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Abstract

Weber’s electrodynamics, as an alternative to classical electromagnetic field theory, can successfully
explain many electromagnetic phenomena. However, the Weber’s electrodynamics involves integrating
interactions among electric particles for each application, which can be sometimes very tedious. In this
study, we try to develop an electric field theory, which sums the contribution of each particle as a field,
and then apply this field to the particle of interest. This way, the application of Weber’s electrodynamics

is greatly simplified.

Introduction

More than a century ago, physicists proposed
a series of theories and equations regarding
electromagnetic phenomena, such as Coulomb's
law, Ohm's law, Ampere's law, and Faraday's law
of electromagnetic induction, etc. And Maxwell
formed some of these equations into a system of
equations, namely Maxwell's equations [1]. Later
physicists simplified it, and they became four well-
known equations, including Gauss's law, Gaussian
magnetic law, Faraday's law of induction, and
Maxwell-Ampere's law. In this system of equations,
a changing electric field and/or an electric current
produce a magnetic field, and a changing magnetic
field also produces an electric field. The Lorentz
force equation cannot be derived from the four
Maxwell's equations, but becomes a separate
axiom [2].

Classical electromagnetic field theory has been
widely and successfully used to explain macroscopic

electromagnetic phenomena. However, in some
special cases, such as Faraday's Paradox [3], the
explanation given by the classical electromagnetic
field theory is not intuitive. In addition, the
conformity between classical electromagnetic
field theory and Newton's third law is not simple,
and electromagnetic momentum needs to be
introduced [4].

Besides classical electromagnetic field theory,
Weber’s electrodynamics was introduced in similar
time [5], which is much less known in the physics
community. Both Weber’s electrodynamics and
classical electromagnetic field theory can explain a
lot electromagnetic phenomena. And experiments
had been conducted to differentiate these two
theories [6], but appeared inclusive [7].

Weber’s electrodynamics can be described in
the formula below [8]:

F = Q—qf{ni (v-v—3(f-v)2+rf-a‘ﬂ (1)

c

*Corresponding author: Qingsong Li, Independent Researcher, Sugar Land, Texas, USA

Accepted: December 29, 2021; Published: December 31, 2021

Copyright: © 2021 Li Q. This is an open-access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the

original author and source are credited.
Li Q. Int J Magnetics Electromagnetism 2021, 7:039

A

Li Q (2022) Electric Field Theory Based on Weber’s Electrodynamics. Int J Magnetics Electromagnetism 7:039




Li. Int J Magnetics Electromagnetism 2021, 7:039 ISSN: 2631-5068 | e Page 2 of 6 e

Where Q and ¢ are two electrical charges, F' is the force that charge O exerted on charge ¢, r is
the distance between the two charges, 7 is the unit vector pointing from charge Q to charge ¢, v and
a are velocity and acceleration of charge g relative to charge Q, &, is the dielectric constant, c is the
speed of light.

To apply Weber’s electrodynamics, we need do integration over particles in each application. This can
be sometimes very tedious if a large amount of particles are involved. In this study, we try to develop an
electric field theory to simplify this process. We will also show two applications of this theory as examples.

Electric Field with Weber’s Electrodynamics

First, we set a reference coordinate frame (Figure 1). Inside it, there is a charge QO with velocity ¥ and
acceleration a, and a charge g with velocity # and acceleration w. The distance between two charges
is 7, and 7 is the unit vector pointing from charge Q to charge ¢ . Then the force that charge Q exerted
on charge q is:

_ ; 1 3. A
F="2 11 Ua vy an-2¢a-—vy+rio-a (2)
dreyr c 2
If we use Einstein notation, the equation above can be rewritten to:
1 3
Fo= QLnkz 1+_2 (ui _Vi)'(ui _vi)__(ni '(ui _Vi))2 +rn, '(Wi _a[) (3)
dreyr c 2
Let
Ek — Qan2 (4)
4rg,r
The equation above can be rewritten to:
1 3
F, = Eq|1+ c—z(uiui —2uv, +v,y, — E(”i”i”j“j =2nunyv, +nyvny)+rnw —rna, H (5)
Let’s use Kronecker delta &, then:
1 3
F, = Eq 1+C—2(ui5ijuj —2u,6,;v, +v,0,v, —E(niuinjuj =2nuny,+nvnyv)+rnw, — rniaiﬂ (6)
y

.
A

q(u,w

Q(v,a)

X

Figure 1: The electric force exerted by the charge O with velocity v and acceleration @ on to the charge ¢
with velocity # and acceleration w.
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Let’s simplify above equation:

Fo= Q{Ek +y %(5:/ _%”t”/’]”f +ui%(_25y‘ +3”inj)vj +vi%(5ij _%"i”jjvj +%”iwi + _fzkr ”ia,} (7)
The above equation can be rewritten as:
F = q[Ek +u,Mu, + Bu, +Ek +L,w, +Ek:| (8)
Where
E, 3
Myk c_z[é‘zj _Enln]j
Ek
B, = 7(—26;j+3nlnj)vj
~ E 3
E, vl—é‘(é‘ij ——nlnjjvj
Er
Lik = Ciznt
= -E
Ey = Zkr na, (9)
c

In Weber’s electrodynamics, the force F, has the property of linear addition. Then the above 6

o E,, L,, Ex also have the property of linear addition. They are also
the full representation of electrical field of Weber’s electrodynamics. For the field of multiple electrical
charges, we can add up the field of individual charge. To calculate the force from multiple charges to a
single charge, we can apply equation (8) with both the single charge’s property (charge amount, velocity,
and acceleration) and the superposed electric field.

quantities, including E,, M,

Circular Electric Current

There is a circular electric current on the x-y plain, centered at the origin (Figure 2). Let’s calculate the
electrical fields at point A on the z-axis (0, 0, z). The current is in steady state, the positive charges are
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Figure 2: Schematic diagram of the electrical fields at point A (0,0,z) from a circular current, which has a radius

R.
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stationary, and the negative charges have a velocity v along the circle, and an acceleration @ pointing to
the origin.

Because of the coexistence of positive and negative charges, apparently the integrated £, MUk’ L,
equal to zero.

For the current segment ds, the unit vector pointing from ds to point A is n,. Assume that negative
charge has a linear density of —p . Let’s calculate the electric field contributed by moving negative charges
in the circle. First, the properties of the current segment ds are:

n, = (—cosacosf,—cosasinb,sina)
ds-—pn,
dre,(R*+Z7)
a, =-—(—cos6,—sin 4,0)
R

dE, =

2

a, =%(—cos«9,—sin 0,0) (10)
Then dB, from the current segment is derived from equation (9).
sin @ cosfcosa sindsinfcosa —sinfsina
ds-—p-=2v . .
= ——5—| —cosfcosfcosa —sinfcosfcosa cosfsina (11)
dre,(R°+Z7)c
0 0 0
We integrate it along the current circle, then we get B, .
R 0 -1 0
0 0 0
Similarly, we can get:
~ —RpVv’sina
E, = B 2 2\ .2 ( 0 1)
&R +Z7%)c
= —Rpv’sina
=Y (13)
26,(R°+Z")c

Foracharge g at point A with velocity w, and acceleration w;, the force exerted on it can be calculated
with equation (8).

F =gq [Ek Fu M, + B, + B + Lw, + E} = gB.u, (14)

This force is consistent with the Lorentz force of the magnetic field that can be derived from the classical
magnetic theory.

Infinity Long Straight Electric Current

There is an infinity long straight electric current along the x-axis (Figure 3). Let’s calculate the electric
field of this current at point A on the y-axis (0,y). Assume that the current is in steady state, the positive
charges are stationary and the negative charges have a velocity v .

Because of the coexistence of positive and negative charges, apparently the integraied E, My, L,
equal to zero. Also because there is no acceleration of negative charges, the integrated E equals to zero.

For the current segment dx, the unit vector pointing from dx to point A is n,. Assume that negative
charge has a linear density of dx. Let’s calculate the electric field contributed by moving negative charges.
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+q

-4 dx(x,0) 5 X

Figure 3: Schematic diagram of the electrical field of an infinite long straight current along the x-axis. The positive
charge of the current is stationary, and the negative charge moves in the opposite direction of the x-axis.

First, the properties of the current segment dx are:

n, = (—cos@,—sinf)

dE, = _dxe—pny P
dre,(x"+y7)
v; =v(=1,0) (15)

Then dB, from the current segment is derived from equation (9).

B dx-—p-v  [—2cos@+3(cos@)’ —2sin&+3sinB(cosH)’ (16)
* 4me,(x* + Yt | 3sinf(cosH)’ 3cos f(sin 6)’
We integrate it along the x-axis, then with some math we get B, .
—pV 0 1
B, = Lz[ j (17)
2me,ye (-1 0
Similarly, we can get:
E,=———=0© 1 (18)

47[50 ye?

For acharge g at point A with velocity u, and acceleration w;, the force exerted on it can be calculated
with equation (8).

Fo= q[Ek+uiMl.jkuj+Bikui+Ek+Likwl. +Eki| qB,u, +qE (19)

The first term of the force is the same as the Lorentz force of the magnetic field from classical magnetic
theory. The second term is unique to Weber’s electrodynamics, comparing to the classical magnetic
theory without introducing special relativity.

Discussion

We derived a new electric field theory from Weber’s electrodynamics. In this theory, the electric field
in general consists of 6 terms, including (1) static first-order tensor field E,, (2) velocity related third-
order tensor field M, , (3) velocity related second-order tensor field B, , (4) velocity related first-order
tensor field Ek, (5) acceleratlon related second-order tensor field L, , and (6) acceleration related first-

order tensor field Ek . To calculate forces exerted on electric charges, we can use these field terms instead
of integrating particle-particle interactions directly. This can greatly simplify the calculation process.
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The electricfield isdependent on the choice of reference frames. However, the final calculated forces are
independent to choices of reference frames, because the field is derived from Weber’s electrodynamics.
As we know, Weber’s electrodynamics only depends on the relative velocity and relative acceleration
among particles.

The results of this paper indicate that the new electric field theory can be equivalent to classic
electromagnetic theory in some special cases. For example, a special case can be (1) positive charge is
always accompanied by negative charge and there is no net summed charge, (2) the current forms a loop,
(3) the current is steady. Then all other terms in equation (9) may become zero or cancel each other,
except velocity related second-order tensor field B, . And B, becomes the magnetic field of classical
electromagnetic theory.

In the example of infinite long straight electric current, we show that the new field theory differs from
classical magnetic theory with a term qu (equation 19). However, this difference may not be detected
currently. This is due to the fact that this difference is proportional to the square of the electro drift
velocity which is small (in order of 10* m/s). Also electric current generally needs a loop, in which case the
assumption of infinite long straight current may not hold.

Even though Weber’s electrodynamics (and the field theory in this paper) is velocity dependent,
the induced electric field could be still zero in a special case, i.e. steady circular current. Previously,
some experiments were done for detecting the velocity induced electric field using coils of current [9].
However, the measurements are significantly below prediction [9]. This paper’s result may give a potential
explanation: with the loop current, the velocity induced and acceleration induced electric fields cancel
each other (equation 13).

Conclusion

This article presents a new theory of the electric field, which is derived from Weber’s electrodynamics.
With this theory, the calculation of forces exerted to electric charges can be greatly simplified. First, we
sum up the electric field contributed from individual particles; second, we apply the field to particles of
interest.
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