Khmelnik S.I.
The Electromagnetic Wave in a Spherical
Capacitor and the Nature of Earth Magnetism

Abstract
A solution of the Maxwell equations for the electromagnetic wave in a
spherical capacitor which is included in an alternating current circuit
or in an constant current circuit is proposed. A hypothesis of the
Earth magnetism nature is presented on the basis of this solution.
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1. Introduction

The electromagnetic wave in a capacitor in an alternating current of
constant current circuit is investigated in [1, 2]. In this paper, a spherical
capacitor in a sinusoidal current circuit or an constant current circuit is
considered. The capacitor electrodes are two spheres having the same
center and radii R, > R;. A hypothesis of the Earth magnetism nature is
proposed on the basis of this solution. A model of the ball lightning was
substantiated previously in a similar manner [3].

2. Solution of the Maxwell Equations in the

Spherical Coordinate System

Let us first consider a spherical capacitor in a sinusoidal current
citrcuit. Fig. 1 shows the spherical coordinate system (p,8,).
Expressions for the rotor and the divergence of vector E in these
coordinates are given in Table 1 [4]. The following notation is used:




E - clectrical intensities,

H - magnetic intensities,

M - absolute magnetic permeability,
& - absolute dielectric constant.
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With no charge on and no current between the spherical capacitor
electrodes, the Maxwell equations in the spherical coordinate system take
the form presented in Table 2.
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Below the solution will be sought for in form of functions E, H,

which presented in Table. 3, where the functions of the form E, (p) to

be calculated. It is important to note that

¢ these functions are independent of the argument ¢ ;

«if E(9)=sin(#), then
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Table 3.

1
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We substitute the functions E, H from the Table 3 in Table 1

and take into account (11). Then we obtain Table 4.




Table 4.
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Expressions for the rotor and divergence function H differ from
those shown in the Table. 4 only in that instead of factors Sin(at) are

factors coS(at) .

Substituting the expression for the curl and divergence in
Maxwell's equations (see Table 2), differentiating with respect to time and
reducing common factors, we obtain a new form of Maxwell's equations

- see Table. 5.
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3. The solution of Maxwell's equations for the

vacuum
First, we consider the equations for a vacuum where in the GHS
system we have: €= =1. At the same table. 5 takes the following

form:
Table 5a.
2
1| 2E,, “aH =0
Jo
2 E_ oE
( (V4 + (/JP] qup _O
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Then Maxwell's equations are completely symmetrical with respect to the
intensities E and H. Find the sum pairs of (1-4) and (5-8). Then we get:

P
—-gqW_ =0, (13)
D w
W_ oW
ﬂ+—"’pj+qwgp =0, (14)
p  Op
W, oW
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W W W
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p  Op p
where
W=E+H. (17)

The system of 4 equations (13-16) defines 3 unknown functions -
the system is overdetermined. We show that there is a solution that
satisfies all equations

Direct substitution can be seen that the equations (14, 15) has the
following solution:

W, = A%exp(iQ(p— R)+ ). (18)
1 .
W, :—A-;exp(lq(p—R)Jr,B), (19)
where A, R, @, [, C - constants. We find from equations (13, 18):
2W,_ ¢ 2A :
W, =—2==-——ex(iqg(p—R)+5), 20)
p o gp
oW, A( 2 2 j .
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Substituting equations (19-21) to (16), we see that equation (16)
turns into the identical relation 0=0. Therefore, three functional relations
(18-20) comply with four equations (13-16), which was to be proved.

The decision does not change if instead of (17) will be used
condition

W:(E+H)L 22)

(@+i)
Next, we will look for a solution in which

E=iH. (23)




From (76, 77), we find:

W =(1+i)H =2H

2
(+i)
or
H=wW/2.

From (77, 79), we find:
E=Wi/2.

From (18-20, 79, 80), we find:

H,, =~ exp(iq(p—R)+ ).
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(27)
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(30)

(31)
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The solution obtained is a complex value. It is known that the real
part of a complex solution is also a solution. It follows that one can take
the real parts of functional relations (27-32) as a solution instead of these

functional relations:
A .
H,y = Lsin(a(o - R)+ ),
yo)
o =5 os(a(o—R) ).

H, =2 cos(a(p—R)+ ).
gp

£,y = -cos(alp—R)+ ).
o

£, = —-sin(a(o—R)+ ).
o

(33)

(34)

(35)

(36)

(37)




A .
E, = = sin(@(p—R)+ ). (38)

To check this solution, one can substitute these functions into
equations in Table 3 to make sure that these equations become equalities.
Thus, the solution of Maxwell's equations for the spherical vacuum

capacitor has the form of equations (33-38).
To find all these functions, it suffices to know the values of

constants A, R, @, f, C. This solution means that an

electromagnetic wave does exist in the spherical capacitor in a
sinusoidal current circuit.

The solution of Maxwell's equations for the case when the
dielectric is not a vacuum is given in Application 1 and for the case when
the dielectric has some electrical conductivity — B Application 2.

4. Electric and magnetic intensities

Let us consider a point T with coordinates @, € on a sphete of

radius p .Vectors E(/J and E,, going from this point are in plane P,

tangent to this sphere at point T( \ 9) - see Fig. 2.
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These vectors are perpendicular to each other. Hence, at each
point ( , 0) the sum vector

H o0 = H ot H, (39)
is in plane P and has an angle of y to a parallel line. As it follows from

(33, 34) and the Table. 3, the module of this vector and the angle ¥
defined by the following formulas:

= A
MR 2 (40)
Hy, W
cos(y )= =% =sin| =(p—R)+ A
He
or
T @
=2 _%H-R)-5. M
v="--p-R)-5 (41)
Similarly, the same relationships exist for the vectors Eq) and Ee-
At each point ( , 9) the total vector
Ew& = E(p + EH (42)

lies in the plane P and is directed at an angle y, to a line parallel. It
follows from (36, 37) and Table 3, the module of this vector and the
angle y, defined by the following formulas:

LA
we‘ 2, @)
cos(y, )= ‘?‘ - cos[%p— R)+ﬂj
(%

or

v, =%(p— R)- A (44)
or

T
We="—V. 45)

2
The angle between H o0 U E o0 in the plane P is straight.




Therefore, in a spherical capacitor we can consider only one vector

of the electrical field intensities E_, and only one vector of the magnetic

field intensities H 00+ s these vectors lie on the sphere, they will be

called spherical vectors.

In Fig. 3 shows the vectors H o0 and EW lying in the plane P, and

vectors H and E lying on a radius.

Note that there are many solutions distinguished by value f. This

fact reflects the arbitrary rule in the choice of mathematical coordinate
axes.
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Fig. 3.

Angle ¥ (30) is constant for all vectors H 0 for a given radius p.

This means that the directions of all vectors H , constitute the same
angle  with all parallels on a sphere with a radius of p . This implies in
turn that there are the magnetic equatorial plane inclined to the
mathematical equatorial plane at angle ¥, magnetic axis, magnetic poles,

and magnetic meridians, along which vectors H , are directed — see Fig.

4, where thin lines mark the mathematical meridional grid, thick lines
mark the magnetic meridional grid, the mathematical axis 772, and

magnetic axis @a and electric axis bb are shown. It is important to note
that the magnetic axis @a, electric axis /b and all vectors E_, u H , are

perpendicular.
When £~0 and P =0 the magnetic axis coincides with the
C

mathematical axis.
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Spherical vectors depend on Siﬂ(@). Radial vectors depend on
COS(@) — see Table 3. Therefore, there are the radial intensities only in
locations where the spherical intensity is zero.

?

] illl
plate capacitor in a sinusoidal current circuit [1]. In this paper the method
only by the type of time dependence: in Table 3, E and H functions
equations remain unchanged.

»,r'«'('
Q'Q\
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5. An Electromagnetic Wave in a Charged

Spherical Capacitor

A solution of the Maxwell equations for a parallel-plate capacitor
described in [1] will be used in solving the Maxwell equations for a
spherical capacitor being charged.

Let us consider the field intensities in the form of functions
depend on time as Sin(at), cos(at), respectively, while in Table 6, E
and H functions depend on time as (1—exp(a)t)), (exp(a)t)—l),
respectively.

Bias Current

d
J,=—E,=—aE, (p)cos(6)exp(at) 46)

7 )
//7/? N\
’.
being charged [2] stems from a solution of these equations for a parallel-
presented in Table 6. These functions differ from functions of Table 3
Although the indicated substitution, the solution of Maxwell's
dt
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Table 6.
1
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Fig. 6 presents intensities components and their time derivatives as
well as the bias current as a function of time for @ =-300: H » is shown

with a solid line, with a dashed line, and J » with dotted line. It is evident

that with t => o0 the amplitudes of all intensities components tend to a
constant together, while the current amplitude approaches zero. This
corresponds to the capacitor charging via a fixed resistor.

When the capacitor becomes fully charged, the current stops to
flow. However, the stationary flow of the electromagnetic energy is
maintained according to [2].
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Thus, the solution of the Maxwell equations for a capacitor being
charged and the solution for a capacitor in a sinusoidal current circuit
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differ only in that the former includes exponential time functions while
the latter contains sinusoidal time functions.

The electromagnetic wave structure remains the same - see Section
3. It is evident from Section 3 that there is an electromagnetic wave in a

spherical capacitor with only spherical vectors Ew, H so and radial

vectors E , H .
Thus, we can say that the spherical capacitor is a device equivalent
to the magnet and, simultaneously, electrets, which are perpendicular.

6. The Magnetic and the Electrical Field of
the Earth

It is known that the Earth electrical field can be considered as a
field "between spherical capacitor electrodes" [5]. These electrodes are
the Farth surface having a negative charge and the ionosphere having a
positive charge. The charge of these electrodes is maintained by
continuous atmospheric thunderstorm activities.

It is also known that there is the Earth magnetic field. However, in
this case no generally accepted explanation of the source of this field is
available. "The problem of the origin and retaining of the field has not
been solved as yet." [7].

It flows from the above mentioned that the Earth electrical field
is responsible for the Earth magnetic field.

Let us consider this problem in more details.
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The vector field H o0 in a diametral plane passing through the

magnetic axis is shown in Fig. 8. Here,

Hw‘:0.7; p =1. The vector

field H , in a diametral plane passing through the magnetic axis is shown

in Fig. 9. Here, Hp‘ =0.4; p=1. The vector field H = Hw + Hp ina

diametral plane passing through the magnetic axis is shown in Fig. 10.

H,o[=03; |H,|=02 p=1

Here,
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Application 1. Solution of Maxwell's equations

for the medium
The solution of equations for the vacuum was considered above,
where in the GHS system, & = £ =1. At this time, we take a look at the

more general case, where & # 1.
We consider again Table 5. We shall call
E=gE’, (60)

g=4u/e. (©1)
Then Table 5 becomes Table 7. We perform simple transforms in Table
7 and get Table 8. In Table 5a:
e Inlines 1, 2, 3, 4 the equations are divided by g,
e At the same time, in lines 1, 2, 3 before variable H appears
coefficient

%) @
q:(':u/g=€\/ﬂ€, (62a)

e Inlines 5, 6, 7 the coefficient before variable E’ is replaced with

for

s @
q=79=€\/ﬂ5- (628)

Therefore, in this case the solution also has the form (33-38). The
only difference is in the value of coefficient q: compare (12) and (62).

Next, intensities I are defined by (60). Thus, in this case equations
(33-38) become:

Hy, =%Sin(q(p— R)+A). (63)
H,, =;—pACOS(Q(p— R)+5). (64)
H,, = ; pAz cos(a(p—R)+ B), (65
£, = 5o oslalo—R)+ ), )
E, :g—/g)sin(q(p— R)+ A). (67)
E, = (fogz sin(g(p—R)+ p). ©8)
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Table 7.

1 2
M 2By g emy
P c ”
2 (B OBy _emyy
p Op c ”
1 (Bo By _omy
p op c ”
4 ((E +aE;Oj+2E;pjg:O
p  Op p
5 2Hp__E,g:0
Yo, C
6 wE _,
L e
7 (Hy, oH,
( j__Efg 0
P op c
8 ((Hm+aHmj+2ng]:0
p  Op p

Application 2. Solution of Maxwell's

equations for conductive dielectric
In Application 1 was considered the solution of equations for the
dielectric, which was & # . Next, assume that the dielectric has a certain

electrical conductivity. In this case, the equation of the form

rotH — £OE _ =0 (71)
c ot
is replaced by the equation of the form
rotH —fﬁ—oE 0 (72)
c ot

Instead Table 3 in this case we use the Table 9, where ¢ - the phase
angle between the magnetic and electric field intensities — see Fig. 11.
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At the same time the system of Maxwell's equations can be
replaced by two independent systems of equations: in the first system is
used the term Sin(@)sin(awt) from the Table 9, and in the second system
- the term o Cos(@)cos(at) from the Table 9. After receiving the
decision of the system the general solution is defined as the sum of the
solutions found (by the linearity of systems). The solution of the first
system is given in Appendix 1.

H =J =cos(at)
A
AE—>cosat), if (450, o —>o0)

n: E= t —
E, = cos(wt)cos(¢) | ¢ cos(at - ¢)

L _» E Ssin(at) if (4’5"%* 0—)0)

Fig. 11.
Table 9.
1 2
E, =E_, (p)cos(0)sin(g)sin(at) + o cos(¢) cos(«t))
E, = E,,(p)sin(0)sin(g)sin(at) + o cos(¢) cos(at))
E, =E,, (o)sin(0)sin(¢)sin(et) + o cos(¢) cos(at))
H,=H  (p)cos(6)cos(at)
H, = H,,(p)sin(6)cos(at)
H, =H,,(p)sin(¢)cos(at)

Table. 5 for the second system takes the form of Table 10
(modified formulas (5-7)). Next will also argue, as in Application 1. Let
E=0gE". (73)

when

K
g-0-c0s(¢) 7
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Then the Table 10 takes the form of the Table 11 (similar
transformations are presented in Table 7), and again we obtain Table 5a:

e Inlines 1, 2, 3, 4 the equations are divided by g,
e At the same time, in lines 1, 2, 3 before variable H appears
coefficient

q :“)C/"/g :%mga.cos@), 79)

e Inlines 5, 6, 7 the coefficient before variable E’ is replaced with

for

q=0-cos(¢)-g :%Jyw-cosigzﬁ). (76)

Therefore, in this case the solution also has the form (33-38). The
only difference is in the value of coefficient q: compare (12) and (75).
Next, intensities I£ are defined by (73). Therefore, in this case the
solution also has the form (63-68). The only difference is in the value of
coefficient ¢ - compare (61) and (74).

By combining this solution of the second system with the solution
the first system, we finally obtain:

Ag .
E,= o’ sin(q(p—R)+ ). 77)

Hg,,=§<sm<ql<p-R)+ﬂl>+sin<qz<p—Rm», 79

HW=;—/’j<cos<ql<p-R)+ﬂ1)+cos<q2<p—R)+ﬂ2>>, 79

Hgo :p_f\[qicos(ql(lo_ R)+ﬂ1)+quOS(q2(p— R)*‘ﬁz)} (80)

€, :%(glcos(ch(p—R>+ﬂl>+gzcos<qz(p—R)wz», @)

E,, %(glsm(ql(p—re)wlwgzsin<q2(p—R>+ﬁ2», )

E, =p—é(wlsinml(p—R>+ﬂl>+wzsin<q2<p—R)+ﬂ2», )

where
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Table 10.
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1 ZEwp wu —0
-—H, =
D c
2 E(PP n aE(ﬂP _op H, =0
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3 Ey aEgpj o -0

( m+aEmJ+
p  Op

&4

(85)

(86)

®7)

(88)

. (89)
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Table 11.
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! ZEwg_%H =0
P c ”
2] iJraE_wg_%H =0
p  Op c
1 (Bo, o)y _omyy
D dp c 7
4 [(EeraEm)JrZEngg:O
p  Op p
5] 2H
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Yo,
6 H_ oH
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8 ((Hm+8Hmj+2ngj:O
P Op p
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