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Abstract

In the previous paper, we transformed the system of unit to the relativistic form, and found that
the forces of coulomb and ampere are the same. We can take the common coefficient in the two
forces, The next aim is the magnetic field and its source of magnetic charge.

We provided the imaginary charge and found that it means the magnetic monopole. We explain
the difference between the dipole of magnetic charge and the dipole of the loop current. We consider
the electric charge ) as a complex charge ¢ +ig' and define its potential and field.

We expect that the knowledge for “matrix vector”, “relativistic form” and the Maxwell Equation

is well known!',
1. Introduction
1.1 The magnetic charge and its System of Unit

We assume the existence of the magnetic charge. Then the Coulomb's law of the magnetic

chargels F=k m]?:tz (Gauss).
¥y

This force can divides two formulas as follows:

m
The force in the magnetic field B is F =k, m,B, and the magnetic fieldis B =k, r—; .

1.2 The magnetic dipole moment and magnetic loop dipole moment by a current loop

(i) The magnetic dipole moment m which points from the magnétic south pole towards the
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magnetic north pole, has a magnitude 2m/ , where the m is the strength of each magnetic pole and
the 2! is the distance between two magnetic poles. And then the potential €2_(r) and the field
H, (r) are

m mer I m 3(mery

JH,(r)= = —1-

Q)= _ —
» () dry, ¥ A, ¥ ¥

e

Fig. 1. The image of magnetic dipole.

(i) For the current loop, the magnetic loop dipole moment is#, = 4,18, where I is the current

in the loop and S is an area of the loop. And then the magnetic field of the loop radius of which is

a.
— { —
2 T
Hl(r):——mfa =Nz +at. Y
2(z" +a*)’ <
A
Then m=lra’ =m, e i _

Fig. 2. The image of loop dipole.
2, The magnetic charge and the clectric imaginary charge
2.1 The imaginary charge
We consider the electric charge () as a complex charge J = g -+ig"' formally, especially the

pure imaginary charge ig'. And we are going the same way as the real charge.

Then the pure imaginary charge i? and its potential as “en bloc” are

ey + iq'
- I:l% 4 }
19 = . I', | and
—ig,'yB e
+ ' + O+ \ +
g v q
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Therefore, its electromagnetic field is Er =0 and

a
| E(=0)~icB,. © | e "4 i
E-icB| 8 ~cA
L or |
- a T+ ' +
— 1"—
_ oct ¥
_i _1 'S
L or | cr
(24, qiy Ly
_ oct r cr
Il . t
rot—=—igrad =
L cr r
Therefore B,=iq—+divls, E=r0t~l—s—, cB=gradq—,
oct ¥ cF cr ¥

And we can define the 4-dimensional force by using complex conjugate as

.
1
i it , is the same as charge.
E- 10B} RLIFY 4re, 8
C

1 [HeB,
4ze,

For simplicity, we assume that the pure imaginary charge is not moving, i.e. stationary, Then the

charge, potential, electromagnetic field and force as “en bloc” are

+ +

iE’=+ iq'l + + ¢ +: 1%
! 0’ —cA ’
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- + - +
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| —icB, +_ 0 o !
E-icB| _igrad 4L AL
¥ ¥

The time component and the electric field are zero.

- - 0 - 0
Moreover, 7 - 1 K _ ! Vo'
’ [l 4ns, iﬁg 0| dng, bg,_aﬁ

1 gqg'.r 1
P A »
q

Then the force, f,=0,f=

is a coulomb type force.
2.2 The identity with the magnetic charge

There exists the magoetic charge g,,, and the magnetic force between two magnetic charges g, ,

T2 18

F= qmlqmz_r_.: 1 Doy Do F
dag, ¥° Ame, ouy Cly F

, this is the same type as the formula (1).

Moreover, we define the magnetic field H(r) as

SeH(ry=-idm L —
C

3
]

ig,, 1 ig,
»—grad(—*ﬁq’ Ly=—gradd(r), 6(7)= O

Sy T CHT
Then,

F= iﬁ.‘l&.[_i_qlﬂl_%] = iﬂqr_nz.[_icﬂ(r)]
A cuy oy P 47 ep,

This is the same type as pure imaginary charge, and then it is also the potential and the magnetic

field. Therefore, we identify the imaginary part of the charge g¢' with the magnetic charge _ A .

Cly
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qg'r
4r
¥y F

ig,,

. , ig, r
and —icH(ry=- In —— correspond
ITNS

CUF T
to each other, That is to say, this is a representation of the magnetic monopole (or magnetic charge)
as mathematics.

, —icB=i

And then ¢ = i and #(r)=—
iz

3. The magnetic dipole moment and the magnetic loop dipole moment
3.1 The magnetic dipole moment

We consider the magnetic charge m apart from a center with distance [ and we put this vector

I=(.0,0). I= |l| = \/(11)2 -i-(ly)z +(1,)* . And we put the other two vectors from the |

magnetic charge or center to any point P which arer(P) and R{P)respectively. And then
[=R(P)—r(P).

Next we calculate the magnetic dipole moment of two magnetic charges ig and —ig with

distance 27 as follows:
We fixed the point P and move the point of magnetic charge . P

The absotute value of r(f) =R —1 is

=

r =)= (R, ~1) + (R, ~LY + (R, ~L)’

2RI -2RI —-2RI
= JRI+R+ R+ e {

2 2 2
2R+ R +R, Lig
Fig. 3. The image of magnetic dipole.

RI+R[ +R/ 7 o3
=R_L%+”.’R=|R|= ‘sz +Ry2 +R12

RI+RI +R]
2

=R(1-
( R

+...)

Generally, we use the “en bloc” formulas.
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Tet T [et +_— (c“z‘)zmr2 +h7 (et —(x*+y* +2%) ’ o0
r -r| o 0|’ )

- +
r
Then the absolute value |r| is represented as \i' | B:l by “en bloc”.

We use the (relativistic) total differential, and then the double underlined part ahove is

approximate to the following formula.

d[lr(l)| } =dﬁ[|R"l| } dr=d(R—1)=—dl
0 0 \

+

e T L _'To
=_[dcf } (| ot {|R—l| }):_ {dm(:@) } Rt
dr 3 0 dr _|R—11
or

In this situation, we replace 8 as s =d/=—dr and I=0.

_ P _To "
I ]
r -
[R]
dr-R
TR
R
—i{drx—
[R]
| R
sxR
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By the way, the value of potential is proportional to —, and its variationby I is
¥

Rel
R2 +.ll)

RI +RI +RI
(1+ ENEy yzy Ea

1 1 1
e — +aes :—1-|—
. - =7

And this underlined part is an approximate time component of the following “en bloc” formula

G-

+ +

|1 ' *___1 ' “ldet(=0) i "éq“ _—1 +
=d ||IR-1 = - ct R-1 |
SR RN of ®T D
or
_d ﬁ+0 4+
- {Ci d} _ R-I @)
' R-1f

In this situation, we replace § as s=dl=—dr and I=0.

- +

. . " s*R
11 - _ |0 3
— 0 R]
d | | =~ R | =|— ©)
s —
0 R} 2
[R|
. i

Therefore, by use of formula (3), and we subtract the potential of magnetic charge ig'= M
Chy

from the potential of —ig'. Then the potential of magnetic dipole s

- +

s*R

+ + ’ lq 3
g | i
[ —CA:l =2 o

8xR
1

3
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+ + + +
g, T- To |I| ! RDXR .
—2 | ey, {0 } R -‘ SPxds)xR = gS(lxds)
8 TR
0 [R|
; ) And this underlined part is an approximate space component of the following “en hloc” formula
“To -t + : ()- -
= i, iqm __....R_ + + - + + -
I " IR[ N [ y T 0 1 0 A I T
A = § g d Ir| = ] [R-]
| C e ds 0 56 ds 0
+r meR +
- o
—_ l | m___z qm (4) E + 0 +_ 7+ 0 -+
m ><3R c,uo _ é-) r [det(: 0) :| R_1 )
R - v .
L | | 3 | ZCdS ar |R_‘l'|3

Where, m is magnetic charge, M is magnetic dipole vector, 28 is the distance between

. i .
magnetic charge ig '(=——q’"—) and —ig'.
Ciy
.

=—<_f> |[| R ,EfDds=27rs ,s=|s|
—ds 8 )
N 2 [R|
3.2 The magnetic loop dipole moment
We consider the current J (C/s) in conductor and moving charges with speed ¥ (m/s). Then the “Io 10 +
I
current is [ = pqus (C/s). = |I| R | . m= ucﬁsxds
—1—(j)s x ds ey 2c
2¢ [R]
For simplicity, we assume that the charge ¢ = pquds and its speed are homogeneousm.
+ 0 +
We take the current Iin aloop with radius 7, then its vector potential is " [O }_ R
P =
. ~im e
A §>|I| d gS o Rt )ds , X
cA=0p—ds= e J(1S
cr
~ ﬂE[)(R-z)ds n | ! 36{(11 I)ds —(Reds)l}
ek’

Fig. 4. The image of loop dipole.
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T meR

mxR
[Rf

Therefore, from (4)in 3.1 or (6).

+ -
"B - | .meR
"[icB, " Bt LRF
E—icB a2 mxR
o K
“To "
= . R R
1gradr‘;—|3—1mtmil~:!3—
— O +
- i[m-grad]—R?
[R|
fm Om ©m 8 o 0
— ==—=0 =(—,—,—).
because, we use PO S , grad (6x s
gradrll;;r: = [m-grad]|—:{3|~3~ +m xrot{grad ﬁ) = [m-grad]i
and rot %l—? = —[m-gracl]lRi|3 +m div(grad l—;{') =—{mgrad]—-

(©)

[Rf

R
[Rf
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This means that the magnetic field of magnetic loop dipole has twice the value of

R
cB =[megrad]| —.

R
cf (Binstein-de Haas effect)

The magnetic loop dipole moment is m = %E{) (Ixds)= %gy(lx ds), |I| = %—i_ |

. m @
And ihe angular momentum is I=m Ixv = 25'

(j'y(lx ds)

T

Therefore m = —q~I , g _ 8.79x10" coulomb / kg
2m, 2m, .

Then the ratio . of the magnetic loop dipole morment to the angular momentum remains

3

unchanged.

it 3.3 The couples of magnetic dipole and magnetic loep dipole in the magnetic field

The couple of force of magnetic dipole is

11
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We get twice as much value in this formula.

The couple of force of magnetic loop dipole is

[ o5 al 2]

1 o + 10 .
A, (ﬁ[ —icB} L { _S] ds ,|7|ds = Ids

=— L [0 ) ] {0 . ,m:ﬂqgsxds
4nz, -icB —im | 2¢ .

We get twice as much value in this formula.

4, Conclusion

Ore point is that in this time, the magnetic monopole is not found. But we can identify the pure
imaginary charge with the monopole. Then we find that it works as a same action which is expected
as a monopole. .

Another point is that in the quantum mechanism magnitude of spin moment is about twice the
magnitude of the orbital angular momentum. But in this paper, we calculate the twice as much value

of the orbital angular momentum. This means Lande g-factor is about 1 value.
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