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Abstract- According to many scientists; there are some
redundancies in the SI system of units that is found in the
non-correspondence between units of analogous parameters
in the electric, magnetic and thermal fields. The main source
of such conflicts is the missing clear definitions of electric
charge and magnetic flux in literature that led also to errors
in laws of electromagnetism. In the present study; we show
such redundancies and conflicts. Then, we introduce
innovative definitions of the electric charge and magnetic
flux as electromagnetic waves of electrical or magnetic
potentials which proved its success in robust definitions in
electromagnetism to remove such redundancies. Such
approach keeps the correspondence between the units of
analogous parameters in the electric, magnetic and thermal
fields. In this system; the Volt is used as a unique scale for
measurement the potentials of the thermal, electric and
magnetic fields and entropy of each field is used as indicator
of the flowing energies in Joule/Volt.

Keywords: Entropy, Electric Charge, Magnetic Flux,
Electromagnetic waves.

1. Introduction:

Many scientists have found the international system of
units, SI system, as a historical, independent, and
redundant system [1, 2 and 3]. Using the SI system; the
dimensional homogeneity is not satisfied in many
physical equations and constants. In table 1, we can
find examples of such conflicts, which are found in
literature [1 and 2], between the units of analogous
quantities in the electric and magnetic fields. The
ampere is a unit of the electric current, while “ampere
/ m” is used as a unit of strength or potential of the
magnetic fields. According to Maxwell’s wave
equation [4], the unit of the electric field strength, E,
should be similar to the unit of the magnetic field
strength, H, as both are potentials of the flowing
components of the same electromagnetic waves.
However, both have conflicting SI units as seen in
Table 1. Similarly; the conductivity is analogous to
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permeability while their SI units are confusing as also
seen in table 1.

Table 1: Electric / Magnetic SI units (non) analogues
in SI System

Magnetic quantity Electric quantity

magneto-motive force Amp electromotive force Volt

magnetic field strength Amp/m electric field strength V/m
permeability ke m-"*secﬂ."}!m]p3 conductivity Se::gAmp2 .fkg,*'m}
magnetic flux m kg:“sec!.-‘"Amp current Amp

magnetic flux density kg:"sec::"Alnp current density Amp/m*

P21 ] . LI R
reluctance Ampz [mke [ sec resistance m kg/sec /Amp

According to Ampere’s law, the produced “E.M.E.” or
voltage at the open ends of the loop is dependent of the
time rate of change of the magnetic flux encircled by the
loop. According to electromagnetism References [5]; the
found relation is expressed as follows:

ae dB

w A=V (1

Such equation proves that the units of magnetic and
electric potentials are identical. However; substituting the

SI units of the terms in sides of Equation (5); we find the
following units will result:

sec?
Thesor # Volt 2

2

Hence; this equation is incorrect from the dimensional
point of view. However; it will be seen and the end of this
article how the units of this equation will be In this article;
we introduce an entropy approach to the natures of the
electric charge and magnetic flux that suggests new units
in the field of electromagnetism and keeps the analogy
between the thermal, electric and magnetic fields. This
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system proves its truth in removing the redundancies
found in the SI system of units.

2 Analogy of Thermal, Electric and Magnetic Fields:The
Fourier Law of thermal conduction is stated as follows [6,
71:

q= —kVT 3)
Where q is the heat flux density in W / m2. T is the
temperature in, as postulated, in volt and « is the thermal
conductivity of materials in W/ m2 V.Similarly; Ohms
Law of Electric conduction is stated as follows [8, 9]:
J= -0V, “)
Where ] is the electric flux density in W/m2. ¢e is the
electrical potential in Volts and o is electrical resistance in
W/m2 V or Ohm. The commonly used form for the
relationship between the magnetic field parameters B and
His[9]:

B= —unH 5)

B is sometimes called the magnetic flux density or the
magnetic induction. The unit of an energy- flux density is
measured generally in W/m2. Hence, the unit of B should
be analogous to the units of the thermal and electrical
fluxes in W/m2. pm is the magnetic permeability of a
material that is analogous to the thermal and electrical
conductivities. By analogy between the electric, magnetic
and thermal field [4], equation (3) that describes the
magnetic flux can be expressed by an equation similar to
equations (1) and (2) of the form [8,9]:

B= —unVeon (6)

Comparing equations (3) and (4), the magnetic potential
¢m can be defined in terms of the magnetic field intensity
by the following relation:

H= —Von 7

According to equations (1), (2) and (4); the heat, electric
and magnetic fluxes are denoted by q, J and B and they
are measured in W / m2. Similarly, the thermal, electric
and magnetic potentials are denoted by T, e and ¢m and
they are measured, as postulated, in Volts. Finally, the unit
of conductivities k, 6 and um will result, according to the
stated equations, in W / m2 V. Such modified units of the
fluxes and potentials may be considered as results of the
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definition of the electric charge and the magnetic flux as
forms of electromagnetic waves [10].

3.An Entropy Approach to the nature of Electric Charges
and Magnetic Flux: Faraday succeeded in converting
electromagnetic waves, or light, unto electric current by
the effect of electric field showing the electric current is
electrified light or electromagnetic waves of electric
potential [11]. Similarly; Tesla succeeded in transferring
electric energy into space as waves [12]. Such
experiments represent an evidence of the nature of electric
current as flow of electromagnetic waves. Analytical and
graphical proof of the conclusions from the experiments
of Faraday and Tesla were verified by following by
replacing the time coordinate in the Maxwell’s wave
equations by entropy “s.” So, the Maxwell’s equations
were casted into an appropriate energy frame of reference
as follows [13, 14]:

1 92

(V2 = 53)E=0, ()
1 9?2

(V2 - =zz)H=0, )

In equations (8) and (9): c is the speed of light, E is the
electric field and H is the magnetic field. Fig. 1 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 [14]. 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 by the following equation
[15].

Electric Field

10 W,f'“ﬁ
Entropy Magnetic Field

Fig. 1: Flow of electromagnetic waves in an energy
frame of reference that shows the electric energy flow in
an Electric field- Entropy plane and the magnetic energy
flow into a Magnetic field — Entropy plane [15].

= [J"EdS| [;"IH S|
(10)

Qtotal = Qe + Qmag
Joule/wave
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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]. (Accordingly, the quantity “h v” Watt
represents the rate of the energy flow of pulses, or quanta
of magnitude “h,” of electromagnetic waves of frequency
“v” [18].

By the introduced modification of Maxwell’s equation (1)
and (2), it was possible to find an analytical representation
of the electric current as a special solution of such
equations. Equation (3) represents a special solution of the
differential Eq. (1) as an electromagnetic wave whose
electric field “E” has gained an initial potential “+/
— AE" as follows [19].

E(r,s) =Ecos(kr + ws + @) +/— AE (11)

H(r,s) = Hcos(kr + ws + @) (Qh))

Electric Field
=

S o -1
107 e
Entropy 1 Magnetic Field

Fig. 2. Flow of electric charges as E.M. waves of non-zero
electric potential [52].

Such solution of the Maxwell’s equation is represented
graphically for flow of negative charges in Fig. 2 A
represents the electric current as a flow of negative
charges in the form of electromagnetic of negative electric
potential (— A E) 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 of
positive electric potential (+ A E) in a frame of energy
coordinates E, H, and S. Both figures represents
visualization of the electric current as electromagnetic or
energy waves whose quantity is “h” J/wave, whose
frequency is “v” and whose electric potential is “+/
— AE. So, the electric pulses may have negative or
positive potential, “+/— AE” which determine the
location of the axis of its oscillations [9]. So, this figure
defines the electric energy as flow of ionized quanta of
energy; each of magnitude “h J/wave” and a potential of

61

the value “+/— A E [20]. The flow of magnetic energy is
represented by the following equation as flow of
electromagnetic waves of magnetic potential:

E(r,s) = g1 (ws-kr) (13)

H(r,s) = g,(ws- kr)+/—AH (14)

Graphical representation of this equation is shown in
Fig.v.

Electric Field
o

107 om0

20
Entropy 1 Magnetic Field

Fig.3: Graphical representation of magnetic flux [14].

A Fundamental Equation of Thermodynamics According
to a previous study it has been introduced a fundamental
equation of energy as follows [21]:

dU =68Q;, + 0Q.1c + 5(Dmag —pdV+ odQ +
Yu; dn; (15)

According to the second law of T.D., the flow of heat into
a system generates an entropy increase of such system
expressed by the relation [21]:

Qthermar = fT AdSthermal (16)

According to the previous analysis and the derived
similarities, the magnetic flux transferred to a system can
be expressed also as follows [21]:
cDmag = IB dsmagnetic 17)

Similarly; the electric charge can be expressed by a similar
expression as follows [22]:

Qelect = IE dselectric (18)

Substituting these quantities in Eq. (15); we get a

fundamental equation of thermodynamics in the following
form:

dU=TdS+ EdS+HdS —PdadV (19)
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Interchangeability of Energies:

Reviewing Faraday’s experiment of magnetic induction,
the electric current in the primary coil, loop 1, is converted
by induction into magnetic flux in the core; then the
induced magnetic flux of the core is converted once more
into an electric current in the secondary coil, loop 2, Fig.
4 [23]. Such understanding of the results showed that both
fluxes, electric and magnetic, should have similar natures
and that their conversion process is concluded by
exchanging their potentials, electric or magnetic, firstly in
the primary coil and after in the secondary coil [24].

‘Core

_E./.—

| -

Primary Secondary

Fig. 4. Faraday’s Experiment

According to these experimental results; it is possible to
state that the electric current, magnetic flux and thermal
radiation have the same nature as electromagnetic waves
of different potentials.

Probe of a Digital
thermometer
A Glass Flask Containing
l— water and a bar magnet

I
I—

- Direction of motion of an iron ball

A Bar T under the action of a magnet
der

Magnet

An iron ball  —

Fig. 5. Interchangeability of Magnetic and Thermal
Energy .

Reviewing the results of a simple experiment, Fig. 5 [25],
that used a permanent magnet immersed in a water basin
to attract iron balls along an inclined smooth glass plane;
the heat lost from the water was found equivalent to the
done magnetic work in attraction of the balls along the
shown plate [26]. Such results may be considered as a
proof that magnetic work used to attract the balls is
equally substituted by the heat lost from the water; or that
potential of heat is replaced by magnetic potential to
substitute the lost magnetic energy from the magnet.
Similarly, it was possible to measure the equivalence of
the heating rates, in magnetic fluids, to the subjected
alternating magnetic power [27]. Reviewing also the
definition of the magnetocaloric effect in literature as
applied in refrigeration; it is possible to deduce the same
conclusion of similarity of the natures of heat and
magnetic flux [28]. Consequently, it is possible to
postulate the similarity of the natures of the magnetic flux
and heat and their reversible interchangeability through
exchanging their potentials [29].
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As a final conclusion; heat, electric and magnetic energies
were concluded as forms of energies of similar and of
equivalent natures and that they are reversibly
interchangeable by exchanging their potentials through
reversible phenomena as thermoelectric effect,
magnetocaloric effect, and induction.

Accumulation of PotentialsDuring their experimental that
used Aluminum-Iron thermocouples; they recorded
effects of electric and magnetic field on the produced
EMF by temperature differences. Fig. 6 shows the
influence of application of electric field of potential 4
Volts on the generated EMF and Fig. 7 shows the effect
of applying magnetic field on the generated EMF [31].
Such results sustained the definition of the electric current
and magnetic flux as electromagnetic waves that possess
electric potential.
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Fig. 6. : Influence of the Electric Field on the produced
EMF in Thermocouple measurements [30].
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Fig. 7: Influence of the Magnetic Field on the produced
EMF in Thermocouple measurements [30].

Such scales assure the use of the same unit to measure the
potentials of the thermal, electric and magnetic energies
as can be concluded from the following equation that can
be found by rearranging the terms of Eq. (19) as follows
[31]:



International Journal of Applied Energy Systems, Vol. 2, No. 1, Jan 2020
ISSN: 2636 - 3712 (Printed Version) ISSN: 2636 - 3720 (Online Version)

Special Issue: ICEE-2019

dU=(T+ E +H)dS- W (20)

According to the thermocouple experiments; it is possible
to introduce new forms of the Seebeck coefficient which
involves the influence of the electric or magnetic field in
addition to the influence of the temperature difference that
can be defined by the following equations in case of
applying electric field of strength E or magnetic field of
strength H [32]:

AV =cpup (T, — T,)+E 21

AVZOCmAB (Th_ Tl)+H (22)

Modification of the SI system of units:

Introducing the same unit for the thermal and electric
potentials; It is possible to find the analogy between
different units that are used in electromagnetism
according to the following Table.

Table 2.: Electric / Magnetic innovative analogues units

Electric
Magnetic quantity
quantity

Electromotive
Magneto- force
motive Volt
force
Volt

Electric field
Magnetic strength
field Volt/m
strength
Volt/m

Permeability Conductivity
W/m Volt W/m Volt

Current
Magnetic density
Flux W/m2
W/m2

Resistance
Reluctance V/W or Q
V/W or Q

According to the definition of electric charge and
magnetic flux plainly as electromagnetic waves of electric
or magnetic flux; we delete actually the ambiguous units
as Coulomb, Gauss, and Ampere. However; we can find
that ammeter measures actually the rate of flow of entropy
not the rate of flow of electrons as found in literature.
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A Proof of Faraday’s Law of Induction and Modification
of Ampere’s Law. As the rate of flow of Energy is the
same through the iron-frame. However; if the primary coil
is actuated by electric potential E,, the rate of flow of
entropy through the iron frame will be defined according
to Eq. (17) by the following equation [21]:

W=E,S (23)

When using n turns in the secondary coil; the share of each
turn from the entropy flow will be % of the total entropy;

iLe. — According to the principles of conservation of

energy; the generated power from the secondary coli
should be equal to the output energy. Hence; we may
write:

W=E,S=E + > (24)

n

Hence; the potential of the secondary coil will be:
E; =nE, (25)

This means that each turn will produce the same potential
applied to the primary coil of single turn. Such relation is
found in literature without a similar plausible explanation
as has been derived by recognizing the natures of electric
and magnetic fields as electromagnetic waves of electric
or magnetic potentials.

To correct the dimensional corruptions in Ampere’s law;
the proportionality coefficient between the E.M.F. or
voltage at the open ends of the loop and the time rate of
change of the magnetic flux encircled by the loop will be
the reluctance of the loop ; i.e.

dB _

A* Ry, * pm

-V (26)

By using the new system of units and inserting the
reluctance on the L.H.S. of the equation. Ampere’s law
can be rewritten in adjustable dimensional form where the
coefficient as follows:

2 Volt w
m? s —« —

= Volt 27)
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