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ABSTRACT

This paper introduces an energy-analysis of the flow of electrical charges and magnetic flux in addition to the flow of
heat into a thermodynamic system. The analysis depends on the results of a held experiment on a magnet that attracted
iron balls and a Faraday'’s discovery as well as similarities between the laws characterizing the flow of electric charges,
magnetic flux and heat. As the electric charge and magnetic flux produce entropy changes in some applications as
magnetic hysteresis and capacitive deionization, we may express the electric charges and magnetic flux in terms of en-
tropy changes times their corresponding potentials by analogy to expressing heat as a product of temperature and en-
tropy changes. Introducing such postulates into the held energy-analysis; a new fundamental equation of thermody-
namics that embraces the flow of electric charges and magnetic flux in terms of the electric and magnetic potentials was
derived. The derived equation proved its truth in numerous studies of general energy interactions. Such postulates help
also in defining the electric charge and magnetic flux as categories of electromagnetic waves of assigned electric or
magnetic potentials and offer plausible explanations of newly discovered phenomena in the fields of electromagnetism
and thermodynamics as Kerr effect and magnetic expansion.
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1. Introduction

A simple experiment was run on a control mass that en-
closes a permanent magnet immersed in a water basin.
The magnet was allowed to attract iron-balls moving
steadily toward the magnet along an inclined plane. The
results of such experiment show a reduction in the tem-
perature of the water. Such decrease in temperature or
internal energy of the magnet and the system is consid-
ered as a result of a work done by the magnet on the
moving balls. So, it is possible to postulate the magnetic
flux as a form of energy or electromagnetic waves simi-
lar to the heat emitted from a hot body. Reviewing Fara-
day’s discovery when inserting dielectric slabs between
the plates of a condenser, the energy stored in the ca-
pacitor circuit decreased by the same ratio of increase of
the electric charge on the condenser plates [1]. Such re-
sult proves also that the electric charge transferred to the
dielectrics increases by the same ratio the stored energy
of the inserted dielectrics.

According to Maxwell’s comments regarding his
equations [2], electricity and magnetism were supposed
to be of a wave-like nature as the electromagnetic waves
since an oscillating electric field generates an oscillating
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magnetic field and the oscillating magnetic field in turn
generates an oscillating electric field, and so on. In for-
mer researches [3,4], it was discussed also common fea-
tures of the magnetic flux and electric charges. In this
article, it is reviewed the similarities between laws char-
acterizing electric charges, magnetic flux and heat flow
to prove, analytically, their identity as special categories
of electromagnetic waves. The processing of substances
in magnetic refrigeration cycles led to a defined descrip-
tion of the produced magnetic-hysteresis in terms of in-
crease of the system’s entropy and temperature [5].
Similarly, thermodynamic work required to separate so-
lutions during capacitive deionization processes is fully
expressed in terms of decrease of the system’s entropy
[6]. According to such conclusions; it is possible to pos-
tulate the magnetic flux and electric charges in terms of
entropy change times a corresponding potential by anal-
ogy to heat flux which is expressed in terms of tempera-
ture, as a thermal or heat potential, and the corresponding
change of entropy. Introducing such postulates into the
first law of thermodynamics led to a fundamental equation
that embrace electric charge and magnetic flux as mecha-
nisms of energy transfer and that proved its “trueness”.
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Many references defined the time’s arrow as a prop-
erty of entropy alone [7]. According to such definition,
the time coordinate in Maxwell Equations and solutions
was fuzzily substituted by entropy. Accordingly; the ar-
eas bounded by the oscillating electrical and magnetic
potentials in the electromagnetic waves could represent
the electrical and magnetic energy imparted by such elec-
tromagnetic waves. Such approach helped in postulating
the electric charges and magnetic flux as special catego-
ries of electromagnetic waves of assigned potentials.
Such postulates offer many plausible explanations for
phenomena in the fields of thermodynamics and electro-
magnetism [8] as the magnetic expansion [9], Kerr effect
[10] and the phenomena of discharge of clouds, colours
of charges and magnetic dipole moments.

2. Experimental Analysis of the Magnetic Flux

As an approach to prove similarity of the heat emitted
from a hot body and the magnetic flux emitted from a
magnet; a permanent magnet was immersed in an in-
sulted water basin and was allowed to attract polished
iron balls of along an inclined smooth glass plane, Fig-
ure 1. The temperature of water was recorded. As the
magnet performed a mechanical work, a decrease in the
water temperature was measured by a digital thermome-
ter. By applying the first law of thermodynamics on the
magnet-water closed-system [11], we get the following
equation:
C}.ﬁ:n m, g s sing (1)

At
where Cp is the flask’s heat capacity, n is the number of
attracted balls along the inclined plane per unit time, m,
is the mass of any iron ball, g is the gravity acceleration,
s is the length of the path of the irons ball along the in-
clined smooth plate; ¢ is angle of inclination of the
smooth plate and At is the change of temperature during
the time interval “ Az ™.

(Experimental data: thermal capacity of the flask =
1.26 kJ/ deg, mass of each iron ball = 0.3 kg, number of at-
tracted balls per minute = 42 balls, s=20and ¢ =30deg.)

Figure 2 shows the results as calculated from Equa-
tion (1) and as recorded during the attraction process. As
a conclusion, there is a loss of the magnet’s internal en-
ergy during attraction of the iron balls. Such energy was
substituted by decrease in the temperature or internal
energy of the system. Such conclusion proves the behav-
ior of a magnet emitting magnetic flux is similar to a hot
body emitting heat or electromagnetic radiation. So, the
magnetic flux may be considered as a form of energy or
electromagnetic waves.

3. Analysis of Electric Flux

According to the Faraday’s discovery [1], when the space
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Figure 1. Measurement of magnet’s work during attraction
of iron balls
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Figure 2. Measurement and calculation results of the system
temperature

between the capacitor plates was filled by a dielectric
material, the capacitance of the capacitor increased by a
dielectric constant k defined as follows:

C=x Cair (2)
Faraday found also that the addition of such dielectric

material between the plates increased the initial charge
on the plates of a capacitor, g; to a final value g,

defined by the equation [1]:
q;=K q; 3)
By comparing the initial and final energies stored in
the capacitor’s circuit, U, and U, it was found that

the initial energy decreased by the same coefficient
according to the equation [12]:

Up==t “

According to Equations (3) and (4); the coefficient «
equals the ratios of increase of the electric charge on the
capacitor plates and the decrease of the internal energy of
the capacitor circuit due to insertion of the dielectric mate-
rial. Such result shows that the loss of the stored energy in
the capacitor circuit is absorbed as an electric charge on
the capacitor plates. According to the energy — conserva-
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tion principles; the electric charge can be considered as a
form of energy that is transferred to or from the dielectrics
and causes the simultaneous increase of the capacitor
charge and decrease of the internal energy of its circuit.

4. Maxwell Waves

Regarding the origin of the electromagnetic wave equa-
tions; Maxwell combined displacement current with
some of the other equations of electromagnetism and
obtained a second-order partial differential equation that
describes the propagation of electromagnetic waves
through free space or a medium. The homogeneous form
of such equation is written in terms of the electric field E
and the magnetic field B as follows [12]:

1 &
(V' -55E=0 )
ct
, 18
V' -—5—5)B=0 (6)
ct

where ¢ is the speed of light in the free space (¢ =
299,792,458 m/second), and t is the time.

The general solution of such electromagnetic wave
equation is a linear superposition of waves of the form
[13]

E(r,0) = g(o(r,0)) = g(wt —kr) (M
B(r,1) = g(p(r,1)) = g(wt —kr) ®

Virtually, both forms represent a well-behaved func-
tion “g” of dimensionless argument “ ¢ ” where

w : is the angular frequency (in radians per second),
and

k: is the wave vector (in radians per meter).

In addition, for a valid solution, the wave vector and
the angular frequency are not independent; they must
adhere to the dispersion relation [13]:

k=k|=—==— (€))

where: k is the wave number and 4 is the wavelength.
Maxwell commented the results of his solutions as fol-
lows; the agreement of the results seems to show that
light and magnetism are affections of the same substance,
and that light is an electromagnetic disturbance propa-
gated through the field according to electromagnetic laws
[12]. Such comment considers magnetism of the same
substance as electromagnetic waves. Similarly, Maxwell
derived a wave form of the electric and magnetic equa-
tions, revealing a wave-like nature of electric and mag-
netic fields. According to Maxwell [13], electricity and
magnetism were considered of a wave-like nature as
electromagnetic waves, since an oscillating electric field
generates an oscillating magnetic field and the magnetic
field in turn generates an oscillating electric field, and so
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on. Finally; according to Maxwell comments electric
charge and magnetic flux may be considered also as
forms of electromagnetic waves or energy as they are
components of such waves.

S. Similarity of Fluxes

Energy is restricted in this research to the heat radiation
propagating as electromagnetic waves or, according to
quantum mechanics, as photons. Similarities between
such forms of energy as heat, electric charge and mag-
netic flux are primarily found into their common quanti-
zation and conservation properties. The energy is gener-
ally quantized into photons of quanta v, where h is the
Planck’s constant [13,] which is conserved according to
principles of energy conservation. The electric charge is
quantized and conserved too. The elementary charge of a
single electron or proton is found experimentally as fol-
lows [12]:
e=1.60 x 10"’ Coulomb,

It is found that any positive or negative charge g show
has a quantized value that is expressed as follows [12];

q=ne, wheren==+1,+2,+3,...(n€Z) (10)

The fact that electric charge is quantized may be con-
sidered as one of the most profound mysteries of the
physical world. However, considering the charge as a
form of energy, which are naturally quantized, removes
such mystery. Similarly, it is found that the charge is
conserved as the net charge in a system or object is pre-
served too.

The magnetic flux is also quantized into quanta ex-
pressed generally as [12]:

h
P, = nz—,where n=xl,n=+£2,n=43 (neZ) (11)
e

It is also found that many laws characterizing energy
transfer, as heat, are similar to the laws that characterize
the transfer of electric charges and the magnetic flux.
The heat transfer by conduction is expressed as [14]:

Q & 1
AT (B h)= o (T-T) (2
Similarly, the charge transferred is expressed by
Ohm’s law as [11]:
Q _1
I=X=E(V1—Vz) (13)
Equations (12) and (13) show an analogy between the
energy transfer by heat and electricity. Heat transfer in
the first equation is driven by the difference in tempera-
ture and in the second equation the charge transfer is
driven by the difference in electrical potentials. However,
the laws concerning the transfer of magnetic flux are not

JEMAA


http://wapedia.mobi/en/Electromagnetic_wave_equation
http://wapedia.mobi/en/Electromagnetic_wave_equation

A Fundamental Equation of Thermodynamics that Embraces Electrical and Magnetic Potentials 165

yet formulated, but there is an approach to its formula-
tion as a magnetic flux emergence in the sun is directly
traced on the solar surface (in visible-white light) by the
presence of dark, mainly round-shaped areas, called
sunspots, surrounded by brighter regions of higher mag-
netic potential called plagues [15]. Measurements of
magnetic fields at the solar surface shows that sunspots
tend to be grouped in pairs, one with positive and one
with negative magnetic polarity which may be character-
ized by flow of magnetic flux according to similar equa-
tions as Equations (12) and (13). Such similarities be-
tween heat, electric charge and magnetic flux prove they
are forms of energy or electromagnetic waves.

6. A Fundamental Energy Equation

The first and second laws of thermodynamics may lead
to a fundamental equation of thermodynamics in the
form [14]

dU=T dS-p dV+E detc dQ+) pdn,  (14)

where:

dU : Change in internal energy of a T.D. system;

T dS : Thermal Energy imparted to a system repre-
sented as the product of the temperature and the change
of entropy;

p dV : work of expansion of volume (dV ) under the
pressure p;

o dQ): energy imparted by new surface arca forma-

tion dQ at the surface tension o ;

Z dn;

chemical potential g, .

work of chemical change dn, at given

However, Equation (14) does not include the magnetic
energy that may be transferred to any system. In addition,
its R.H.S. includes the term “E de” that corresponds to
the electric energy imparted to the system. This term
assumes the parameters “E” and “e” are properties that
define the state of a general thermodynamic system and
de is an exact differential or a differential of a property.
According to former analysis, the electric charges “e”
transferred to the system represent energy in transfer of a
similar nature as heat and it should not be considered as
a property of a thermodynamic system. So, Equation
(15) is incorrect according to the principles of thermo-
dynamics.

Introducing the electric charge, magnetic flux and heat
flux as mechanisms of energy transfer to a thermody-
namic system; a modified form of Equation (14) can be

written as follows:
dU =50, +50,,, +5,.. — p dV+e dQ+)" udn,

15)
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The processing of substances in magnetic refrigeration
cycles leads to a defined description of the produced
magnetic hysteresis in terms of an entropy increase and
the system temperature [4]. So, temperature and entropy
changes were actually achievable by the flow of mag-
netic flux into a system. In this context, the fact that the
working material displays hysteresis [16], calls for a bet-
ter physical understanding of the role of irreversibility in
the magnetization process. Such understanding can be
based on describing the magnetic flux by similar terms as
heat flux, i.e. in terms of magnetic potential times a cor-
responding entropy increase. Such representation re-
moves the ambiguity found in Bill queries [9]. Similarly;
revising the work of Biesheuvel in the thermodynamic
cycle analysis of capacitive deionization, [6], where the
thermodynamic work required in solutions separation
during capacitive deionization processes was fully util-
ized to decrease the entropy of the system. Such analysis
implements also the expression of the electric charge in
terms of the product of electric potential times the corre-
sponding entropy increase.

According to the second law of T.D., the flow of heat
into a system generates an entropy increase of such sys-
tem expressed by the relation [10]:

chermal = J. T dSthermal ( 1 6)

According to the previous analysis and the derived
similarities, the electric charge can be expressed by a
similar expression as follows.

Qelect = _[ E dSelectriz- (17)

where Q... is electric charge imparted to a system, E is
the electrical field intensity or potential, in analogy to
temperature as the thermal potential, and dSgjcsic 1S the
entropy increase associated by such transferred electric
energy or charge.

According to modern literatures [12], the term “B”
represents the magnetic flux density. However, such
density can be assumed proportional to the magnetic
field intensity, H, according to the following relation (in
free space) [12]:

B=u H (18)

where 4, (=4nx107) is called permeability of free

space or magnetic space constant. Such direct propor-
tionality allows introducing the magnetic field intensity
to replace the magnetic flux density in Maxwell’s solu-
tion which is analogous to the electric field intensity.

So, the magnetic flux can be expressed as follows:

cDmag = J.H dSmagnetic (19)
where @, is the magnetic flux imparted to a system,
H is the magnetic field intensity and dS,,,,.. is the
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generated entropy by the transferred magnetic flux. By
substituting Equations (16), (17) and (19) into Equation
(14); a modified fundamental equation of thermodynam-
ics can be expressed as follows:

dU=T (dS),, + E (dS), +H (dS)
-p dV+0'dQ+Z,uidn,.

mag

(20)

where T (dS), , E (dS), and H (dS),,, correspond

to the thermal, electric and magnetic energies imparted to
the system, respectively, and (dS),,, (dS), and (dS)

represent the entropy productions by the corresponding
transferred thermal, electric and magnetic energies. The
main corollary of such fundamental equations is the pos-
sibility of representing the electric charges transferred or
imparted to a system into an E-s diagram and the mag-
netic flux imparted to a system into an H-s diagram
similar to the T-s diagram that represent the heat trans-
ferred to such system.

th mag

7. Maxwell Equations

The arrow of time is found as property of entropy alone
[7]. Accordingly; time in Maxwell Equations (5) and (6)
may be replaced by entropy. Such transformation leads to
modified solutions of Maxwell equations that may be
stated as follows:

E(r,0)=s(p(r5)) €2y
H(r,t)=s(p(r.s)) (22)

Accordingly, the electromagnetic waves can be repre-
sented in E-s and B-s planes by replacing the time axis in
Figure 3 by entropy. In such representation; the areas
enclosed by the oscillating fields, electric or magnetic,
represents the imparted electric and magnetic energies as
postulated in Equations (17) and (19).

Searching for a plausible answer of a frequently asked
question: If the electromagnetic waves are considered,
according to the quantum mechanics, as photons; then,
how the photon can have a charge or a magnetic polarity
[14]? The answer implements a modified solution of
Maxwell Equations which is not identical to that stated
by Equations (7) and (8). In the following solution it is

2

assumed a non-zero initial electrical potential “AE,” in

the electric component of the electromagnetic wave.
Hence, the following solution may satisfy the postulated
Maxwell’s Equations (21) and (22), where the time is
replaced by entropy:

E(rt)=s(p(r,s))+/ - AE (23)

H(r.t)=s(p(r,5)) (24)

Such solution assumes some categories of electro-
magnetic waves whose electric potential is oscillating
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around a specified value of non-zero electric potential
but its magnetic potential is oscillating about a zero
magnetic potential. The graphical representation of such
solution is seen in Figures 4 and 5, where Figure 4
represents a positive charge and Figure 5 represents a
negative charge.

The net charge in each imparted sinusoidal wave has a
value which may be positive or negative according to the
sign of the charge found by the following integral in a
complete wave:

2n —
Qe/ecl = J‘O E dSe/ecz (25)

The given integration may represent an electric charge
of a positive or negative potentiality according to the
direction of the wave oscillations if it is around positive

or negative values of AE .
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10
Entropy
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Figure 3. Electromagnetic waves in E-s and H-s planes
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Figure 4. Graphical representation of a positive electric charge
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Figure 5. Graphical representation of a negative electric charge
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Similarly, it is assumed in the following solution a
non-zero initial magnetic potential “A H ” in the mag-
netic component of the electromagnetic wave. So, the
following modified Maxwell’s solution may represent
flow of magnetic flux:

H@rt)=s(p(rt))+ —AH (26)

E(r.0)=s(p(r.t)) 27

Such solution is represented graphically in Figure 6
where the net bounded area has a non-zero magnetic po-
tential. So, the net magnetic flux in each imparted sinu-
soidal wave has the value:

_ 2n —
©=|["HdsS,, (28)

So, the postulated solutions of Maxwell Equations and
the introduced definitions of electric charges and heat
flux assign definite potentials for such fluxes in terms of
(AE) and (AH ), with definite polarity or direction. The
units of the electric charge or the magnetic flux are stated
as forms of energy in Joules. Hence the units of dS,.,
and d,,,, will be in Joule/Volt and Joule/Oersted respec-
tively in analogy to the units of dS,.mq in Joule / K [6].
Such definitions remove confusions in the units of mag-
netism and electricity.

8. Reviewing the Introduced Fundamental
Equation

As previously mentioned, the definitions of the electric
charge and magnetic flux, as modified forms of EM
waves, can be directly concluded from Maxwell’s state-
ments and the similarity of the laws governing such enti-
ties. However, such definitions introduce also plausible
explanations to many discovered phenomena. The defini-
tion of the electric charge as electromagnetic waves ex-
plains the behavior of the cathode rays as waves in the
famous Crookes tube [15], where the cathode rays, de-
fined previously as flow of electric charges or electrons,

Electric Field

10
2
Entropy

.
1 Magnetic Field

Figure 6. Graphical representation of magnetic flux
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travelled in straight lines, produce a shadow when ob-
structed by objects and the rays could pass through thin
metal foils without disturbing them (Tested by New Zea-
lander Ernest Rutherford using gold foil [15]). Hertz
maintained it also was a wave. Hence, the introduced
definition of electric charge as a flow of modified EM
waves offer more plausible explanations of the found
characteristics of the Cathode rays as a form of electro-
magnetic waves.

Similarly, the introduced definitions of the electric
charges and the magnetic flux as special categories of
electromagnetic waves find plausible explanations to the
“Kerr Effect” [9]. Such phenomena detect effects of
electric and magnetic fields on the flow of electromag-
netic waves. In case of electric fields, a quadratic elec-
tro-optic effect (QEO effect) is detected. In case of mag-
netic fields, a magneto-optic Kerr effect (MOK effect) is
detected. The QEO effect is identified by a change in the
refractive index of all materials when they are crossed by
electromagnet waves in the presence of an applied AC or
DC electric fields. Similarly; MOKE effect may be rec-
ognized, in some cases, by rotation of the plane of po-
larization of the transmitted light under the influence of
magnetic field [9]. According to the introduced defini-
tions, the light gains by the applied electric or magnetic
fields the potentials differences (AE) or (AH ), that
converts the light waves into electric charges or magnetic
flux of different index of refraction or rotated plane of
polarization.

Replacing the time axis by an entropy axis in the
Maxwell’s solutions and considering the propagating EM
waves as propagations of electric and magnetic energies
of limited entropy production and energy quanta proves
the description of photons as tiny bundle of electric and
magnetic fields [18].

Introducing entropy, as a probability measure of dis-
order [18], to replace the time in Maxwell equations lead
to a probabilistic Maxwell’s solution that is analogous
to probabilistic wave solution W(x, #) of the Schrod-
inger’s equation. The introduced fundamental equation
can be valuable in studies that apply Poisson-Nernst-
Planck theory to investigate ion permeation and related
transport processes [19].

Assigning a value of a definite electric potential for the
charge, according to the stated definitions of electric
charges, is similar to the assigned thermal potential,
temperature, for the heat. Such electrical potential ex-
plains the phenomena of colored charges where each
charge may have a different potential [8] and explain the
phenomena of charging of clouds [12].

9. Conclusions

Reviewing experimentally and analytically the similarity
and analogy between heat, electric charges and magnetic
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flux, the electric charge and magnetic flux were proved
as special categories of energy or modified forms elec-
tromagnetic waves that have electrical or magnetic po-
tentials. Previous analysis served also in expressing the
magnetic flux and electric charges in terms of entropy
change times a corresponding potential by analogy to
heat flux. Introducing such postulates into the first law of
thermodynamics led to a modified fundamental equation
that embrace electric charge and magnetic flux as
mechanisms of energy transfer. Considering time’s arrow
as a property of entropy alone [7], the time in the Max-
well equation is replaced by entropy such that the areas
bounded by the oscillating electrical and magnetic poten-
tials represent the electrical and magnetic energies im-
parted by the electromagnetic wave. Such representation
helps in expressing the qualities or potentials for the
electric charge and the magnetic flux in analogy to the
heat quality (temperature). The offered postulates lead to
modified definitions of electric charge and magnetic flux
in addition to plausible explanations of newly discovered
phenomena in the fields of electromagnetism and ther-
modynamics as Kerr effect and magnetic expansion.
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