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Abstract

Introduction/purpose: The paper describes a more advanced theoretical model of the Earth's EM field based on two-
component hypotheses. A defined mathematical model that shows the rotation of the magnetically conducting sphere of the
magnetization M in a foreign magnetic field and the components of the magnetic field that may arise due to the rotation of the
Earth around its axis. According to the established model, in relation to the reference values of the planet Earth, the values of the
components of the other planets in the solar system were calculated and the results were tabulated.

Methods: The solution to the problem highlighted in the title of the paper was determined using the combined, for that
purpose, formalized methods of physics and mathematical analysis, in order to develop a new, more advanced mathematical
model. For this purpose, the method of analogy was used, related to the application of similar structural forms and systems for
researching electromagnetic processes and planetary rotation. The method of analogy was applied for two interrelated reasons.
The first one is that all values that characterize the function of any natural system are subject to change, and the second one is
that the applied solutions do not determine the conditions of the structure's function in each specific case.

Results: The solutions in the form of original analytical formulas and numerical values arranged in Table 2, referring to the
influence of the rotation of the planets and especially the Earth, will be applied to rescarch the effects of the EM field emitted by
the Sun towards the planets, especially the role that the process plays in protecting the planet Earth. The results given in Table 2
are particularly important.

Conclusion: The paper discusses the appearance and effect of the Earth's EM field in a way that is understandable at the current
level of scientific development. Scientific findings in science and measurements in geo- and astrophysics indicate the Sun as a
possible source of the EM field that extends through interplanetary space and the component of the Earth's magnetic field is
only a response to the influence of that source. Natural phenomena and processes on the Earth can be defined in system theory
by a model that contains changes in the parameters of the state of the planet.

Keywords: advanced model, theory, planets, rotation, magnetism, magnetic field.
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Pesrome

Bseacnue/nieab: B AaHHOM craTbe OMMCHIBACTCS MPOIPECCUBHAS TCOPETHYCCKAS MOACAb IACKTPOMATHUTHOTO IOASL 3EMAH,
OCHOBaHHasI Ha ABYXKOMITOHCHTHBIX THIIOTE3aX. B cTaThe ONpeAcACHBI MAaTEMaTHYECKast MOACAB, NTOKa3bIBAIOIAs BpalcHHE
MarHuTOC)epbl M B 4y)kOM MarHUTHOM IIOAC M KOMIIOHEHTHI MarHUTHOTO IOASI, KOTOPBIC MOTYT BOSHHKHYTb BCACACTBHE
BpaleHust 3eMAU BOKPYT cBoeil ocH. 110 ycTaHOBACHHOM MOACAHM 11O OTHOLICHHIO K 3TAAOHHBIM 3HAYCHUAM IAQHETHl 3eMASL
OBIAM PacCYMTAHBI 3HAYCHUS KOMIIOHEHTOB APYTUX NaaHerT COAHEYHOH cHCTeMbl. Pe3yAbTaThl pacdeTOB MPEACTABACHBL B BHAC
TabAMIIL.

Metopbr: Pemenne npo6aembl, 0603HaICHHOE B 3aTOAOBKE CTAaTbH, HAHACHO C MOMOIIBI0 KOMOMHHPOBAHHBIX AASL 9TOH LIEAH
(POpPMaAHBOBaHHBIX METOAOB (HBHYECKOTO M MaTEMaTHYCCKOTO aHAAM3A C LIEABIO paspabOTKH HOBOI, NPOTPEcCHBHON
MaTEMaTHIECKOH MOACAH. AASL 3TOTO HCIIOAB3OBAACS METOA AHAAOTHHM, CBASAHHBIH C NPHMCHEHHEM CXOAHBIX CTPYKTYpHBIX
(OpM M CHCTEM AAS HCCACAOBAHHS IACKTPOMArHUTHBIX POLICCCOB H BPAICHHSA AAHET. MeToA aHaAOTHH PUMEHSIACS IO ABYM
B3aUMOCBS3AHHBIM TNpHYMHaM. |lepBas BaKAIOYAeTCs B TOM, YTO BCE BEAMYHHBI, XapaKTepUsyloIHe (YHKLHIO A0GOH
CCTECTBEHHOM CHCTEMBI, OABEPKCHBI H3MCHCHHIO, 3 BTOpPas — B TOM, YTO IIPHMEHSACMbIC PEUICHUS HE OTPEACATIOT YCAOBHS
(QYHKIHOHHPOBAHHS CTPYKTYPBI AASL KKAOTO OTACABHOTO CAYYas.

PesyabTarhl: PelncHHs B BHAC OPUTMHAABHBIX aHAAUTHYECKHX (POPMYA M MHOTOYHCACHHBIX 3HAYCHHIL, YHOPIAOUCHHBIX B
Tabaune 2, OTHOCAIMXCS K BAMSAHHIO BPAICHHS IAQHET, B 9acTHOCTH 3€MAM, OYAYT NPHMCHEHBI AAS HCCACAOBAHHS
BOBACHCTBHS 9ACKTPOMATHUTHOTO MOASL, U3Ay4aeMoro COAHIIEM 10 OTHOWICHHIO K APYTHM IIAQHETaM. JTO 0cOGCHHO BOKHO B
H3YYCHHH POAH, KOTOPYIO 3TOT IIPOLIECC UIPACT B 3alIUTe MAaHeThl 3eMast. B Tabanne 2 mpuBeaeHsI 0c060 BasKHBIC PE3YABTATHL.
BoiBoabl: B cratbe 06Cy’KAQIOTCS BOSHHKHOBEHHE M BAHMSHHE IACKTPOMATHUTHOTO MOAS 3E€MAH B AOCTYIHOH (popMe AAS
IIOHNMaHMs Ha COBPEMCHHOM YPOBHE PasBUTHs HayKH. HaydHble HCCACAOBAHHA M M3MEPCHHS B reodusuKe M acTpoPH3HKe
ykasbiBator Ha CoAHIIE KaK Ha BOSMOXKHBII HCTOYHHNK DM IOASL, pacpoCTpaHIOIHIICA Yepes MEKIIAQHETHOE IIPOCTPAHCTBO, a
COCTABASIIONIAS MATHUTHOTO MOASL 3€MAH SIBASCTCSL AMIIb OTKAHKOM Ha BAHMSHHE 9TOTO HCTOMHHUKA. | [pHpOAHDIC SBACHUS M
Tporecchl Ha 3eMAE MOTYT GBITh HPEACTABACHBI B TECOPUM CHCTEM MOAEABIO, COACPIKALIEH H3MCHEHHUS TAPAMETPOB COCTOSTHHS
[IAQHETHI.

KaroueBbie caoBa: YCOBEPLIEHCTBOBAHHASI MOAEAD, TEOPH S, TAAHETHI, BPALIIEHUE, MATHETU3M, MATHUTHOE TTOAE.

Abstract

YBoa/mum: Y paay je omucan HanpepAHuju Teopujcku Moaea EM moma 3eMme 3acHOBAH Ha XHIIOTE3aMa O ABE KOMITOHCHTC.
AceduHucan je MareMaTHYKH MOACA KOjU IPHKA3yje POTALMjy MAarHETHOIIPOBOAHE cdepe MarHerusauuje M y crpanom
MAarHEeTHOM IIOSY M KOMIIOHEHTE MArHETHOI IMOAA KOje MOIY HAcTaTH ycAeh poranuje 3eMae oko cBoje oce. Ilpema
YCIOCTABASCHOM MOACAY, Y OAHOCY Ha pedepPEeHTHE BPEAHOCTH IIAAHETE 3EMse H3PAUYHATE Cy BPEAHOCTH KOMIIOHEHTH OCTAAHX
naarera y CyHIeBOM CHCTEMY, 2 PESYATATH CY IPHKA3aHU TabeAapHO.

Meroae: Pemmeme npobaema, aedpuHICaHO y HACAOBY paaa, oapehero je momohy komM6uHOBaHMX, 32 Ty HaMEHY POPMAAHBOBAHUX
MeToAa PUBHKE U MATEMATHUYKE AHAAU3E, 4 PAAU Pa3BOja HOBOT HAIIPEAHU]Er MATEMATHYKOT MOAEAA. Y Ty cBpXy KopuuheH je n
METOA AHAAOTHjE KOjH CE OAHOCHO Ha MPUMEHY CAUYHHX CTPYKTYPHHX POPMU U CHCTEMA 33 UCTPAKUBAME €ACKTPOMArHETHHX
npoueca U poraiuje maaHera. Meroaa aHasoruje mpuMemeHa je 360r ABa ysajaMHO ImoBesaHa pasaora. IIpsu je pa cy cBe
BPCAHOCTH KOje KapakTepuily $yHKLHUjy GHAO KOT IPUPOAHOI CHCTEMA MOAAOKHE IPOMEHAMa, & APYTH Ad IPUMCHHBaHA
pewena He oapelyyjy ycaoBe PyHKIHjE CTPYKTYpE y CBAKOM KOHKPETHOM CAYYajy.

Pesyararn: Pemera y BUAY OPUIMHAAHHMX aHAAUTHYKHX QopMyAsa u GpoOjHE BPEAHOCTH HaBeAeHE y Tabean 2, pedepeHTHE y
OAHOCY Ha YTHLQj poTanuje maaHera a nocebxo 3emme, 6uhe npumermena 3a ucrpaxusame yruiaja epexara EM nosa koje
emuryje CyHle mpeMa MmaaHeTaMa HApOYUTO 32 YAOTY KOjy IPOLieC MMa 3a 3awTuty 3eMae. [TocebHO cy BaxHH pesyATaTn
npukasanu y rabeau 2.

3akmyyak: Y papy cy pasmoTpenu mojaBa u acjcrBo EM moma 3eMme Ha HAYHH PasyMAUB CaAALIBEM HHUBOY PasdBOja Hayke.
Hayuna casnama u Mepena y reopusnuu u acrpodusunu Harosemrasajy Aa je Cynne moryhu nssop EM nosa xoje ce npoctupe
KPO3 MHTEPIIAAHETAPHHU IIPOCTOP, 4 Ad je KOMIIOHEHTA MATHETHOT II0Aa 3EMsE CAMO OA3MB Ha yTHIAj TOr usBopa. Ilpupoanu
peHOMEeHH U IpoliecH Ha 3eMAU MOTY ce ACQUHMCATH Y TCOPHjU CUCTEMA MOACAOM KOjH CAAP>KM ITPOMEHE ITapaMeTapa CTamba Ha
MAQHETH.

Keywords: HANPEAHHU)U MOAEA, TEOPH]ja, IIAAHETE, POTALHja, MATHETU3aM, MATHETHO MOAE.
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Introduction

The division of the Earth's EM field into electric and magnetic field components is relative. Electrostatic
loads create a component of electric field strength and in the vicinity of immobile charge carriers there is
only an electric field component while a moving carrier creates a magnetic field component (Bjeli¢ &
Markovi¢, 2023). The Earth's magnetic field protects life on the Earth from cosmic particles, and a
weakening of the field reduces the 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 core (according to the
accepted dynamo theory) (Jacobs, 1987).

Nikola Tesla was the first to realize that the Earth is a good electrical conductor and that the upper
layers of the atmosphere have an important role because, according to the measurements, they contain a
stable conduction line. Based on Tesla's postulate, EM processes inside the Earth and in its outer layers can
be viewed through influence as:

- an electrostatic system with a solid sphere and outer layers carrying charges,

- an elementary electrostatic dipole that creates the electric and magnetic components of the EM field,

- an elementary magnetic dipole that creates the electric and magnetic components of the EM field,

- an elementary resonator of the electric component of the EM field, as suggested by Tesla, and

- a planet that rotates under the action of the forces created by the electric and magnetic field
components.

A more advanced model of a dielectric sphere in a foreign homogeneous electric

field

To obtain a more advanced model of the dielectric sphere in a foreign homogeneous electric field, the
starting relation for the potential is important:

(}G“; :&-FCZI +(CEIF+C4jff2)CUSH:
r

C
Pp = —2 +Cpg + (C3Er +Cye / rz)cusa :
r (2)
The potential @(r) forr> OO is ¢ =90 +Eorcosa. After substitution, we get: Cze =9 Cao =Eo.
For a point charge, the electric field £=q/4mr* depends on (r):

C
0 =—[Edr =—1— =~
dmege,r I 5
By analogy, C|. / r is a component of the total charge of the sphere. For the total charge of the sphere q

= Q =0 in relation ?, to this constant is equal to Cj. = 0. After that, the constant is determined Cy:

2
qasz.:;a[,+(EDr+C4Efr )CDS(I. @

The potential of all points in a spherical dielectric ¢; is a finite value valid only for Cj; = 0 and C4; =0
(if the Cy; = 0 component were in the center of the sphere it would be (Cy; / r) » OQ. Cy; with sufficient
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accuracy to determine the potential in the field of the outer domain Cj. is Cy; = Cy = @ . Inside the
dielectric is: @ = @g + Cgir cosa,

The constants C4e and Cs; are determined from the boundary conditions. From the equations for ¢, ,
@; for r=R; which the condition equivalent to the condition E;; = E,,, follows: C3;R; = EgR] + C4 / R{%,
C4=-EoR{>.

C4; and Cg; follow from the equality of the normal components of the induction: Dy, = Dy, and Ej; =
E.. at the limit:

_g |22 =— %] &(Cy; _ s, E, —2Cae
E[ ar} R4 gﬂ( or r=R1‘ :{ 3F)F=R1 L R‘? ‘

r=R4
(5)
3¢, 3 €j
C3,- :En , C4: — Y4e :R1E ,
Ee + & E.+ &
(6)
3&e — &
&Ey =g.Ep| 1- 2 be "4
255 + & 25& + &
(7)
The potential in the dielectric from z = r cosQ¥ is:
3&g 3&
QP =@o+Egf ——cosa=qy+Ey——2>—12.
2c. + & 26, + &
e 1 (g)
The strength of the electric field in the dielectric is:
0P 3,
E,=-% __g _3%
0z 2e, + & )

The strength of the electric field E has the direction of the z axis, does not depend on the coordinate and
the field is homogeneous. The potential outside the dielectric is:

Ean — &
. = 0o + E r+#(Rf,f’r2) cosa .
26, + &
(10)
For the chosen spherical coordinate system, the components of the electric field strength outside the

dielectric are:

Eo=-"P —E)|1- %% (5R3 //3)|cosa.
or 28, + & (1)
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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. The obtained formulas for the sphere are calculated in relation to
the parameter (X .

On the surface of the sphere for r=Ry is:

Ea — &
ER1E :ED 1—2# CoOsSa ,
20 + &
18 R} c.—¢ | .
E,.=—2_E |1+ - ——|sina.
r ca r° 2g, + &
(12)
Table 1
Electric field strengths on the sphere
a =0, Field Equator « = a0° 1 a=1807 | Field strength,
strength, N pole Field strength S pole

e - r e
ERte =Eﬂf1-2 ‘e % ||E, =0|Epie =0 EHE=ED(1+ “e %I ||Egig =-Eo|1-2-2—L ||E, =0
. 2egts | 2egté | 2eetg

Tabaunna 1 — HanpspkeHHOCTb 9ACKTPHIECKOTO MOAS B cdepe
Tabeaa 1 — Jadune eaexrpudHor nosa y chepu

The components E, at all points on the sphere are greater than the external field components, and the

lines D start from free charges, break at the boundary surface and pass through the sphere without
interruption. The resulting field is homogeneous, but the field is also affected by the polarization of the
bound charges in the dielectric (Pordevi¢ & Oléan 2012).

E,' :E[].—Em. (13)

The potential in the sphere is determined from the component of the foreign field in the sphere Ey(z)
for r < Ry, E; =-8¢. /éz, and the potential of the bound charges if ¢?; = 0. For z = 0 and z = rcosQl we get:

¢i =—(Eqg —E, )rcosa. »

The component — EgrcosQ i's created by the external field and E.rcosa is created by the bound charges

in the sphere. Part of the potential from the moment of polarization, equivalent to a polarized sphere is

2 DE0SE
4z e

The sum of that part and the potential created under the influence of the external field @i = e + 09 is:

pcosa
Pe =—Eprcosa+ ——-.

4 o1
(15)
The boundary conditions r < R for strengths E. and inductions D, outside the sphere are:
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E _E _18';03 _ _15&9‘;
it et r oo | r oa ’
r=Ry r=R4 (16)
. sin o .
—Eysina+P% _ (E,-E,)sina.
Az R3 ¢
e’ 1 (17)
From the equation &% -s[-*¥ e and &--s(-F it is:
E__ P
Y 4w RE
Itis also for r < Ry,Dj, = D, that is for r=R;:
0P _ op;
lf-‘e - - - gj’ - 7
oo r=Ry oa r=Ry
COS
EEE{} Eﬂ5ﬂ+p—3 = E;'(Eﬂ —Em)CﬂSEI.
ZHH‘]
(19)
It follows from equation (18):
E,+2¢.E, =&E,—&E ti " %e
Eebq +2¢6¢E,, = €iEq — giE,, E,, :—ZEU-
The vector of the polarization moment of the sphere is:
& — &
p =4z RE, =4m Ry *—;ED.
£ +2¢, oD

If the surface load density /7 is uniformly distributed on the surface of the sphere, it is equal to the
normal component of the polarization moment of the sphere 7 =Pn =Pcosa, where:

4 Ej—&
_P _ pf[—m?? _3g, G "% £ _3c Ew.
A model of an electrically conducting sphere in a foreign homogeneous field

At all points of the plane x0y passing through the center, the conductive and electrostatic unloaded
sphere has the same potential #?(# 0. At a distance z = r cos from the sphere that is very small q = 0
according to the radius R} = Ry, it is considered that the sphere has no influence on the EM field (if the
total load on the sphere is q = 0, the influence of the sphere exists if the point load appears as the sum of

the free charges on the sphere Q # 0).
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The potential ¢ at a distance r is:

Q

=———+@ +Eprcosa.
? 4 r o 0
(23)

The first member on the right side is the response of the sphere loaded with Q # 0, and the increase in
potential is Egrcos® due to the influence of the foreign field on the right side z = rcos@ (forr> OO the
potential is ¢). The solution of the equation ¢-¢+s"=(c//r)+C,+(exr+(ei/rfeosa is suitable for points infinitely far
from the sphere and can be substituted into the equation for the potential (1) and (2), and then there is a
unique solution with 4 constants. After substitution, the constants are:

C-I:Q}(d-i'f*ﬂa,CEZ(QG,C3:ED,C4. (24)
C4 cannot be determined by substitution, because in the equations for the potential (1) and (2) there is
no component inversely proportional to 2, and therefore it is determined from the condition that all

points on the boundary surface r=R| of the sphere have the same potential.
Tangential components at the boundary must be equal to zero. Ej = E.; = 0. Then it is:

Q
@ = const. = yr—-y + @ + [E,:,Fq + (C4 fRf)]cusa.

TE g4 (25)
When changing the angle 0, the right side of the equation is constant if:

(EoR, +C4 / RZ)=0,
(26)
where: ¢, =—£,R3.
Therefore, at all points of the dielectric surrounding the conducting sphere, the potential is equal:

3
@=L+mg +Ep| R _Ri COSc .
4 r r? -

For a spherical coordinate system, the two components of the field strength follow from the equations:

amE 1%&- 1649

or “ r oa rsina op (28)
E=-22__2 _Elr+[rR}/r*)cosa,
or 4?Ear (29)

E, =% _gl-(R3/r3)sina.
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For Q = 0 on the surface r=R| is E; = =3E(cosQ . The field strength is for & = 0, Eg; = —=3E(, EQ =

0, =180°, Eg; = —3E(, EQX = 0. The E, components at points on the sphere are three times larger
than the components of the foreign field.

At the equator for X = 90° and Eg; = 0 is:

3 3 \as
E,=E-R}/R)sina=0.

A magnetically conducting sphere in a foreign magnetically homogeneous field

To determine the solution for a magnetic sphere of a radius Ry in a foreign magnetic field, with given
constants inside #; and outside /. the sphere and boundary conditions, solutions for a dielectric sphere
with dielectric constants in a foreign electrostatic field are also used (Dziewonski & Anderson, 1981). In a
system of stationary charges and an environment where electrical conductivity is zero, the electrostatic
field is a special case of stationary:

a) rotE =0 , b) divD = Peonv.» ©) D=&5E . (32)

For rotf =0, the electrostatic field is vortex-free. It rotf = rotgradp=0 follows E=-grade. So the field is potential
because it represents the gradient of the potential function and the sign (-) indicates that the £ direction is
from a point of greater to a point of lesser potential. If the conduction current density is zero, the magnetic

field is:

a) rot =0,b) avB=0,c) B=uH. (33)

The following equations of magnetostatics are identical to the equations of electrostatics in the areas
with P ony = 0, that is rotH =0, rotE =0 and are equivalent to the equations H=-grede, and E =-gradp.

Boundary conditions on the surface of the magnetic sphere in a foreign magnetic field refer to the
equality of the normal components of the magnetic induction and the tangential components of the
magnetic field strength in both environments, outside the sphere and inside the sphere (index i for internal
space and e for external space).

For a dielectric sphere in a foreign uniform electric field, the boundary condition on the surface is:

D:'n - Den , E;'r - Eer ; Bm - Een ; H;‘t - Het . (34)

In the analysis of the influence of the external field H, on the magnetically conducting sphere, the methods
of electrostatics E«»H, Do B, P uM are used. Polarization P = dp / dV corresponds to the product of the
magnetization M = dm / dV and the constant #(. A dielectric sphere in a foreign electric field is polarized
as a homogeneous medium, and the same thing happens with a conducting magnetic sphere #, > H(in a
foreign magnetic field. The strength HA) of the demagnetization magnetic field in the sphere and the
direction opposite to the direction of the foreign field defines the magnetization of the sphere. The
equation analogous to the field strength E of the dielectric sphere is the magnetic field strength of the
magnetization of the magnetoconducting sphere:

& — & | H—H
Ea.r: l € ED= Hru: 0 .
£ +2&4 21y + 1
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Outside the sphere, the component created by the magnetization of the sphere appears as an elementary
current field in the center of the sphere, and the magnetic moment m is the sum of the magnetic moments
of all elementary currents in the domain. The magnetization of the magnetic field in the sphere is obtained
similarly to the polarization moment in the dielectric from equation (31):

p=4m RE, -4z R ‘e F,
& + 26,

3 3
& pgHpy = 47RY 1 H,, = 47R3 u, H1— e E,
M + 2 He G6)

The product of the magnetization and the constant H,. are equal to the magnetic moment of the sphere:

am _ uem Hi — He
av  (4/3)R} T i +2ue ) -

The strength of the magnetic field in the sphere is the difference between the strength of the external
Hj and the field due to the magnetization HQ) and the induction:

HeM = Lig

H=Hy—H, =—Ye_Hqy, B, = ueHo,

+ 2
ﬁf #E' (38)
31, Ho— 3y B
200 0 w+2u, ©
Hi T 2 lg Hi +£ig (39)
If #; > OO, A,=H, then A=0, B = 3B. In addition to the speed of light ¢, in the analysis of EM

processes in stationary and/or moving environments, the parameters of those environments are also used.

B:ﬂ;H:ﬁf

Basic EM states of the body at rest and in motion (rotation)

In the analysis of the state, one stationary (system 0) is used with a coordinate origin at the point 0, with
coordinates in the Cartesian system x, y, z and a time coordinate t and another system connected to a
moving medium in relation to the previous one with the a coordinate origin at the point 0; and new
coordinates in the Cartesian system x , y1, z] and the time coordinate t .

If during the time t = 0 both coordinate systems coincide and the velocity of the medium in the
direction of the axis x is v(y) # 0 according to the theory of relativity, the Lorentz transformation that
connects the space coordinates of both systems and the time t is:

(40)

At some point, the stationary carrier with respect to the system 0 has a field strength E and a magnetic
induction B. The field strength E is the force acting on a unit static load q in the 0 coordinate system, and
the magnetic induction B means the force acting on a unit current element at rest in the stationary 0
system:
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E:FEX+IEF+EE;_, é=F5x+}By+EBZ' (41)

The strength of the electric field E; and the magnetic induction B that the carrier would have without
moving in relation to the system with the beginning 01 (the system moving at a speed v # 0) E; represent:

the effect of the force acting on a stationary unit load q in the system of coordinates with the beginning at
01, and By, the effect of the force on the unit element of the current that is at rest in a moving environment

(a moving coordinate system with the beginning 01 ):

Ey=iExi+JEy+KEz1, By =iByx + jBys +kBy. (42)

When moving from Maxwell's equations for a stationary medium to the equations of a moving medium,
the derivatives 8(x.y,z)/ét (coordinate t) and a(x,.y1.2:)/ 2 (coordinate t;) are determined according to
equation (40) (Petkovi¢, 2016):

0 ¢ Vv &\ 0O o 0
— = v

. .

oy, oy o0z oz 1_ ﬁE
(43)

By developing the operation rot and joining the terms with the same rots in the first Maxwell's equation,

rotH = Joong + D/ 2t it follows that roth, = Jn, +20; /2t . The projections of the vectors onto the coordinates in both

systems are:

l‘:"1 = FHH +}Hy1 +EH21 , Hy1=Hy,
Hy, =alH, +vD,), Hyy =alH, —vD, ),

(44)

J‘l =FJX1 + }Jﬂ +EJ21= Jy1= l‘5‘7(‘-’{}{ —Vp), Jy=J;,

l"-:-')1 = FDJH + jDﬂ + EDzh Dy1 =Dy, Dy =Dy,

D,, =a|D, ~H,lv/c?)|, D, =alD, +H, v/ c?),

A similar transformation of the second Maxwell's equation yields:
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rotE = -éB/ ot rotE, =-0B, / ot ,

(47)

E_1 = FTEn + }Ew + EE:—:M Evi=ExEy = ‘I(Ey _"’Bz)r
E, =alE, +\B,),

(48)
— -+ = == v
B1 = IBX'I + J'Bj-"l + kBZ1 ’ Bx1 :BXB_V‘I = Q(By +C_2E2J:
Vv
B, = a[sz ——ZUE},].
¢ (49)

The third and fourth Maxwell's equations in the coordinate system 07 have the forms:

divD; = py, divB; =0,

and the volume charge density is:

pr=alp—(v/c?),]. 51

In the system 01, differentiation is performed by xj, z1, y;. For a stationary medium, the conditions of

(50)

continuity of the tangential components of strength are fulfilled: E;; and H,; and continuity of the normal

components D1 and B, | in the system:
01 IS M-1 251/1[10 —H1, PI =D‘1 —EDE1,
Ois: M=B/ yy~H, P=D—g,E.
(53)
M, M| the magnetizations of the medium are the dielectric polarizations P, Py, in the systems 0 and 0;:

My =iMy + jM, + kM, M =iM, + jM, + kM,

(54)

—r

Py =iPy+ jP, +kP,y, P=iP,+ jP, +kP,. -

Equations (44), (45) and (46) show the dependence of the magnetization projections on the
polarization projections in 0 and 0;:
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My =My, M, =alM, +P,), My, = oM, —\P,), »
v vV
Px1=Px,Py1=EI P},——EPz ,Pz1={I Pz+_2Py
c c (57)

From equations (44) and (45), if there is no magnetic field B = 0 and there is an electric field E # 0,
there is both an electric and a magnetic field in the system 0. It is also clear that even when there is no

electric field in the system 0, E = 0, but there is a magnetic one B # 0, an electric field is created in the
system 07 in addition to the magnetic one.

The current density in the system 0 is produced not only by the conduction current but also by the
volume charge density transfer current component ap-V (convection current density) according to

equation (46):

j1 = FJH + }Jy‘l + EJz‘l I = [I(Jx - Vp), Jy‘1 =Jy, Jz=J;.

58)

According to equation (47), by moving the current( from the system 0 with elementary density ] parallel
to itself in the system 0; on the load carrier in the coordinate system starting at 01 as part of the current
density in the charge density »-:+), a supplementary component appears :*.

From Maxwell's basic equation for EM wave propagation uo(éH/ét)=—2E/ét is:

e X oH-EsH=1 £ E, 2H? - FE B2 g2 -2
ot c\u c2 o2
(59)

Due to the movement of the polarized dielectric at the speed v, equations (56) and (57), additional
magnetization is created in the coordinate system 0, and the movement of the magnetized medium at the
speed v in system 0 appears as additional polarization.

According to equation (59), for the ficlds defined in the stationary system 0 and the mobile system 01,
the following applies:

2 2 I -
E?‘I—B_IEC:E?—EEC, i.e. E1B1 =EB:

2 2

H H . R =

-1 _D%c="—-D%,ie. DH,=DH.

If the speed of movement of the material medium (conductor/ dielectric/ferromagnetic) is low, according

to the speed of light (v/¢f <<1, the Lorentz transformations change to Galilean ones, i.e.x; =x —vt,y; =y,

z1 = z, t] = t. The mathematical relationships between quantities in the systems 0 and 0 are:
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E1=E+[F><§J, Ji=Jd-vp, D, =ﬁ+li%4’, P =p—ci23,
C
Fy- A~ 0, -t <], -2 E]
B-p_lr M
C
(62)

Body rotation corresponds to the position of a still body in space in a moving-rotating field created by
EM sources by rotation in a time-varying or constant magnetic field. The electric and magnetic
components of the field, Figure l.a,b, can be determined from the magnetic potential vector, ie. in
A=Ag, +Ag, +As6, the spherical and A=A, + A6, +A.6; in the Cartesian systems.

For a body rotating a round the z axis, the possible functions are:

f(x,y.z,t),ie. A(x—ut,y,z), H=H,(r,o-t - p).

In plane coordinates, rotation is represented by the time-dependent functions:

H,=H,(r)cosw-t, H, =H,(r)sinw-t.

Figure 1

a) Rotation of the magnetic sphere and the appearance of magnetic vector potential, b) reaction of magnetic and

conducting spheres in a constant magnetic field, ¢) emf due to the rotation of the magnetiec field (Bjeli¢, 2021b)
Puc 1 - a) BpameHne MarauTocepsl 1 BOSHHKHOBEHNE MATHUTHOTO BEKTOPHOTO IIOTEHINAA], b) peakius MarHuTOCHEpHI 1
HPOBOASALICH cPEpPBI B IIOCTOSTHHOM MarHUTHOM ITOAE, c) DAC BcaeacTBue BpaijeHus cpephl B MATHUTHOM ITOAE (Bjelié, 2021b)
Cauxa 1 - a) Poranuja MaraeTHe cdepe 1 110jaBa MarHETHOT BEKTOPCKOT MOTCHIIH]aAa, §) peaKijHja MarHETHE U IPOBOAHE
cdepe y crasHOM MarHeTHOM nosy, 1) EMC ycaea porannje cdepe y maraetHOM nosy (Bjeli¢, 2021b)

There are several solutions for body rotation in the literature (Davilkovski, Fradkin, Smith, etc.). The
EM field in the dielectric layer between the ionosphere and the solid Earth, which rotates together with
them in the magnetic field if the magnetic component of the Earth is a response to the EM field of the Sun,
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is shaped by the parameters in the Earth and the stable parameters of the electrical conductivity of the
ionosphere. The elementary layer-ring of the atmosphere, given its dimensions, is treated as a flat channel

- 0 <x+ OO ofwidth —b < y < +b where the velocity of the dielectric in the foreign field
vlv(y)o.] is 800.8(x)] (Mihajlovi¢, 1993).

In an isotropic dielectric and magnetic medium, the conductivities of the layer é(x) and #(x), Figure 2,
change only in the direction of the axis — OO < x < + OO by €. The field strength in the dielectric
layer rotating in a foreign unknown magnetic field (the Sun) is determined from the Lorentz force of the
field strength & =F/q=E+([¢xB), stationary in relation to the system at the beginning 0; (the system rotates

ataspeed v # 0), while £ is stationary in relation to the system 0. From equation (53) follows:

5 By e} o Bl -

=g, E+(g,—59/ ,ur)[v x H] o
If the dielectric layer of the atmosphere between the ionosphere and the ground surface rotates at a

speed of v. RI 465 m/s, and the speed of light is ¢ = 3 » 108 m/s, v*/¢’ <1, by the principle of
superposition, Figure 2, the vector b is defined by:

5=£a§+(£a—£n/;1r)[\?xéj. »

The field strength is the gradient of the potential function E=-grade, and the induction projections on the
axes x and y are:

Figure 2

Spherical coordinate system and the position of the solid Earth and the ionosphere (Bjeli¢, 2021b)
Puc 2 — Chepuyeckas cucreMa KOOPAMHAT U OAOXKEHHUE TBEPAOH 3EMAU H HOHOCHEPHI (Bjelic’, 2021b)
Cauka 2 — CoepHr KOOPAHMHATHH CHCTEM U HO3HULUjA YBPCTE 3eMAE U joHOCPepe (Bjelic', 2021b)
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Divergence is the ratio of the output vector D of the surface and the volume covered by the surface
according to equation (53):

divD = divi &,E +| &, _% [\}'xé] =0.
Hy (68)

By transforming equation (8) into the operator function of the potential, a more suitable form is
obtained:

oX 5}! X Er Hr | dy

(69)
In a spherical system, the potential gradient is
odp- 10p _ 1
radep = 0+——0ap +
I = o 0 L 5 rsina aﬁﬁ”
Er:_a_@, E, =1C’_‘p, E -_ 1 34?9,
or roa P rsina ép
oV
i =12 (2, )+ — 2 (v, sina)+— 7
ror rsina da rsina op (70)

where %. @. Aare the unit vectors of the spherical coordinate system.
The divergence of the field towards the center of the sphere is:

divr =3, dive(r)-r =3p(r)+re'(r).

Rotation of a magnetic sphere of the magnetization M in a foreign magnetic field

(71)

The model of rotation of a conducting sphere in a magnetic field corresponds to the model of rotation of a
sphere in a time-varying field. An approximate solution will be determined from the adjusted complex
form of the vector potential equation, neglecting wave processes in the domain R<<2z/w:

2 — . -~
The solution of equation (72) has a real and an imaginary component:
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A=A, =B R+ |sina, R=R, =a
e = Spre =550 ? a, R =Rky=4d,
(73)
Aim =Agzim =E{ﬂ—cos§}sina, R<R,=a,
SL ¢
(74)
§=Ry-Js, s=wu o, R=a, {=ay- jour g . -
The integration constants are:
p_ 52 2w +1)(sing —£cosE) -2 sing
(1 —1)(sin & - £cos &)+ &2 sin & .
2
c =B 3 (1+E].
2 siné—£cosél @d -
For an out-of-sphere domain R > a they are:
D 1D ..
Br =By| 1+ — |cosa, B, =-By|1-—— |sinc .
R BU[ RB) a ﬂ[ 2 RSJ a o

In the outer domain, the field is similar to the field of a homogeneously magnetized sphere, or a sphere
that is introduced into a homogencous variable field without eddy currents. At equivalent magnetic
permeability is:

tgs-¢&
Etgs-(tgs-¢)

By expanding the tangent in a degree order with the limitation to only two terms of the order (allowed

Here = Hyre = JHr e = 21,

for frequencies), we get:
Low frequency o <1/ p, uyo a2, Hr e = Hy (1 — 010w, oo »az),
High frequencies [tg&| =1, sy e =2u, / @\ jou, g -

(80)
The magnetization M of a stationary sphere, #/# =#- in a constant field Ho is determined from equation

(37):
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M — He iy —1
LM =3 p ——=-Hy, M =3u, ——H,.
© eﬁi+2ﬂe 0 Eaur+2 ° (81)

With a shift #. = #rre in the harmonic field, equation (37), m is equal to:

P =V = 2 a2 = ama2fy Hee =) _fiks—k,
3 Hr e +

R=dma?tere =1,
#r."E'+2 (82)

where K is the modulus m for Ho =80/ 10, k (phase attitude) of the moment with respect to the external field
Ho.

Electromotive force (emf) can be generated by induction during the rotation of a conductive sphere
with a magnetization vector M = Mz of the radius a and the angular velocity () around the z axis in an
external magnetic field of induction By. Maxwell formulated the emf € =—d¢/dt of induction where ¢ is
covered by a contour for which the direction of the circuit is the same as the direction of the emfe > 0
according to the positive direction of the flux ¢ > 0 in the system where the work W performed is
conditioned by the effect of non-Coulomb forces f for the transfer of a unit charge q, e = W/ q. The work
during the transfer of a unit charge achieved by the effect of non-Coulomb forces of EM induction is the
integral £"=f/q of the field strength along a closed contour /:

e= i gindgy -~ 9 js BdS.
- dt (53)
In Faraday's equation, e = —=dN / dt, N is the number of magnetic lines intersected by the contour and one
line corresponds to the unit flux. For some orientation of the flux line cutting speed (or B), the emf on the
part di of the contour I is de={¢x87. Maxwell's and Faraday's formulas are equivalent - the general
Maxwell's equation.
The gradient vanishes on closed-loop integration. If part of the contour is determined by the line ab emf
induced in it is:

e={(-Vp-oAsot+vxBli, e=[(-0Asot+VxBYi.

84)
Due to the symmetry of the sphere towards the plane of the equator, Figure l.c, from the point

(

corresponding to the position of the N pole, & | = 0 where one hole is at the position of the equator and
the other hole is at X, = TU / 2, emf is determined between the circles at those corners. For

o4/ ot = A/t =0 remains only the component VxB=aaBge,, d! =-adae, where:

Ez_a_@Ezi%E S 1 op
" oar’ % réa’ P rsinadpf’

(85)
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. 3 oV
divV = 1£(,*'2"'.fr)+ 1 (V, sina)+———L
ror rsina da rsina o -
e—f(ﬁxé}:ﬁ’— “ | asina-Bg(-ada)]
B " dap=x/2 R ' (87)

ForR< aitisB=B,=2H;M/3.For R =ayou get:

Br =B, =2uyM(cos«)/ 3.

(88)
The induced emf is:

e =(w-a%24M /3)["? sincos a - da = (wa? oM / 3)(1- sin? ).

(89)
Equation (89) shows which quantities determine v B depending on the speed of rotation in space.

Components of the magnetic field that can arise due to the rotation of the planets
and the Earth

During the rotation of an electrostatically neutral body (rotor), higher densities of free charges in the
area can excite the magnetic field in a similar way to be created by the currents flowing through the rotor,
Figure 1.a.

The consequence of the rotation of the body is the creation of a weak magnetic field, and this
phenomenon can be used to explain the appearance of the components of the Earth's magnetic field. If the
number n of free electrons passing through the unit volume of the conductive part, ¢ is the charge of the
clectrons, u the resultant chaotic speed of the electrons due to the effect of the field (thermal effects are
small due to the small number of collisions of oscillating atoms), the current I through the surface s is:

| =Js=dQ/dt =nedV /dt =nesdl/dt =nesv,

(90)

J:fﬁsc::»!=JS=ﬂEVu(“fC)25= (91)

where n is the volume density of free charges, s the cross-section of the rotor body, vj the speed of the
rotor, u the speed of the chaotic movement of free charges, and ¢ the speed of light.

Bio-Savar, Ampere and the law of EM induction were created empirically. It was later concluded that
these laws can be obtained from Coulomb's law, if the corrections derived from the special theory of
relativity (Bjeli¢, 2019), are applied to the charge interaction forces. Already known physical phenomena
can also be considered in two projections and are the result of facts that were not known before. Ampere's
law allows the interaction of a conductor with a current to be determined. If the current elements I;dl; and

lodl; are normal to the radius of the sector, r s Figure 3.b, the forces of interaction between them are equal.

The assumption is that the positive charge elements dl} and dl, are also stationary, while the negative
charge elements have velocities v; and v, corresponding to the currents Iy I and l. The EM force, Figure
3.b, is determined by Coulomb's law with the application of the theory of relativity (Bjeli¢, 2019).
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Figure 3
a) Generation of a magnetic field during rotation, b) EM effect of the current elements 1;dl; and I,dl,, ¢) The

movement of a neutral conductor along its axis at the speed of that chaotic movement vq (Bjeli¢, 2021b)
Puc 3 - a) CospaHue MarHUTHOTO NoAs NpH BpameHuy, b) OM Bosaciicrsre aaementos toxa ljdl; u lrdl, ¢) ABmxenne
HEHTPAABHOTO IIPOBOAHHKA BAOAB CBOCH OCH CO CKOPOCTBIO XAOTHIECKOTO ABIKEHUS V() (Bjclic’, 2021b)
Cauxa 3 — a) CrBapame MarHeTHOT nosa npu poranujn, 6) EM edexar crpyjuux eaemenara l1dl; u ldly, u) xperame

HEYTPaAHOT TPOBOAHHKA AYXK CBOje 0ce 6P3MHOM TOT XaoTHYHOT Kperama v (Bjeli¢, 2021b)

If the requirements of the theory of relativity are taken into account, the forces acting between the
charges of the elements dl; and dl; are:

df =

_ Ho f-ldhi“zdfz

2
dr 5 )
V.V v -1/2
of = dfy 1- Y22 |1 Y2 ||
C Cc
(93)
where the force dfy) is determined by Coulomb's law:
df. = — 1 dQ1dq2
" 4my 2
0 M2 (94)

Index (1) refers to the rate of charging of a positive or negative element dl;, while index (2) refers to the
rate of charging, also of a positive or negative element dl,.

The force acting from the positive charge of the element dl; to the positive charge dl; is:
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2 -1/ 2
+, ,+ +
df,, =dfy| 1- 1122 |[1-| 2 — dfy.
C C
(95)
vi =v, =0, df , =-dfy, 06
2 -1/ 2
Vo
df, =df,|1-| 22 |
C
(97)
~ 2 -1/2
df _ =df 1-{ 22
__ =4dafy CE c
(98)

In equations (95) to (98), the index (+) refers to the action on the element dl} and the index (—) to the
action on the element dl,.

Adding equations (95) to (98) and omitting the index gives:

2
df = —dfy 2|1 22
C C
(99)
By expanding the series in middle brackets, the higher-order line terms v / ¢ of equation (99) become:

2

2
of = —df, 712 |1 [“'—2] I
C

(100)
If in equation (100) the calculation is limited only to the first term of the series (one), then:

V1V2
c?

df = —df, 112

(101)
If it is known that uec? =1, then:

02)

(1

20
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According to equations (92) and (102), the interaction forces of the two current elements are equal.
When deriving Ampere's law from Coulomb's law, corrections according to the theory of relativity must
be taken into account. In equation (100), the higher order terms are discarded because they are very small.

If the v2 relative speed corresponding to the permissible current density, the correction is:

2
1(va) L4072,

21 ¢? (103)

The correction deviates from the measurement, although the laws of Bio-Savar, Ampere and EM
induction do not raise doubts about their accuracy. In the numerical sequence of equation (100), the first
term is the charge rate squared. It is a correction of the force or magnetic field created by the conductor,
which depends on the speed of orderly and chaotic movement of charges whose order of magnitude is
much higher than the speed of orderly movement. A neutral conductor with no current is observed, which
moves along its axis at the speed v(, Figure 3.c.

The assumption is that positive charges are stationary in relation to the conducting part, and negative

charges are in chaotic motion and equally probable in all directions. The average speed v of that chaotic

movement is determined by the Fermi energy and is v =~ 10° m/ s, i.e. significantly exceeds the rate of

charging at the permitted current density. The unprincipled assumption is that: the first half of the
negative charges move in the direction v( and the second half in the opposite direction —vy, Figure 3.a. The
movement of charges creates current. For a stationary conductive body, the current as the sum of all
charges, Figure 3.c, is equal to zero. The result will not change even when the conductive body is moved
because all charges, positive and negative, get the same additional speed Figure 3.a. The situation is
different if the sum of velocities is calculated according to the theory of relativity (Bjeli¢, 2019). The speed
of negative charges is determined in relation to the conductive part, which then represents a moving
coordinate system. For a stationary observer, the charge rates will be equal to:

ositive v, =v,
P + 0- (104)
negative moving in the direction of vy:
Vg +U Vol
- __10 v~ (vo +u)| 1-—2-1,
1+ (vﬂu /c ) c
(105)
negative if it moves opposite to vy:
Vo —Uu Vol
v = 02 1 (v —u)[ 1+ 2% |
1-You c
CE
(106)
The total current of all charges can then be determined:
[=Q-v
Q ! (107)

where Q is the charge per unit length (in contrast to equation (102)) for the conductor.
The current created by positive charge is:

21
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I,=Q-v.

(108)
The currents created by negative charging are:
(1) _ 1 Vou
N = —EQ(VD +u)[1-=2~ 1,
c (109)
(2) _ 1 Vou
1\?) = —EQ(VD —u)| 1+ -2~
c (110)
Adding equations (109) and (110) gives the total current:
I=Q-vy(u/c).
(111)

Q = nes is determined from the volume charge density n and the cross-sectional area of the conductor s .
At the same time, equation (111) takes a form that agrees with equation (91):

2
u
| =nes-vy| —
c (112)

The effect of moving the neutral conductor along the axis is similar to the effect of the current-carrying
conductor. The conductive part can be spaced several times and the current I will not change. It is a
consequence of the chaotic movement of charges, because the speed of movement in equation (112) is
included in the term with the square. An example estimate is the current for an aluminum rotor: n = 1028
1/m3e=16+ 1012C,s=05 » 102mZ%vy=10m/s,u=10m/s,c=3 » 1035m/s,] X 10° A.

From equation (112), the charge density n and the speed of chaotic movement should be known to
estimate the current.

In this example, these values are taken for pure metal. Some impurities can reduce the value n by a
higher order of magnitude. Experimental confirmation of formula (112) requires a preliminary analysis of
the rotor material to determine n and u. However, there is indirect confirmation of currents and fields
generated by cosmic bodies (Bjeli¢, 2021a; Dziewonski & Anderson, 1981). If equation (112) is applied to
analyze the magnetic field of a homogeneous rotating sphere, the total current is:

2
1 nD° (u,

= e
12 T c

The strength of the magnetic field at its poles is approximately:

(113)

H=1/D, .,

and for magnetic induction is:

22
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. \ . 1 nD% (u,) -
B=pgu-H=yyu1/D,ie. B= e Lokl -

12 T c

(115)
Equation (115) can also be obtained from equation (111) 7-e-w(/ef (if ¢ is the electron charge) and
then the relation is derived from equation (112):

2 ' 3
1 (uy 1(!‘“'3 ]:m m m
LI I TR Ll S LU Y LI
12\ ¢ ) o A |““T D D D

16)

where H" is relative magnetic conductivity, m is the mass, D = 2r is the body diameter, T is the period of

(1

rotation around the axis, A is the constant.

In cquation (116), the charge density n is proportional to the mass density n & m/D?, and the
discharge rate depends on the Fermi energy and is included in the constant A. If the formula for the
Earth's magnetic field is written, then it is:

mZ
T.D;

B,-A

(117)
When equation (116) is divided by equation (117) we get:
m
B = ?Bz .
D (118)

If the Earth's magnetic field is at the pole 8;=05-10*7, then the magnetic field of an arbitrary cosmic body is:

B-05""104T.
D

(119)

Table 2 includes a limited number of objects and allows an assessment of the degree of agreement
between computational and experimental data for some space objects. Asterisks mean that the parameters
are taken in relative values (to Earth). It is not known at what distance from the object the measurements
were made, at the pole or at the equator, while the calculated data refer to the pole on the surface of the
object.
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Table 2
Comparison of computational and experimental data of some space bodies

) Calculated value B |Measure value B

Ob}CCt 4 4
10°T 10°T
Earth |1 1 |1 |1 1 1
2.3.10
Mercury [0.05 0.38|58 |5 1.2.1073 1073
3.5-10
Venus  |0.81 [0.95[243 |5~ |1.7.107 0.15.107
Jupiter |318 (11.2{0.4 |72 |36 4.5
Saturn (95 9.5 [0.45(20 |10 0.6
33.10

Sun 4 107 [25 [120 |60 (10-100)
dwarfs |10 1.0 {1.0 |10® ]0.5-10 10

warfs
Neut

SHOR10% [10310°]10M [0.5.101 1012
stars

TB.6AI/ILIQ. 2 - CP&BHCHI/IC PB.C‘-ICTH]:IX u 3KCHCPI/IMCHT3.AbeIX AQHHBIX HCKOTOprX HCGCCH]:IX TCA
T3.6CA3. 2 - HOPCbCH)C pa‘{yHCKHX u CKCHCPI/IMCHT&AHI/IX ImoAaTaKa HCKHUX CBCMI/IPCKHX TCAQ

To date, magnetic fields have been measured for thousands of cosmic bodies. Their analysis would allow
formula (118) to be evaluated more fully. The approximate coincidence of the calculated data with the
experimental data is not considered accidental (Petkovi¢, 2016; Prodanovi¢, 2006).

Conclusion

The obtained formulas can predict the order of magnitude of magnetic fields for known cosmic bodies,
whose parameters such as masses, diameters and periods of rotation around the axis-differ by tens of
thousands of times.

However, these formulas cannot explain many characteristics of magnetic fields, related to various,
perhaps still unknown reasons.

The formulas and the results obtained in the paper indicate a possible common origin of the source of
the magnetic field on the Earth (the Sun), and their accuracy can only be confirmed by cosmic research,
experiment or computer simulation.
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