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Abstract:

Introduction/purpose: The paper describes an alternative theoretical model
of the Earth's EM field based on two-component field hypotheses. The
paper consists of several parts, one part of which is a model showing the
rotation of the magnetically conducting sphere of magnetization M in a
foreign magnetic field. The last part defines theoretical models for the
calculation of the components of the electromagnetic field of electrically
conductive, dielectric and magnetically conductive spheres which are
exposed to the influence of a foreign electromagnetic field.

Methods: In the work, the responses of electrically conductive, dielectric
and magnetically conductive spheres to the influence of external EM fields
were investigated using the analytical method.

Results: The obtained solutions in the form of analytical formulas will be
applied to research the impact of the Sun's EM field on the planets and
especially on the Earth.

Conclusion: The resulting formulas of the electric and magnetic field
strength and induction and their solutions can be applied to electrically
conductive, dielectric and magnetically conductive spheres. In comparison
to already known formulas, they are simple and have higher accuracy.

Key words: theory, model, electromagnetism, components, spheres,
rotation, magnetic field.
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Introduction

Since the Earth's magnetic field protects life on Earth from the effects
of cosmic particles, the weakening of the field reduces protection. In
astrophysics, the Earth's magnetic field is defined as a physical field
created and maintained by the rotation of charged magma in the nucleus
(dynamo theory) (Jacobs, 1987). The axis of the magnetic poles moves
towards the geographical axis but there is no real explanation for the
phenomenon. In 2019, magnetic lines of force entered the northern
magnetic pole in part of the Arctic soil in Canada, and the position of the
pole moved towards Siberia at a speed of 55 km/year. F. Laimorver
(University of Leeds) says that the location of the North Magnetic Pole
oscillates between two magnetic fields between Canada and Siberia and
is currently dominated by the Siberian field. Although field disturbances
are not considered a cataclysm, bird and fish deaths in Arkansas in 2011
were explained by their sensitivity to gender shifts. Changes in the location
of the magnetic poles occur every 250,000 years. The N-magnetic pole is
moving towards Siberia due to the movement of larger masses of
waterway between the Arctic and Siberia, with small but influential charges
(Bjeli¢, 2021a).

The vectors of the electric field of solar waves are a sign that
components of the Earth's EM field are just a response to Sun's EM waves.
The Van Allen radiation belt is a zone of charged particles, created by the
solar wind, cosmic rays and particles, and the magnetic fields of the planet,
no matter how they are created, keep them. The planet Earth has 2 main
Van Allen (VA) bands at 640-58000 km above the ground and radiation
levels vary. VA probes discovered the third one (lasted 4 weeks until it was
destroyed by the interplanetary wave of the Sun). The hypothesis of 2
magnetic fields (Canada, Siberia) is controversial because in the same
part of space there can only be a resultant field. The sun's rays bring
particles to Earth (ionized) and propagate through the atmosphere like EM
waves (non-ionized part).

Electric and magnetic field and the postulate of
amplitude attenuation from the kinetic theory of gases
The division of the Earth's EM field into electric and magnetic

components is relative because static loads create the electric field
component and their displacement the magnetic field component, Figure 1.
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Magnetosheath {“(/ ’ magnelosphere

Figure 1 — a) Solar wind brings EM energy into the Earth's magnetosphere and creates
geomagnetic storms, b) The Sun does not support permanent radiation belts
because it does not have a stable, global dipole EM field (Bjelic, 2021b)

Puc 1 — a) ConHe4HbIl 8emep NpuHOCUM 3/1eKMPOMagHUMHYH 3Hepauio 8
MaeHUmocahepy 3emsnu u cozdaem eeomazHumHbie bypu, 6) ConHue He
rnoddepusaem nOCMOsIHHbIe paduayUoHHbIe Nosica, MOCKOMbKY
y Heao Hem cmaburibHo2o enobasibHoeo dunonsHozo OM nons (Bjelié, 2021b)

Cnuka 1 — a) ConapHu eemap yHocu EM eHepaujy y mazHemocgepy 3emrbe u cmeapa
2eomazHemHe oryje, 6) CyHue He nodpxxasa mpajHe rojacese 3padyera
jep Hema cmabusHo, enobanHo dunonHo EM norwbe (Bjelic, 2021b)

i



In the vicinity of stationary charge carriers, there is only a component
of the electric field, and the moving carrier creates a component of the
magnetic field. At EM wave velocities much lower than the light velocity,
v << c changing the coordinate system does not change ratios of electric
and magnetic field strengths at the same load distribution or for the same
currents: field components have the same relationship defined in any
mathematical space coordinate system (Mihajlovi¢, 1993).

@)

Radiation
Belt

Figure 2 — Earth's magnetic field: a) line of the Earth's field, b) line of the
magnetic field with respect to the rotation, c) belts of Van Allen
radiation rings, red-inner, gray-outer radiation belt (Bjeli¢, 2021b)

Puc 2 — MaeHumHoe none 3emnu: a) cunossie nuHuu 3emnu, 6) cunoasie nuHUU
Maz2HUMHOEZ0 10719 10 OMHOWEeHUIO K HarnpasieHuto epawieHus, 8) paduayuoHHbIl Mosic
BaH AnneHa, kpacHasi-eHympeHHsisi, cepasi-8HeWHsIsi nosoca usnyveHus (Bjelic, 2021b)

Cnuka 2 — MazHemHoO norbe 3emsbe: a) nuHuUje nosba 3emrbe, 6) NuUHUja MazHemHoz2
rnosba y 0OHOCYy Ha cMep pomauuje, 8) rnojacesu BaH AneHosux npcmeHosa
padujayuje: upseHuU — yHympauwbU, cusu — CriosbHU nojac padujayuje (Bjelic, 2021b)

The parameters ¢, u,, o (dielectric, magnetic and specific electrical

parameters) at each point of space where the EM field acts connect two
pairs of vectors (Lamb, 1883a; Prodanovi¢, 2006):

£a = €081 » £ =8.854-10"12 Fim, D=¢,E F/m, (1)
Lo = totty » o =1.256x1077 H/m, B = z,H H/m, 2)
c=5m, p=c1Q/m, J=0c-E SmQ/m, (3)

=
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where D is electrostatic induction, E is electric field strength, B is

magnetic induction, H is field strength, and J is current density.

Under normal conditions, the parameters of the media are constant
scalar values, and the media are linear and isotropic. As the field strength
increases, the linearity may be disturbed, the mean becomes nonlinear,
and the parameters depend on the field strength. In anisotropic media, the
relations between pairs of vectors depend on orientations and are not

parallel, and asymmetric tensors |e,||, |||, [o] . are used to describe the

medium. The medium is homogeneous if these parameters are the same
at all points of the EM field and mhomogeneous if they are different.

In equation (1,2,3) the pairs of vectors D, E, B, H and J are

collinear and the values are linearly dependent. For the analysis of EM
fields on the ground and in higher layers of the Earth's space, alternative
models are:
— electrostatic system: solid sphere and outer layers with charge carriers
(ionosphere),
— electrostatic and magnetic dipole which can create the electric and
magnetic components of the EM field,
— elementary resonator of the electric component of the EM field, as
suggested by Tesla,
— planet — a body that rotates under the action of forces created by the
components of the EM field.

EM waves of a foreign source (the Sun) penetrating the ionosphere
bring ions (electrons) in that layer into a state of forced oscillations and by
means of an electric field transfer to electrons part of their energy which
passes into kinetic energy of electrons and, when there is no electron
collision with neutral ionic gas molecules, it returns to the wave during the
half-cycle when electrons slow down.

In real conditions in the ionosphere, despite the great dilution of the
gas, collisions of electrons and neutral molecules are inevitable. Electrons
in collisions transfer part of the energy from the EM wave to neutral
molecules and it is lost for the wave because there is no interaction
between neutral molecules and the wave that would allow the energy to
return to the wave. The consequence of energy loss is a weakening of the
amplitude of the waves - the greater the loss, the greater is the number of
waves per unit volume and the average number of collisions suffered by
an electron per unit time.
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A group of EM waves moving through the layers of the atmosphere
has different amplitudes and frequencies. For the movement of part of the
EM spectrum (groups of EM waves) through the layers of the atmosphere
with the parameters ¢y, po the general solution is determined from

Maxwell's equations (Lamb,1883b; Bjeli¢, 2021b):
first (1): rotH = jaeoE +J, (4)
others (I1): rotE = —jauoH . (5)
The general solution abstracts the cause of the vectors H , E and J,
but must take into account the dependences:
— individual components of the total current density J,,, , of the electric

field strength, and
— the strength of the magnetic field H from the total current density J, .

If the values for s, =8.85-107*2 F/Im, \Ju, /&, =1, C= 2.988x10°
ms?, uy =47x107" mstAlV, the average value of the Earth's magnetic

field strength is:
- 1 1-
H=— \/z ~E, (6)
Ho V€ C
where Hy ~24 A/m.

In the unit of volume 7 =z length in the time interval (t), the number
of particles n(z) moves without collisions and the longer the interval, the
smaller the number of collisions n(z). Therefore, the interval length
function n(r) must be decreasing and the increment-differential of the
function must be negative and proportional to: dz, n(z) and some constant
a:

dn=-a-n(c)dz, n(z)=A-e*". @)

The number of particles 7=z =0 moving without collision is equal to

the sum of particles in a unit of volume A =N, a dn(r) and the number of

particles for which the duration of free movement without collision is
between dr and r+dz.
The mean collision-free travel time T is then:

<D
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o0

—r-e ¥ +ie"”
o

(8)

=_r'[o _Z_IT d( 7(”)

From equation (8), « =1/T. The mean number of particle collision
per unit time is:

0

n(z)=Nge™* (v=UT, a=v). (9)

The EM field is changed according to the simple periodic law and the
calculation of complex numbers can be:

dv/dt =(q/ m)Esel?t. (10)
If the velocity of the ion v, at the time of the last collision t—z, in
direction of the EM field, at the time t , the velocity is:

t q jo-t q jort —jot
V:I_TEEOer dt +v, = - E,el® (l—e o )+v0. (11)

m

The number dn of ions (electrons) having the velocity v is equal to
the number of ions in which the duration of motion at that number of
collisions is between r and r+dr:

dn=-Ny-e"'dz. (12)

The number of dn ions moving at a speed v form a convection
current having an elemental density:

dJ =qv[dn|=qVyv -e " 'dr. (13)

The total convection current density z=0 and =0 is obtained by
integrating this equation within the limits of:
J-= 1qVEeJ“’t 1-e 1 Vg7 4 NV, 14
B [ e i ar N (14)
For the mean ion velocity after the collision v, after integration, the
current J is:
2 .
g=N@” 1 g et (15)
m v+ jo

The value of J in equation (15), can be added to the component of
current density of dielectric displacement:

oD/ ot =dD/ dt = josyEqge!??t, (16)
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and the value of the total current density is obtained, which also contains
the common attenuation factor w, = N;q?/ ms, !

2
Jtot:J+d_D:[N1_q |
dt m v+ jw

17)

2 . .
:{—qu . +ja)}goEoeJa’t={ @e ija)}goEoert

Mgy v+ jo V+ o

The parameter ¢ in equation (17) is the part in constant
é=¢—-j(o/ w) that describes the monochromatic wave o ionosphere:

2 2
, . EqV
e=¢&q|1— ¢ - had ) 18
( wJ P2+ o?) (18)

The ionosphere in which collisions are not neglected acts as a
semiconductor with constants:

-
dielectric: ¢ = &, l—ﬁ ,
Vo +w
(19)
2
electrical conductivity: o = % .
v t+ow

For the velocity v =0, the conductivity is zero and the ionosphere can
be treated as a dielectric with an apparent dielectric constant if the impact
of collision of ions and the Earth's magnetic field component is neglected:

2 2
N
8280(1—%J280(1— 1qz J . (20)
Vo +w g m

Theory influence of ionized medium on EM waves was formulated by
Eccles-Larmour in the postulate that electric load is squared and that
charged particles, positive ions and negative electrons, have the same
effect on the apparent dielectric constant. The influence on propagation of
EM waves is inversely proportional to the mass of particles and the main
influence in the ionosphere has electrons-particles of lower mass. For a
free hydrogen ion, lightest+ion effect is 1830 times less than the effect of
an electron because it has 1830 electron masses. The influence of a free
ion of geocoronium is not known because its mass and charge of protons
and electrons are not known. If f —is the frequency of the m—-hr EM
wave, then the apparent dielectric constant is:

<>
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£2
8=£’0£ —f%}, (21)

2
where f2 = —Nzlq :
4 egm

For low-conductivity dielectrics »Z is proportional to the number of
free electrons N; and the number n(z):

2

Voo
_—‘/ :>a—— : 22
2Cv +w? (22)

The attenuation factor «? (depending on nN,) is largest in the

ionosphere in which this product is greatest.
If collisions are ignored as for a monochromatic EM wave, the
following force components act on the ion:

- qE — force of action of the alternating electric field of the EM wave,

- 14p9-vxHy; — EM forces due to the movement of ions in the
unchanging magnetic field of the Earth,

- UpQq-V xH — force due to the movement of ions in the alternating
magnetic field of the EM wave.

In the ionized environment, H = 1 e EE and in accordance to the

Ho
2nd Newton's law, the equation of motion of ions is:

md—V:qE+yOq -V xHg +409 - WxH= qE+yOq v><|:H0+i\/ZE:|. (23)
dt Ho Ve C

Nikola Tesla was the first to realize that higher layers of the
atmosphere are important for the Earth's electrical conductivity due to a
stable line of conductivity and that the Earth resonantly oscillates at 6.2
and 30 Hz (according to measurements 8.14 and 20 Hz).

Tesla's principles of transmission using Super Low Frequency
Resonance, SNF, in the ionosphere, and NF waves (1-300 Hz) are used
to transmit radio signals. According to the assumption, the Sun as a source
of EM fields has two components: electric and magnetic, and the magnetic
poles of the Sun change their polarity every 22 years. According to
Maxwell's theory: the components of the electric and magnetic fields are
part of the EM field, and if there is one in space, there must be another

<>



component as well. Solar EM waves propagate towards the Earth through
several layers of the atmosphere at various speeds. The ionized layer of
the atmosphere has heterogeneous properties and the linearly polarized
EM wave is divided into two components of opposite directions of rotation
and natural velocities of propagation. The speed of propagation and the
refractive index depend on the orientation of the Earth's magnetic field
towards the direction of propagation of the Sun's EM waves.

Alternative theoretical model of the EM field of the
Earth by authors

The model is based on two hypotheses for the Earth's interior and on

two hypotheses for the EM field components:

— the interior is only a well-conducting medium for the strength of the
electric field generated by solar ion waves in the ionosphere and
exosphere,

— the interior is only a well-conducting magnetic medium for the
magnetic field created by solar ionic winds in the upper layers
(ionosphere exosphere),

— the first-electric is formed by the parameters of stable conductivity of
the solid Earth and the ionosphere; the higher layers of the Earth are
a good dielectric medium for the component of the electric field
generated by ionic winds and EM waves from the Sun in the upper
layers of the atmosphere (exosphere and ionosphere),

— the second-magnetic is formed by the parameters of the current of
stable conductivity of the solid Earth and the domain of the
ionosphere.

The Earth is only a well-conducting magnetic medium for the
magnetic field of solar ionic winds in the upper atmosphere (exosphere +
ionosphere with stable electrical conductivity parameters).

The total current density in addition to four basic ones also has two
new components (in the first Maxwell's equation):

Jiot = O +3D 1 8t + pV , + 0E g side + o-(\7 x I§)+ rot([3 x\7), (24)

where of —is the current density of conduction, 6D/ ét —is the current
density of dielectric conductivity, pv , —is the convection of free charges

and foreign field conductivity oE g siq » rot(f) ><\7)— is the density due to the

motion of polarized dielectric, and o-(\7>< é)— is the density of motion of the
medium with the velocity v in the field induction B.

<>
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Any EM source in space, which creates components of the total
current Jio, Or currents generated during the movement of electrostatics

of a neutral body, is a source of EM energy because the propagation of
the current allows its transmission:

36 av="2 Py flE«)ds. 5

Equation (25) defines the principle of radiation or EM energy transfer
(J =Jiot)- The member on the left is the power of the radiation source and
on the right there are the members of its distribution and the propagation
of the current components J, in connection with the propagation of EM
energy. The system of fixed electrostatic loads determines the character
of the electrostatic field and defines a stationary field in the environments
where the electrical conduct|V|ty is equal to zero:

rotE = 0,divD = pgony » D = &,E . (26)

The electrostatic field is vortexless because rotE =0 at all points of
the field and E = —grade shows that the vortex-free potential field is shown
as a gradient of some potential function. The sign (=) means that the vector
E is directed from a point of higher to a p0|nt of lower potentlal In the
area where J.,,q =0, the magnetic field is: rotH =0, divB =0, B =z H .

Elementary electric and magnetic dipoles

The elementary electric source of radiation (Hertz's dipole) is a simple
system of EM wave radiation: a short straight conductor of the length | =d
connects two small spheres that alternately charge and empty and
maintain the time-varying current in the conductor, Figure 3.

The current and the load are connected by the relation i =dq/ dt and
the dipole length is small in relation to the wavelength of the emitting
waves. The current along the dipole is uniformly distributed (similar to the
effect of an AC generator that would maintain forced electrical oscillations
in the center of the dipole). For the electric and magnetic dipole model of
the Earth, the basic condition that the dipole model of the Earth
A7 =d — 0 is not realistic is not fulfilled, but the obtained solutions will be
useful for the development of a theoretically correct alternative model of
the Earth's EM field. The equations of magnetostatics and the equations
of electrostatics are identical for the domain p.,, =0. If the circulation in

the loop is | J'IHdI =0, the magnetic field in the area without conduction

=



current is potential. Similarly to the electrostatic field in a dielectric
according to Gauss's theorem, the strength of the magnetic field is

H=(B/ 19)—M, and the general form of Ampere's law is rotH = J . The
macroscopic magnetization of the medium has a dimension and a unit as
a vector H (on the surface S = |S|ﬁ of ferromagnets are Ampere surface
currents with the longitudinal density J,, =M xfi). Magnetization is
mathematically described by the equation:

- >m I A
MZW,m:Zmi:Z§§I-rxdr=§IAerJadV. (27)

Figure 3 — Earth as: a) elementary resonator of the electric component of the EM field, b)
Earth as a system that acts as an elementary dipole of the magnetic field (Bjelic, 2021b)
Puc 3 — 3emns kak: a) anemeHmapHbIl pe3o0Hamop arekmpu4eckol cocmasnsoujel
OM nons, 6) 3emns kak cucmema, komopasi eedem cebs
Kak anemeHmapHbIl dunons MaeHumHozo nons (Bjelic, 2021b)

Cnuka 3 — 3emsba Kao: a) efleMeHmapHU pe3oHamop efieKmpu4yHe KomrnoHeHme EM
nosba, 6) 3emrba Kao cucmem Koju ce rnoHawa Kao efieMeHmapHuU Ournosi MagHemHo2
noswba (Bjelic, 2021b)

In the domain where the density of the conductivity current is equal to
zero, the magnetic field is: rotH =0 and the field strength is a degradant

of some scalar function ¢ _, H = —grade _ . The vector field B is always

vortexless (without original dive = divo(H +M)=0, divH = —divM ). If the
operation div is applied:

divH = —divgrad g, = -Ag,,, (28)

)
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where divM = Ag,, .

By introducing the density of the magnetic pseudomass
Pm = divM = —divH , equation (28) can be written as for the electric scalar
potential without parameters 1/ &, on the right side (Laplace and Poisson
equation):

Apm =—Pms Ap=—(p/ &). (29)

The solutions of both equations with a negative sign must have the

same form:

1p 1¢p
== [Pmgy v, == [Pmgy
Pm 472-\-[ R Ho 47[{[ R (30)

Magnetic dipoles and resonators are fictitious quantities (not real), but
their use is justified because closed and alternating currents in closed
contours and permanent magnets can be replaced by equivalent linear
magnetic currents and concentrated magnetic loads.

The missing components for a full symmetry of electrical and

magnetic quantities are introduced into Maxwell's equations: JJ

outside —
foreign magnetic current and pJsiqe — fOreign magnetic load.

The rotor of the magnetic field strength in the first Maxwell's equation
can be equal to the sum of several components of the total current density:
conductivity currents, dielectric displacement currents, and foreign source
currents.

The rotor rotH in the 2nd Maxwell's equation can be equated with a
similar sum of current densities (inverse): displacement magnetic currents

iwB , magnetic conductivity currents and foreign source currents.

If the volumetric densities of magnetic loads are introduced in the 4th
equation, it becomes symmetric with the 2nd Maxwell's equation. With
these additions, the system of equations becomes pairwise symmetric
(Petkovi¢, 2016):

rotH = iwz,E + Jg (1), rotE = —iwfi,H — I (2), -
. . 31
ER0IVE = piy (3), ZadivH = pgy (4).

Although experiments still have not confirmed the existence of
magnetic loads in nature, the symmetrical form of Maxwell's equations has
become attractive. Magnetic currents and loads in equations as well as
electric currents and static loads are related by continuity equations in the
system of Maxwell's equations.

=



Invariance of equations and replacement of electrical
and magnetic quantities

In equation (31), all electrical quantities can be replaced by magnetic
ones, and magnetic ones by electric ones. With respect to certain rules for
signs, without changing the coordinate system and the system of
Maxwell's equations, Figure 4.a,b, the quantities only change places in
pairs: the vector E with the vector H, where the flux of EM energy,
defining the Pointing vector I1=E xH , remained unchanged.

E w T b

E

n

Figure 4 — Pointing vector I is determined by: a) electrical and magnetic quantities,
b) their invariance
Puc 4 — Bekmop lNolinmuHaa onpedensemcs: a) 31eKmpu4eckKuMu U MagHUMHbIMU
gernuyuHamu, 6) ux UH8apUaHMHOCMbHO

Cnuka 4 — MouHmureoe gekmop T1 odpehyjy: a) enekmpuydHe U MagHemHe 8efuyuHe,
6) Huxosa uHeapujaHmHocm

Equation (2) of system (31) rotH = iwZ,E + Joyige PASSeS into (1) if it
is £, replaced by 7., and J,q4 replaced by —J™...,. From equation (2)
of system (31) equation (1) can be obtained if it is z, replaced by &, , and
—Jm .4 and replaced by J, 4. The rules are similar for the replacement

of electrostatic and magnetic load parameters divB =0 in (3) and (4)
equations divD = p. Common rules in the process of changing the values

of parameters and sizes are:
E->H,Jo>I" popn, 8. < Mg,
. (32)
HoE,J" 5], Pm —> P Eq < Iy -
The principle of permutation and invariance are the properties of
Maxwell's equations: The source of the EM field can be foreign: electric
Joutsig @nd similar magnetic currents —J.;4- If solutions of variant 1 are

known, the solution of variant 2 is determined by applying the second
substitution &, < u, rule in wave impedance:

=

Bjeli¢, S. et al, An alternative theoretical model of the Earth's EM field based on two-component field hypotheses, pp.42-65



QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2023, Vol. 71, Issue 1

- E jou
Zu =[2afel =2 (33)
The principle of permutation in Maxwell's equations was first applied
by A.A. Pistolkorso also gave a pre-message for solving physical fields in
infinite space. This principle is used in solving the problem of the Earth's
magnetic field, because the universe is a sphere with the infinite radius
R — o0, which is also the outer boundary surface of that sphere. The
monochromatic EM field is defined in the infinite domain unambiguously if:
— there are electrical or magnetic losses at every point in the domain of
the physical environment,
— the field source is given in the domain of the environment and the EM
field weakens infinitely faster than the value 1/ R",
— there are the tangential components E or H on the inner side of the
boundary surface of the area,
— all field sources are at the final distance from the coordinate origin.

A magnet is considered to be analogous to a dielectric, although a
magnetic conductor similar to an electrical conductor does not exist - there
are no magnetic conductors (Pordevi¢ & Ol¢an, 2012). The EM field on
the Earth and in its atmosphere can be formed by elementary
electromagnetic dipoles radiation sources in two variants, as:

— aresonator of the electric component of the EM field, and

— a system in which the Earth acts as an elementary magnetic dipole

and a source of magnetic field.

Any source in space, capable of creating the total current J,,, is a
source of EM energy radiation because the propagation of total current
components is related to the transmission of EM energy. Problems in
electrostatics are easier to solve if the potential ¢ is used instead of the

vector E and the relationship between the components of field strength
and potential in the Cartesian system are the equations:
op Op Op
E :__’E :__lE =
XY eyl Tt oz (34)
By introducing the equations of the components into the differential
form of Gaussian theorem, Poison equation becomes:

<>



2 2 2
(5_40) +[5_¢’) +(5_¢’) __~. (35)
OX oy oz &o

and it determines the relationship between the scalar potential and the
electrical load density.

The general form of Poisson equation is obtained by substituting
divE = p/ & When E is substituted by E =-gradp and then
divgrade = —(p/ &,) in the domains where there are no electrical loads
p =0. Then for divgradep =0 one obtains:

2 2 2
% + % + %9 =0. (36)
oX oy 0z
divgrade refers to the square of the Laplace operator A=V? (nabla

Hamilton operator). Poison equation Ag =—-p/ &, combines the potential
and charge densities of a field at a point in the field.

The electric field strength of dielectric and metal loaded and unloaded
spheres in an external homogeneous electric field of strength is E,.

Poisson equation in the spherical coordinates is:
10 za(pJ 1 a(. a) 1 %
quz——(r — |+ —|sined— [+ ————. 37
r2or o) r?sinag Oa da) r?sin?a op? (37)

Dielectric sphere: The potential at any point of the field depends on
all the charges that create the field, and not only on the free ones, and
therefore equation (37) is used to solve electro- and magnetostatic fields.
Laplace equation was first used to describe the potential fields of celestial
mechanics and then for EM fields. In domain V , Figure 5, three charge
densities can be distributed and the field is created by three components:

— volumetric— p#0, p-dV = 0 inthe volume; p-adv ;

47 1
. n-dS
— surface — n #0, n-dS = 0 on the surface; ,
A7 1

— linear— 7 #0, 7-d¢ =0 on the line; r-a )

4re o1
(570
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WAL E,

Figure 5 — Effect of a foreign electric field EO on a dielectric sphere
Puc 5 — Boadelicmeue nocmopoHHe20 3/1eKmMpUYeCcKo20 r1osist EO

Ha OuanIekKmpuYecKyro ceepy
Cnuka 5 — [lejcmeo cmpaHoe eniekmpuy4Hoe rnosba EO Ha duenekmpuy4Hy cehepy

In a spherical system, the field is symmetric and the potential
components at the point r = 0 are calculated in accordance with:
= _E op = 4P q
E=E, =—T < p=—|E-dr = +C.
' or 4 -[ A o, (38)
The functions p = p(r), n=n(r) and z=z(r) are not known, which
makes integration difficult and rarely used.
The value of the potential is the sum (integral) of the elementary
components of the potential of all charges:
1 J‘p-dV n 1 J'ﬂ-d5+ 1 J‘T-dfl
Amay T Amag 1 A 4 r

¢ = (39)
l

The assumptions are: at infinity, the potential is equal to zero and all
charges that can create a field are distributed in the domains of defined

limits. The foreign field E, of the direction (- z) acts on the sphere. Near

the sphere, the field is deformed and not homogeneous which depends on
£, the size of sphere and the load q on the sphere.

Metal (conductive) sphere: The field lines come to the boundary
surface at right angles.

If there was no previous charge on the sphere, the charge generated
by electrostatic induction is distributed on the surface of the sphere, and
the field lines end or begin with these charges. The metal sphere can be a

<>



carrier of additional charge, which is also distributed on the boundary
surface.

Under the influence of a foreign electric field, the dielectric sphere will
be polarized, and due to the influence of the charges created by the
polarization of the dielectric, the foreign electric field E, is deformed. The

shape of the field lines on the surface depends on the boundary conditions
in the spherical system, ie. on the conditions-equality:

— tangential components of the field strength at the boundary surface

Ei. = Eq , the index i for the internal space, the index e for the

external space, which arises from 3([ Ed/ =0 field domain,

— normal components of electrostatic induction (according to Gauss's
theorem).

If a sphere is a dielectric and there are no free charges on it, Laplace
equation must be integrated to solve the field in the sphere. The field
strength and potentials of the charged dielectric sphere are calculated
according to Gauss's law and the solutions are given in Table 1.

Table 1 — Field strength in the sphere
Tabnuya 1 — HanpsixeHHOCMb 311€KmMpuUYecKo20 Mosisi 6Hympu cgepbi
Tabena 1 — Ja4yuHe erlekmpuy4HoO2 nosba Ha cehepu

a =0, Field Equator & =90° a =1809, Field strength,
strength, N pol Field strength S pol
Er1=-3E
_ _ _ B 3 3).. _ R1 0 _
Er1=-38Eg|E, =0|ERr1e =0 Ea—EO(l—RllRl)Slna—O E, -0 E, =0

In the conductive sphere, E =0 and ¢ = const.:

¢)M(I’)=C1/I’+C2, 01:A1A4, C2 :A2A4. (40)
The solution of the first part of the equation is:
1 o[ 2oM(r) dM o d*M(r)
[ =por2r—+r =p. 41
M(r)ar[ or } P ar gz P (41)
By applying the Euler shift, the following was obtained:
dm 21 d?M
M=Cr", = =ncr"?, =Cn(n-1)"2. 42
- S -cn(n-1) (42)

By replacing the derivative in the equation:

<>
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2rnCr" 4 r2Cn(n-1r"2 =pcCr” or n?+n-p=0, (43)
the roots of the quadratic equation are obtained: n;, = —% %-ﬁ- p.
The value for p is determined if it is adopted that N=Bcos« :
1 d (. dN) -2Bsinacosa
— a—|= : =—pep=2. 44
N(a)sina da( daj Bcosasina PP (44)

Substituting p in the root of the quadratic equation gives N, =12
and the solution for that part of the potential is:

N =(C3r +C4/r2)cosa. (45)
The general solution for both parts is:
o= +oN =(C,/r)+C, +(C3r +C4/r2)cosa. (46)

The constants C,, C,, C; and C, determine the type of a sphere:

conductive, dielectric or magnetic. The conditions on the boundary surface
are important for determining the constants conducting a sphere in a
foreign field. Very distant points can be conditionally considered to be
infinitely distant. The field of an unloaded dielectric or metal sphere in a
foreign electric field is defined by Laplace equation (there are no free
charges in the sphere and outside it).

Model of a dielectric sphere in a foreign homogeneous electric field:
For an electrostatically unloaded dielectric sphere, the solution is
determined from the general solution of equation (46), and the potentials
and the constants have an index i for internal space, and e for external
space (Dziewonski & Anderson, 1981):

?, =%+C2i +(C3ir +C—‘;)COSC¥, (47)
r
Pe = CTIE +Coe +(C3er +%) cosa (48)

Eight constants are determined. The potential ¢ for r and r -« is
@ =@, + Egr cos « . After replacement in equation (48), we get C,. = ¢p,
Cse = Eq. For a point charge, the field strength is E =q/ 47 -gy¢,r? and
the potential is:
¢ =—[Edr =(q/ 47 - 505,1)+C. (49)
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Analogously, a component C,, / r is a component of the total charge
of a sphere. If there is a total of electricity sphere g =Q =0 in the equation
for ¢, this constant is equal C,, =0. The constant C,, is determined
from:

Vo = 0o + (Eor +Cyhe / rz)COSa. (50)

The potential in the dielectric ¢; is the final value for all points C;; =0,
C, =0. If there were C;; # 0, the component in the center of the sphere
Cy / r for Ry =0 of the sphere would be infinite. The constants C,,; for the
potential in the field of spheres and the potential in the outer domain C,,
of the field are equal to the constants for the outer domain C,; =C,. = ¢ .
The potential in the dielectric is: ¢ = ¢y + Cs;ir cosa . The constants C,,
and C5; are determined from the boundary E;; = E.; conditions. From the
equations of the potential ¢, and ¢; for r =R; (this is a condition
equivalent to the condition), it follows:

CaiR, = EoR, +(C, / R2). (51)

From the equality of normal electrostatic inductions at the limit, there

|S Dln = D2n .

. [%J _ (%j

I e !
o J)i_gry o Ji_r,
(52)
2C

& (Cai)r_p, = 5e{Eo - %J -
r=Rq

The potential in the dielectric, given the common solution of these two
equations, is:

3¢ Ea — &
Cy =Ej——°  C, =C,o =R3E, —& 1|
3 =Fog, 4, G4 =Cee =Rikog —n (53)
fEg e _ g B |1-2fe =60 |, (54)
2e, + & 2e, + &

For the selected spherical coordinate system, the potential
component in the dielectric is:

= +Er3#003a— +E 3#z Z=rcosa 55
@ =% *Fo 25, + & %o 026, +& - (59
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The electric field strength in the dielectric is:

o, 3¢
E, =—¢ =-F,—¢ .
z 0z 0 280 + & (56)
The strength of the field E has the direction of the axis z, it does
not depend on the coordinate and the field is homogeneous. The dielectric
potential:

R3 ¢ —&
=@y +Eq|r+—2—-2 """ |cosa, 57
Pe Po 0( r2 289‘*‘&} ( )

or 3

o, 2R3 &, ¢
Em:‘_izE{‘“TLz?:jJWS“
e |

(58)

oe

r oo 3

3 —z
100 g (1 R ema g,
r 286+5i

For Q=0 on the surface of the sphere, there is r=Ry,
E, =-3Eycosa i.e. E, the components at all points on the sphere are
three times larger than the components of the foreign field.

Conclusion

The field of a statically unloaded sphere that has no free charges is
dielectric and is located in a foreign electric homogeneous field defined by
Laplace equation. In the new model, equation (29) is used, but eight
integration constants must be determined (in the sphere — index i, and
outside the sphere — index e).

The conditions on the boundary surface are important for determining
the constants conducting a sphere in a foreign field. Very distant points
can be conditionally considered to be infinitely distant. The field of an
unloaded dielectric and metal sphere in a foreign electric field is defined
by Laplace equation (there are no free charges in the sphere and outside

it).
References

Bjeli¢, S.N. 2021a. Atmospheric and commutation overvoltages in electrical
distribution networks. Chisinau, Moldova: Generis Publishing. ISBN: 978-1-
63002-486-5 [online]. Available at: http://generis-
publishing.com/book.php?title=atmospheric-and-commutation-overvoltages-in-
electrical-distribution-networks [Accessed: 20 October 2022].

e



Bjeli¢, S.N. 2021b. Alternative theoretical models of the Earth's
electromagnetic field. Ni§, Serbia: Control P. ISBN: 978-86-900399-2-0.

Dziewonski, A.M. & Anderson, D.L. 1981. Preliminary reference Earth model.
Physics of the Earth and Planetary Interiors, 25(4), pp. 297-356.
https://doi.org/10.1016/0031-9201(81)90046-7.

Dordevi¢, A. & Ol¢an, D. 2012. Ispitivanje elektromagnetske kompatibilnosti
(in Serbian). Belgrade: Akademska misao. ISBN: 978-86-7466-444-5.

Jacobs, J.A. 1987. Chapter Four The Earth's Magnetic Field. In: Jacobs, J.A
(Eds.) International Geophysics (Book series), 37, pp. 191-296. Cambridge,
Massachusetts: Academic Press. Available at: https://doi.org/10.1016/S0074-
6142(08)60712-3.

Lamb, H. 1883a. Xlll. On electrical motions in a spherical conductor.
Philosophical Transactions, 174, pp. 519-549. Available at:
https://doi.org/10.1098/rstl.1883.0013.

Lamb, H. 1883b. On the Induction of Electric Currents in Cylindrical and
Spherical Conductors. Proceedings of the London Mathematical Society, sl1-
15(1), pp. 139-150. Available at: https://doi.org/10.1112/pIms/s1-15.1.139.

Mihajlovi¢, J.S. 1993. Spectral analysis of secular variations and magnetic
storms at the Grock Geomagnetic Observatory. Master's thesis. Belgrade: Faculty
of Mining and Geology (in Serbian).

Petkovié, D.M. 2016. Elektromagnetna zradenja, Sveska I,
Elektromagnetizam. Ni§: Unigraf-X-Copy. ISBN: 978-86-6093-015-8 [online].
Available at: https://www.znrfak.ni.ac.rs/serbian/010-STUDIJE/OAS-4-
1/11%20GODINA/PREDMETI/203-
ELEKTROTEHNIKA/ET%20-%20Literatura/ELEKTROMAGNETIZAM.pdf (in
Serbian) [Accessed: 20 October 2022].

Prodanovi¢, G. 2006. Matematical analysis of geomagnetic field.
Vojnotehnicki glasnik/Military Technical Courier, 54(1), pp. 88-96 (in Serbian).
Available at: https://doi.org/10.5937/vojtehg0601088P.

AnbTepHaTUBHaga TeopeTndeckaa Moaenb 3MeKTPOMarHMTHOro nons
3emnu, oCHoBaHHas Ha rmnoTesax o ABYXKOMMOHEHTHOM norne
Cno6odaH H. bennug, HeHad A. Mapkosu4®

aMpuwTnHCcKMM yHuBepcuTeT B . KocoBcka MuTtpoBuua,
dakynbTeT TeXHUYeckux Hayk, r. Kocoscka Mutposuua, Pecnybnvka Cepbus

6 Kocoscko-MeToxuuiickas akagemusi npodeccroHarbHbIX UCCea0BaHuil,
oTaeneHne Ypowesay — Jlenocasuy, Pecnybnuka Cepbus, koppecnoHaeHT

PYBPUKA TPHTW: 37.15.00 N'eomarHeTam 1 BbiCOKME criomn atMmocdepsbl
B[O CTATbW: opurnHansHasa Hay4yHasi ctaTbs
Pestome:

Beedenue/uyenb: B 0OaHHOU cmambe ornucaHa arnbmepHamueHasi
meopemuyeckasi Molerib OM nonsi 3emnu, ocHo8aHHast Ha 2uromesax o
dgyxkomrnoHeHmHocmu. Cmambsi COCmoum U3 HEeCKOJIbKUX 4Yacmel, 8
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00HOU U3 Komopsbix npedcmaesneHa MoOerb, rokasbigarolasi epalieHue
MazHumonpoegodsiwell cgepbl ¢ HamazHU4YeHHocmbo M 80 eHewHem
MasHumHOM nosnie. B nocnedneli 4yacmu cmambu npedcmasneHbl
meopemuyeckue modesnu pacyema COCMasssiouUX
37IEKMPOMAagHUMHO20 101151 3/1eKMPOrpPo8odsiuiuUx, OUINEKMPUYECKUX U
MazHUmonpoeodsawux cgep, Komopble rodgepaaromcsi 8030elicmauro
10CMOPOHHE20 3/1EKMPOMAazHUMHOZ0 r10JIS1.

Memodbl: B cmamee aHanumu4eckum MemoOom Obiniu uccrie0o8aHhb!
OMKJIIUKU 371eKmMponpoeodsLuX, OuaneKmpu4ecKux u
Ma2HUMOorpo8oosaLUX copep Ha so3delicmesue 8HeWHUX
aNeKmpoMazHUMHbIX rnosned.

Pesynbmamai: [MonyyeHHbIe peweHUsi 8 sude aHanumu4eckux ¢hopmyii
6ydym npumeHsiImbCcsl 8 uccriedosaHusix eosdeticmeust OM nons ConHua
Ha nnaHemsbl U 0CObeHHO Ha 3emrio.

BbigoObi:  [lonydeHHble  QOpMynbl  HanpspKeHHocmu U UHOYKuUU
37IEKMPUYECKO20 U Maz2HUMHO20 Mosnel U UX PeweHUsi npuMeHUMbl K
3/16KMPOrpPO8OOHbIM,  OUINIEKMPUHECKUM U Mas2HUMmornposoosauum
cghepam, a o cpasHeHUHo C U3BECMHbBIMU (hOpMyiaMu OHU OMIu4atomesi
rnpocmomol u bosbuwell MOYHOCMbIO.

Kniouesble  crnosa:  meopusi, Modesnb,  371IeKMpoMaz2Hemu3m,
KOMIMOHeHMbI, cghephbi, spawieHue, MazHUMmHoe rorie.

AnTepHaTMBHU Teopujckn mogen 3emrbmnHor EM nosrba 3acHoBaH Ha
Xurnotesama o ABe KOMMOHEHTe nosba

Cno6odaH H. Bjenuh?, Henad A. Mapkosuh®
a¥YHuBepanteT y MNpuwtnHn — Kocoscka Mutposuua,
dakynTeT TexHU4knx Hayka, KocoBcka MuTposuua, Penybnuvka Cpbuja

6 AkafiemMmja CTPYKOBHUX CTyOmja KOCOBCKO MeToxujcka, Opacek Ypoluesal, —
Jlenocasuh, Penybnuka Cpbuja, ayTop 3a npenucky

OBJIACT: Teopujcka eneKkTpoTEXHMKA, eNneKkTpoMarHeTuka
KATETOPWJA (TWIM) UNAHKA: opyruHanHm Hay4yHu pag

Caxemak:

Yeod/yurs: Y pady je onucaH anmepHamueHU meopujcku modern EM riorba
3emrbe 3acHogaH Ha xurome3ama o dge KOMroHeHme. Y jeOHom derny
pada wmoden rpukasyje pomauujy MasHemHo npogodHe cghepe
MasHemu3auuje My cmpaHoM Maz2HemHoM rosby. Y nocriedsem Oeny
OecbuHucaHU Ccy meopujcku Molenu 3a popavyyH KOMIMOHEHMU
efleKmpomMazHemHo2 Mosba e/IeKMPUYHO MPOBOOHe, OuerieKmpuyHe u
MagHemHO rpoeodHe cghepe Koje Cy U3JIOXeHe ymuuyajuma cmpaHoe
erieKmpomMazHemHoe rnosba.
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Memode: Ananumudkum Memodama ucmpaxueaHu Ccy 003usu
€/1eKmMpPUYHO NPo8oOHe, OUeIeKMPUYHE U MagHemHOo rposodHe cghepe Ha
ymuuaje criorbHUX EM norba.

Pesynmamu: [obujeHa pewera y 0bruKy aHanumu4dkux gpopmyrna buhe
rpumerbeHa 3a ucmpaxusare ymuuaja EM norsa CyHuya Ha rinaHeme u
rnocebHo Ha 3emsby.

Sakrbyyak. [JobujeHe chopmyrne jaduHe u UHOYKUUje erneKkmpu4Hoz U
MazHemHo2 rfosba U HUXoea pewera Mo2y ce MpUMEHUmU Ha
€/1EKMPUYHO MPOBOOHY, OUEIEKMPUYHY U Ma2HEMHO rPo8odHY cehepy U,
y 00HOCy Ha no3Hame ¢hopmyre, jeOHocmasHe cy U madHuje.

KrbyuHe pedu: meopuja, moders, efiekmpomazHemu3sam, KOMIOHeEHMe,
cgepe, pomayuja, MagHemHo rnosbe.
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