seebeck effect as found from Equation (19), in
Equation (18), as follows:

~70 mV =(-7x0.001 mV/deg.)x1.6

The number of the membrane junction is found as follows:

n = 6250 couples

So, the membrane should have 6250 junctions of accumulated sodium-potassium
ions to get the required magnified potential of the nerve impulses of the value 70
milli-Volts.

7. Conclusions

By adopting a recently published definition that identifies electric charges as
energy or electromagnetic (EM) waves possessing propelling electric potential, a

proper understanding of the nature of nerve impulses has been achieved. Such
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achievement led to achieving the following conclusions:

1) The nerve impulses are electric charges in the form of electromagnetic
waves which have energy measured by Joule, electric potential measured by
volts, and entropy is measured, according to Ammeter’s readings, by Joule/volt.

2) The entropy of the stimulating charge is a physical property of the neural
networks that can be used in the diagnosis of the neural systems. It determines a
measurable property of the stimulated neural network and may help in a proper
diagnosis of such networks.

3) The stimulated response of the neural systems by any stimulator is a nerve
impulse and proves that the nerve impulse also is sent from the brain as an elec-
tric charge or EM waves that have energy, measured by Joules, and an electrical
potential or action potential measured by Volts.

4) The assumed “Na*/K* pump” works as a thermoelectric pump that pumps
the metabolic heat of the neuron across the membrane of the neuron by con-
verting the thermal potential of the neurons into electric, or action, potential.
The value of such potential is determined by the difference between the Seebeck
coefficients of Sodium and Potassium, or the Seebeck effect, and the thermal po-
tential of the metabolic heat in the brain neurons.

5) The rate of flow of energy through the neural network can be estimated ac-

cording to the following equation:
Qneuml =E- S

where S is the rate of entropy growth in the neural network, measured by an

Ammeter, and Fis the potential of the nerve impulses measured by a Voltmeter.
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