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Abstract

This paper proposes Coulomb's law of two en bloc electric charges for matrix style. This formula
is contained in the Existing laws or the new latitudinous relativistically-extended. Additionally, we
can get the several formulas from the modified Maxwell equation. This paper describes part of it in

detail.

1, Introduction
There are several systems of unit in the electromagnetic field. We attempt to see the systems as

relativistic technique. For that purpose, we need to be well versed in the words, “matrix vector” ,

“relativistic form” and the Maxwell equation!"*,

1.1, The electrostatic system

Coulomb's law of the electric charge is

F=k Q1_£22 (The force between two electric charges, Coulomb). 4}
r - .

Furthermore, the division of formula (1) into two formulas is expressed as:

F =k, OF (The force in the electric field), £ = ki % (The electric field).  (2)
r

Where, k), is the coefficient of a source, ki, is the coefficient of an object substance.
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1.2. The electric current system

Coulomb's law of the parallel current is

I Ldsds
F=k2 i 2r21

2 (The force between two parallel currents, Ampere * Biot-Savart). (3)

And this is divided into two formulas as:

F' = oy, ,ds,dB (The force in the magnetic field) ,

Lds
dB =k, ~ 5L (Themagneticfield). 4
r
. dQ
Thus the relation between the current and the charge [ = e

Where, k,;, is the coefficient of a source, k,,, is the coefficient of an object substance.

1.3. The magnetic system

Coulomb's Iaw of the magnetic charge is F =k, m;T2 (Gauss). {3)
The division of two formulas is shown as follows:
The force in the magnetic field is # =&y ,,m, B.
The magnetic field is B = k;,, % (6)

Where, k., isthe coefficient of a source, &y, is the coefficient of an object substance.
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2. The relativistic system of unit

Coulomb's law of the en bloc elelctric charge B ¥,

+ p +
—~ {po:v. }
£= = J,
~PorB - .
c
¥
5 =
where p= Lo = p, ¥ (relativistic charge), — = 0, £ = p,7P . The state of the
v c v
-G -y
c c

stream charge J, is siinilarly local current. The stream charge is the same stationary current for

back building. Therefore,

% e &

=Y - tanh©. (8)
C

v
Js:poﬂv = poyv =pv and
1fl—(f)2
C

The potential of the stationary (or independent of time) en bloc electric charge E is

+ + o+ +

P P

? T: ' =" - ©)
—A kPo?’lﬂl .‘_Is_l

¥ CF

And the electromagnetic field is
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- - +
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_ cr
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L ¥ cr
Jor "
cr’
= . 10
&_i.]ﬂxr {10
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We define the 4-dimensional Coulomb-Lorentz force of two en bloc electric charges as:

i fr k__ E: " £o?2 i
fl E—icB po¥abs

J,er - -
3 2
_ cr ¥
plr iJslxr 22
7 cr’ ¢
1o B P T F2 :
= L __Jsl J.s2
# c c
T TTa ‘- -
oct H 2
= . i1
2 A La .
or cr ©

This formula (11) means that the 4-dimensional force in the electromagnetic field is divided into

two formulas. Therefore we get the following formulas (12), (13} and Theoreml.
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Theorem 1. The 4-dimensional Coulomhb-Lorentz force of en bloc electric charge

The 4-dimensional force is divided into two formulas as follows:

Th TR ke
[ f]_[ E—icB} o

and

|, S
E—-icB ‘

or

(The force in the field)

k]

3 (The electromagnetic field).
it 1§

Ccr

(12)

(13

Moreover, we calculate the formula (12) in this Theorem 1. The 4-dimensional force of two

en bloc electric charges is

s T TR " oo i
rl E—icB Pt

T J,or
- 2
cr
pr Jyxre J,
HE 2. =
r cr c

(14}
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Therefore,
J:l.r plr ‘J.s' Xxr Js
O R as)
J,erJ,  pr .J,xr Lpr JJdgxr, J
e G R (G b Pt (16)
o ¢ P cr r cr c

Theorem 2. The restriction of Coulomb-Lorentz force to the charge and the current

The force between two en bloc electric charges is an extension of the Coulomb force of two

electric charges or two parallel currents,  The Coulomb coefficient of the parallel currents is not -

individual,

—
7

w

[

51

Fig. 1. Schematic diagram of the stream charges.

Fig. 1 shows the schematic diagram of the stream charges in the conductor. J,; and J, are

stream charges. Two electric charges or two paralle] currents with stream charge lines are parallel.

Proof.

The 4-dimensional Coulomb-Lorentz force of two en bloc electric charges

— — + + — -

- j; __ 0 p} p2
f = r ;I_vl Jo |- (17

r C c

J, J
Especially the stream charge —1 , —%

c

is the parallel
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Jer pr J xr T, ,
e e B w
Joerd, pr J xr or L Jaxr, J
f:———l—a——_2~+(_13__1__‘l—3) , —i _13___1 13 yx e
e’ © r cr cr c
I, J,.r v Jp-pdn 1
_(_CL'TZ)FT'HDI[% ?"‘1 ! é—‘l zx;;' 19y

When the velocity of the charges is zero, the stream charges J; =J, = 0. Thus the charges
r

become o, and O, ,then formula (19) is [ = pp, — . This formula is Coulomb's law of the
F

electric charge.

Joo-pda °
_Mxﬁ— are very small in
r

J, J,.r
The first term  (—2e—*2)— and complex term i
c ¢ F ¢

, r
comparison with the second term o, 2, — .
¥

r
In the conductor, the 4-dimensional Coulomb-Lorentz force for the second term o2, — and
4

dom—pda r J. J., . r
complex term il Pita — are almost cancelled. Then the first term (—Le2y—

c F c ¢

used®*!, This formula is Coulomb's law of the paralle] currents.

In case the Coulomb coefficient of the electric charge is 1, this theorem 2 is verified by that fact

that the Coulomb coefficient of the parallel currents is LZ .
C

Q.E.D.
3. The electromagnetic formulas
3.1. The 4-dimensional Coulomb-Lorentz force

The 4-dimensional Coulomb-Lorentz force is
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- E1 | P “;
= . 20
[ | —icB] u (@0)

f

) . u
(i) The time component is f, = E, - p, =+ (E —icB)+ p, —. Thus, the real part
c C

I u .. . . u
£ p, ?0 +E» oy —E means the variation of energy. The imaginary part cBe p, E means the

variation of rotation energy.

(i) The space componentis f =K, - p, z +(E—-icB)- g, Yo _ i(E-icB)x g, s , and then the
¢ c c

U u u . . . .
real partE - p; ?OJr E -p . -cBx g, E means the 4-dimensional force. The imaginary patt

u u .
cB-p, ?" +Ex p, - means the force of rotation.

In case that the force of electric field and the force of magnetic field is in an equilibrium state,

. . . Vv . .
when f, isequal to zero, the time component of the real partis £, =—Fe—. This solution
c

indicates that the field F, is generated. On the other hand, the imaginary partis Bsv =0,

: v v
Here, the space component of the real partis E=——xcB——-E, . Thefield FE, is generated,
. c c

v
The space component of the imaginary part is ¢B =-Ex—.
C

11 1] u
S=E 5"ty py =B py—(=0). @

v Vv
Finally, Lenz's lawis E=——xcB-—E .
[v] c
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3.2. The 4-dimensional Gauss's law

The 4-dimensional Gauss's law (derivative type) is

By comparison with the time component

22 +div(E—-icB)=4np.
det

. OF
And the real part Div(E,,E)=divE + a—; =4np isextended to Gauss's law,
C

The imaginary part means diveB =0.

By comparison with the space component

8(E —icB)

rad £ —
& ! dor

—irot (E-icB) = Afl'.rnL .
c

ok J
And the real part rotcB— - +grad E, = 4n—% is Ampere's law.
c c

dcB .
The imaginary part rotE+ 3_ =0 is Faraday's law of induction.
cl

We integrate the 4-dimensional Gauss's law, and get the integral type!'l,

+ dv = Ef +
LU —det A dS E-icB

+ +

3,

2 - .
= ot © L daady
I7] F—-icB

(22)
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~ |

“‘“L J det AdV . (23)

£

cF
Where U :4-dimensional domain, 80U : borderof U/,

dV =dxadyadz, detAdS =(dct/\de)i+(dct/\dSy)j+(dct/\dSz)k

dS, =dyadz, dS, =dz Adx,dS, =dxady is a 4-dimensional surface element, and

def AdV =der AdxAdy Adz s a 4-dimensional volume element,
3.3 The wave equation of the potential and the electromagnetic field

The wave equation of the potential and the electromagnetic field is

n

& g . 4 + = - . P
o ot - | et & _ 24
Oet®  ox 0 [ —cA:I _i I: E—icB:' =dn kk @0
ar
B 62 __ai + B E . 6_(6:; + p +
et ort ! =4
oo . [ E-icB 8 _3
or ¢
@ givds
oot c
=4n (25)

o

J

C .

————grad p—irot—
oct grado c

2 2
is equal to

{A numerical expression is as follows: ——)
c‘ar

. J
The time component is Div(p,~) = §—p + divgi =0.
c

¢
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J,
. NS ot
The space component is Rot(p,—)=—-—*-—grad p—irot—==0.
C det C
J
5%
Thus the real part a.‘; +grad p =0 means the 4-dimensionat force, The imaginary part
c

2

rotJ, =0 means the force of rotation.

4. Conclusion

The electric charge and the electric current are two states of “en bloc”. When we see the two
objects from this point of view, it is not much to say that two Coulomb's law of the electric charge
and the parallel cutrent are two sides of one and the same law.

We considered that “Time” and “Space™ are equivalent. Therefore the velocity of light “c” which
appears in the Maxwell equation is a factor of proportionality of the distance and the time that we

decided artificially.
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