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Abstract

Based on the assumption of separation of the changmatter of cosmic bodies the possibility ofadbing the
magnetic moment by these bodies is proved. The itaignof the magnetic field appears proportionathe
angular velocity of the body’s rotation and to tadius of convective layer. The periods of chanigeotarity of
magnetic field of the Earth and the Sun are caledldoy means of the size the convective layer ded t
convection speed. The solar activity appears tmseguence of periodic transformation of the theremargy
into the electromagnetic form of energy.
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1. Introduction

One of the most popular theories on the ways oégadion of the magnetic field of cosmic bodieshis theory

of hydromagnetic dynamo (HD). In 1919 the Englistygicist J. Larmor first suggested this idea tol&ixpthe
solar magnetic field (Larmor 1919). For the theofyHD it is essential that the ionized fluid wasvimy in a
special, rather complicated way under the actiorintdérnal pressure, the buoyancy force, gravitathoal
magnetic forces. For example, the existing magriigid "frozen into the fluid " due to the effect imduction,
together with the fluid should turn with the formeat and superposition of loops of the magneticdfiel
(Vainshtein and Zel'dovich 1972). Then the additainthe magnetic fields of the adjacent matter suibd
increase of the total magnetic field are possiblliere are a number of solutions of equations of
magnetohydrodynamics for HD and geodynamo simuiafiovhen with the given matter fluxes increasind an
maintaining of the magnetic field takes place (K@ma Roberts 2002). But so far there is no evidéhaethe
actual motion of electroconductive and magnetizexdten in cosmic bodies could correspond to the onsti
required for the effect of HD (Tobias 2002). Receetvelopments include numerical models of the solar
convection zone and outer radiative interior thegitare the convective motions and rotation andrbtgishow
cycling dynamo behaviour, though they do not yefceed in producing solar-like behavior: either thegd a
rotation rate that is far greater than that of $lum, or they produce cycle periods that are lotigem the Sun’s
(Thompson 2014).

We shall now point out the scales of the energyired for the effect of HD in the Earth interior elslsurements
of the Earth's magnetic field show that its mainrses are hidden in the core, and the magnitudbeofield
changes slowly with the time. To characterize fhessof the Earth we shall use the following appr@te data:
the average radius is 6371 km, the equatorial sadi6378 km, the polar radius — 6356 km. In 2005h&north
magnetic pole of the Earth (near the coast of thea@ian Archipelago), the magnetic field inductieers about

B, = 5.698110° T according to the World Magnetic Model of the tEagBritish Geological Survey 2005).
Assuming that this field is generated by the magrdipole moment, using the polar radiq;a of the Earth, we

_ _ 21181} , _
can estimate the magnetic moment of the Edh=———""L=7.3[1G* J/T, where/, is the vacuum

Hy
permeability.

The inner crystalline core of the Earth has theusadf the order of; =1220km, and the outer liquid core of
molten iron can be presented as part of the baiden the radiug; and the radiug, = 3485 km, with the

mass of aboutM, =1.97001G"* kg OKapxos 1978). In the outer core the currents should prediy flow,

maintaining the magnetic field due to the effecH@i. The magnetic moment of the Earth can be madeie
the product of the electric current and the areghefcontour of the outer core (the core sectibl@nce, the

required electric current should be of the ordet f 10" A. The conductivity of the core fluid, with thelvua
ofuptoo = 3[10° S/m according toXapkos 1978), allows to estimate the electrical resistaotthe fluid,
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which is proportional to the length of the circunefiece of the core and inversely proportional td bélits

_ 1 2nr 4 :
section: R=——22 =——. Then the power of electrical losses due to theecu flow should reach
om?/2 or,

W =1°R=10 W. As we have mentioned in (Fedosin 2014), thel toeat flow from the Earth's surface is

equal to 3.2-18 W, the contribution into the thermal energy of Berth from lunar tides can be up to 3.43%10
W, and the average power of seismicity of the Eatabout 3-18 W. Thus, the thermal energy would be
sufficient to start the HD mechanism.

But apparently, the theory of HD may not be theegahtheory to explain the magnetic field of allsnoc

bodies, since in white dwarfs and neutron starsyection is almost absent, while the magnetic fiedfl these
stars are extremely high. There is no significantiom of matter in the solar interior, where theimanergy
transfer from the core to the outside occurs duentgssion, and for photons it takes several milljears. Only
in the solar shell convection is so large thakt#ds to the periodic removal of the magnetic fteldes to the
surface, which produce sunspots there. Howeveroliserved changes in the polarity of the magnéid bf

the Sun (with a period of about 22 years) and tehEwith periods from 20,000 years up to a millyears or
more) contradict the theory of HD. Indeed, the aiffef HD requires initial magnetic field, which céimen be
amplified and further be maintained by the motidrloid of the same type. In the change of the pttahe

magnetic field should be systematically reducedeim, thereby eliminating the initial magnetic dieivhich is
necessary for the occurrence of HD.

In this regard, we present further electrokinetioded of the origin of the magnetic field in spadgeats, as
some additional mechanism which is independenherhydrodynamic dynamo.

2. The electrokinetic model

According to the results in (Fedosin 2012, 201K, tnagnetic moment of the proton can be obtainau the
condition that the electric charge of the protomlimost uniformly distributed over its volume. Thime rapid
rotation of the proton with its volume electric cpa is able to generate the required magnetic mbnhen
addition, the highly magnetized matter of the pnoalso involved in the creation of the magnetimment of
the proton. The analogy here is the neutron stargaetars, the magnetic moment of which is madefupeo
magnetic moments of the neutrons, which form thsisbaf the stellar matter. In order the proton &inel
magnetar could obtain the corresponding electraterges and the magnetic moments with almost total
magnetization of their matter, appropriate condgi@re necessary. In particular, the proton canrdtem the
neutron in beta decay, when the negative chargamsved from the neutron due to emission of theteda. As
the model of the neutron in (Fedosin 2014) the noeustar was considered, in which due to the pods
charge separation the core becomes positively edaagnd the shell obtains the negative charge.ldtvatl
explaining the neutrality of the neutron and itgyatéve magnetic moment. The neutron star can oldain
sufficiently large magnetic field already at itsrf@tion in the collapse of the supernova corehasstar rotates
rapidly and also accumulates the magnetic fluhefdriginal star.

Based on these data, we shall construct the ekeottic model of emerging of the magnetic fieldtogé Earth.
The name of the model implies that a significané iia it is played by the distribution of electgbarges and
their motion as the sources of the magnetic fiklis known that the closer we get to the centethefEarth, the
higher is the temperature of the matter. At thellEsusurface the temperature gradient is aboute?@egs per 1
km, in the depth the gradient decreases. The awdrgperature of the Earth core is in the rangb08®0 —

6000° K, and on the outer core radiysthe expected change in the temperature reache¥ 200Thus, the

temperature gradient can lead to diffusion of fedectrons to the outer shell of the outer core, rethbe
temperature is lowered. This effect can be caugeth® pressure gradient in the matter ionized ey high
temperature, which pushes the electrons out fsterthe ions.

We shall suppose that for the matter the formutatfe pressure of the ideal gas is valjgl= nkT , wheren

is the concentration of particlek, is the Boltzmann constanf, is temperature. According téKapxos 1978),
the pressure in the center of the Earth reache8 BB0and at the periphery of the outer core 350 kb, with
the corresponding temperatures of 6300° K and 4B0®rom these data and the formula for the pressur
follows that the ratio of the concentration of tparticles of matter at the border of the outer crehe
concentration in the center of the Earth can bénrange 0.55 — 0.75 (the latter figure is cldeethe standard
physical models of the Earth structure). The presaf gradients of concentration, pressure and éeapre (as
well as the centripetal force due to the Earthtation and chemical separation which changes tlogdncy of
fluid) leads to emerging of radial flows of mattémcluding the currents of ions and electrons. Termal
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velocities of electrons are much higher than tmevielocities, so the electron diffusion can ocastér.

It seems that if in the matter the separation efdharges takes place under action of differenibfacthen the
electric force between the positive and the negatims should counteract this separation, andraegmint stop
it. However, in the case of complete spherical sytn this occurs in a special way. We shall suppdar

definiteness, that in the center of the spherectigen positive charge, and a negative charge ¢quaby the
value is dispersed throughout the sphere. It toutsthat near the surface of the sphere, the elestare in
equilibrium, since the action of the internal pivsitcharge will be compensated by the action of ttitel

negative charge. In moving inside of the sphere¢hative equilibrium of the electrons can be maiméd up to
the radius at which the electric and gravitatidoates of attraction to the center are compendayetie force of
repulsion of the electrons from each other andhleygradients of temperature and pressure. We dareribat a
similar structure of separated charges is realinethe electron-ion model of ball lightning, in whi the

lightning consists almost entirely of the positivelharged ionized hot air with a thin shell of ¢tens. The
stability of the electrons is provided by theirichpotation and the electrical forces, and thetetecshell shields
the lightning from the surrounding atmosphere (I5gd@001, 2002).

We shall assume in our simple idealized model, thmater the influence of several factors the sefmaraif
charges took place in the Earth's core. This coualtlr even at the time of formation of the Earthew it had
high temperature and was nearly all melted. Wel sls# the linear formula for the distribution ofthotal

charge densityr) =17, +hr, where/), is the charge density in the centlrjis some coefficientr is the

current radius from the center to the arbitrarynpdn the core. The coefficiell can be determined from the
condition of the electroneutrality of the core astwle. To do this, we must integrate the chargesitg over the

entire volume of the core and equate the resuteto. After findingh through/7, and the radius of the outer

core I,, we obtain the following formula for the chargendigy:

4
n=m@r§f) 1)
2

r
At low r the charge density is positive, withr > 3742 the final charge density becomes negative. Thegeha

distributed in the core according to the relatibhi§ fixed relative to the Earth and rotates vititat the angular
velocity w=7.29000° rad/s. This creates the magnetic field of the lEaiith the magnetic momerfe . In

(Fedosin 2014) we integrated the charge densityrilnlision of the form (1) in order to find the magit
moment. Similarly, for the magnetic moment of thertk we find:

p—_ V,qor; _ _4mmn,er;
: 45 13¢

(@)

3

whereV, = is the volume of the outer core of the Earth,

and the minus sign in (2) shows that the total rméigrmoment of the Earth is directed opposite o dhgular
velocity of its rotationce , if the main contribution to the magnetic momentriade by the electrons at the core
periphery.

From (2) by the known value|§’E| =7.30G% JIT, & and I, it is possible to estimate the charge density in

the center of the Earthy, = 2.1010° c/m?. The charge density distribution (1) allows usital the magnetic

field in the center of the Earth. For each elemmntircular current, which arises due to rotatidrithe charge
dg at the angular velocitye , in spherical coordinates we can write down:
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2

dg _wdq_ wn P drsin QdQT _
=—= = dg=wnr-drsinQdQ.
d  2mr 2 ;[ $=an eeQ

di

The elementary circular currents are differentliftetl along the axi€DZ relative to the center of the sphere
with the radiusl’, of the outer core. Their contribution to the tatagnetic field in the center of the sphere can
be taken into account with the help of the an@e under which each elementary circular current fiie
center of the sphere relative to the a6 is seen:

dB = H,disin“Q _
2r

This formula is obtained from the standard expoasdor the magnetic field on the axis of the eletagn
Hdir'
current, Z=r cosQ is the distance from the center of the spherehéo denter of the elementary circular
2

circular current inside the sphe@B = wherer' =rsinQ is the radius of the circular

current,r'> + 2 =r?  the angleQ is the angular coordinate of the spherical coatdis.

Substituting the currenli into the expression follB and expressing in it with the help of (1) and the

values/7, from (2), after integration over the volume of here we obtain the magnetic field induction at the
center of the Earth:

—_ 0,71 t 4r i H —_ /“0’71“"22 —_ 5/“0PE —_
B =0 i vl 1—— |dr SifQdQ= =- =8610 T, @3
2 J; ( SrJ '([ 27 4m23 ®)

where P- from (2) was also used.

For comparison, we shall give the magnitude of rttegnetic field induction at the equator outside diier
core, calculated by the standard dipole formulaugh the magnetic moment of the Eaka for the case if the
magnetic moment was at the center of the Earth:

B, =4t — 710 1 (4)
4,

here P is considered negative.

The value of the field (4) is not entirely accurai@ice the magnetic moment is actually dispersezlighout the
core in a nonuniform way. Therefore, as a firstragjpnation, we shall assume that the magnetic faldhe

equator of the core is twice larger than (4), aneldual to2B, .

We can assume that the magnetic fields at the icehtthe core and near the surface have oppogigetiins
(this is the consequence of the change in the &ighe charge density (1) when moving along theusafrom
the center to the surface of the core). Then imtb&on in the equatorial plane along the radiosrfithe center
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to the edge of the outer core the magnetic fielduation will change fromB, to (—ZBZ). This can be
reflected by the following linear formula:

Tr
B=B|1-—|.
Bl( SJ (5)

According to (5), the magnetic field changes ignsinside the core. In accordance with these censitbns
Figure 1 shows a simplified picture of the magnééald in the Earth’s core. We shall remind thaststructure
of the field is the consequence of rotation ofalectric charge distributed along the radius ofdbee.

We shall now estimate the average velocity of mattetionV in the Earth's core. We shall suppose that under
the influence of the temperature gradient, the sunes force (the buoyancy force), the gravitatioaat
centripetal forces, the matter moves approximasdiyng the radius. The first three forces can besidened
symmetrical relative to the center of the core, ni@he the centripetal force is symmetrical relativéhe axis of
rotation of the Earth. We can therefore expectnaneiased speed of matter motion in the equatdaalepof the
core.

During the motion of the conducting fluid in the gm&tic field, currents are induced in this fluidedio the
Lorentz force. If the magnetic field is directedrg the axiSOZ , and the fluid is moving perpendicular to the
axis OZ, the current density would obtain rotation arotimelaxisOZ :

i, =0V xB|. (6)

Figure 1.The assumed configuration of the magnetic fieldtled Earth witl

induction B in the plane passing through the polar axis. Thyukan velocity of th
earth’s rotationc. . The magnetic lines in the centdrtioe core and at the edge h
opposite directions.

127



Advances in Physics Theories and Applications www.iiste.org
ISSN 2224-719X (Paper) ISSN 2225-0638 (Online) 5.1_.![]
Vol.44, 2015 IIS E

In our simplified approach, we shall assume thecit} of the fluid to be constant, and as the mégreld
induction we shall take the mean valBe. The maximum induced current can be estimateti@prioduct of the
2 B 2
= - oV B
current density and the half-section of the cdres K; Iy Eﬂ; = K 5 2. where the coefficienk; <1

takes into account that the hot fluid is not ordynoved from the axi€Z , but returns after cooling, reducing
the induced current. This current generates irctine the magnetic moment with the value:

(7)

It is obvious that the magnetic momelRt must be less than the magnetic moment of the ERtF k2P ,

B

where k2< 1. Substituting here the absolute valBe from (3) in the assumption th8 = E we find:
—  87k,r’B
P=—"2—. ®)
544y
From (7) and (8) for the velocity of the fluid wbtain:
16k _
:—2:8ﬂ07d(—2m/s. 9)
Smu,or,k, K,
. : , . : Vr,p,
The velocity of the fluid (9) is small enough. Ugiit we can estimate the Reynolds numb¥@ = —=—= | the
14

Rm
magnetic Reynolds numbdRM=V 1,0 L, the magnetic Prandtl numb&m = Re’ here <100 Pa:-s is
€

the dynamic viscosity (internal friction) in the rep according to Xapkos 1978),0:3EI_05 S/m is the
conductivity of the core fluid,0, =1.4310 kg/n? is the average fluid density in the core. Based1H)

further it will be shown thak; =K, in (9). Substituting the values of all quantitiege find Re= 380,

Rm=1, Pm=3[07". The Reynolds number is inversely proportionatht® adhesive force of the particles
of gas or liquid, which affects the free motiontbe body or separate elements of the fluid. The matg
Reynolds number is directly proportional to thectoof magnetic friction in the fluid that preveritem the
slippage of the magnetic lines through the fluide Thagnetic Prandtl number is an additional chartic that
takes into account the contributions of the magnatid ordinary friction and increases with incregsof
viscosity and conductivity of the fluid.

We can compare the obtained numbers with the quoreing numbers, with which the hydromagnetic dyoam
(HD) can occur. For example, in the Ponomarenkaadhm (Ponomarenko 1973) it is required thin=18.

In (Schekochihin et al 2007) it is proved that tlifusion dynamo is possible whd’rm >>1 and Pir <<1,
and also wherPmr =1 and Rm> 60, Re>>1. If the formula (8) and our calculations of themhers are
valid, it turns out that the conditions for the omence of HD in the Earth's core are not favorable

We shall now consider the issue of the relation$igifween the magnetic force and the Coriolis fawiing on

the unit of the conductive core fluid. From theuaRm =1 it follows that the adhesion of the magnetic field
lines to the fluid is small in the core scale. Tained above estimate of the value of the magfietd in the
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core is almost one order of magnitude greater tharvalue of the magnetic field on the Earth'saefand in
general has little effect on the motion of thedluThe density of the magnetic force can be writterollows:

f =[jxB]. (10)

where ] =1V is the current density, transferred by the fluft in the core, mainly in the radial direction,
is the charge density (1).

For the density of the Coriolis force, we have:
fo ==2p,[V xa). (11)

The forces (10) and (11) have opposite directiarns laoth depend in the same way on the velodityf the

fluid motion, and the magnetic field and the angutkzlocity are approximately parallel. The inerfiaice (11) is
substantially greater than the magnetic force §lfi)e the core fluid is not an ideal conductor. $iall suppose
now that for all the planets, in which the magnéiedd is generated in the core, there is the sdependence
between the forces (10) and (11). Namely, we stslme that for the magnitudes of the densitiésroés, the

relation T =K f. is satisfied, wher&k; <<1. From (10) and (11) we obtain:
nB=2k,p,c. (12)

The fluid density0, in the right side of (12) within the core does obainge so significantly as the valugs
and B in the left side. We shall substitute insteadjoénd B some average values, which make the greatest

contribution. We shall assumg = % as the absolute value of the double charge defnsity (1) with I =T,
3
. Instead ofB , we shall useB = % which is equal to half of the magnitude of the metgs field induction at

the center of the core from (3). The equation (@fegr excluding the valug, with the help of (2) takes the
following form:

o /LB 225,F

=2k, 0,w,
3 167w’ 22

32k
P.=awrt/p, /TS’us (13)
0

If the coefﬁcientk3 is approximately equal for all planets, then (3B)es the formula for determining the

n

magnetic moments of the planets through their knemgular velocities of rotatiod , the radii of the cores,

and the densities of the flui@, in these cores. The dependence of the form (13)awsastructed in (Fedosin

1999) and it was noted that it approximates thematig moments of the planets as well as the depeerdef
the magnetic moments from the spins of the coreékeplanets. Even the magnetic moment of the &tisfies
the formula (13). We shall note that the dependesicéghe magnetic moment of the planet in the form

Pp ~ a)r241/,02 was also found in (Busse 1976).
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We shall estimate the magnitude of the maximum rmggrfield induction at the center of the planet,
substituting P= from (13) into (3):

2

BC:MZ p2 9

(14)

From (14) it follows that the magnetic field in tere is determined by the angular velocity of tiota the
radius of the core and the fluid density. The eggien (14) can be transformed, taking into accthumtrelation

2
c

24

for the magnetic energy density in the center ef tbreU _ = and the relation for the kinetic energy

2k,e

:02V¢2 - :025‘)2 r22
2

density at the equator of the cofe= . This gives the following equatiotd . =

Therefore, approximately equal coefficiekg for all the planets follows from the fact that tensity of the

magnetic energy contained in the cores of the pdareoroportional to the rotational kinetic enerdythe cores.
In our opinion this indicates that the magnetiddfis generated rather by the rotation of the charghich has
some gradient of distribution in the core due te tifference of temperatures and pressures thartadtiee

mechanism of HD. The estimate bj can be obtained from (13). Substituting the datattie Earth, we find
k,=3 no”.

3. The Earth's magnetic field reversals

The magnetic field induction of our planet is nonstant; it fluctuates with the difference of minim and
maximum amplitudes almost by a factor of 2, with fferiod of about 7500 years (the fundamental #aqy in
the spectrum). There are also variations with dtarestic periods from 550 to 1800 yeabKapkor 1978),
explained by magnetohydrodynamic waves in the Eartbre. In particular, the drift of isoclines dfet
nondipole part of the magnetic field to the westws at the speed of 0.2° per year, making a campbtation
every 1800 years. At the equator of the outer ébrgould correspond to the velocity of the fluid tiom

v, =4007 ms.

In the spectrum of the geomagnetic field thereflactuations with a period of 60 years, coincidingime with
variations in the rotational speed of the Eartlhvéfassume that the fluid in 60 years should paszke with the

radius equal to the radiu$ of the inner core, then we obtain the velodity= 41102 m/s. This velocity is too

high for the flow of fluid. ButV, coincides with the velocity of the Alfven magnegdrodynamic wave which is

B
equal tol, = ﬁ If we substitute here instead Bf the magnetic field induction from (5) fdr =r, that
Ho P>

is magnitude of aboud.5B, then taking into account (3) we firld, =300° mis. Thus, the transverse

magnetohydrodynamic waves near the inner core rdfurence its rotation, the change of the Earthtational
speed and the total magnetic field, which is prtpoal to the angular velocity of rotation accoglio (13).

One of the reasons for the occurrence of magnetodydamic waves in the Earth's core can be theghena
similar to the solar and lunar tides observed anwater in the oceans and the seas. The tidal g@rtheir
beating at large inhomogeneities of fluid can iasethe energy of the waves. If the magnetohydiadim
waves propagate near the surface of the outer tloee, at low magnetic fields the velocities of thaves
become less. Perhaps this leads to the drift ofsielines with periods of about 1000 years or mari¢h the

corresponding wave velocities, equivalent to thedfivelocities which close to the valig . The discrepancy

between the directions of motion of magnetohydraahyic waves near the inner core and at the peripbiethye
outer core with each other and the direction daditfoh of the Earth, the existence of possible inbgemeities in
the core, the fluctuations of the position of thedr core relative to the center of the Earth atmerosimilar
factors lead to the shift of convective flows arath cause the observed deflection of the magngticlaiaxis
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from the Earth's rotation axis by about 11°, aredghift of the dipole center at some distance ftbencenter of
the Earth. The magnetic pole is turning near thehngeographic pole: in 1580 in London the compassdle
deviated from the geographic pole to the east dltmpd.1°, and in 1960 — by 10° but in the west. dpposite
magnetic poles of the Earth can also be not addhee dipole axis, but have a certain shift relatvie.

We shall now consider the possible causes of sknillations of the magnetic field. Using the redati(9) and
dividing the radius of the outer core by the velpaif the fluid, we can find the characteristic ipdr of
circulation of the fluid in the core:

T= A3 =1.4110 d(fl years. (15)
\Y k,

This value is close to the duration of the magniéid of the one polarity observed in recent histtime (about
200° years). Consequently, in (15) and @)2 kz. In the past, longer periods of one polarity oftecurred,

up to a million years or more. Thus, not each ¢atbon of the core fluid leads to the change in sign of the
magnetic field, but rather in case of one polattity observed variations of the amplitude of thiftake place
with the average period of about 7500 years.

From the perspective of electrokinetic model, thigal charge separation (the positive charge endénter, the
negative charge at the periphery of the core) iogdeally violated due to the fluid convection. i§toccurs as
follows. We shall suppose that the charge is disted in the core according to the law (1). A derta
configuration of the electric field correspondghis charge distribution.

By solving the Poisson equatioﬁ'hzqﬁ = ./ by the known dependence (1) of the charge denpipn the
o
current radius we can find distribution of the puaital and the electric field strength inside thetE&ore:

2 2 3
r r r _2
18, 65, 9.&, 3, 3,8,

provided that at the radiug of outer core the electric potential is zero, #hd= 2.110° c/n? is the charge
density in the center of the Earth.

With small radii, and also witlf =T, , the electric field (16) tends to zero. The maximelectric field is

r r
reached ar = 52 that is in the middle of the outer cork;, ., =/l _ 700" v/m. Such a large electric

12¢,
field, even with its partial neutralization can sauconstant ionization of the fluid. For comparison the
. L . e
hydrogen atom at the Bohr radius the electric figldhe nucleus is equal thg :ﬁ =5010" vim.
TTE,N,

Therefore, when the maximum initial charge sepanaiin the Earth's core is achieved, due to ioromain the
center of the core, part of the fluid becomes padit charged and begins to move toward the peripbéthe

core, mainly due to convection. At the same time riegatively charged part of the fluid has theitghib be

transferred to the center of the core, whereinpdins of movement of the positively and negativehgrged
parts of the fluid do not coincide. During the tinodose to the time (15), the charge distributiorthe core
according to the law (1) is violated, there is @hrr complete compensation of the electric chaifgechange
the polarity of the magnetic field it is necess#gt such excess compensation of the electric ehanuld

occur, with which the new charge, which came wiih fluid, took the position close to the periphefyhe core.
Then the contribution of this charge in the magnetoment would be decisive for the sign of the nedigrfield

on the surface of the Earth. As it was mentionealvabnot for each time period (15) the change efgblarity
of the magnetic field takes place, it can take seremore such periods.
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It is also possible to explain approximately in g#@me way the periods of variations of the ampéitod the
magnetic field with a period of 7,500 years. Irnsthase, if we use (15), the fluid passes a charstateway,

which is equal=0.05r,, that is 20 times less than the radius of the routge. The hot charged fluid,

circulating near the periphery of the core, comps and after cooling goes back to the depth of diwee,
periodically changing the total charge and the eatithe magnetic field almost two times. The cbaof this
fluid is not enough to change the sign of the charfjthe fluid at the periphery of the core anahange the
polarity of the magnetic field since it is takemrr a limited volume. Only large-scale radial motiohthe
charged fluid leads to the polarity reversal of tiegnetic field of the Earth.

We can estimate the maximum energy of the elefigid in the Earth's core, integrating over thewné and
taking into account (16) we have:

£E" = 270 (7 ~17)
2 945,

=10% J.

we

The thermal energy and pressure energy of the Baxie are close to the calculated energy of ldedree field.
Thus, in the core of the Earth is in principle pblescharge separation and thus the generatioheofrtagnetic
field due to the rotation of these charges, in doatipn with hydromagnetic dynamo.

4. The magnetic field of the Sun and other stars

Modern technique of measurement of the magnetidsfiallows to discover in stars relatively smaltadls of

the field and to make medium-and large-scale magm@pology maps. This makes it possible to sepattad

poloidal (meridional) field from the toroidal fielthich is directed along the parallels. The stufithe magnetic
configurations of young low-mass fully convectivars in (Donati at al 2008) showed that the fatterstar is
rotating, the more visible in it is the total dipatomponent of field on the background of magnstiats on the
surface. For example, the dwarf V374 Peg of tleetspl class M4.5 (with the rotation period of abd® hours,
almost 60 times less than the period of propetimtaf the Sun), has a very strong axisymmetrigmegic field

near the poles. Young newly formed stars such dadri demonstrate at the pole the magnetic indnobib
about tenths of Tesla, so that such axisymmetilddieffectively regulate the flows of accretiontt@afrom the
massive discs near these stars, as well as thegatsthe poles. This picture contradicts mostribemf HD,

which predict for fully convective stars the prednance of the toroidal field component over theojudl. At

the same time the proportionality of the magnegtdfto the angular velocity of rotation in genecalresponds
to our expression (14). In solar-type stars thengbeof the polarity of the magnetic field, the $pdtmagnetic
field structure, as well as stable states with foagnetic activity (such as the Maunder minimumtfa Sun)
are often observed. Many researchers note thanttgnetic field distribution is very similar in tmeagnetic A
and B-stars, white dwarfs and neutron stars, whiggests a common mechanism of its formation irsties at
the stage of the main sequence, or even earliésdRegger 2009).

We shall apply the electrokinetic model for subBtdion of emerging and maintaining of the solargmetic
field. With some variations approximately 9 times gvery 100 years, the field polarity of the Sutha poles
is reversed, at the same time the 11-year cycleslaf activity take place. Thus, every 22 yeaespblarity of
the field is the same, which is the full periodcbinge in the magnetic field. The magnetic dipdlthe Sun at

the maximum is estimated by the vallle = 3.401G° J/T, according toAnnen 1977). With the average radius

P. _
of the Suns = 6.96[1LG m we find for this case the field induction at fae: B = % =2010°T.
7S

The modern model of the Sun includes the followmgin zones: 1) the core with the radius of about
S = 1.5006 m (§= 0.2s), where thermonuclear reactions take place. 2atha of radiation energy transfer

with the radius fromS, up to s, = 49106 m (S, =0.7s), which consists of ionized fluid. 3) the conveeti
zone with the radius frons, and up to the visible solar surface, i.e. up ® ghotosphere with a typical zone

width of aboutS—S, = 210 m. The fluid in this zone consists mainly of atoasorbing emission, therefore
convection here is the predominant way of heastearto the surface.
The feature of the Sun is the differential, noidsstate rotation of its surface — at the equdterrbtation period
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is 25.05 days, and at the poles the rotation penioctases up to 34.3 days. For further calculative shall use
the period of 25.38 days at the latitude of 16°emghthe maximum frequency of appearance of sunspots

observed. This gives the angular velocity of roatQ = 2.86[1L0° rad/s as a certain characteristic of the
average solar rotation.

We shall now estimate the average magnetic fiedtlenthe Sun, based on the fact that the chargeragéem
takes place throughout the radial distance accgrdirthe linear approximation (1). From (2) we fithe charge

135P _
—==s =8007° c/n?. Similarly, from (3) for the magnetic field in

density in the center in the form. =
Ms = ansa

the center of the Sun, we have:

2
Bs =002 50 7 a7)

Really, if there was the constant poloidal fiel¢dnnot be stronger than a few gauss at the tdpeofadiative
zone, otherwise it would penetrate in the convectiene and cause a polarity asymmetry betweenwhbe t
halves of the magnetic cycle (Boruta 1996, Friedlland Gruzinov 2004).

It turns out that the average poloidal magnetild§ienside the Sun are as small, as in the Earthis. The total
magnetic fluxes on the solar surface in the sntalesdetails are also approximately equal to thked toagnetic

fluxes in the large-scale structures, giving thieative average field with the inductiod — 2)EL(T4 T. The

peak of the field induction, discovered in sepafdters in the dark spots on the solar surface,lmalmost a
thousand times greater than the magnitude of e (7). However, the magnetic field averaged dlerentire
area of a typical sunspot, is of the orderoP 102 T and significantly less than the peak values.

From observations of sunspots it follows that thegve faster than the surrounding plasma on the saldace.
In addition, the newly emerging spots have an iased speed relative to the old spots. This caxplaiaed by
the fact that in the depths the plasma rotategifdean on the surface. The spots are connectddtinét deep
layers by the magnetic field, and therefore mowteia and the young spots on the average are deepeof the
old spots. There is the profile of rotation freqegmf the fluid in the solar interior (Rudiger ahtbllerbach
2004), from which it follows that the rotation figency at the bottom of the convective zone is aBb0tnHz.

In the fluid interaction during the convection betm the different layers the exchange of the angula
momentum must take place. In equilibrium, the dpeangular momentum (the angular momentum of unit

mass) will tend to a constarﬁ(r,Q)rZSian =const This shows that the angular velocity of rotation
Q(r,Q) must be inversely proportional to the square efdiusr and the square of the sine of the polar

angle Q associated with the latitud® by the expressio = g — 6. But according to the profile of rotation

frequency of the fluid in the solar interior, aetlequator with the latitude 0° the fluid rotatestdéa when
approaching the surface of the Sun, while at tinfase the rotation frequency again reduces.

Why does the acceleration of rotation in the cotivezone take place? One of the explanationseisttion of
magnetic field. From a simple linear dependencdtiermagnetic field of the form (5) it follows thedmewhere

5s
near the radiuy 2720.75 the magnetic field should be minimal and shouldingje the sign. In the

convective zone the magnetic field increases amsdnmare significant impact on the fluid. The totagnetic
field of the Sun rotates at some average speedifiggeby all the matter in general. In its turhetfluid tends to
rotate at the same average speed, due to the effpattial freezing of the magnetic field linestire fluid. The
action of the field will be more revealed where thagnitude of the field is greater, the connectibthe field
with the fluid is more and the friction of fluid lars is less. Apparently, these conditions are bestin the
equatorial area of the convective zone, which nthkelargest contribution into the magnetic field at the
same time rotate faster. According to (Thompsonjstinsen-Dalsgaard, Miesch and Toomre 2003), dl sma

magnetic field with induction of the order #f10™ T would be sufficient to maintain the observed @
solid-state rotation of the zone of radiation tfans

Various estimates show that the velocities of thiel funits in the solar convective zone are mughér than the
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velocities in the Earth’s core. According fdpoxopos, A6ammaze 1986), the convection velocity at the bottom
of the convective zone is of about 1 m/s, and enstirface of the photosphere of the Sun the vgloaih reach

3 km/s. Quite a large sunspot with the size of nthousands km can appear on the surface of uherStwo

or three days. If the width of the spot is appraadiety equal to the path passed by the fluid, tienaverage
velocity of the fluid must be of the order of 100sm

We can estimate the characteristic numbers desgrthie motion of the fluid in the magnetic fielchel quantity
0 U, called the coefficient of the magnetic diffusidritee bottom of the convective zone is not knowaaotly,
and presumably has the value fr&m10° up to 50107 n?/s (Jiang and Wang 2007). Substituting this value
in (9) with kl = k2, and substituting therg, with S—S, = 2010 m, we find the speed range of the fluid:
- 16
° 5mo(s-s)
convective zone is equal BM=V, ,0(S—S,) =1. According to (Brandenburg 2007), the magnetic

, or the value froml0™ to 1 m/s. The magnetic Reynolds number at the bottothef

Prandtl numbePm is in the range frord 0™’ up to 10™ for the top and the bottom of the convective zone,
respectively. Then at the bottom of the convectz@ne the Reynolds number is of the order of

Rm
Re=— =10*.

Prr
Based on the velocity of the fluid motion along ttedius in the convective zone, we can estimate the
characteristic period of the circulation of fluid:

T,=>%

S

, or the value fronb to 600 years. (18)

C

The observed 11-year cycle of solar activity fallshe interval (18), which is accompanied by tharge in the
polarity of the magnetic field. If we proceed fr@i6) and the electrokinetic model, then in the eenf the Sun

— 1hsS
12¢,

part of the field, generated by the maximum chaeggaration inside the whole Sun, acts in the cdiveezone.
Under the influence of this electric field in thenwective zone the conditions appear from timdrte tfor the
transfer of the charged fluid with the correspogdéign to the upper layers, with further compemsatf the
electric field. Thus not only the compensation e £lectric field takes place, but also charge amgh in the
upper layers of the convective zone. This leadshéoinversion of the solar magnetic field, the tigaof the
electric field of opposite polarity in the Sun vola and then to repeating of the cycle.

The described picture is confirmed by the followoigcumstances. It is known that the change inpiblarity of
the magnetic field at the poles occurs after thesgat maximum, somewhat later than the middle eyddr
cycle. The appearance of the sunspots is associdiiedhe beginning of coming of the charged andynetized
fluid from the bottom of the convective zone. Bg tfime of maximum coming of the fluid and the manim
solar activity the internal electric field disappeaand also the poloidal axisymmetric magneticdfieThe
subsequent coming of the fluid leads to the eleathiarge exchange in the fluid, the inversion @f tlipole
magnetic field and the emergence of new, propdrarged portions of fluid in the solar interior. Téiscovered
correlation of the total rotation of the Sun wittetsolar cycle (Donahue and Keil 1995) can be éxgihaby
changing the angular momentum of the Sun due tqénmdic displacement of the charged and magrittize
fluid from the bottom to the outer layers and weesa.

should the electric field arise from time to timé&hathe magnitude up téc,,,, =5[10" V/m. Some

It is known that the maximum angular velocity o€ tmotion of the sunspots on the solar surfacenwst equal

to the maximum angular velocity of the fluid rotatj which is reached at the depth@05s= 3.53110 m.

When the size of the spots is about tens of thalsskm, they are deeply immersed in the matter®&tn, and
are well connected with the rapidly rotating ungieg layers.

According to (Rudiger and Hollerbach 2004), in thger fromr =0.95s up to the surface of the Sun the
negative gradient of the angular velocity is obedrvThis layer is sometimes called the supergréiouldayer,

134



Advances in Physics Theories and Applications www.iiste.org
ISSN 2224-719X (Paper) ISSN 2225-0638 (Online) s.l_.:lj
Vol.44, 2015 IIS E

since the sizes of supergranules on the surfatlkeoSun are of the order &1L0" m. Like the granules with

the size of aboul0® m, the supergranules are the reflection of statiprconvection at the solar surface.
Indeed, the supergranules are angular and areasitoipolygons, resembling hexagonal Bénard celthé thin
layer of fluid heated from below. Plasma streamssuipergranules flow from the center to the bordsrs
supergranules, where they sink into the depthsgailbe@ magnetic force lines (the magnetic field lom bhorders
is in tens or hundreds of times, and in the corpéthe borders — in thousands of times greatar tha average
solar magnetic field). If we divide the thicknedstre supergranulation layé).05s by the average velocity of
the plasma convection 250 m/s, then we obtain ad®iours — the average lifetime of supergranules.

We can also assume that the sizes of supergraatdeassociated among other things with magnetierrgl
We shall use the formula for the supergranules tardborders between them as for magnetic domaitis wi
opposite signs of the magnetic field. In the theokyerromagnetism there is a formula that reldkesdomain

size d , width of interdomain walld and the characteristic size of the samplé_andau and Lifshitz 1935):
d?=ov. Taking instead ofd the size of the supergranule, instead/ of the circumference of the Sun, and
instead of 0 — the width of the border between the supergranuler the latter we findd = 200 km.

Consequently, the ratio of the area of the supatdeato the area of its border equ%%_ = 75. If the magnetic

fluxes through the supergranule and its bordeegqtml and opposite, then the magnetic field abtreer of the
supergranule should be approximately 75 times grehaan the average solar magnetic field, asabserved.

From observations of the spots it follows that thegresent cross sections of long magnetic fluesuli large
size, coming to the surface. If the initially axisyetrically magnetized fluid under the influencecofivection
is moving radially inside the Sun in the form opexding separate spherical layers, then undenthesnce of
differential rotation in the convective zone theiaprial currents draw the tubes out of the lajrethe direction
of the parallels. When the first magnetic flux tslreach the surface after another minimum of sativity,

they are concentrated mainly in the high latitudss35° — 45°. Certainly, there are rising tube alt low
latitudes, but they meet the descending tubesefptkvious cycle, annihilate with them, and themfalmost
never reveal. As the solar activity cycle develtpstubes and the sunspots associated with theraapfoser
to the equator, being located in the latitude Zuetgveen 15° to 20° at the time of inversion ofrttegnetic field.
By the end of the cycle the spots are concentragdly at latitudes + (5° — 10°).

Often there are configurations where one tube mreslfour sunspots at the same time, located atohresrs of
a trapezoid. For example, there is the first tngilspot in the northern hemisphere, which moves #fie leading
spot, usually located closer to the equator; treorse leading spot, but in the southern hemisphemd, the
trailing spot in the southern hemisphere. The safrie magnetic field in the spots alternate mway, as if the
spots were cross sections of one magnetic flux, thiggly elongated along the equator, and the magfield
moves from one spot to the next spot either ovestirface of the photosphere, or inside it. Ingifweip of spots
the leading spot usually has the same directichefield as the field at the corresponding pol¢hefSun. This
suggests that besides the inversion of the magfielit at the poles there is a corresponding inversf the
magnetic field inside the ascending tubes. Thetfatthe complete cycle of the change of the mégfield at
the poles is 22 years is supplemented by the iniégdiald amplitudes of different polarity with period of 22
years (apparently as the consequence of the noraence of flows of positively and negatively creddluid,
occasionally coming from the solar interior).

During the cycle of inversion of the Sun magnet#ddf and 11-year cycle of solar activity, the meettakes
place of heated magnetic flux tubes, which riseunger the influence of convection, and of the sigkcold
magnetic flux tubes. The magnetic fields in theges have opposite directions, and opposite chandesh are
concentrated in the tubes. Besides the electricag$ arising from the fluid charges and magneticeds, in the
tubes there are longitudinal currents, which gigditonal forces of attraction or repulsion. In theplacing of
one generation of the tubes by another, the amuitii of part the tubes takes place, some of themnect with
each other, and their electromagnetic energy iserded into the sound and magnetohydrodynamic wavas

the Sun subsonic sound oscillations are discowerttdperiods ranging from 200 0" s, which modulate the
solar wind and as a result affect many terregpti@nomena. For example, the similar oscillatiogdencies are
acquired by the magnetic field, the atmosphere,thadjeological structures of the Earth, and ehenvbltage

of transoceanic cables. The release of a signifieamount of energy of the tube brings in motion kuge
masses of the solar plasma from the photospherhetocorona, which is observed in the form of solar
prominences, solar flares and solar wind variations

Besides the 11-year solar activity cycle (sometiités called the Schwabe cycle), and the 22-yamiecof
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double polarity reversal of the dipole magnetiddfier the Hale cycle, longer periods are discoverethe Sun
(by means of isotopic analysis of the rings in tite® cuts and of the samples of Greenland ice)sd periods
include the 88-year Gleissbherg cycle, 205-year desvor Suess cycle, 2100 or 2300-year HallstattecyT he
cycles with periods of 88 and 205 years are redealeparticular in the long declines of solar aityivThe
declines occurred in 1010 — 1050 at the Oort mimimin 1280 — 1340 at the Wolf minimum, in 1450 -5Q5t
the Spérer minimum, in 1645 — 1715 at the Maund@imum. At the Maunder minimum the 15-year cycle of
activity took place, and after the minimum the quots appeared mostly in the northern hemisphetbeoSun.

It is possible that shifts of the duration of cycknd the long periods are associated with changgsvitation
from the planets of the Solar system, occasionaflyencing the processes occurring inside the Sun.

5. Conclusion

Our goal was to show the existence of a speciahamsm that in addition to hydromagnetic dynamalseto
the periodic transformation of thermal energy ofroic bodies (planets and stars) into the electromiig
energy, particularly into the magnetic energy. Tiaature of the electrokinetic model is the minintiza of
losses due to electric currents required to geadhat magnetic field. This makes the model indepehdn the
well-known problem of attenuation of the magnei&d. After another charge separation due to cotnwe@nd
the temperature and pressure gradients, the changtdr rotates synchronously with the cosmic badgating
the volume electric currents in the convective zobae to these currents the body acquires the ntiggne
moment proportional to the angular velocity of tiota.

Due to spherical symmetry, the volume charges & dénter of the core and in the shell of the body a
relatively stable. However, within the body approately in the middle of the radius a large elecfiéd
emerges. This creates the conditions for the asoiy mode, which leads eventually to the periadianges of
the polarity of the magnetic field. As the chargparation takes place and the charge gradientasesealong
the radius of the body, the internal electric fialdo increases. It leads to the fact that indigebiody the fluid
rising under the influence of convection has maitlg sign of the charge, which is trying to compgashe
volume charge in the shell of the body. After enmeggf sufficient amount of the charged fluid iretbhell, the
volume charge, the electric and magnetic axisymiméields on the average disappear. If the chariygd
continues to emerge, the shell of the body is megthand during the rotation of the body the dipakgnetic
field of the opposite sign is created. The ampétuaf the obtained magnetic field depends on thetioot
frequency and on the radius at which the convedtérs place (the more fluid is charged in therioteof the
body, the greater is the extent to which this flcésh recharge the shell). The period of the magffiefd change
is directly proportional to the radius of conveatiand inversely proportional to the velocity of geation. Due
to the high speed of convection and the fluid motioe period of change in the solar magnetic fisldhuch
shorter than the period of change in the Earthgnatc field.

It should be noted that the strong electric figldide the space objects that arise due to chapgrat®n may
not manifest itself to the outside observer. Tkiglue to the spherical symmetry of the field arel dkerall
electrical neutrality of space objects.

In (Davis at all 1989) it is indicated that the oting rate of the solar neutrinos by the perchltrglene detector
in the Davis experiment has a clear anticorrelatidth the solar cycle. The exact reasons of thisngimenon
have not yet been found. We can assume now that#s®n of this phenomenon is associated withttoag
electric field in the solar convective shell, angpias a result of charge separation and reachenghiximum at
the maximum of solar activity. The strong elecfiedd affects the formation and propagation of tieutrinos
produced in thermonuclear reactions in the solae,cohanging conditions of weak interaction. On tiieer
hand, there is also the Mikheyev—Smirnov—Wolfemsteffect which connects neutrino oscillations with
electrons of matter as a result of scattering efelectron neutrinos.

In the Sun the differential rotation of fluid inetconvective zone is discovered, which depends botithe

radius and the polar angle. Besides, there isthksaneridional motion of the fluid. Consequentlye tpoloidal

magnetic fields associated with the fluid, are ablstretch out in the toroidal fields and be conited in the
magnetic flux tubes with a significant increasehie total magnetic field induction. The ascendiragnetic flux

tubes of a new generation bearing the electricgehameet the descending magnetic flux tubes ofiguev
generations with the opposite electric charge dwed dpposite magnetic field direction. Thereforearnthe

maximum of solar activity the energy released i @imnihilation of the magnetic flux tubes feedshslazge-

scale phenomena as solar prominences and soles figrmeans of magnetic and sound waves. Appayéndy
extremely high temperature of the corona (overiomildegrees) is due to the transfer of electromiageaergy

by waves from the fluid to the highest layers @& golar atmosphere. The form of the corona obtamdargest
volume near the maximum of solar activity.
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From the stated above it follows that on the Edrtting the reversal of the magnetic field we shaltb expect
the release of magnetic energy and some increasbeirgeological activity, increase in the frequerafy
earthquakes, climate changes, anomalies in thena®hthe atmosphere, the increased influencesrhicorays
on living organisms, etc.
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